54

KKU Res. J. 2015; 20(1)

KKU Res.j. 2015; 20(1) : 54-65
http://resjournal.kku.ac.th

Analysis of Capsaicin and Dihydrocapsaicin from
Sweet-to-Very Hot Chilli Peppers Using an Ultrasound-Assisted
Extraction Followed by RP-HPLC-PDA
Supachinee Keharom1, Suchila Techawongstien2, Ratana Mahachai1
and Saksit Chanthai1*
Department of Chemistry and Center of Excellence for Innovation in Chemistry, Faculty of Science,
Khon Kaen University
2
Department of Plant Science and Agricultural Resources, Faculty of Agriculture, Khon Kaen University
*Corresponding author: sakcha2@kku.ac.th
1

Abstract
In the present study, the optimal conditions of an ultrasound assisted extraction for
both capsaicin and dihydrocapsaicin in hot chilli samples were developed. The parameters
affecting the yield of the capsaicinoids such as extraction solvents (methanol, ethanol,
acetonitrile and water), solvent to sample ratio, extraction temperature and extraction time
were investigated. The capsaicinoid extracts were analyzed by reversed phase-HPLC with
photodiode array detector (RP-HPLC-PDA). The optimum extraction conditions consist
of 20 mL of 80% (v/v) methanol and water as the extraction solvents and 20 min extraction
time at 50ºC. The method was applied to determine seven varieties of sweet-to-very hot
chilli peppers cultivated. The concentration of the capsaicinoids ranging from 573.
44-15220 µg/g was widely found in these samples.
Keywords : capsaicinoids, chilli pepper, ultrasonic extraction, HPLC
1. Introduction
Hot or spicy peppers are savory
food additives that are widely utilized
in many parts of the world and they
are highly valued for their attributes of
colour, pungency and flavour. Capsaicinoids
are responsible for the spiciness of
peppers and are widely used in food in
most parts of the world due to their pungent
properties. Among these compounds there
are two major capsaicinoids, capsaicin

(trans-8-methyl-N-vanillyl-6-nonenamide)
and dihydrocapsaicin (8-methyl-Nvanillylnonanamide), which represent
about 77–98% of capsaicinoids present in
peppers (1). Besides these two major
capsaicinoids, other minor capsaicinoids
have been found in chilli peppers and these
capsaicinoids include nordihydrocapsaicin,
homocapsaicin, homodihydrocapsaicin,
nonivamide among more than twenty
reported compounds (2-3). The structural
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characteristic of capsaicinoids which
indicates its pungency depends on the
length of an acyl chain, the absence or
presence of double bond and its location
along the numbered carbon atom of the acyl
group. Among many pharmacological
applications of capsaicinoids, their uses
account for the treatment of pain and
inflammation in different diseases, such as
rheumatoid arthritis, migraine, and diabetic
neuropathic (4).
Many different techniques have
been employed for the extraction of
capsaicinoids from pepper (5-11), such as
maceration (12), magnetic stirring (13),
enzymatic extraction (14), accelerated
solvent extraction(15), microwave-assisted
extraction (16), ultrasound-assisted
extraction(17), Soxhlet (18), The conventional extraction methods, like Soxhlet
310
extraction, which have been employed
311
for decades, need long extraction times
312
and require relatively large quantities
of solvent (19). Inrecent years, the demand
for extraction techniques that shorten
extraction times and reduce the
consumption of organic solvents has been
313
increasing. Among these techniques, more
314
efficient extraction techniques are
315
ultrasound-assisted extraction (UAE),
316
microwave-assisted extraction, supercritical
317
fluid extraction and accelerated solvent
318
extraction. The UAE technique is based on
319
the use of the energy derived from
ultrasounds (sound waves with frequencies
320
higher than 20 kHz) to facilitate the
321
extraction of analytes from the solid sample
322
by the organic solvent, which is selected in
323
conjunction with the nature of solutes to be
324
extracted (20). This technique has been
325
successfully employed to extract a variety
of compounds from fruits, vegetables, and
326
other biological tissues. The application 327
of

328
329
330

ultrasound-assisted extraction offers many
advantages including the reduction of
solvents, temperature and the time for
extraction, which is very useful for the
extraction of thermolabile and in unstable
compounds (21). Ultrasonic extraction is
considered as one of the simplest extraction
techniques because it is easy to perform
in common laboratory equipment
(i.e. ultrasonic bath). The aims of this study
were to optimize the sample preparation of
capsaicinoids using ultrasound assisted
extraction by ultrasonic bath and determination
of the two major capsaicinoids in hot chilli
peppers (Figure 1).

