CQUNIVERSITY C/-niversity
RESEARCH ‘%'

RESEARCH WITH IMPACT

Correlations between capsaicin, dihydrocapsaicin
and phenolic content in habanero chillies

JOEL B JOHNSON ; JANICE S MANI'; MANI NAIKER

https://hdl.handle.net/10779/cqu.20113502.v1

Johnson, J. B., Mani, J. S., & Naiker, M. (2021). Correlations between Capsaicin, Dihydrocapsaicin and Phenolic
Content in Habanero Chillies. Biology and Life Sciences Forum, 6(1), 30. https://doi.org/10.3390/
Foods2021-11066

Link to Published Version: https://www.mdpi.com/2673-9976/6/1/30

If you believe that this work infringes copyright, please provide details by email to acquire-staff@cqu.edu.au

aCQUIRe CQU repository

This is an open access article under the CC BY license
http://creativecommons.org/licenses/by/4.0/).

Copyright © 2021 The Authors. Published by MDPI - Biology and life sciences forum. This is an open access
article under the OA license CC BY 4.0

Downloaded on 22/06/2022 08:53:32

Please do not remove this page

aC UlRe

CRICOS: 00219C


acquire.cqu.edu.au
mailto:acquire-staff@cqu.edu.au
http://creativecommons.org/licenses/by/4.0/

biology and life 7
@ scienéc,':z;s foru£ ml\l)\Py

Proceeding Paper

Correlations between Capsaicin, Dihydrocapsaicin and
Phenolic Content in Habanero Chillies '

Joel B. Johnson *'¥, Janice S. Mani and Mani Naiker

check for
updates

Citation: Johnson, ].B.; Mani, J.S,;
Naiker, M. Correlations between
Capsaicin, Dihydrocapsaicin and
Phenolic Content in Habanero
Chillies. Biol. Life Sci. Forum 2021, 6,
30. https://doi.org/10.3390/
Foods2021-11066

Academic Editor: Joana Amaral
Published: 14 October 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

School of Health, Medical & Applied Sciences, Central Queensland University Australia,

Rockhampton, QLD 4701, Australia; janice.mani@gmail.com (J.5.M.); m.naiker@cqu.edu.au (M.N.)

* Correspondence: joel johnson@cqumail.com

t Presented at the 2nd International Electronic Conference on Foods—"Future Foods and Food Technologies for a
Sustainable World”, 15-30 October 2021; Available online: https:/ /foods2021.sciforum.net/.

Abstract: Australia is a minor producer of chilli, with the industry producing around 2500 tonnes of
chillies per year. Due to the small size of the industry, there is currently limited research on the typical
levels of capsaicinoids in the Australian crop and the relationship between these constituents and
other agronomic and nutritional factors. This study applied a rapid, maceration-based extraction pro-
tocol with end-over-end shaking, coupled with a HPLC-DAD method for the analysis of capsaicin and
dihydrocapsaicin in 20 Habanero chilli samples from Queensland, Australia. All samples were from
the same growing season (2020) but were taken from different within-field locations to ensure that all
of the variability within the growing site was sampled. In addition to the capsaicinoid measurements,
the total phenolic content was measured using the Folin-Ciocalteu assay, while antioxidant activity
was measured using the Ferric Reducing Antioxidant Power (FRAP) method. The capsaicin concen-
tration of the samples ranged from 1474-3916 mg/kg, while the dihydrocapsaicin content ranged
between 638-1757 mg/kg, giving total pungencies of approximately 32,000 to 83,000 Scoville Heat
Units. Similarly, the total phenolic content varied from 1000-1608 mg gallic acid equivalents/100 g,
while the antioxidant activity ranged from 301 to 455 mg Trolox equivalents/100 g. Pearson linear cor-
relation analysis revealed that the capsaicin and dihydrocapsaicin contents were strongly positively
correlated with one another (R? = 0.73; p < 0.001), with a mean capsaicin: dihydrocapsaicin ratio of
2.4:1. Furthermore, there was a moderate positive correlation between the total capsaicinoid content
and total phenolic content of the samples (R2 =0.58; p < 0.01), as well as a strong correlation between
the total capsaicinoid content and FRAP (R2 = 0.81; p < 0.001). However, dry matter content was
not significantly correlated with capsaicinoid content, total phenolic content or antioxidant activity
(p > 0.05 for all). These results may be used to inform future breeding programs for high-capsaicin
chilli varieties and support further research into the agronomic and genetic factors driving capsaicin
and dihydrocapsaicin content.

Keywords: dry matter content; capsaicinoids; pungency; chili; pepper; capsicum

1. Introduction

Habanero chillies (Capsicum chinense cv Habanero) are among the hottest commonly
consumed chillies in Australia, with a Scoville Heat rating of up to 200,000 Scoville Heat
Units (SHU). The principal pungent constituents are the N-vanillylamides, namely capsaicin
and dihydrocapsaicin (Figure 1) [1]. In addition, they contain a number of phenolic
compounds [2,3] which may provide health benefits [4], including reducing the risk of
cardiovascular disease [5].
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tection (HPLC-DAD). Capsaicinoids were separated on an Agilent 1100 HPLC system [12]
with a Cqg column (Agilent Eclipse XDB-C18; 150 x 4.6 mm; 5 um pore size), with the
instrument method adapted from Waite and Aubin [13]. The detection wavelength was
280 nm, injection volume 25 uL and flow rate 1 mL/min. The mobile phase gradient
began at 40% methanol and 60% water, ramping to reach 85% methanol at 8 min and
99% methanol at 10 min, where it was held for 3 min, then returned to 40% methanol by
15 min, where it was held for a further minute. The post-run equilibration time was 2 min.
Capsaicin and dihydrocapsaicin were quantified using external calibrations of authentic
standards (Sigma Aldrich Australia) in the range of 1-200 mg L~!.

