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Abstract: This study was aimed to determine the contents of both total phenolics and anthocyanin mainly in
the pericarp part of hot chilli pepper, considerably attributing for an enzymatic browning effect. The extraction
conditions for total phenolics and anthocyanin in the sample were separately investigated. Total phenolic
compounds were extracted with a solvent ratio of methanol: 0.05% (v/v) aqueous HCI (90/10, v/v) prior to
determination by Folin-Ciocalteu method. While anthocyanin was extracted with 2% (v/v) HCI in methanol
and then cleaned up using C,, solid-phase extraction prior to analysis by HPLC-PDA. Both of the optimum
extraction conditions and their determination procedures were also applied for other kinds of the chilli pepper
samples. From the results, the contents of anthocyanin and total phenolics in these samples were ranged of
0.796-4.70 mg CGE kg' and 0.782-4.52 g GAE kg fresh weight, respectively. Their contents of the dried
ground samples were also determined and found to be in the range of 62.9-70.3 mg CGE kg and 81.8-90.2
g GAE kg dry weight, respectively. It is generally noted that the contents of total phenolics in the hot chilli

peppers were relatively higher (about 103-folds) than those of anthocyanin.
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Introduction

Enzymatic browning is a significant problem in
a number of fruits and vegetables such as strawberry
(Chisari et al., 2007), grape (Mufioz et al., 2004),
potato (Lee and Park, 2007), and lettuce (Gawlik-
Dziki et al., 2007). The discoloration in fruits and
vegetables by enzymatic browning, resulting from
conversion of phenolic compounds to o-quinones
which subsequently polymerize to be a brown or dark
pigment. The enzymes involved in these processes
are polyphenol oxidase (PPO) and peroxidase (POD)
(Jiang et al., 2004), since PPO and POD are the
main enzymes involved in the phenolic oxidation
of many fruits and vegetables. Phenolic compounds
are a group of chemical substances in plants, which
play an important role during enzymatic browning
because they are substrates for the browning
enzymes. The phenolics are normally complex
organic substances, which contain more than one
phenolic group. Polyphenolics can be divided into
many different subcategories, such as flavonoids
and non-flavonoid components. Anthocyanins are a
subgroup of plant constituents known as flavonoids
(Markakis, 1982). They occur in all higher plants,
mostly flowers and fruits but also in leaves, stems and
roots. Anthocyanins are plant pigments, which are
responsible for red, blue and purple colors of many
fruits, vegetables and flowers. These polyphenolic
substances are glycosides of polyhydroxy- and
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polymethoxy-derivatives of 2-phenylbenzopyrylium
or flavylium ion (Kong ef al., 2003).

In nature, anthocyanidins are always found
attached to one or more sugar and/or acylated sugars.
Four substituted monosides are particularly common:
glucose, galactose, rhamnose and arabinose. When
anthocyanidins are coupled to sugars, anthocyanins
are formed. Thus, an anthocyanin molecule normally
consists of two parts: a light-absorbent (chromophore)
termed an anthocyanidin, and a glycoside attachment.
As sugars can be coupled at different places and
many different sugars are present in plants, it is clear
that a very large range of anthocyanins can be formed
(Delgado-Vargas and Paredes, 2003). Nevertheless,
the most common anthocyanin structure in plants is
cyanidin-3-glucoside. Anthocyanins are becoming
increasing important as antioxidant properties
and health benefits, including anti-cancer, anti-
inflammatory and vasoprotective effects, preventing
coronary heart diseases and improving visual
acuity (Giusti and Wrolstad, 2001; Stintzing et
al., 2002; Chaovanalikit et al., 2003; Joniec et al.,
2003; Kéahkonen et al., 2003; Katsube et al., 2003;
Kallithraka et al., 2005; Gémez-Plaza et al., 20006;
Prata and Oliveira, 2007). They are important
compounds not only because they have health related
properties, but also because they are widely used
as colorants in food industry (Giusti and Wrolstad,
2001; Mufoz et al., 2004; Gomez-Plaza et al., 2006;
Prata and Oliveira, 2007). However, anthocyanins are

© All Rights Reserved



236 Armnok, P, Ruangviriyachai, C., Mahachai, R., Techawongstien, S. and Chantai, S.

unstable during processing and storage of fruits and
vegetables. The browning of fruits and vegetables
was generally thought to be a rapid degradation of
anthocyanins caused by PPO and POD, producing
the browning-colored by-products (Jiang et al., 2004;
Jiménez-Atiénzar et al., 2005; Zhang et al., 2005).

