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Capsaicinoids are the main bioactive compounds extracted from chili pepper

seeds (CPSs) but other bioactive compounds such as phenolic compounds

may be found. Enzyme-assisted extraction (EAE) improves the extraction of

bioactive compounds from fruits and seeds. The aim of this study was to

establish the cellulase-assisted extraction conditions of capsaicinoids and

phenolic compounds from Habanero CPSs (Capsicum chinense) and to

evaluate the anti-inflammatory activity of the obtained extracts on murine

macrophages. EAE was performed using different temperatures (T1 = 30◦C,

T2 = 45◦C and T3 = 60◦C), enzyme concentrations (E1 = 2,500 UI/L and

E2 = 250 UI/L), and extraction time periods (0-150 min). Total phenolic

compounds were quantified using the Folin-Ciocalteu assay, capsaicin (CAP)

and dihydrocapsaicin (DHC) contents were evaluated by HPLC, and anti-

inflammatory activity was performed with Griess assay on murine macrophage

RAW 264.7 cell culture. The highest phenolic compound content (337.96 mg

GAE/L) was achieved at 30◦C, 2,500 UI/L, and 150 min of extraction. The

highest CAP content (310.23 µg/ml) was obtained at 45◦C with 250 UI/L for

150 min, while for DHC (167.72 µg/ml), the conditions were 60◦C, 2,500 UI/L,

and 120 min. The highest anti-inflammatory response was obtained when

60◦C, E2, and 150 min were used for the extraction, and nitric oxide (NO)

production was reduced to 22.56%. Based on the results obtained in this

research, EAE allowed the recovery of compounds with anti-inflammatory

activity from CPS using water as a solvent. There was a correlation between

the extraction of CAP and DHC. But although a moderate direct correlation

between the concentration of capsaicinoids and total phenolic compounds

(TPCs) and an inverse correlation of the presence of the bioactive compounds
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(TPC, CAP, and DHC) with the NO synthesis, these were not statistically

significant. We demonstrated that Habanero seeds are an important raw

material to recover anti-inflammatory compounds beyond capsaicinoids

using water in EAE.

KEYWORDS

enzymatic treatment, chili pepper seeds, anti-inflammatory, phenolics, extraction
kinetics, capsaicinoids, capsaicin

Introduction

The chili pepper-related industry represents one of the
main agricultural gross domestic products in those countries
where this fruit is significant for their gastronomy and other
cultural reasons. The exportation of this condiment follows
strict commercial rules that unfortunately derivatives in an
important amount of waste product that could be used as
by-products due to their content of compounds with several
bioactive properties (1). More than 20% of the pepper fruits for
industrial purposes are discarded as by-products without any
profitable worth (2). Most of the studies dedicated to analyze the
red pepper bioactive components that have been focused on the
pulp of the fruit, but its seeds may be used to obtain extracts
that reduced pro-inflammatory cytokines and triglycerides in
the blood (3). Jalapeño pepper seeds, considered a by-product
of the scalding industry, are an important source of antioxidants
(4) but greener methods of extraction are required to scale up
the reuse of this food waste.

Capsaicin (CAP) is the main constituent of chili pepper and
it causes the pungency of the fruit (5). This chemical compound
has been described as an efficient anti-inflammatory compound
in metabolic studies (6). CAP has the capability to link to
transient receptor potential vanilloid (TRPV-1) that produces an
intracellular signaling torrent when it is activated (7). CAP, via
linking with TRPV-1, constrains the discharge of inflammatory
mediators such as nitric oxide (NO) and pro-inflammatory
cytokines, including TNF-α, IL-1β, and IL-6, in LPS-stimulated
BV-2 microglia (8).

Capsaicinoids are the main bioactive compounds extracted
from chili pepper seeds (CPSs) but other bioactive compounds
such as flavonoids glycosides and other phenolic compounds
may be found. Some authors such as Materska and Perucka (9)
and Alam et al. (10) showed that flavonoids and other phenolics
from CPSs could act on synergy to provide bioactive effects
on human health such as antioxidant, antimutagenic, and anti-
obesity. Cho et al. (11) described interesting health benefits
such as antioxidant, antidiabetic, anti-obesity, anticarcinogenic,
and anti-inflammatory properties from the chili pepper extracts
from leaves and pulp; they found that in addition to CAP,
luteolin glycosides and other phenolic compounds could be

responsible for these bioactivities. In all these studies, bioactive
compounds have been extracted using solvents different
from water. Therefore, it is important to develop greener
extraction methods.

