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The present investigation aimed to study effect of different methods of extraction and long term storage on capsaicinoids
content of dried fruits of Bhut Jolokia. The powdered fruits of Bhut Jolokia were extracted by percolation, Soxhlet,
microwave, and ultrasonication extraction methods using acetone as solvent. The extraction efficiencies of these methods
were evaluated in terms of percentage yield of capsaicinoids content. Results indicate that Soxhlet extraction is more
efficient in yielding capsaicinoids content than the percolation method. The extraction efficiency of microwave and
ultrasonication methods was observed to be more as compared to Soxhlation, with equivalent yields of capsaicinoids content
in a short time and at low temperature. Further, it is reported that capsaicinoids content is appreciably increased after six
months of storage in dark atmosphere. Results suggest that ultrasonication followed by microwave extraction can be adopted
in basic laboratory set up or small industrial scale for the extraction of Bhut Jolokia fruits, which would yield higher content
of capsaicinoids than that of Soxhlet and percolation methods at a reasonably low processing cost. The study on
enhancement of capsaicinoids content of dried fruits during long term storage would be very much useful to continue this
practice on a commercial scale to meet the increasing demand of Bhut Jolokia in the global market.
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Introduction

Bhut Jolokia, an indigenous variety of capsicum is
a hybrid species of Capsicum chinense Jacg. and
C. frutescens L. that is cultivated widely in North-
eastern states of India namely Assam, Nagaland,
Manipur and Arunachal Pradesh'. Bhut Jolokia
(Bhut meaning Ghost, Jolokia meaning Chili) refers
to the chili peeper that is the fruit of plants belonging
to the genus Capsicum (Family Solanaceae)?. It was
inducted in the Guinness Book of World Records in
2006 as the hottest/spiciest chili pepper in the world®.
Because of possessing extreme hotness, this capsicum
variety is popularly called by its vernacular name
‘Bhut Jolokia’ in Assam (India). It is believed that a
small amount of raw pepper (ripe capsicum fruits) or
even sauce is so spicy that makes it barely edible by a
normal person*®. The matured fruits of Bhut Jolokia
measure about 60-85 mm long and 25-30 mm wide
with an attractive red color and a rougher, dented
skin® (Plate 1). In North East India, it has been used as
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a dietary spice by different ethnic communities since
time immemorial. Besides many commercial uses like
pickle preparation, flavouring curries, and spice
blends for food recipes, this chili pepper is also
used in various traditional remedies for human
ailments such as gastritis, arthritis, muscle pain, and
chronic indigestion*®”.  Moreover, semi-purified
extracts of the Bhut Jolokia fruits are used in food
and canning industries, increasing its demand in the
global market®.

Capsaicinoids represents a group of characteristic
pungent compounds and are found invariably in fruits
of capsicum (chili pepper). Hot and burning sensation
of chili pepper is due to the presence of capsaicinoids
in capsicum fruits®*°. Chemically, capsaicinoids are
acid amides of vanillylamine (3-hydroxy-4-methoxy-
benzylamide, vanilloid) with a Co-C;, branched chain
fatty acid. Five most naturally occurring capsaicinoids
include capsaicin, dihydrocapsaicin, nordihydrocapsaicin,
homocapsaicin, and homohydrocapsaicin™*2. Capsaicin
and dihydrocapsaicin (Fig. 1) together constitute
more than 80 % of total capsaicinoids content of
capsicum®. These two major capsaicinoids are
responsible for the total pungency of chili fruits™.
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Fig. 1 — Structure of capsaicin (a) and dihydrocapsaicin (b)

Apart from capsaicinoids, flavonoids, phenolic
acids, carotenoids, Vitamin A, and ascorbic acid
are the other important constituents of capsicum.
Capsaicinoids have been reported to possess certain
pharmacological activities such as antiarthritic,
analgesic, anti-inflammatory, antimicrobial, antiulcer,
anticancer, and cardiovascular benefits*. It is
attributed that the antioxidant property of
capsaicinoids is primarily responsible for various
pharmacological activities of capsicum fruits®.
Literature report reveal that Bhut Jolokia fruits
contain higher amount of capsaicinoids (2-3 %) as
compared to other capsicum species (<1 %)*. Several
research strategies have already been undertaken with
the objective to improve the yield of capsaicinoids

content in Bhut Jolokia fruits in order to meet
its increasing commercial demand in both domestic
and international market. They include agricultural
manipulations with cultivation, harvesting, and
storage of capsicum fruits?> for better productivity,
tissue culture methods for crop improvement®, and
biosynthetic modification** and chemical or enzymatic
synthesis for increasing the yield®®. Because of
these, Bhut Jolokia fruits could be ideal for the
extraction of pungent principles to get higher yield of
capsaicinoids than any other chili fruits.