Pepper fruits (Capsicum annuum L.) are popular
vegetables because of the combination of color, test
and nutrition. They are used as foods and spice.
Moreover, the red pepper fruit has been used for
many years as a source of pigments to add or change
the color of foodstuffs. Fresh peppers are good
source of vitamin C and E as well as provitamin
A and carotenoid compounds with well known
antioxidant properties (Markus et al., 1999; Krinsky,
2001; Perucka and Masterska, 2001; Navarro et al.,
2006; Chatterjee et al., 2007; Conforti et al., 2007,
Deepa et al., 2007; Serrano-Martinez et al., 2008).
The carotenoid pigments in fresh peppers have been
widely studied to improve color retention during
processing and storage (Markus et al., 1999; Krinsky,
2001; Deepa et al., 2007). However, anthocyanin
contents have never been studied in the relation with
browning effect in the pepper fruits.

The present study was aimed to optimize for the
extraction conditions for both anthocyanin and total
phenolics mainly in the pericarp part of hot chilli
peppers and to determine their contents by HPLC-
PDA and Folin-Ciocalteu assay, respectively.

Materials and Methods

Chemicals

All reagents used were at least analytical reagent
(AR) grade including methanol, ethyl acetate,
acetic acid, citric acid, hydrochloric acid and Folin-
Ciocalteu’s reagent were obtained from Carlo Erba
(Italy). Methanol was of HPLC grade that obtained
from Lab Scan (Thailand). Gallic acid was 99%
purity obtained from Across (USA). Cyanin-3-
glucoside which used as standard anthocyanin
was HPLC grade and obtained from Fluka (USA).
Polyvinylpyrrolidone was purchased from Fluka
(USA). Sodium carbonate anhydrous was purchased
from Ajax (Australia). Aqueous solutions were
prepared with deionized water obtained from
RiOsTM type 1 simplicity 185 (Millipore Waters,
USA) throughout the experiments.

Instruments

The experiments were carried out on a Waters
liquid chromatograph (Waters, USA). It consists of a
Waters 600E Multisolvent Delivery System, a Waters
In-Line Degasser AF, a Rheodyne injector with

sample loop of 20 pL and a Waters 2996 Photodiode
Array Detector (PDA). Empower software was used
for data acquisition. A Vertisep AQS C, column
(250%4.6 mmi.d., 5 um) and a guard column (10x4.6
mm i.d.,, 5 pm) were used. A spectrophotometric
measurement was performed using an Agilent 8453
UV-visible spectrophotometer. The 1000 series
centrifugal (Labquip, England), Model R-114 rotary
evaporator (Buchi, Switzerland), VS-202D Shaker
(Scientific Co. Ltd., Korea), HTS-1003 hotplate
stirrer (LMS laboratory & material supplies, Japan)
and Vortex (Model G-560 Vortex-2 Genie, Scientific
Industries, USA) were used in the sample preparation
step. The DSC-18 cartridge (20 mL/5 grams, 55 pum)
was obtained from Supelco (USA). A Pipetman
(Pipetman, France) micropipette and membrane filter,
0.45 um (Whatman International Ltd., UK) were also
used.

Hot chilli pepper samples

The type of samples to be studied were including
pepper fruits, pepper fleshes, dried peppers, pepper
with fish sauce and pepper with vinegar (Table 1).
All samples used in this study were obtained from
a local market in Khon Kaen, Thailand (Arnnok et
al., 2010). The pepper fruits were washed several
times with tap water and homogenized by using a
homogenizer (Moulinex Optiblend 2000, France)
for 2 min. In case of pericrap samples, the seeds
and peduncle were removed and the pericarps were
homogenized. For fish sauce with chilli and vinegar
with chilli, fish sauce and vinegar were removed by
washed several times with tap water. The pepper
pieces were left drying at room temperature and were
then subjected to homogenize in the same manner
as mentioned above. Dry matter content of the
homogenized sample was determined in an oven at
105°C for 2 h. The homogenized samples were kept
storing in a plastic bag at 4°C for a week for further
experiments.

