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ABSTRACT 

Objectives: The use of pepper fruit is renowned for its capsaicin content that has numerous beneficial effects in food and pharmaceutical industry. 
However pepper fruits exhibit wide variations in the accumulation of capsaicin depending on agro-climatic conditions. Therefore, we have 
performed experiments to evaluate the variation of major bioactive compounds including capsaicin of world second hottest chili pepper Bhut 
Jolokia fruit across two different agro-climatic conditions.  

Methods: All the analysis was done according to standard protocols. 

Results: Biochemical combined with High Performance Thin layer Chromatography (HPTLC) analyses confirmed significant differences in major 
bioactive compounds including capsaicin due to the variation in agro-climatic conditions as well as elevation. It was observed that total phenolic 
and flavonoid content of Bhut Jolokia fruit (BJ-N) cultivated in Nagaland were more than 2-fold higher compared to the fruits (BJ-W) cultivated in 
West Bengal. The amount of capsaicin was found to be 4.345–folds higher in BJ-N compared to BJ-W. The Gas chromatography–mass spectrometry 
(GC-MS) analysis revealed that the chemical composition of the Bhut Jolokia fruits growing in two different geographical location also exhibit 
chemodiversity.  

Conclusion: An overabundance of the agro-climatic conditions likely to differ across the two different elevations. There may be a complex 
interaction among these different features that play a key role of this significant variation of fruit phenotype as well as major bioactive compounds. 
The decrease in elevation may be the key reason of the trade-offs of pungency and important secondary metabolites in pepper fruit cultivated in 
West Bengal. 
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INTRODUCTION 

Chili pepper (Capsicum sp.), a non-climacteric fruit is an important 
source of nutrients and vitamins in the human diet. The fruits are also 
enriched with phenolic compounds, carotenoids, compounds with 
antioxidant and anti-carcinogenic capacity [1-3]. The consumption of 
peppers may prevent various ailments including cardiovascular 
disease, cataract, diabetes and neurological disorders [4,5]. Among the 
chili pepper Capsicum chinense‘ Bhut Jolokia’ is an interspecific hybrid 
chili pepper cultivated in the Northeastern Indian states. It has been 
reported that Bhut Jolokia is the second world’s hottest chili [6].   

A series of alkyl vanillylamides including capsaicin (8-methyl-Nvanillyl-
6-nonenamide) is predominantly responsible for the pungency in 
pepper fruit. Biosynthesis of capsaicin is taxonomically restricted to the 
genus Capsicum and is confined to the pepper fruit, specifically in the 
seeds and pericarp [7]. The capsaicin content is modulated by 
differences in the growing environment. The degree of pungency and 
amount of major bioactive compounds in pepper fruits is also regulated 
by environment and by genotype–environment interaction [8-10]. 

In the pharmaceutical industry the application of capsaicin is 
increasing enormously in recent years. The detailed information is 
desirable on the environmental effects on this important trait as well 
as for important bioactive compounds. The explicit investigation of 
difference in pungency and bioactive compounds of mature pepper 
fruits will corroborate our understanding of plant–environment 
interactions. The study will also be helpful in manipulating the 
environment to maintain the pungency and other important 
compound according to market demand. Chili peppers are grown 
worldwide, but information is limited on the differential response of 
chili at different elevations on phytochemical and capsaicin contents. 
Therefore, the objective of our study was to evaluate the effects of 
environment on major bioactive compounds including capsaicin in 

Bhut Jolokia at two different elevations as well as agro-climatic 
conditions. 

MATERIALS AND METHODS 

Plant material 

The Bhut Jolokia (Capsicum chinense) fruits were used for the study. The 
field experiments were conducted at Dimapur, Nagaland (lat. 25°906' N, 
long. 93°727' E, 195 m asl) and Rahara, West Bengal (lat. 22°726' N, long. 
88°380' E, 15 m asl) during their main growing period. The Bhut Jolokia 
sample cultivated at Nagaland was designated as BJ-N whereas the West 
Bengal sample was termed as BJ-W (Fig. 1). In order to maintain soil 
moisture and key plant nutrients irrigation and fertigation was applied 
at two locations. The morphological characters of the pepper fruits were 
analyzed. The fruits from multiple plants at the two geographic locations 
were separately bulk-sampled to create a single homogenous sample for 
subsequent analysis. All fruit samples were harvested at fully mature 
stage, sun dried and ground to a uniform particle size using a mixture 
grinder. 