(a)

(b)

Figure 1. Chemical structure of two main
Figure 1 Chemical
structure ofoftwo
main components of capsaicin
components
capsaicinoids
(b) dihydrocapsaicin
(a) capsaicin and (b) dihydrocapsaicin
2. Materials and methods
2.1 Equipments
An ultrasonic cleaning bath model
RF103H (Bandelin Sonorex, Germany)
with 140 W of potency, 35 KHz of frequency.
The interior dimensions of the water bath
were of 24 cm×14 cm×15 cm was used.
The bath was kept at constant frequency
during all the extraction processes.
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The chromatograph for separation
was a LC-20A HPLC instrument (Shimadzu,
Japan) equipped with the following
modules: SIL-20A HT autosampler;
LC-20AD HPLC pump; CTO-20A column;
SPD-M20A photodiode array detector.
The Class VP software was used. The
chromatographic separation was carried out
using an ODS-C18 RP (4.6 mm × 250 mm)
column.
2.2 Chemicals
The solvents (ethanol, methanol
and acetonitrile) purchase from Merck
(Germany) were used as analytical quality.
The reference standards of capsaicin (96%)

and dihydrocapsaicin (90%) were obtained
from Sigma-Aldrich (U.S.A.).
2.3 Plant materials
Seven kinds of chilli pepper
samples, which their codes and species type
were given Table 1. The chilli peppers were
obtained from Department of Plant Science
and Agricultural Resources, Faculty of
Agriculture, Khon Kean University,
Khon Kean, Thailand. All samples were
dried in an oven at 60 ºC for 48 h. and
ground using a kitchen grinder to pass a
100-mesh sieve. The ground samples were
kept storing in desiccator before use.

Table 1. List of chilli pepper samples used in this study
Sample code

Plant variety

Species

S01

KKU-p31065

Capsicum annuum. L.

S02

MS4

Capsicum annuum. L.

S03

PC2-1

Capsicum annuum. L.

S04

YTP16-98-46-37-1-1

Capsicum annuum. L.

S05

Yodson Khem 80

Capsicum annuum. L.

S06

Akkanee Piroth

Capsicum chinense. L.

S07

PB8-1-1

Capsicum chinense. L.

Sample code: S01 and S02 are sweet chilli pepper
S03, S04 and S5 are hot chilli pepper
S06 and S07 are very hot chilli pepper
2.4 Extraction procedure
The optimum conditions for the
extraction of capsaicinoids in hot chilli
pepper were studied. The parameters
affecting the yield of the capsaicinoids were
investigated. There were extraction solvent,

ratio of solvent to water, ratio of solvent to
sample, extraction temperature and
extraction time. Sample code S06 was used
for the following experiment test based on
the single parameter experiments.
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(1) Effect of extraction solvent
For the extraction solvent,
three kinds of organic solvents including
methanol, ethanol and acetonitrile
were used. The conditions were tested as
following: 0.5 g sample, 20 mL of the
solvent as extraction solvent, extraction
temperatures at 50 ºC and extraction time
20 min.
(2) Effect of different ratios of
methanol and water
The different ratios of methanol
and water, the percentage of methanol
including 50-100% were investigated.
The rest of conditions were tested as
following: 0.5 g sample, 20 mL of the
methanol as extraction solvent was
varied percentage of methanol, extraction
temperatures at 50 ºC and extraction time
20 min.
(3) Effect of solvent volume to
sample mass ratio
For the ratio of solvent
volume (mL) to sample mass (g), a series
of that ratio was carried out with different
solvent volumes (5, 10, 15, 20 and 25 mL/
0.5 g). The rest of conditions were tested as
following: 0.5 g sample, 80% methanol
solvent was varied volume, extraction
temperatures at 50 ºC and extraction time
20 min.
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(4) Effect of extraction temperature
The extraction temperature
was also evaluated ranging from 30-60 ºC.
The rest of conditions were tested as
following: 0.5 g sample, 20 mL of 80%
methanol solvent, extraction temperatures
was varied temperature for 39, 40, 50 and
60 ºC and extraction time 20 min.
(5) Extraction time
The extraction time was also
evaluated ranging from 10-60 min. The rest
of conditions were tested as following:
0.5 g sample, 20 mL of 80% methanol
solvent, extraction temperatures at 50 ºC
temperatures and extraction time was varied
time for 10, 20, 40 and 60 min.
2.5 Determination of two major
capsaicinoids
An extraction of capsaicinoids in
the chilli sample (0.5 g) was sonicated by
ultrasonic assisted extraction with 20 mL of
solvent. The extract was centrifuged and
then filtered through Whatman No. 42 filter
paper. The extract solvent was evaporated
to dryness using a rotary evaporator.
The residue was dissolved with the solvent
to make up final volume of 5.0 mL.
The capsaicinoids extract was then filtered
through 0.45 µm filter membrane prior to
analysis by RP-HPLC-PDA. The stepwise
of extraction of capsaicinoids in hot chilli
pepper were shown in Figure 2
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12