Extraction optimization for total phenolics

The optimum conditions for extraction of total
phenolics were studied. Actually, there were many
extraction factors affecting the extraction of total
phenolics in plant samples including extraction
methods (magnetic bar stirring, batch shaking and
vortex mixing), sample/solvent ratio, organic solvent/
aqueous solution ratio, HCl concentration and
extraction time. Thus, for most selective extraction
method of the plant samples used, the following
experimental — parameters were  subsequently
investigated as a simple optimization method by
comparing its response in terms of the contents of
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total phenolics obtained.

Table 1. Sample description and dry matter content of the
hot chilli pepper samples.

Fruit Fruit Fruit DM
wide | length | weight | content
(cm) | (em) (€] (%)

Part

Sample code and type used

extraction of total phenolics from the chili pepper
sample are summarized in Table 2.

Table 2. The investigated parameters with their range for
the extraction of total phenolics from chilli pepper sample

Parameter Variation range

RP1, Red pepper fruit Pericarp | 1.80 11.20 11.60 12.0

RP2, Red pepper fruit Pericarp | 1.00 6.90 3.10 21.0

RP3, Red pepper fruit Pericarp | 1.10 4.70 2.32 14.0

RP4, Red pepper fruit Pericarp | 2.08 13.40 22.00 10.0

RPS, Red pepper fruit Pericarp | 0.89 5.57 2.24 17.0
Whole

RF5, Red pepper fruit fruit 0.89 5.57 2.24 26.0
Pericarp | 2.01 7.98 14.42 12.0
Pericarp | 1.80 13.60 18.78 9.0
Pericarp | 0.90 6.70 2.36 12.0
Pericarp | 1.10 4.70 1.99 13.0
Pericarp | 2.67 8.27 22.17 5.0
Pericarp | 1.65 9.71 11.44 9.0
Pericarp | 1.49 11.80 10.32 8.0

Pericarp | 0.83 4.76 1.49 15.0
Whole

OP1, Orange pepper fruit
GP1, Green pepper fruit
GP2, Green pepper fruit
GP3, Green pepper fruit
GP4, Green pepper fruit
GPS5, Green pepper fruit
GP6, Green pepper fruit
GP7, Green pepper fruit

GF7, Green pepper fruit fruit 0.84 4.76 1.49 16.0
GF8, Green pepper fruit Whole | 065 | 372 | 092 | 150
FC, Fish sauce with red chilli Pieces - - - 6.0
VC, Vinegar with green chilli Pieces - - - 25.0
DI, Dried chilli pepper Whole | .

Whole

D2, Dried chilli pepper fruit

- : No data

The effect of sample/solvent ratio was studied
by using methanol as the extraction solvent. Various
amounts of the homogenized sample (0.3, 0.5, 1.0,
2.0 and 5.0 g) were shaken in 20 mL of the extraction
solvent using a VS-202D shaker (Scientific Co. Ltd.,
Korea) for 30 min. The homogenate was filtered
through a Whatman No. 42 filter paper and collected
as the methanolic extract. Then, two grams of the
homogenized sample were used to extract for 30 min
in 20 mL of the extraction solvent containing various
ratios of 0.1% (v/v) aqueous HCI in methanol. The
organic solvent/aqueous ratios of 100, 99/1, 90/10,
50/50 and 10/90 were investigated. The concentration
of HCl in the extraction solvent was also studied. The
solvent was an aqueous HCI /methanol (10:90, v/v)
with varying the acid concentrations in the range of
0.05 to 0.2% (v/v).

Three extraction methods of total phenolics were
used including magnetic bar stirring, batch shaking
and vortex mixing. Two grams of the homogenized
sample were extracted in 20 mL of 0.05% (v/v)
aqueous HCl/methanol (10:90, v/v) for 30 min. The
homogenate was filtered through a Whatman No.
42 filter paper. The magnetic bar stirring method
was used. Then, the extraction time was also carried
out using 2 g sample in 20 mL of 0.05% (v/v)
aqueous HCI : methanol (10:90, v/v) by varying the
extraction time for 15, 30, 45, 60, 90 and 120 min.
The investigated parameters with their range for the

1/4, 1/10, 1/20, 1/40, 1/60
100, 99/1, 90/10, 50/50, 10/90
0.01, 0.05, 0.10, 0.15, 0.20
15, 30, 60, 90, 120

shaking, magnetic stirring, vortex
mixing

Sample/solvent ratio, gm L
Methanol/dilute HCl ratio, %

HCI concentration, %

Extraction time, min

Extraction method

Determination of total phenolics by Folin-Ciocalteu
method

Stock standard solution (1,000 mg L) of gallic
acid was prepared by accurately dissolving of 1.0 g
with methanol and then made up volume to 10 mL.
The stock solution was transferred to a dark vial
and kept cool at 4°C prior to use. Working standard
solutions were prepared by appropriate dilution of
the stock solution.