The characteristic shape of CPSs is planar, like a disc with
a specific vesicular depression in the center. The color of the
seeds is dry yellow, and in most species, the seeds contain many
essential fatty acids, complex carbohydrates such as cellulose
and pectin, vitamins, nutrients, and bioactive phytochemicals
such as phenolic and antioxidant compounds (12). Chouaibi
et al. (13) analyzed the red pepper seed oil and found that the
phenolic compound profile included gallic, caffeic, and ferulic
acids (Figure 1).

Enzymatic-assisted extraction (EAE) has been used in many
fruit and seed products (14). Chouaibi et al. (13) described the
chemical composition of red pepper seeds and establish that
more than 43% are cellulose complex that forms the cell wall.
Additionally, Zhang et al. (15) explained that when raw seeds
from chili pepper are solar or industrial dried, the ratio of
cellulose and hemicellulose to xylan contents increases. These
complex macromolecules in the cell wall of CPSs require the
use of an enzymatic complex composed mainly of cellulase that
could break the chemical composition and liberate the internal
components. Capsaicinoids, flavonoids, tocopherols, and others
are embedded into the cell wall (14, 16–18).

For this purpose, the aim of this study was to establish the
extraction conditions of capsaicinoids and phenolic compounds
from Habanero CPSs (Capsicum chinense) using cellulase-
assisted extraction. The anti-inflammatory activity of the
extracts was tested in a murine macrophage cell line (RAW
264.7) to confirm the bioactivity of the compounds recovered
from CPS and their correlation with capsaicinoids or total
phenolic compounds.

Materials and methods

Materials

Habanero CPSs (Capsicum chinense) were obtained from
Italmesa Company, Puebla, Mexico. The enzymatic commercial

Frontiers in Nutrition 02 frontiersin.org

https://doi.org/10.3389/fnut.2022.942805
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-09-942805 September 3, 2022 Time: 16:29 # 3

Cortes-Ferre et al. 10.3389/fnut.2022.942805

FIGURE 1

Chemical structure of bioactive compounds found in chili pepper extracts: (A) capsaicin (CAP), (B) dihydrocapsaicin (DHC), (C) caffeic acid,
(D) gallic acid, and (E) ferulic acid.

complex Celuzyme (Cellulase, 121,000 UI/kg) was kindly
donated by Enmex S.A. de C.V., Estado de Mexico, Mexico.
Gallic acid and CAP (> 97%, M2028) used as standard in the
HPLC quantification were purchased from Sigma (St. Louis,
MO, United States). HPLC grade methanol and analytical
grade formic acid were procured from Merck (Merck, India).
For the in vitro experiments, Dulbecco’s Modified Eagle
Medium (DMEM; Gibco, Gaithersburg, MD, United States),
fetal bovine serum (GenDEPOT, Barker, TX, United States),
and penicillin-streptomycin antibiotics were purchased. Finally,
a murine macrophage cell line (RAW 264.7) was obtained
from the American Type Cell Collection (ATCC, Manassas,
VA, United States).

Methods

Enzymatic pretreatment
Habanero seeds were mixed with the enzyme solution

in a 1:15 (w:v) proportion and incubated at a controlled
temperature water bath (Branson Bransonic R© CPXH Digital
Bath 3800, Emerson, St. Louis, MO, United States). Enzymatic
pretreatment extraction kinetics were performed using different
temperatures (T1 = 30◦C, T2 = 45◦C, and T3 = 60◦C) and
enzyme concentrations (E1 = 2,500 UI/L and E2 = 250 UI/L)
based on previous reports (16–18). Extraction was performed
for 150 min, and every 30 min, a sample was taken. Once the
processing time was over, the supernatant was separated from
the extract, and the CPS extract was stored at -20◦C until use.