A number of solid-liquid extraction methods such
as maceration®, Soxhlet extraction®, extraction by
supercritical fluids®***, and enzymatic extraction®* *°
have been used for the extraction of capsaicinoids
from various capsicum fruits. They all require tedious
sampling and cleaning up procedures. On a large scale
basis, these extraction methods must be faster, cost-
effective, and also reproducible. Moreover, since
capsaicinoids are highly irritating substances, special
precautionary measures are required to be taken while
handling such substances to avoid any accidental
hazards to health or environment either by
direct contact or by inhalation, which may cause
severe allergic reaction, skin toxicity or even death
in severe toxic inhalation. In recent days,
microwave®®*" and ultrasound® like novel techniques
are being used in the extraction of crude herbal
drugs/plant materials.

It is believed that the potency of crude drugs or
natural foods may get enhanced when stored properly
for a longer duration. This is probably due to the fact
that the concentration of bioactive principles in crude
drugs/foods may increase during storage period. This
phenomenon is usually seen with grain foods like rice,
stored potatoes, dried herbs and spices, dry fruits,
seasoning blends, and many more. For example, one
year old stored rice has more market value than the
newly arrived crop because of above reasons. Similar
attributes can be made with homemade mixed pickles
that have huge commercial demand in the domestic
market. Local village people suggest that the hotness
of Bhut Jolokia fruit increases when stored in
tightly closed polythene bags under dark for about
six months. lwai and coworkers™ reported that
photooxidation of capsaicinoids may be prevented if
capsicum pods are stored in dark atmosphere, while
illumination induces it and thereby decreasing the
capsaicinoids content. This may be due to the fact
that illumination significantly restores the peroxidase
enzyme involved in the oxidative degradation
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mechanism of capsaicinoids, which causes subsequent
loss of pungent principle over storage period®.

Several studies on other capsicum species having
commercial importance have been carried out, which
investigated the evaluation of different processing
parameters such as time of harvesting, post harvesting
treatment, and their effect on the yield of capsaicinoids
content'*#32_In an earlier study conducted by the
authors, capsaicinoids content in different indigenous
varieties of capsicum available in North-eastern
region of India was investigated®. No work on
evaluation of extraction methodologies, particularly,
percolation, Soxhlation, microwave irradiation, and
ultrasonication to assess their extraction efficiency in
the yield of capsaicinoids content of Bhut Jolokia
fruits has been conducted so far. The effect of long
term storage conditions (atmospheric/stress) on
capsaicinoids content of Bhut Jolokia has also not yet
been reported.

In the present study, percolation, Soxhlation,
microwave irradiation, and ultrasonication assisted
extraction methods were evaluated to assess their
efficiency in terms of yield of capsaicinoids content
(mg/g of pure capsaicin) of Bhut Jolokia fruits.
In addition, the effect of long term storage on
capsaicinoids content of Bhut Jolokia fruits was also
studied with the aim to assess the influence of several
atmospheric factors on stability or degradation of
capsaicinoids over storage period.

Materials and Methods

Plant materials

The matured ripe fruits of Bhut Jolokia were
collected, dried under sunlight for about 7 days
and stored (100 g) in well closed air-tight polythene
bags in a dark room for about one month until
further study. For long term storage, dried pods were
stored under similar experimental conditions as
mentioned above for a period of one year. The plant
species of capsicum was authenticated by Botanical

Survey of India, Shillong (BSI/ERC/2012/Plant
identification/208).
Chemicals

Pure capsaicin (capsaicin 95 %, USP) was obtained
as a gift sample from Chillies Export House,
Virudhanagar, India. It contains capsaicin (59.87 %),
dihydrocapsaicin (34.75 %) and nordihydrocapsaicin
(3.21 %). Acetone was procured from Merck,
Germany. Sodium hydroxide and phosphomolybdic
acid were procured form Himedia, India.