The contents of total phenolics of the hot chilli
pepper samples were determined by Folin-Ciocalteu
method using gallic acid as a standard compound.
The sample extract (0.2 mL) was mixed with 2.6
mL of deionized water, 2 mL of 7% (w/v) Na,CO,,
and 0.2 mL of the Folin-Ciocalteu reagent. After
incubation at room temperature for 90 min, the
absorbance of the reaction mixture was measured at
745 nm against the blank sample contained the same
mixture solution without the sample extract. Using
a five-point calibration curve (20 - 100 mg L), the
total phenolics were determined by a comparison
of the values obtained with the calibration curve of
gallic acid. The results were expressed as gallic acid
equivalents (GAE) in grams per kg of sample.

Optimization for the extraction of anthocyanin

In order to evaluate the optimum conditions
for anthocynin extraction from hot chilli pepper, a
representative sample (RP2) was chosen to optimize
the extraction conditions. Various extraction
parameters affecting the yield of anthocyanin as the
response factor expressed as their relative peak area
obtained from HPLC separation were investigated
including amount of sample, sample/solvent ratio,
HCI concentration in methanol and extraction time.

Since no report was found about the anthocyanin
content in hot chilli pepper grown in our local
cultivating areas, and the preliminary study was done
giving quite small amounts of the anthocyanin in
the fruit samples, it was thus necessary to evaluate
the optimal sample size which was used in the
anthocyanin extraction in order to get the amount of
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anthocyanin in the linear range of calibration curve
and avoid the use of large amount of sample. Thus,
various amounts of the homogenized sample (2.0,
5.0 and 10 g) were extracted by using magnetic bar
stirring with 1% (v/v) HClin methanol as an extraction
solvent for 15 min. The volumes (mL) of the solvent
used were at ten times of the sample weight (g). Next,
different ratios of the sample/solvent were tried out.
Ten grams of the homogenized sample were extracted
with various volumes of the extraction solvent (30,
50, 70 and 100 mL). As mentioned above, the sample
was extracted using 1% (v/v) HCI in methanol as
the extraction solvent. It is evident that an acidified
methanol has mostly been used to extract anthocyanin
from the hot chilli pepper. So, an addition of the acid
in the extraction solvent may increase the stability
of anthocyanin (Escribano-Bailon and Santos-
Buelga, 2003). It is also known that the use of acid is
necessary to obtain the flavylium cation form, which
is red and stable in an acid medium, and the maximum
anthocyanin stability is obtained at pH 1.8 (Markakis,
1982). But at low pH levels or high concentrations of
HCI can make any partial hydrolysis and anthocyanin
decomposition. In addition, the effect of the extraction
time (15-120 min) was also studied by using 10 g
sample with 50 mL of 2% (v/v) HCI in methanol as
the extraction solvent. The investigated parameters
with their range for the extraction of anthocyanin
from chilli pepper sample by using magnetic stirring
method are summarized in Table 3.

Table 3. The investigated parameters with their range for
the extraction of anthocyanin from chilli pepper sample
by using magnetic stirring method

Parameter Variation range
Amount of sample, g 2,5,10
Sample/solvent ratio, gmL-! 1/3,1/5,1/7, 1/10

HCI concentration, % 0.1,0.5, 1.0, 1.5, 2.0, 3.0

15, 30, 60, 90, 120

Extraction time, min

Since solid-phase extraction (SPE) mostly used
for clean up the sample was necessary to remove
matrices from the analyte prior to analysis, C,g
cartridge was selected to equilibrate with 10 mL
methanol, followed by 10 mL of 0.01% (v/v) HCl in
deionized water. Five mL of the extract solution was
diluted with 5 mL of deionized water and introduced
into the conditioned C , cartridge. The water soluble
compounds and other phenolics were removed by
washing the cartridge with 10 mL of 0.01% (v/v) HCI
followed by 20 mL of ethyl acetate. The anthocyanin
was then eluted with 10 mL of methanol containing
0.01% (v/v) HCI.