0.5 g hot chilli pepper sample
Add 20 mL of solvent
Sonicate at 50 °C for 20 min

The extract solution

The supernatant was filtered through
Whatman No. 42 filter paper.
Centrifuge at 3,000 rpm
for 10 min
Evaporate at 60 °C to dryness in
a rotary evaporator

The residue was dissolved with the
solvent to final volume of 5 mL.

Inject 20 µL of the extract into RPHPLC-PDA
Figure 2 The stepwise of extraction of capsaicinoids in chilli pepper sample

Figure 2. The stepwise of extraction of capsaicinoids in chilli pepper sample
The separation and determination
of capsaiciniods were performed by
RP-HPLC-PDA. For the chromatographic
separation, an isocratic method was utilized
with 70% acetonitrile as a solvent A; 30%
DI water as a solvent B. The total run time

was 10 min. The injection volume was 20
µL. Both major capsaicinoids (capsaicin
and dihydrocapsaicin) were monitored at
280 nm at a flow rate of 1 mL/min. The
chromatogram of two capsaicinoids were
shown in Figure 3 and 4.
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3. Results and discussion
3.1 Effect of extraction solvent
To select the suitable extraction
solvent for capsaicinoids, three kinds of
organic solvents including methanol, 397
ethanol and acetonitrile were investigated.
the capsaicinoids should be soluble in the
solvent that is used for the extraction
The results were shown in Figure 5.
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As shown in Figure 5, The contents
of the capsaicinoids were found
rather
Capsaicin
different when using three kinds
of the
Dihydrocapsaicin
solvents extracted. It can be noted that
both methanol and ethanol extracts gave
Figure 4 The chromatogram of two capsaicinoids extract from chilli pepper sample
code S06amounts
(peak 1 : capsaicin
similar
ofandthe capsaicinoids.
Methanol concentration (%v/v)
peak 2:dihydrocapsaicin)
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394 sample
Figure
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So,
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this
case,
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was used as
peak 2:dihydrocapsaicin)
395
capsaicinoids extract from chilli the extraction solvent because baseline of
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pepper sample code S06 (peak 1
chromatogram
was slightly better than
9000
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Figure 6.
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Figure 6 Effect of different methanol on the extraction yield of capsaicinoids in chilli pepper sample code S06
Figure
6. Effect of different methanol on
2000
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the extraction yield of capsaici
0
5
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noids in chilli pepper sample
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Solvent volume/0.5g sample
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code S06
397
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As shown in Figure 6, the contents
of the4000capsaicinoids were Capsaicin
different
3000
Dihydrocapsaicin
depending
on the mixed ratios of methanol
2000
1000
and water.
In the study of capsaicinoids,
0
the addition5 of water
the25solvent does not
10
15 to20
Solvent volume/0.5g sample
improve the extraction properties of
methanol. The percentage of water in the
methanol is increased, there is a decrease in
the amount of capsaicinoids extracted.
This may be because of the good solubility
of capsaicinoids in methanol, which
diminishes as the polarity of the solvent is
increased by the addition of more water
(22). It was found that the polarity of the
solvent mixture decreased, resulted in an
increase in the capsaicinoids contents
when using up to 80-100% MeOH/H2O.
Thus, 80% methanol can be used as the
extraction solvent because using a large
amount of solvent was considered as a cost
of solvents consumption.
3.3 Effect of solvent volume to
sample mass ratio
The ratio of solvent volume (mL)
to sample mass (g) is a factor that must be
studied to increase the extraction yield of
capsaicinoids. In this study, by varying the
volume of solvent while holding the
6000
5000

