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ABSTRACT

The objective of the present study was to evaluate the capsaicin (CAP) and dihydrocapsaicin (DHC), total phenolic content (TPC) as well
as antioxidants properties of Habanero pepper (Capsicum chinense Jacq.) oleoresin (HPO) during storage. Identification and quantification
of CAP and DHC were performed by HPLC, while TPC and antioxidant activity by ABTS and DPPH were by spectrophotometry. Retention
time of CAP and DHC was 19.23 and 20.47 min, respectively. During storage, CAP and TPC remained stable until day 35 (14.35 to
15.72 mg CAP/g HPO and 29.13 to 28.31 mg GAE/mL HOP, respectively), while DHC had similar values (11.45 - 9.61 mg CAP/g HPO)
(p>0.05) through storage time. On the other hand, antioxidant activity by ABTS and DPPH decreased from day 15 (6.08 umol TE/mL)
and 35 (10.18 umol TE/mL), respectively. The results showed that CAP, DCH and TP were stable for more than a month of storage.
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INTRODUCTION

The Mexican population is characterized by consuming
foods with a high content of pepper in the dishes or
in sauces of different styles, so most of the Mexican
population is accustomed to spicy flavor (Estrada-Garcia
et al., 2002). The tradition of pepper consumption has
been established in Mexico since pre-Hispanic times and
is part of the daily mexican diet (Castellon-Martinez et al.,
2012). There are about 5 species of chilies desctibed and
domesticated in Mexico, which Capsicum annuum, Capsicum
chinense, Capsicum frutescens, Capsicum baccatum and Capsicum
pubescens are native (Castellon-Najeta et al., 2010), among
them the Capsicum chinense Jacq. known as Habanero pepper
which is positioned as one of the hottest in the world
(Tapia-Vargas et al., 2016). The spicy flavor of peppers is
due to a group of alkaloids called capsaicinoids, which are

synthesized in the placenta of the fruit and are secondary
metabolites (Vazquez-Flora et al.,, 2007) such as vanillylamine
(phenolic compound) and 8-methyl-6-nonenoyl-coA (fatty
acid) (Sanchez and Gutiérrez, 2016). The most important
capsaicinoids are capsaicin (CAP) and dihydrocapsaicin
(DHC) since constitute 90% of the content of these
compounds in peppers (Orellana-Escobedo et al., 2013).
Remarkable antioxidant a8-methyl-6-nonenoyl-coActivity
of these foods is attributed to capsaicinoids (Mendoza-
Loépez et al., 2015) with biological activity as anti-obesity
(2.53 mg CAP/day) (Janssesns et al., 2013), analgesic
(patches at 8% capsaicin) (Giordano etal., 2011), apoptosis
in cells of renal carcinoma (5 mg/kg weight) (Liu et al,
2016) and diabetes (0.015% capsaicin) (Kang et al., 2011).
Therefore, these molecules could be used in order to benefit
the consumer’s health, and one of the ways which can be
consumed is in the addition of food from oleoresin. An
oleoresin is an extract obtained from oily plants or species,
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to which the extraction solvent evaporates (Restrepo, 2000).
Extraction of oleoresin with different solvents (acetonitrile,
acetone and ethanol), to identification and quantification
of capsaicinoids in habanero pepper have been previously
reported, obtaining less oleoresin by ethanol, however is
recommend to use ethanol for food consumption (Nagoth
et al., 2014). The storage of oleoresin has relevance in the
application of the food industry due high compounds
concentration in oleoresin, practically free of water, low
degradation by oxidation and flavor loss (Restrepo et al.,
2007). There are no studies reporting on Capsicun chinense
ethanolic oleoresins storage behavior, only in Capsicurnz annum
sp. powder at room temperature (Giuffrida et al., 2014), in
Habanero pepper oleoresin purchased from a trademark
which was microencapsulated and stored at 25, 35, and
45°C (Dominguez-Cafiedo and Beristain-Guevara, 2011).
While in another study demonstrated that pharmaceutical
grade capsaicin in pure solutions with different molarities
reported stability at low temperatures (3°C) for at least
12 weeks (Constanzo et al., 2014; Kopec et al., 2002). For
the above mentioned, the objective of the present study
was to evaluate the capsaicin and dihydrocapsaicin, phenolic
content and antioxidant capacity from Habanero pepper
oleoresin during storage.