The extraction efficiency of anthocyanin from
the samples was also investigated. The method was

applied for the determination of anthocyanin in a red
chilli fruit (RP2) and a green chilli fruit (GP2). The
chilli fleshes were subjected to extract and clean up
under the optimized conditions as mentioned above.
The recovery was studied by spiking 10 pg and 20 pg
of the anthocyanin standard solution into the samples
before extraction, clean up and analysis by HPLC.

Determination of anthocyanin by reversed phase
HPLC-PDA

The separation condition of anthocyanin by
HPLC was also optimized. Several mobile phases
have been described in the literatures for the analysis
of anthocynin using the reversed phase column (Da
Costa et al., 1998; Stintzing et al., 2002; Longo et al.,
2007; Zhang et al., 2007). In this study, the organic
solvent selected for the preliminary experiments was
methanol due to the solubility of anthocyanin. The
mobile phases containing various percents of methanol
in aqueous acetic acid were then investigated.

In order to evaluate the potential of the present
method for quantitative analysis, linearity, LOD,
LOQ, precision and recovery were investigated.
According to this method, the calibration curve for the
determination of anthocyanin was constructed under
optimum conditions using cyanin-3-glucoside as a
standard compound. The anthocyanin content was
determined by comparison of the peak area obtained
with the calibration curve of cyanin-3-glucoside. The
results were expressed as pug of cyanin-3-glucoside
equivalents (CGE) per kg sample. Both LOD and
LOQ of the present method were deduced based
on the concentration of the analyte which produced
a signal to noise ratio of three times and ten times,
respectively. The repeatability and reproducibility
were investigated in terms of relative standard
deviation (RSD) of both retention time and peak area.
The repeatability was deduced from ten replicates
within one day (intra-day precision, n = 10) and
reproducibility was calculated from the experiment in
five consecutive days (inter-day precision, n = 5x3).

Results and Discussion

Extraction optimization and determination of total
phenolics

To optimize the extraction conditions for total
phenolic compounds, the extraction parameters
including sample/solvent ratio, methanol/water ratio,
HCI concentration, extraction method and extraction
time were investigated. The yield of total phenolics as
a function of the solvent/sample ratio was evaluated.
As methanol is the most frequently used in the
phenolics extraction, it was chosen as a solvent for
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the following step. The homogenized sample such as
2 g was shaken in 20 mL of methanol for 30 min. The
extraction yield of the phenolic compounds was not
significantly different when the solvent/sample ratio
increased from 4 to 40 and the solvent/sample ratio
of about 60 gave the highest extraction yield (data not
shown). However, the solvent/sample ratio of 10 was
chosen to reduce amounts of organic waste.

The use of water in combination with organic
solvents contributes to the creation of a moderate
polar medium that ensures the extraction of phenolic
compounds (Lapornic et al. 2005; Liyana-Pathirana
and Shahidi, 2006). However, the use of water as
only the solvent yields an extraction with a high
content of impurities such as organic acids, sugars
and soluble proteins, which can interfere in the
phenolic identification and quantification. The effect
of the solvent/water ratio on the extraction yield of
phenolic compounds was thus investigated. Then the
extraction in solvents contained various percents of
methanol in 0.01% (v/v) aqueous HCI.

3500

3000
2500
2000
1500
1000

500

Total phenolics (mg GAEkg™* FW)

o —+

100 99/1 90/10 50/50

NMcOH /' H, O ratio

90/10

Figure 1. Effect of methanol/water ratio on the extraction
yield of total phenolics

As the results shown in Figure 1, the proportion of
methanol in the extraction medium had a significant
effect on the extraction yield of the phenolic
compounds. The highest values were obtained
when the methanol/water ratio was 90/10 (v/v). It
was suggested that the water proportions that equal
or are higher than 50% do not ensure the recovery
of the phenolic compounds from hot chilli pepper.
Moreover, a minimum of 70% methanol has been
reported needed to be inactivating PPO, which
is widely distributed in plants, and to allow high
recovery of phenolic compounds (Robards et al.,
1999). Due to the results obtained, it was decided
to continue working with 0.01% (v/v) HCI in 90%
methanol for the evaluation of other parameters.