Extraction of capsaicinoids®*

Percolation

Dried Bhut Jolokia pods were coarsely powdered.
The powder (10 g) was extracted using 100 mL of
acetone for three successive cycles (30 h) at 40 °C.
The extraction was performed in a thermostatic
percolator with one channel peristaltic pump at a flow
rate of 0.5 mL/min. The capsaicinoids content of the
acetone extract was determined after completion of
each cycle individually by spectrophotometric method.

Soxhlation

Coarsely powdered pods (10 g) were extracted in a
Soxhlet apparatus using acetone as solvent (100 mL)
until all the powdered material was completely
exhausted (6 h). A constant temperature of about
65 °C was maintained throughout the extraction
process. The extract so obtained was subjected to
estimation of capsaicinoids content by spectrophotometric
method.

Microwave extraction

Microwave extraction was carried out in a
domestic microwave oven (Samsung MW73AD-
B/XTL, 0.8 cu.ft./20 L, 230V- AC/50Hz, 800W) at
variable time length and temperature. The powder
(1 g) was extracted using 10 mL of acetone at 40, 50,
and 60 °C from 10 to 60 min. The capsaicinoids
content of the extract obtained under each experimental
set up was estimated by spectrophotometric method.

Ultrasonication

In ultrasonication method, 1 g of the powder was
extracted using 10 mL of acetone in an ultrasonicator
(PCI 81 instrument, 33 +/- 3 KHz, 230 V- AC/50 Hz,
120W). The extraction was carried out for 60 min,
with 2 min interval for every 10 min of operation.
After 10, 20, 30, 40, 50, and 60 min of sonication
temperatures were recorded as 35, 39, 41, 44, 46, and
47°C, respectively. The capsaicinoids content of the
extract was estimated spectrophotometrically after
completion of each sonication cycle.

Identification of capsaicinoids by TLC*

Thin layer chromatography (TLC) of the acetone
extract was performed on a pre-coated silica gel GF-
254 (10 um layer thickness) using benzene-acetic acid
(9:0.5) as a mobile phase. A spot was visualized in
iodine chamber followed by UV detection at 254 nm.
The detection of the spot intensified with the
formation of red coloration by spraying 5 % sodium
carbonate on the spot followed by gentle warming of
the plate. Pure capsaicin was used as a reference
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standard. R¢ values of the test extract were compared
with that of the standard capsaicin.

Estimation of capsaicinoids content*?**

The capsaicinoids content of the acetone extract
obtained after each extraction method was determined
by spectrophotometric method as per the method
reported by Sadasivam et al.** with minor modification.
Acetone extract (2 mL) was transferred into a dry test
tube and evaporated to dryness in a hot water bath.
The residue was dissolved in a 5 mL of 0.5 % w/v
aqueous solution of sodium hydroxide and 3 mL of
3 % wi/v phosphomolybdic acid was added into it
with gentle shaking for about an hour. The reaction
mixture was centrifuged (Remi India) at 5000 rpm
for 10 min in order to remove insoluble debris.
The absorbance of the clear blue colored solution
was then determined at 650 nm in a UV-visible
spectrophotometer (Hitachi U-2001). The content of
capsaicinoids in the extract was obtained from the
calibration graph of the pure capsaicin. The
capsaicinoids content is expressed as mg/g of pure
capsaicin.

Effect of storage

Sun dried pods (100 g) were stored in polythene
bags in a dark room for a period of one year. Stored
pods were periodically measured for the weight loss.
The percentage weight loss (in g of dry weight of
capsicum fruits) was also recorded once in a month
for one year. To evaluate the effect of storage on
capsaicinoids content, stored pods was extracted by
ultrasonication (drug to solvent ratio and experimental
conditions were maintained same as described
previously), and the capsaicinoids content of the
extract was determined by spectrophotometric method.

Statistical analysis

Experiments were performed in triplicate and the
results are expressed as meantSD. Student’s t test
was performed.