 

Fig. 1: The Bhut Jolokia fruits cultivated at two agro-climatic 
conditions. (A) Cultivated at Nagaland (BJ-N) (B) cultivated at 

West Bengal (BJ-W) 
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Determination of phenolic and total flavonoid content 

Total phenolic content was measured following Folin–Ciocalteau 
method [11]. Total flavonoid and phenolic content was expressed as 
mg g-1

Estimation of ascorbic acid 

fresh weight (fw). The total flavonoid content was determined 
following the aluminum chloride colorimetric assay [12]. 

The ascorbic acid was estimated by using Folin phenol reagent using 
different concentrations of standard ascorbic acid [13]. The amount 
of ascorbic acid was expressed as mg g-1

Estimation of carbohydrate and protein 

fw. 

Total carbohydrate content was determined in the aqueous solution 
with anthrone sulfuric acid reagent [14]. The amount of reducing 
sugar was estimated by dinitrosalicylic acid method [15]. The total 
protein content was determined following the method reported by 
Bradford [16]. The total carbohydrate, reducing sugar and protein 
content was expressed as mg g-1

Determination of antioxidant capacity 

fw. 

Free radical scavenging by the use of the 2,2-Diphenyl-1-
picrylhydrazyl (DPPH) radical 

The antioxidant activity of the ethanolic extracts was determined 
according to the DPPH method [17]. Briefly, 50 µL of different 
concentrations of ethanolic extract was mixed with 1950 mL of 6.34 
× 10-5

% inhibition = [(A

 M DPPH radical solution in ethanol. The mixture was allowed 
to stand for 30 min in the dark. The absorbance of the solution was 
measured at 517 nm. The ascorbic acid was used as standard. Free 
radical scavenging activity was calculated using the following 
formula:  

B-AE)/AB

Where, A

] × 100(1) 

B and AE are the absorbance at 30 min of the blank and the 
sample, respectively. The antioxidant activity was calculated as IC50 
(µg mL-1), the extract dose required to cause a 50% decrease of the 
absorbance at 517 nm. A lower IC50 value corresponds to a higher 
antioxidant activity. The antiradical activity was expressed as 1/ 
IC50

Free radical scavenging by the use of the ABTS radical 

. 

The free radical scavenging activity was studied using the ABTS 
radical cation decolorization assay [18]. ABTS radical cation was 
produced by reacting 7.0 mM ABTS solution with 2.45 mM 
potassium persulfate and the mixture was kept in dark at room 
temperature for 16 h. For the analysis, the solution was diluted in 
double distilled water to an absorbance of 0.7 (±0.02) at 734 nm. 
Fifty microliter of the ethanolic extract of different concentrations 
was added to 1950 µL of ABTS solution and the absorbance was 
recorded after incubation of 30 min at 30 °C. The different amount of 
ascorbic acid was used as standard. The percentage of inhibition of 
ABTS+• was calculated using above formula (eq 1). The antiradical 
activity was expressed as 1/IC50

Ferric reducing antioxidant power (FRAP) assay 

. 

Antioxidant activity was also determined by ferric reducing power 
using a spectrophotometer at 700 nm [19]. Briefly, 1 mL of extract 
was mixed with 2.5 mL of sodium phosphate buffer (0.2 M, pH 6.6) 
and 2.5 mL of 1% potassium ferricyanide. The mixture was 
incubated at 50 °C for 20 min. Then 2.5 mL of 10% trichloroacetic 
acid was added and centrifuged at 3000 rpm for 20 min. Then 1 mL 
supernatant was added to the mixture of 0.5 mL of 0.1% FeCl3 and 
2.5 mL of double distilled water. The absorbance was measured at 
700 nm after incubation for 10 min. Different concentrations of 
ascorbic acid was used as control. Increase in absorbance was 
interpreted as increased ferric reducing activity. The IC50 value 
(µg/mL) is the concentration giving an absorbance of 0.5. The 
antiradical activity was expressed as 1/IC50

High Performance Thin layer Chromatography 

. 