The effect of acidified solvents on the extraction
of the chilli pepper phenolics was evaluated using
aqueous HCI in 90% methanol as the solvent. A small
quantity of water (10%, v/v) was added to the methanol
in order to create a moderate polar medium to facilitate
the extraction of phenolic glycosides which are more
water soluble. The suitably acidified conditions for
the extraction of phenolic compounds were 0.05%

(v/v) HCI (Figure 2). At HCI concentrations higher
than 0.05%, the extraction yields of total phenolics
decreased probably due to acid hydrolysis and
decomposition (Revilla and Martin-Oetega, 1998).
Thus, 0.05% (v/v) aqueous HCI in 90% methanol

was chosen for further experiments.

3500 -
3000 A
2500 4
2000 A
1500 -
1000 4

500 A

0.01 0.05 0.15 0.20

.05 0.10
Figure 2. Effect of HCI concentration on the extraction
yield of total phenolics

Total phenolics (ingGAEkg ! FW)

2oHC1

According to extraction method, three simple
extracting methods were compared for the extraction
of total phenolics from hot chilli pepper. There are
common shaking, magnetic bar stirring and vortex
mixing (data not shown). From the results, high
extraction efficiency was obtained using magnetic
bar stirring method. Therefore, the magnetic stirring
was used to extract the total phenolics in this study.
In addition, the effect of extraction time was also
studied with the extraction solvent containing
methanol: 0.05% (v/v) aqueous HCI (90/10, v/v)
and magnetic bar stirring as the extraction method.
No significant differences were found when the
extraction time increased from 15 to 120 min (data
not shown). Therefore, the extraction time of 15 min
was chosen for routine analysis in order to reduce
analysis time. Therefore, the optimum conditions for
total phenolics extraction in the chilli pepper samples
were summarized as follow: 2 g sample size, sample/
solvent ratio of 1/10, methanol: 0.05% (v/v) aqueous
HCI (90:10, v/v) as an extraction solvent, 15 min
extraction time, and using magnetic bar stirring as
the extraction method.

It has been reported that the phenolic compounds
of plant materials were subjected to be a substrate
of the enzymes (Richard-Forget and Gauillard,
1997; Zhang et al., 2005; Chisari et al., 2007; Duan
et al., 2007; Mohapatra et al., 2008). Thus, it is an
important to consider the relation between the total
phenolics and the enzyme activities of the hot chilli
peppers studied (Arnnok er al., 2010). The total
phenolic contents of the methanolic extracts were
determined using Folin-Ciocalteu method. A five-
point calibration curve of gallic acid in the range of
20 - 100 mg L' (y = 0.0052x — 0.0002 with r* of
0.9993) was constructed.
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Extraction optimization and determination of
anthocyanin

HPLC-PDA was used for the quantification
of anthocyanin in the hot chilli pepper samples.
Under the optimal isocratic conditions (methanol /
2% (v/v) acetic acid in deionized water: 65:35, v/v)
as the mobile phase and 0.7 mL min"' flow-rate),
anthocyanin was separated within 5 min with its
retention time of 4.2 min as shown in Figure 3(a).
In the present study, the PDA detection allows the
identification of the compound using the absorption
spectrum and peak purity (Figure 3(b)). Using PDA
detector, with the maximum wavelength at 520 nm,
an identification of anthocyanin was achieved by
comparing retention time and absorption spectrum
of the standard compound and the sample extract.
As cyanidin-3-glucoside is the most common
anthocyanin in plants, it was chosen as the anthocyanin
standard. Quantification was done based on the basis
of calibration curve of the anthocyanin standard. The
linear range for cyanin-3-glucoside was 5 to 45 mg L!
and the linear regression equation was as follows: y =
0.1359x — 0.3691, with a correlation coefficient (r?)
greater than 0.9995. LOD and LOQ were found to be
0.7 and 5.0 mg L', respectively. The repeatability and
reproducibility of the retention times for anthocyanin
were in good precision which their RSD were lower
than 0.4% while the RSD of the peak area were lower
than 7.0%.
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Figure 3. Chromatogram of cyanidin-3-glucoside standard,
10 mg L' (a) and its UV-Visible spectrum (b)
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As expected, an increase in the amounts of
sample resulted in an increase in the peak area of the
anthocyanin. Ten grams of the sample used gave the
highest yield of anthocyanin and its content was in
the range of the calibration curve. Nevertheless, the
sample size used was less than 10 g gave the peak
area of anthocyanin under limit of the linear range
of the calibration curve. Thus, the sample size of 10
g was chosen for the following extraction steps. The