MATERIALS AND METHODS

Images of the overall experiment can be seen in Fig, 1.

Chemicals and reagents

Acetonitrile (Baker, USA), Folin—Ciocalteu 2N reagent,
2,2,1-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid)
diammonium salt (ABTS) = 98%, 1,1-di-phenyl-2-
picrylhydrazyl (DPPH), Trolox 97%, standard for HPLC
Capsaicin natural, 8-Methyl-N-vanillyl-trans-6-nonenamide
(Sigma-Aldrich, Germany) Anhydrous sodium carbonate,
gallic acid, crystals of potassium persulfate, absolute

Habanero pepper

Cut (thickness of one cm) Drying (47°C/ 7 h)
‘ =
’\ -
Concentration by Extraction Ground and sieve
rotary evaporation Mix with ethanol (500 pm)
(34°C) in a 1:9 ratio
(sample: solvent)
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HPLC ot Antioxidant
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Fig 1. General diagram of the experiment.

584

ethanol (Meyer, Mexico) Formic acid grade HPLC (Formic
acid 98% - 100%) (Sigma-Aldrich, Germany).

Plant materials and sample preparation

Habanero peppers (Capsicum chinense Jacq.) were purchased at
the local central Pachuca, Hidalgo, México of supplies during
the months of May to December 2018. Were selected in a single
stage of maturation defined by the reddish-orange coloration.
For identification, the plant was deposited at the herbarium of
the Center for Biological Research-Universidad Auténoma del
Estado de Hidalgo; the sample was identified and the number
assigned was Capsicum chinense Jacq., 05 (HGOM) which is
registered in the Index Herbatiorum: http://sweetgum.nybg.
otg/science/ih/herbarium-details/?irn=152964. The edible
parts of pepper were separated, washed and weighed. Then,
were cut into pieces with a thickness of one cm, later were
dried using a commercial dehydrator (Weston,74-1001-\,
USA) at 47°C until the weight was kept constant (7 hours),
subsequently, the dry sample was ground (A11, IKA, USA)
and sieve at a particle size of 500 um.

Habanero pepper oleoresin (HPO) extraction
Capsaicinoid extraction was performed by the method
previously described (Nagoth et al., 2014). The dry sample
was mixed with ethanol in a 1:9 ratio (sample: solvent),
and kept in a shaking bath (LabTech, LSB-015S, Mexico)
at 60 rpm and 65 °C for 15 min, subsequently cooled
and centrifuged (Beckman Coulter, Allegra 25R, USA) at
10,000 rpm during 20 min at 4 °C and the supernatant was
brought to dryness by rotoevaporation (Biichi, R-200, USA)
at 34 °C obtaining an oleoresin. Habanero pepper oleoresin
was stored in an amber glass container at 4°C and used to
evaluate the capsaicinoids, total phenolic and antioxidant
activity content during 0, 15, 35 and 45 days of storage.