Results and Discussion

Evaluation of the extraction methods

The extraction of capsaicinoids from dried
Bhut Jolokia fruits was carried out by percolation,
Soxhlation, microwave, and ultrasonication methods.
The extraction efficiency of each extraction method
was evaluated in terms of yield of capsaicinoids
content considering different experimental conditions
such as time and temperature. Acetone was used as a
solvent of extraction since it is readily available, fairly

non-toxic, volatile, and cheaper solvent. Moreover,
capsaicinoids are freely soluble in acetone'’. Prior
optimization studies were carried out using different
drug to solvent ratios. The drug to solvent ratio of
1:10 gave best extraction yield. Chloroform, ethyl
acetate, methanol, and ethanol were also tested, but
inadequate results in extraction yields were obtained
with each of these solvent except acetone. Ethanol
showed better results than other solvents and the yield
was comparable to that of acetone. Ethanol was not
used because of several issues like high viscosity, low
diffusivity, and excise duty reasons. Ethanol extracted
semi-purified dried extract has been reported to be
waxy in nature as compared to the dried acetone
extract’.

The presence of capsaicin in the acetone extract
was identified by test R¢ value, i.e., 0.52 with that of
the standard capsaicin®.

In the percolation method, the capsaicinoids
content was estimated to be 1.230+0.200 % after a
30 h long extraction process (after the completion
of 3“ cycle) at 40 °C. On the other hand, the capsaicinoids
content was found to be 2.453+0.022 % after 6 h of
Soxhlet extraction at a temperature of 65 °C. The
capsaicinoids content is expressed as mg/g of pure
capsaicin. The value obtained in Soxhlet extraction
was used as a reference for comparing the extraction
efficiency of the remaining three methods. This is
because Soxhlation is a widely useful scientific
method for the extraction of plant material. Moreover,
Soxhlation yielded best result amongst all. Results
of percolation and Soxhlet extractions are presented in
Table 1. The capsaicinoids content in percolation
method is comparatively less than that of Soxhlet
extraction.

In the microwave extraction, good vyields of
capsaicinoids were obtained after 40, 50, and 60 min
of extraction at 40, 50, and 60 °C, respectively
(Table 2). The yields of capsaicinoids content reached

Table 1— Capsaicinoids content in percolation and Soxhlet
extraction

Percolation Soxhlet etraction

Cycle Capsaicinoids Expt. Capsaicinoids Average content

content (%)°  No.  content (%) (%)"
1st  0.953+0.153 1 2431
2nd  1.127+0.210 2 2.453 2.453 £0.022
3rd  1.230+0.200 3 2.474

Percolation and Soxhlation were completed in 30 h and 6 h,
respectively

“MeanSD (mg/g of capsaicin) of three experiments (n=3)
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Table 2 — Capsaicinoids content in microwave extraction and ultrasonication

Time Microwave extraction Ultrasonication
(min) Capsaicinoids content (%)" Capsaicinoids content (%) Temperature recorded (°C)
40°C 50°C 60 °C
10 0.503+0.135 0.600+0.163 0.726+0.130 0.723+0.120 35
20 0.723+0.150 1.193+0.140 1.770+0.140 1.986+0.070 39
30 0.987+0.200 1.874+0.120 2.114+0.100 2.397+0.140 41
40 1.303+0.190 2.151+0.180 2.324+0.210 2.451+0.120™ 44
50 1.905+0.120 2.305+0.110 2.426+0.220 2.451+0.190 46
60 2.353+0.200 2.452+0.110™ 2.450+0.160 2.451+0.130 47

“Mean+SD (mg/g of capsaicin) of 3 experiments (n=3); ~statistically significant p <0.001, compared to Soxhlet extraction

maximum after 40 min of extraction. After
60 min of extraction, values were constant till the
end of the extraction process. The best extraction
yield obtained was 2.452+0.022 % (p <0.001) after
60 min of extraction at 50 °C. In case of
ultrasonication, the extraction for 40 min at 44 °C
gave the best yield value with 2.451+0.022 %
(p <0.001) of capsaicinoids content. Below 41 °C, the
yields of capsaicinoids were poor, but there was no
increase in yield at elevated temperatures such as
46 and 47 °C after 50 and 60 min of extraction,
irrespectively. The extraction was less likely
influenced by temperature since ultrasonication is
independent of temperature. The temperature of the
system increases with increase in sonication.