2.4. Data Analysis

Statistical analysis was conducted in R Studio running R 4.0.2 [14]. Where applicable,
results are given as mean £ 1 SD.

3. Results and Discussion
3.1. Total Phenolic Content and Antioxidant Activity

The total phenolic content of the samples ranged from 1000-1608 mg GAE /100 g, with
an average content of 1296 & 185 mg GAE/100 g. This was higher than the TP content
found by Shaha et al. [15] in three varieties of Capsicum annum (101-414 mg GAE /100 g);
but comparable to the range of TP contents (639-1212 mg catechin equivalents/100 g)
reported by Sricharoen et al. [16] in 14 chilli varieties from Thailand.

The FRAP of the samples showed somewhat less variability, with values ranging from
301-455 mg TE/100 g. The mean FRAP was 361 + 45 mg TE/100 g, considerably higher
than the 12-133 mg GAE/100 g reported by Dutta et al. [17] in Bird’s Eye chilli (Capsicum
frutescens), but lower than the 502-1274 mg catechin equivalents/100 g found by Sricharoen
et al. [16] in 14 different chilli varieties. Although all samples included in this study were
of similar maturity, previous work has found that antioxidant activity generally increases
during maturation of the fruit [18,19].

3.2. Capsaicinoids

The capsaicin content of the chillies ranged from 1474-3916 mg/kg, with a mean
content of 2721 + 662 mg/kg. The dihydrocapsaicin contents were approximately half that
of the capsaicin contents, ranging between 638-1757 mg/kg (mean of 1169 + 267 mg/kg).
These values were quite comparable to those found for 10 varieties of hot chilli pepper from
Thailand [20], and also comparable to results reported for Tabasco chilli from Spain [21].

The average capsaicin:dihydrocapsaicin ratio was 2.35 &+ 0.43, with values ranging
from 1.72-3.28. Most of these values were higher than the average ratio of 1.6:1 reported by
Weaver et al. [22] and 1.78:1 found by Garcés-Claver et al. [21] in Orange Habanero chillies.

Using a conversion factor of 15 x total capsaicinoid concentration [23], the total
pungencies of the samples were approximately 31,668-82,950 Scoville Heat Units (SHU)
(mean of 58,361 + 13,139 mg/kg). Again, these values were comparable to previous
literature from international studies [24].

3.3. Correlation Analysis

Pearson linear correlation analysis showed that the capsaicin and dihydrocapsaicin
contents were strongly positively correlated with one another (R? = 0.73; p < 0.001), as
shown in Figure 2. This was expected, as both are produced by the same biosynthetic path-
way [25,26], with the level of capsaicin produced being regulated by acyl-CoA synthetase
expression [1].

The total capsaicinoid content showed a moderate positive correlation with the total
phenolic content of the samples (R? = 0.58; p < 0.01), as well as a strong correlation with the
FRAP (R? = 0.81; p < 0.001), as illustrated in Figure 3. This contrasted with the findings of
Sricharoen et al. [16], who found a weak negative correlation between these parameters
and the total capsaicinoids in 14 different chilli varieties. Nevertheless, the strong positive
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Dutta, et al. [17] found a similarly moderate correlation between FRAP and TP in Bird’s
Eye chilli (Capsicum frutescens) from India.

The chilli mass was negatively correlated with the capsaicin and dihydrocapsaicin
concentration (R?=-0.57; p <0.01 for both), as well as being negatively correlated with the
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Dutta et al. [17] found a similarly moderate correlation between FRAP and TP in Bird’s Eye
chilli (Capsicum frutescens) from India.

The chilli mass was negatively correlated with the capsaicin and dihydrocapsaicin
concentration (R? = -0.57; p < 0.01 for both), as well as being negatively correlated with
the FRAP (R? = -0.62; p < 0.01). In other words, larger chillies tended to contain lower con-
centrations of the pungent capsaicinoids. Although few previous studies have conducted
chemical characterization on single chilli fruit, such as that performed in this study, Singh
et al. [28] found a similarly negative correlation between capsaicin content and average dry
fruit weight, fruit diameter and fruit length in their study across multiple chilli genotypes.

Dry matter content was not significantly correlated with any other parameter (p > 0.05
for all). Similarly, the capsaicin:dihydrocapsaicin ratio showed no significant correlations.

4. Conclusions

This study investigated the within-field variability in capsaicinoid content, phenolic
content and antioxidant activity of Australian-grown samples of Habanero chilli. Overall,
the results were indicative of a strong influence of environmental conditions on the cap-
saicinoid and total phenolic content. A strong positive correlation was observed between
antioxidant activity and the total capsaicinoid content, suggesting the use of antioxidant
activity as a rapid screening tool for capsaicinoid content. There was a moderate correlation
between the total phenolic content and total capsaicinoids; while the capsaicinoid content
and antioxidant activity were negatively associated with fruit size.
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