High-performance liquid chromatography

The identification and quantification of CAP and DHO were
performed by High-performance Liquid Chromatography
(HPLC) (Davis et al., 2007). For quantification, natural
Capsaicin (65% capsaicin and 35% dihydrocapsaicin, Sigma-
Aldrich, USA) was used as the external standard. The oleoresin
samples were resuspended in anhydrous ethanol (25 mg/mlL)
and filtered on 0.45 um PVDF Millex acrodisks prior injection.
A sample volume of 10 UL were chromatographed on a
HPLC system with a symmetry C18 (5 um 4.6 x 250 mm)
column (22°C) and equipped with a controller (Watets,
600, USA), autosampler (Waters, 717 plus, USA), and with
a diode-array detector (Waters, 2996, USA) at 284 nm. The
gradient elution system was binary using acetonitrile (A) and
0.1% (v/v) formic acid (B). Separation was achieved using a
non-linear gradient: 5 min 5% A-95% B, 9 min 50% A-50%
B, 6 min 80% A-20% B, 2 min 50% A-50% B, and 3 min
5% A-95% B (25 min in total) the flow rate was 1 mL/min.
Data was analyzed using Waters Empower v.2 software. The
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capsaicin and dihydrocapsaicin were expressed as milligrams
of capsaicin per gram and milligrams of dihydrocapsaicin
pet gram of Habanero pepper oleotesin (mg CAP/gand mg
DHC/g, respectively).

Total phenolics content

Total phenolics were measured according to the Folin-Ciocalteu
method (Stintzing et al., 2005). Absorption at 765 nm was
measured in a spectrometer (Power Wave XS UV-Biotek,
USA), and the total phenolics was expressed as milligrams of
gallic acid equivalents per milliliter (mg GAE/mL) of HPO.

Determination of antioxidant activity

The antioxidant activity of HPO was evaluated by two
methods, quantifying the discoloration of radical 2,2’-azino-
bis(3-ethyl-benzothiazoline-6-sulfonic acid) (ABTSe+)
(Kuskoski et al., 2005) and by the activity of free radical
capture 2,2-diphenyl-1-picrylhydrazyl (DPPH) (Morales and
Jiménez-Pérez. 2001). The absorbance to ABTS was measured
at 754 nm after 7 minutes, while to DPPH was measured at
520 nm using a microplate reader (Power Wave XS UV-Biotek,
USA). Both results were expressed in micromoles of Trolox
Equivalent per milliliter (wmol TE/mL) of HPO.

Statistical analysis

All the analyses were performed by triplicate. The one way
analysis of variance (ANOVA) test was used and Duncan’s
multiple range test was applied to compare means at a level
significance of p<0.05 using SPSS 7.0 statistical package
(IBM, US). Multivariate analysis was carried out using
the Principal Component Analysis (PCA) based on the
correlation mattix to determine which variables contributed
the most to making distinctions within the data sets with
the software SPSS 7.0 statistical package (IBM, USA).

RESULTS AND DISCUSSION

Capsaicinoids identification by HPLC-DAD
Capsaicinoids analysis by high performance liquid
chromatography with a diode-array detector (HPLC-DAD)
currently allows a precise identification of the nature and
quantification of these alkaloid compounds (Fig. 2).

(Abs 284 nm)
(o]

Séouo 2)
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2000

500 1000 15.00

m Time (min)

Fig 2. Chromatograms of capsaicin and dihydrocapsaicin identification.
a) standard curve, b) HPO sample
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Typical chromatograms to capsaicinoids identification are
shown in Figure 1, where was possible identify two main
capsaicinoids in the standard solutions: capsaicin and
dihydrocapsaicin (Fig. 1a). HPLC chromatogram from
HPO (Habanero pepper oleoresin) is shown in Fig. 1b.
Under these conditions, retention times (Rt) were 19.23 (1)
and 20.47 min (2) for capsaicin and dihydrocapsaicin,
respectively. Peaks that elute before 4 minutes (3 and 4) were
probably carotenoids and other pigments vegetables (Davis
etal.,, 2007), the peak 5, could belong to other capsaicinoids
like nordihydrocapsaicin (Othman et al., 2011).

Capsaicin (CAP) and dihydrocapsaicin (DHC) content
Quantification of CAP and DHC from HPO and the
changes established during 45 storage days are presented in
Fig. 3. The initial concentration of capsaicin was 14.37 mg
CAP/g (Fig. 32) and 10.49 mg DHC/g to dihydrocapsaicin
(Fig. 3b).