Results clearly reveal that the extraction efficiency
of the traditional percolation and Soxhlation methods
differ significantly from each other considering
several parameters, mainly time of extraction and
temperature. Soxhlation was found to be more efficient
than the percolation process. Since Soxhlation is a
continous hot percolation method, in this method of
extraction the rate of mass transfer (between pods and
solvent) is fairly facilitated by the rate of heat
transfer*® and henceforth, reduces the time and solvent
for the total extraction process. On the contrary, the
rate of mass transfer is comparatively slow in the
percolation process, which in turn renders extraction
to proceed slower and hence, less efficiently. Due to
this reason, Soxhlation is highly efficient to extract
maximum amount of capsaicinoids in a cycle, while,
in percolation three successive cycles are insufficient
for the extraction to yield capsaicinoids in good yield.

Modern methods like microwave and ultrasonication
facilitate efficient extraction due to the fast removal
of cuticular superficial waxes from plant material®’. In
microwave extraction, it is assumed that uniform heat
distribution takes place throughout the plant material

in a closed vessel, which results in extraction of
higher amount of capsaicinoids at a temperature lower
than the boiling point of acetone. On the other hand,
ultrasound assisted extraction provides a rapid
delivery of energy to the solvent that is forced directly
on to the sample and thus causes disruptions of plant
cells to run the extraction process very efficiently®.
Ultrasound accelerate the process of swelling and
hydration of plant cells, which causes the enlargement
of pores facilitating the penetration of solvent into the
cells that in turn helps escape active principles out
into the solvent™.

It is now clear that Soxhlet extraction is more
efficient than percolation method in yielding higher
content of capsaicinoids. Moreover, solvent and
energy consumptions are less in Soxhlation compared
to percolation method, which is highly advantageous
because it decreases the processing cost of extraction.
One advantage with the percolation method is that
it is a cold extraction process which remains to be
an important consideration while extracting thermolabile
plant components. Microwave extraction and ultrasonication
methods have several advantages over traditional
Soxhlation method like less solvent is required, time
taking for extraction is less and of course power
consumption is also less. Moreover, in microwave
irradiation method, acetone boils at a lower temperature
than its actual boiling point making the extraction
process safe and easy to run. Ultrasonication is even
more advantageous than microwave irradiation method
since it consumes less time to complete the extraction
cycle with better yield of capsaicinoids. Ultrasonication
is the quickest process among all these four methods
of extraction.

From our above discussion, it is suggested that
apart from Soxhlet method, ultrasonication followed
by microwave techniques can be adopted in a
laboratory set up for research/experimental studies as
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well as in small industrial scale to extract and isolate
the bioactive pungent principles from Bhut Jolokia
fruits with good yield. It is proposed that ultrasonication
is the best method, since it is more efficient,
convenient, and affordable than other extraction
methods. Moreover, easy operation, less tediousness,
and low processing cost are other important
advantages of ultrasonication that makes it a suitable
extraction technique to be proffered over other
techniques for the extraction of capsaicinoids from
Bhut Jolokia. However, well ventilation and skillful
operation are required while handling such extraction
processes, since capsaicinoids are highly irritating
substances that may cause severe toxicity upon
inhalation. Therefore, the extraction of capsicum must
be carried out in a closed but well-ventilated
environment, and all due precautions must be taken
care while handling and processing such substances.

Effect of storage

Results shown in Fig. 2a indicate that the
capsaicinoids content was enhanced by 3.673+0.21 %
at the end of the 6" month, which was followed by a
constant value, 3.673+0.18 % till the end of the 12"
month. It accounts for approximately 50 % increase in
the concentration of capsaicinoids content during the
first half of the storage period. Similarly, weight loss
was observed as 9.971+0.28 % (%, in g of dry weight
of capsicum fruits) at the end of 6™ month followed
by a constant value (Fig. 2b).