Five microliters of the ethanolic extract (500 mg/mL) was applied 
(band length –5.0 mm; distance between bands – 14.5 mm; distance 

from left edge - 20.0 mm; distance from lower edge - 10.0 mm) on a 
precoated TLC aluminum sheets of silica gel G60 F254

Scoville heat unit conversions 

 of 200 μm 
thickness plate- 20x10 cm (Merck, Germany) using Linomat 5 
automated TLC applicator (Camag, Muttenz, Switzerland) equipped 
with a 100-μL syringe (Hamilton, Nevada, USA). The standard 
capsaicin at concentration of 0.1mg/ml was spotted as a reference 
on the TLC plate. Prior application, the plate was pre-washed with 
methanol and dried at 60°C. TLC plates were developed using the 
mobile phase Chloroform: Methanol: Acetic acid: Hexane (2.85: 0.15: 
0.15: 1, v/v/v) in a Camag HPTLC twin-trough chamber (20x10 cm). 
The chamber was saturated with filter paper for 15 minutes and 
plate equilibrium was carried out for 10 minutes. Plate was 
developed upto 85.0 mm and dried under a stream of air. Separated 
bands were quantified by HPTLC densitometric scanning using 
Camag TLC Scanner 4 in the absorption mode at 282 nm operated by 
Win CATS software (version 1.4.8). Quantitative analysis of the 
extracts was done by comparative densitometric analysis via height 
and area with the standards. 

The capsaicin contents obtained from different fruits were converted to 
Scoville heat units (SHU) in order to classify them according to their 
various pungency levels. This conversion to SHU was done by 
multiplying the capsaicin content by the coefficient corresponding to the 
heat value for pure capsaicin that is 1.6 × 107

GC-MS analysis 

[20]. 

The BJ-N and BJ-W fruit samples were homogenized with 1 mL of 
ethanol and centrifuged at 5000 rpm for 10 mim. The 1 µL aliquot of 
supernatant was injected splitless by an Agilent 7683B Series 
autosampler (Agilent, Atlanta, GA) into an Agilent 6890 GC equipped 
with a 30 m x 0.25 mm fused-silica capillary column chemically 
bonded with 0.25 µm DB5-MS stationary phase (Agilent, Atlanta, 
GA). The injector temperature was set at 275 °C.  

Helium was used as carrier gas at a constant flow rate of 1 mL min -1 
through the column. The analysis was carried out in Split mode and 
the Split Ratio was 50. The column temperature was initially kept at 
40 °C for 2 min and then increased from 40 to 150 °C at 25 °C min-1

The transfer line temperature was set at 250 °C and ion source 
temperature at 200 °C. Ions were generated by a 70-eV electron 
beam at a current of 2.0 mA. Masses were acquired from m/z 40 to 
640 at a rate of 30 spectra s

, 
where it was held for 3 min. The column effluent was introduced 
into the ion source of Mass spectrometer (Waters).  

-1, and the acceleration voltage was 
turned on after a solvent delay of 120 s. The identification of 
metabolites was performed based on NIST 11 (National Institute of 
Standards and Technology) mass spectra database. The relative 
percentage amount of each component was calculated by comparing 
its average peak area to the total areas. The name, molecular weight 
and retention time (Rt

RESULTS AND DISCUSSION 

) of the components were ascertained. 

Morphological characters of the fruits 

The morphological characters of the Bhut Jolokia fruits cultivated at 
two different agro-climatic conditions were analyzed (Table 1). It 
was observed that the different parameters including fruit length, 
fruit diameter and fruit weight significantly varied between the 
samples (BJ-N and BJ-W). The fruit length and diameter of the BJ-N 
were found to be more than 1.3-fold higher compared to BJ-W 
sample. 