extraction yield of anthocyanin was increased with an
increasing of the volumes of the solvent. However, the
yield was not significantly different when the sample/
solvent ratio was less than the ratio of 1:5 by volume
(data not shown). Therefore, the sample/solvent ratio
of 1:5 was chosen. From the results (Figure 4), the
yield of anthocyanin was increased with an increasing
of HCI concentrations until 2% (v/v) HCI which the
yield stayed nearly constant. Thus, 2% (v/v) HCI
in methanol was chosen for the evaluation of other
parameters.

24

0.1 0.5 1.0 1.5 2.0 3.0
Concentration of HCI1 (%o)

20 A

16 A

12 4

Peak area (x 104 V#sec)

=
L

Figure 4. Effect of HCI concentration on the extraction
yield of anthocyanin

Anthocyanin content was found the highest in
terms of the peak area when the extraction time was
15 min and it decreased at higher extraction times,
probably due to the decomposition of anthocyanin.
The anthocyanin was successfully eluted with 10
mL of methanol containing 0.01% (v/v) HCI. The
obtained sample from this process gave a clear
chromatogram when injected into HPLC. It was an
indication of the efficiency of SPE for clean up of
anthocyanin. Additionally, the percentage recoveries
of'anthocyanin for two types of the samples used were
found in the range of 75.8 - 95.2% (data not shown).
The optimum conditions for anthocyanin extraction
in hot chilli pepper samples were summarized as
follow: 10 g sample size, sample/solvent ratio of 1/5,
2% (v/v) HCI in methanol as the extraction solvent,
15 min extraction time, and also using magnetic bar
stirring as the extraction method.

The contents of anthocyanin and total phenolics in
the hot chilli pepper samples

The contents of anthocyanin found in the hot
chilli samples were expressed as mg CGE kg' of
fresh weight (Table 4) and dry weight (Table 5).
The anthocyanin contents in hot chilli fruits (RP1 —
GF8) were ranged of 0.796 — 4.70 mg CGE kg™ fresh
weight. The highest anthocyanin contents in the chilli
fruits based on fresh weight was found in the sample
GF8, while the lowest was found in the sample RP1.
On the other hand, the anthocyanin contents in the
sample FC and VC were found to be 1.84 and 0.803
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mg CGE kg'! fresh weight, respectively. When the
results were expressed as dry basis (Figure 5), it
was suggested that the anthocyanin contents in the
grinded chilli samples (D1 and D2) were higher than
that in the chilli fruits. It has been reported that the
browning index of the grinded sample increased with
an increasing of storage time from 1 to 10 days (G6gUs
and Eren, 1998). From the results obtained, it could
be possibly implied that the dark color of the grinded
chilli pepper was resulted from the formation of the
anthocyanin. In case of flower, the accumulation of
anthocyanin in blotches of the petals caused the color
of the blotches darker than that of the non-blotches
(Zhang et al., 2007)

Table 4. Anthocyanin and total phenolics contents in the
hot chilli pepper samples based on fresh basis (n = 3)

Anthocyanin content Total phenolics content
Sample code

(mg kg'FW) (mg kg'FW)
RP1 0.795 +0.008 1993.4 £35.7
RP2 1.82+0.019 3304.5 + 181
RP3 278 £0.132 2728.7 +269
RP4 0.842+0.014 1581.7 £ 38.6
RP5 1.35+0.074 45162+ 135
RF5 1.80 +0.096 4297.1 £ 185
OP1 0.968 +0.015 2227.7+13.6
GP1 0.894 £ 0.01 897.49 +41.2
GP2 1.73 +£0.102 1590.0 + 33.1
GP3 1.86 +0.029 2370.6 + 66.0
GP4 0.892 +0.022 12442 +49.8
GP5 1.01 +£0.024 12559+ 63.8
GP6 1.28 £0.012 782.07 +£19.7
GP7 2.28+0.178 2898.6 + 172
GF8 4.70 £ 0.458 3094.3 + 129
FC 1.84 +£0.022 678.85+27.5
vC 0.803 +0.013 132.20 +4.10