During post-harvesting (storage) period, the
enhancement of capsaicinoids content in capsicum
pods is attributed to the induction of certain

biochemical pathways of secondary plant metabolites
under the influence of several external factors
(presence of adequate moisture and absence of light)
in stored environment. The biosynthesis of capsaicinoids
gets accelerated through activation of
phenylpropanoid pathway under hydric stress in a
closed environment. Bioprecursor vanillylamine
(substrate component) facilitates the formation of
capsaicinoids with the help of an enzyme, called
capsaicinoid synthase available in stored pods. The
presence of adequate moisture is highly important for
optimal accumulation of capsaicinoids in pods during
the first few months of storage. After six months,
accumulation of capsaicinoids declines due to
dehydration of pods. The pungency level of capsicum
gradually decreases with loss of water™. The
capsaicinoids content of capsicum increases with the
maturity of fruits until it reaches maximum followed
by a gradual degradation''. The present study is
consistent with several earlier literature reports on
other capsicum species. For instance, fresh Jalapeno
capsicum contains 1.89 % of capsaicinoids, whilst its
dried pods contain around 2.63 %°’. Contreras-Padilla
and Yahia® observed that the decrease in capsaicinoids
content in stored pods is a result of oxidative
degradation, called peroxidation with the help of
peroxidase enzyme. The enzyme remains high enough
during the ripening of fruits and therefore, the
concentration of capsaicinoids gradually declines after
that period. Schweiggert et al® indicated that
illumination restores the peroxidase enzyme and is
mainly responsible for the loss of pungent principles
of capsicum by oxidizing the vanillyl moiety of
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Fig. 2 — Graphs showing the effect of storage condition on (A) capsaicinoids content (%, in mg/g of capsaicin), and (B) weight loss
(%, in g of dry weight of capsicum) of Bhut Jolokia fruits. Studies were performed in trplicate. Mean+SD values of three replicate

observations (n=3) were used for plotting graphs.
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capsaicinoids®*®". Instead, during long term storage in
dark atmosphere dehydration stress (water loss) and
presence of peroxides (R-O-O-R) (in store pods)
cause degradation of the peroxidase enzyme and
thus, significantly reduces the degradation activity of
capsaicinoids®>®®, From above discussion, it can be
concluded that illumination induces photooxidation of
capsaicinoids and reduces pungency of capsicum,
whereas, dark atmosphere significantly prevents the
oxidative degradation of capsaicinoids and restore the
pungency level. Capsaicinoids content of capsicum
may also be affected by the atmospheric gases like
oxygen but not nitrogen during storage®*. The
phenolic hydroxyl group and carbon-carbon double
bonds make capsaicinoids very much sensitive to
oxidation, which render molecules degrade easily
under such atmospheric stressed conditions. Natural
capsaicinoids must therefore be protected from light,
heat, moisture, and oxidizing agent like oxygen. The
storage of capsicum fruits in dark avoiding exposure
to atmospheric gases strongly renders prevention of
degradation of capsaicinoids.

Conclusion

Keeping in view the dietary as well as medicinal
importance of Bhut Jolokia fruits worldwide, proper
cultivation, harvesting measures, and conservation
strategies are required to be adopted with the
objective to optimally utilize this valuable indigenous
natural resource available in North-eastern region of
India. Such strategies may help to improve the crop
productivity and at the same time would also maintain
the pungency level of Bhut Jolokia. Pungency is an
indicator of capsicum’s quality - It must be retained
for this indigenous species of capsicum. To achieve it,
further studies on chemistry and bioactivity profile
of Bhut Jolokia fruits need to be done. To extract
capsaicinoids in high content modern extraction
methods like microwave and ultrasonication can be
adopted in basic laboratory/research set ups as well as
in small industrial, giving minimum preference to
Soxhlet and percolation like traditional methods,
since they are slow processes, time consuming and
cost more. Further, traditional claim on pungency
enhancement of Bhut Jolokia pods upon long term
storage is validated. There is need for further research
investigations and also a requirement to continue this
practice on a commercial scale to meet the increasing
demand of Bhut Jolokia fruits in the global market.
Moreover, besides chemistry and bioactivity studies,
toxicity investigation is inevitably required to unfold

the science behind the unique pungency of Bhut
Jolokia and its beneficial or toxic implications on
human health.
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