 

Table 1: Morphological comparison of the Bhut Jolokia fruits 
cultivated at two agro-climatic conditions 

Parameters BJ-N BJ-W Fold change 
Fruit length (cm) 11.5 ± 0.058 8.3 ± 0.1 1.39 
Fruit diameter (cm) 9.0 ± 0.153 6.8 ± 0.2 1.32 
Pedicle length (cm) 5.2 ± 0.208 3.2 ± 0.265 1.63 
Fruit weight (g) 4.2 ± 0.379 3.5 ± 0.252 1.20 
Number of seeds  70 ± 3.606 68 ± 4.933 1.02 
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Comparative analysis of bioactive compounds 

The variation of major bioactive compounds at two different agro-
climatic conditions of Bhut Jolokia were analyzed (table 2). It was 
found that total phenolic and flavonoid content of BJ-N was more 
than 2-fold higher compared to the fruits of BJ-W. Although the total 
carbohydrate content was comparable in both samples but reducing 

sugar of BJ-N fruit was 1.3-fold higher compared to BJ-W. The 
ascorbic acid content of the fruits cultivated in Nagaland was 1.6-
fold higher compared to BJ-W.  

The higher levels of the plethora of selective pressures at high 
elevation may have contributed to these significance variations of 
chemical components of Bhut Jolokia fruit. 

 

Table 2: Comparative analysis of the major bioactive compounds of Bhut Jolokia fruits 

Parameters BJ-N 
mg g-1

BJ-W 
fw mg g-1

Fold change 
fw 

Total phenolics 13.987± 0.664 6.085± 0.643 2.299 
Flavonoid 0.431± 0.059 0.194± 0.058 2.221 
Ascorbic acid 2.651± 0.088 1.627± 0.093 1.629 
Total protein 8.924± 0.135 6.904 ± 0.247 1.293 
Total carbohydrate 39.753 ± 2.774 34.953± 2.901 1.137 
Reducing Sugar 258.365 ± 5.527 193.065± 4.066 1.338 

 

Comparative analysis of antioxidant potential 

The ethanolic extract of the Bhut Jolokia samples cultivated at two 
agro-climatic conditions showed enhanced scavenging activity over 
DPPH free radicals. A dose dependent increase in scavenging activity 
was recorded with both samples. The antiradical activity was 
expressed as 1/ IC50. 

 

A higher value corresponds to a higher 
antioxidant activity. The antiradical activity of BJ-N sample was 
found to be 2.063 ± 0.037 whereas it was 0.382±0.006 in BJ-W 
sample (fig. 2). The ethanolic extract showed maximum ABTS radical 
scavenging activity (0.775 ± 0.044) in BJ-N compared to BJ-W 
sample (0.141 ± 0.004). The reducing power of ethanolic extract was 
significantly higher in fruit cultivated in Nagaland compared to West 
Begal (fig. 2). It has been reported by several researchers that there 
is a positive correlation between the total phenolic content and 
antioxidant activity [21,22]. Our results clearly revealed that the 
higher phenolic content in the BJ-N sample coincided with higher 
antioxidant activity compared to BJ-W sample. 

 

Fig. 2: Comparative analysis of antioxidant activity of the Bhut 
Jolokia fruits 

 

Method optimization for HPTLC and comparative analysis of 
capsaicin content  

Various solvent compositions were used to determine the suitable 
mobile phase to obtain sharp, well resolved peaks for precise HPTLC 
analysis of capsaicin. The mobile phase composed of Chloroform: 
Methanol: Acetic acid: Hexane (2.85: 0.15: 0.15: 1, v/v/v) provided 
sharp peak for capsaicin at Rf

 

 value of 0.78 (Fig. 3A). The UV spectra 
measured for the peak of capsaicin showed maximum absorbance at 
approximate 282 nm. The ethanolic extract of both BJ-N and BJ-W 
samples were subjected to TLC analysis. The samples resolved on 
TLC plate were analyzed under the UV light at 282 nm (Fig. 3A). The 
comparative densitometric analysis of height and peak area of the 
capsaicin from the two samples was performed using WinCATs 
software. It was found that height and area of BJ-N sample was 
found to be 147.953 ± 4.529 and 7389.767 ± 103.590, respectively, 
whereas it was 20.133 ± 2.061 and 2097.810 ± 95.48 for BJ-W (Fig. 
3B).  