Capsaicin
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the effect
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the volume of
concentration
the
solvent.
The
results
were
shown in
Figure 6 Effect of different methanol on the extraction yield of capsaicinoids in chilli pepper sample c
Figure 7.
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Figure 7. Effect of different ratios of
solvent to mass on the extraction
yield of capsaicinoids in chilli
pepper sample code S06
As shown in Figure 7, the contents
of the capsaicinoids were not much different
when vary differences in the solvent
volume/0.5 g sample. The large amount of
sample results in longer extraction times
and a large particle size demands higher
volumes of solvent, the quantities of
capsaicinoids extract were increased in
higher volume of solvent. It was found that
the solvent volume 20 mL give rather
higher amount of the capsaicinoids.
Therefore, the variable of solvent volume
will not be a determining factor when
extracting capsaicinoids in these conditions.
It was decided to work with a volume of
20 mL of solvent /0.5 g sample.
3.4 Effect of extraction temperature
The extraction temperature was
also evaluated ranging from 30 to 60ºC
to increase the extraction yield of
capsaicinoids The results were shown in
Figure 8.

15
61of capsaicinoids in chi
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Figure 7 Effect of different ratios of solvent to mass on the extraction yield 399
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times on the extraction yield of
enhance yield of target compounds.
capsaicinoids in chilli pepper
However, solvent volatilization and some
sample code S06
degradation processes may occur at high
temperature, which would lead to the lower
As shown in Figure 9, the contents
extraction yield (23). Thus, In this study of the capsaicinoids were also different
methanol was selected for the extraction of
when the extraction time was varied. It was
the capsaicinoids at 50°C due to a low found that the extraction times longer than
boiling point of methanol (64.7 °C).
20 min gave differences in the amounts of
A higher temperature for UAE means a the capsaicinoids, a decrease in the
higher efficiency in the extraction process extraction yield was observed, which may
due to the increase in the number of
be explained considering the possibility
cavitation bubbles and in the surface contact of organic compounds decomposition by
area, but this effect is less when the the effect of the sound waves. Thus,
temperature is near the boiling point (24).
the extraction time of the capsaicinoids was
selected at 20 min.
The summarize of the extraction
conditions were shown in Table 2
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Table 2. The summarize of the extraction conditions
Parameters

Conditions

Extraction solvent

Methanol

Methanol concentration (%v/v)

80

Solvent volume/0.5g sample (mL)

25

Extraction temperature (°C)

50

Extraction time (min)

20

3.6 Determination of two major
capsaicinoids
Under the optimum conditions,
the amounts of capsaicinoids were found in

chilli pepper samples ranging from 573.
44-15219 µg/g DW, the results were shown
in Table 3.

Table 3. The contents of the major capsaicinoids in chilli pepper samples (mean ± SD,
		
n = 3)
Sample

Capsaicin
(µg/g DW)

Dihydrocapsaicin
(µg/g DW)

Major
Capsaicinoids (µg/g DW)

S01
S02
S03
S04
S05

319.10 ± 1.7
345.47± 1.9
1540.1±1.2
1809.8± 1.3
3009.5± 1.5

254.34± 2.3
263.08± 1.9
1227.3± 2.0
1597.8± 1.6
1411.7± 1.8

573.44
608.55
2767.4
3407.6
4421.2

S06
S07

9340.9± 1.0
8209.7± 0.7

4591.6± 1.6
7009.8± 1.3

13932.5
15219.5

In Table 3, Seven kinds of chilli
pepper samples were used with their codes
and pungent levels including; sweet chilli
pepper (S1 & S2), hot chilli pepper (S3, S4
& S5) and very hot chilli pepper (S6 & S7).
The amount of capsaicinoids depends on its
pungency (25). S07 give high amount of
capsaicinoids.

4. Conclusion
In this study, the detailed effects of
ultrasound assisted extraction for extraction
of capsaicinoids from hot chilli peppers
were investigated. The determination of two
major capsaicinoids in hot chilli samples
was conducted. The optimal extraction
conditions were obtained consisting of 80%
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methanol and water as extraction solvent
with 20 mL/0.5 g solvent to mass ratio,
extraction temperature at 50ºC and
20 min of extraction time. The developed
method has been employed to perform the
determination of the capsaicinoids present
in seven varieties of hot peppers cultivated
in Thailand. In a comparison between the
others method of extraction, qualitative
composition of ultrasonic extracts was the
same as found in the extracts obtained using
others extraction techniques.
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