Some authors have reported lower capsaicinoid content in
ethanolic extracts of Capsicum chinense Jacq. (0.12 mg CAP
and DHC/g of extract) and in oleotesins of Capsicun spp. of
4.9 mg CAP/gand 1.7 mg DHC/of oleoresin (Davis et al.,
2007; Hoyos etal., 2011). However, Yafiez etal., (2015) in an
oleotesin from Capsicum chinense Jacq. had 11.33 mg CAP /g
HPO, similar to present study. These differences can be due
to the genetic composition of the plant and maturation
of the product (Zewdie and Bosland, 2001), as well as
the affinity of the components and disolvent used in the
extraction method (Restrepo et al., 2007). During storage at
4°C, capsaicin remained stable until day 35 (p>0.05), while
DHC values were similar during 45 days.

These results are in agreement with Dominguez-Cafiedo et al.,
(2015) who established that the deterioration of capsaicin in
an oleoresin from habanero pepper depends on its storage
temperature, because they studied the oleoresin of habanero
pepper at different temperatures (35 to 45°C) and observed
that when the temperature increased, the loss of capsaicin
accelerated. Guiffrida et al., (2014), determined that the
storage of pepper powder at room temperature caused
losses of the capsaicinoid content at 6 months. The decrease
is by an isometic transformation from dihydrocapsaicin to
isodihydrocapsaicin, with respect to capsaicin, fragmentation
occurs of the alkyl groups in the molecule of capsaicin
(Henderson and Henderson, 1992). According to these results,
oleoresins can be used in some food with the doses that have
been seen benefits and used as an adjunct in obesity, diabetes or
cancer (Janssesns etal,, 2013; Kangetal., 2011; Liu etal., 2016).

Total phenolic content

The initial concentration of total phenolics in HPO was
of 29.13 £ 0.61 mg GAE/mL (Table 1), similar result
was presented by Sora et al., (2015) in aqueous ethanolic
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extracts of Habanero pepper (26.6 mg GAE/mL). The
total phenolic content did not show significant differences
(p>0.05) from 0 to 35 days, while a decrease at 45 days
(28.31 £ 0.17 mg GAE /mL) was observed. Another study
reported stability in a microencapsulated extract at different
storage conditions during 8 week (56 days) (Dominguez-
Cafiedo and Beristain-Guevara, 2011).

The stability behavior may be due to the modifications that
occur in the compounds, synthesis of new compounds, that
help maintain, even improve antioxidant activity during
storage became present (Manzocco et al., 1998). Phenolic
compounds due to their biological activity are attributed
to health improvement as vasodilators, anticancer, anti-
inflammation, anti-allergies (Martinez-Valverde et al., 2000).

Antioxidant activity

Respecting antioxidant activity, the results by ABTS in the initial
concentration was of 7.78 £ 0.03 umol TE/mL (Table 1). In
previous studies presented higher concentrations in extracts of
Capsicum chinense Jacq. and Capsicum annum (92 and 38 pimol/mL.
of extract, respectively) (Meckelmann et al., 2013; Hervert-
Hernandez etal., 2010). During storage, significantly decreased
(p<0.05) for day 15, remaining stable until 35 days, for day

HCAP
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a Days of storage
®DHC
14 1
a
271 ab ab b
10 1
g
= 87
ap
® 6 T
E
4 1
29
0 - — — —
0 15 35 45
B Days of storage