Total phenolics of the methanolic extracts of
the samples were determined using Folin-Ciocalteu
method. The results were expressed as mg GAE kg-1
sample. The total phenolics contents were calculated
based on fresh weight (Table 4). The total phenolics
contents in the chilli fruits (RP1-GF8) were found to
be 782.07 — 4516.2 mg GAE kg-1 fresh weight. The
highest total phenolics content based on both fresh
weight and dry weight (Table 5) was found in the
sample RPS5 and the lowest was found in sample VC.
In addition, it can be suggested that the total phenolics
contents in the grinded chilli peppers were lower than
that always of the chilli fruits which was calculated
based on dry weight (Figure 6). The phenolic
compounds are susceptible towards temperature,
oxygen and UV-light. Temperature may cause the
loss of total phenolics due to decomposition. Light
may also has a similar effect. Oxygen may destroy
phenolics, as do other oxidizing reagents (Escribano-
Bailon and Santos-Buelga, 2003).
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Figure 5. Anthocyanin contents in the hot chilli pepper
samples based on dry weight
Table 5. Anthocyanin and total phenolics contents in the
hot chilli pepper samples based on dry basis (n = 3)

Anthocyanin content Total phenolics
Sample code content
(mg kg'DW) (mg kg'DW)

RP1 6.62 +0.06 16,596 + 296.8
RP2 8.84+0.11 16,021 + 877.1
RP3 19.9+£0.83 19,642 + 1938
RP4 8.03 +0.05 15,195 +371.0
RP5 8.18+0.48 26,671 +798.4
RF5 6.87+0.33 16,493 +710.7
OP1 7.98 +£0.12 18,176 + 110.8
GP1 9.60+0.10 9,628.7 £ 441.8
GP2 14.3 +0.85 13,125+ 273.3
GP3 14.8 £0.26 18,766 + 522.4
GP4 18.3+£0.49 25,486 + 1020
GP5 11.7+0.32 14,500 + 736.6
GP6 159+0.18 9,782.8 £246.4
GP7 15.1+£0.87 19,558 + 1159
GF7 17.2+2.11 17,484 + 1105
GF8 31.0+3.02 20,452 +851.2
FC 42.7+0.22 2,723.4+110.3
vC 3.20+0.03 2,199.6 + 69.00
D1 70.3 £4.39 9,016.0+510.3
D2 62.9+2.77 8,1839 + 694.1

Therefore, total phenolic compounds in the grinded
chilli peppers could be lost during processing and
storage which exposed to high temperature, UV-light
and oxygen. The relationship between anthocyanin
and total phenolic contents in these samples is
illustrated in Figure 7. Since anthocyanin is a
subgroup of total phenolic compounds in plants, a
similar tendency of the anthocyanin content and total
phenolics content was observed. In addition, the
total phenolics contents were found to be about 1073
folds of the anthocyanin contents in the chilli pepper
samples.
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Figure 6. Total phenolics contents in the hot chilli pepper
samples based on dry weight
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Figure 7. Ratio of anthocyanin and total phenolics found
in the hot chilli pepper samples

Conclusion

The chromatographic method for the analysis
of anthocyanin and sample preparation method for
extraction and clean up of anthocyanin from hot
chilli pepper sample were reported. The optimum
conditions for the extraction of total phenolics in the
chilli pepper were investigated. The total phenolics of
the methanolic extract were estimated by the Folin-
Ciocalteu method. Both contents of anthocyanin and
total phenolics in these chilli samples were ranged
of 0.796-4.70 mg CGE kg and 0.782-4.52 g GAE
kg' fresh weight, respectively, and the contents of
the grinded samples were also determined and found
to be 62.9-70.3 mg CGE kg' and 81.8-90.2 g GAE
kg' dry weight, respectively. The contents of both
anthocyanin and total phenolics of the samples were
made in comparison. The total phenolics contents
in the grinded chilli peppers were less than that of
the chilli fruits based on dry weight. The correlation
between anthocyanin content and total phenolics
content in the chilli pepper samples were also
discussed attributing to their browning effect.
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