Fig. 3: (A) HPTLC fingerprints of standard capsaicin and the 
Bhut Jolokia fruits cultivated at two agro-climatic 

conditions(B)HPTLC-densitometric analysis of capsaicin 
extracted with respect to mean height and area 

 

The amount of capsaicin was found to be 4.345 –folds higher in BJ-N 
compared to BJ-W (Table 3). At higher temperature, higher 
respiration used most of the photosynthetic apparatus for growth of 
the plant and the rest of the photosynthates were shared among 
other biosynthetic pathways [23]. The capsaicin is a product of the 
secondary metabolic pathway, therefore competition between 
capsaicin and other compounds might have resulted in less capsaicin 
at relatively higher temperatures of West Bengal. Our results were 
also agreed with previous reports [24]. They have reported that 
total capsaicinoid content increased significantly with increasing 
elevation in wild Capsicum chacoense fruits. In addition, the lower 
partial pressures of atmospheric gases such as oxygen and carbon 
dioxide at the higher elevated region of Nagaland could also have 
influenced the higher capsaicin production in Bhut Jolokia fruits. 
 

Table 3: Comparative analysis of capsaicin content and SHU of 
BhutJalokia fruits 

Sample  Amount of capsaicin (mg g-1

Mean ± SD 
) SHU 

BJ-N 5.040± 0.076 80633.346 
BJ-W 1.160± 0.057 18562.158 

 

Comparative analysis of GC-MS 

The various chemical constituents identified in the Bhut Jolokia 
fruits cultivated in Nagaland (BJ-N) and West Bengal (BJ-W) are 
represented in table 4 with their corresponding chromatograms in 
Fig. 4. A total of 13 constituents were identified in the fruits of 
Nagaland. The chemical composition is dominated by the presence 
of capsaicin constituting 32.82% of the total composition followed 
by n-Hexadecanoic acid (13.03%) and Nonivamide (7.93%). The 
principal components were found to be Linoleic acid ethyl ester 
(69.90%), n-Hexadecanoic acid (8.62%) and capsaicin (2.98%) in BJ-
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W. The results of our study reveal that the chemical composition of 
the Bhut Jolokia fruits growing in two different geographical location 

exhibit chemodiversity. Our HPTLC analysis of capsaicin was also 
corroborated by the GC-MS analysis. 

 

Table 4: Comparative analysis of chemical compounds of BhutJalakia fruits identified by GC-MS analysis 

S. No. Compounds Retention time (RT) Molecular formula Molecular weight Percentage of peak area 
     BJ-N BJ-W 
1 Pentadecanoic acid 35.484 C15H30O 242 2 2.76 0.29 
2 Hexadecenoic acid 38.457 C16H30O 254 2 6.89 - 
3 l-(+)-Ascorbic acid 2,6-dihexadecanoate 40.026 C38H68O 653 8 2.12 - 
4 n-Hexadecanoic acid 40.804 C16H30O 256 2 13.03 8.62 
5 Heptadecanoic acid 42.906 C17H34O 270 2 1.86 0.96 
6 Oleic Acid 43.143 C18H34O 282 2 - 0.23 
7 9,12-Octadecadienoic acid 45.160 C18H32O 280 2 5.08 2.83 
8 Linoleic acid ethyl ester 46.170 C20H36O 308 2 - 69.90 
9 9-Octadecenamide 47.663 C18H35 281 NO 1.18 - 
10 Nonadecylamine 48.077 C19H41 284 N 0.47 - 
11 Heptacosane 54.107 C27H 381 56 0.48 - 
12 Capsaicin 56.437 C18H27NO 305 3 32.82 2.98 
13 Nonivamide 56.759 C17H27NO 293 3 7.93 2.10 

 

 

Fig. 4: GC-MS chromatogram of Bhut Jolokia fruits. (A) BJ-N (B) BJ-W 

 

CONCLUSION 

A plethora of the agro-climatic conditions differ across the 180 meter 
elevation gradient. There may be a complex interaction among these 
different aspects that favor the variation of fruit morphology as well as 
major bioactive compounds. The decrease in elevation may be the 
major cause of the trade-offs of pungency as well as major secondary 
metabolites in pepper fruit cultivated in West Bengal. Thus, there are 
potentially many selective pressures that could influence the chemical 
composition of pepper fruits across this elevation. Therefore, by 
manipulating growing environment we will be able to produce pepper 
fruits with the pungency according to requirements of the food and 
pharmaceutical industries. 
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