Fig 3. Capsaicin (a) and dihydrocapsaicin (b) of Habanero pepper
oleoresin during storage.a-b Different letter indicate significant
differences (p<0.05)
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45 an increase was observed (7.40 £ 0.01 wmol TE/mL).
The decrease on day 15 can be due to the oxidation of the
components present (Cerecedo-Cruz et al.,, 2018) and the
increase in the last day of storage could be attributed to
the probable release or appearance of new components
that improve antioxidant activity (Manzocco et al., 1998) as
vanillin resulted from the oxidation of capsaicin, subsequent
formation of phenols by a second breakdown and finally
alkylamide (Dominguez-Cafiedo et al., 2015; Henderson
and Henderson, 1992). The antioxidant activity measured
by DPPH was 11.30 £ 1.73 umol TE mL at day O (Table 1).
Value from Capsicum annum var. cacho de cabra oleoresin
was reported at 1.4 x 10° umol TE/mL (Riquelme and
Matiacevich, 2015), it was a very low value than those obtained
in this study. In this sense, the differences in antioxidant activity
of extracts are dependent on the amount of capsaicin that
the oleoresin contains, that is, a higher content of capsaicin
can contribute to an increase in its antioxidant activity, from
day 35 a decrease (p<0.05) was observed, possibly due to the
reduction in bioactive compounds such as vitamins, phenols,
carotenoids, etc. (Santander et al., 2017). This behavior may
also be related to the decrease (21.89% in day 45 with respect
to 35 day) in capsaicin in this day (Figure 2).

Principal component analysis

Two principal components from the data set of CAP,
DHC, TPC and antioxidant activity (ABTS and DPPH)
of habanero pepper oleoresin were obtained from PCA,
which represented the 90.41% of the cumulative total
percentage of variations accumulated percentage of total
variations, where the PC1 and PC2 corresponded the 70.47
and 19.93%, respectively (Table 2).

In the Fig. 4, it can be observed that the content of
CAP, DHC, TPC and antioxidant activity by DPPH were
grouped, explaining the closely relationship between
them, while the antioxidant activity by ABTS is scattered.
This is confirmed in Table 3, where ABTS presented

Table 1: TPC* and antioxidant activity (ABTS and DPPH) of
HPOg during storage

Storage TPCA ABT® DPPH
(days) mg GAE®/mL® pmol TED/mL® pmol TEP/mL®
0 29.13 £ 0.612 7.78 £ 0.03? 11.30 +1.732
15 28.31 £0.172 6.08 + 0.07¢ 11.19 + 0.51
35 28.31 £0.172 6.08 + 0.07¢ 10.18 £ 0.67°
45 25.46 + 0.92° 7.40 £ 0.01° 7.49 +1.28°

a=< Different letters in the column indicate significant differences (p<0.05).
A: Total phenolic content, B: Habanero pepper oleoresin, C: Gallic Acid
Equivalent, D: Trolox Equivalent

Table 2: Principal component analysis

Component Eigenvalue Variance Accumulated
percentage percentage
3.52 70.47 70.47
0.99 19.93 90.41
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Fig 4. PCA biplot in the content of capsaicin (CAP), dihydrocapsaicin
(DHC), total phenolic content (TPC) and antioxidant activity (ABTS and
DPPH) in Habanero pepper oleoresin

Table 3: Component matrix PCA

PC1 PC 2
CAP 0.733 0.615
DHC 0.623 0.690
TPC 0.981 0.144
ABTS -0.035 -0.942
DPPH 0.924 0.120

Principal component analysis (PCA), capsaicin (CAP), dihydrocapsaicin
(DHC), total phenolic content (TPC)

negative values. The relationship between capsaicinoids,
total phenolic content and antioxidant activity by DPPH
has been previously demonstrated by other authors (Sora
et al., 2015; Materska and Perucka, 2005).

Principal component analysis (PCA), capsaicin (CAP),
dihydrocapsaicin (DHC), total phenolic content (TPC).

CONCLUSIONS

® The extraction of oleoresin from Habanero peppers
(Capsicum chinense Jacq.) is of great interest, due
to contain amounts appreciable of capsaicinoids
(capsaicin and dihydrocapsaicin), as well as phenolic
compounds.

®  The results obtained from the present study, during the
storage of the stability of dihydrocapsaicin and total
phenolic content is at least 35 days was observed.

* In antioxidant activity, oleoresin showed stability by
DPPH until day 35, while by ABTS only 15 days.

*  This oleoresin can be used in some foods to obtain the
previously reported health benefits, it must be borne
in mind that its correct storage in an amber bottle and
at low temperatures (4°C) is necessary.
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