Quantification of total phenolic compounds
The quantification of total phenolic compounds (TPCs)

was performed by following the methodology proposed by
Medina-Remón et al. (19). In brief, the sample was prepared
by mixing 1 ml of CPS extract, 1 ml of Ultrapure water
(Milli-Q), and 34 µl of HCl (35% v/v). For the 96-well plate
preparation, each well contained 15 µl of the diluted sample,
170 µl of ultrapure water (Milli-Q), 12 µl of Folin-Ciocalteu

reagent, and 30 µl of sodium carbonate. The mixtures were
incubated for 1 h at room temperature in the dark. After the
reaction period, 73 µl of Milli-Q water were added with the
multichannel pipette. Absorbance was measured at 765 nm
using a UV/VIS spectrophotometer (BioTek ELx800, BioTek
Instruments, Winooski, VT, United States). The TPC content
was expressed as mg gallic acid equivalent (GAE) per gram of
extract using a calibration curve, and then, the increase was
calculated based on the content at t = 0 min.

Capsaicin quantification
The identification and quantification of CAP were

performed according to the methodology of Othman et al.
(20). In brief, after extraction from CPSs, the supernatant was
filtered through a 0.45 µm nylon filter into an HPLC sample
vial using a disposable syringe. The chromatographic analysis
of CAP and dihydrocapsaicin (DHC) was performed using
high-performance liquid chromatography (HPLC) (Agilent
1100 Series Santa Clara, CA, United States) with a Zorbax
Eclipse Plus C18 (particle size 4.6 × 100 mm 3.5 µm) column
at 40◦C, a flow of 0.8 ml/min, and an injection volume of
10 µl. The mobile phase consisted of (A) HPLC-grade water
with 0.1% of formic acid and (B) HPLC-grade methanol.
The gradient started with 50% of B for 2 min, increasing to
70% in 5 min, and in the next 5 min, the percentage of B
changed to 80%. After 15 min, the percentage of B increased
to 100% and remained in an isocratic mode for another 5 min.
Chromatograms were obtained at 280 nm. The standard curve
for CAP was used (y = 4.9188x + 5.7049; R2 = 0.9999). The CAP
and DHC concentrations in samples were expressed as µg of
CAP equivalents/ml of extract.

Cell culture
Murine macrophage cell line (RAW 264.7) was

maintained in Dulbecco’s Modified Eagle’s Medium (DMEM)
supplemented with 5% fetal bovine serum (FBS) with 1%
penicillin/streptomycin at 37◦C in a humidified atmosphere
containing 5% CO2 until use.
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FIGURE 2

Extraction yield increase at different enzyme-assisted extraction (EAE) time periods using an enzyme concentration of 2,500 UI/L (A) or 250 UI/L
(B). (∗) Highest increase at each sampling time after Tukey statistical test, and (φ) lowest increase at each sampling time after Tukey statistical test.

Cytotoxicity and nitric oxide assays
The cytotoxicity assay was performed using the modification

suggested by Bhatta et al. (21) using the CellTiter 96 R©

Aqueous One Solution Cell Proliferation Assay Kit (Promega,
Madison, WI, United States), according to the manufacturer’s
instructions. In brief, 100 µl were inoculated at a density of
1 × 104 cells per well into 96-well plates and cultured at 37◦C
for 24 h. The cells were pretreated with 50 µl of CPS extracts
at 0.01% (v/v) for 48 h before adding 50 µl of growth media
(for control wells) or 50 µl LPS (10 µg/ml). After 48 h of
incubation, 100 µl were removed for NO assay, and into the
remaining volume, 10 µl of CellTiter 96 AQueous One Solution
reagent was added to each well to perform the cytotoxicity assay.
The cells were incubated for 1 h, and absorbance at 490 nm
was read using a microplate reader (BioTek ELx800, BioTek
Instruments, Winooski, VT, United States). The absorbance was
directly proportional to the number of living cells, and viability
was expressed as a percent relative to control (untreated cells).

Nitrite accumulated in the macrophage culture medium
was measured as an estimation of NO, and the cell culture
supernatants were obtained from the 96-well plates used for
the cytotoxicity assay. NO in cell-free culture supernatants
was measured using Griess reagent (22) according to Cione
et al. (23). In brief, cell culture media (100 µl) reacted with
Griess System (Promega, Madison, WI, United States) reagents
according to the kit manufacturer (20 µl reagent A and 20 µl
of reagent B) incubated at room temperature for 10 min for
each reagent, and then, absorbance was measured at 540 nm
using a microplate reader (BioTek ELx800, BioTek Instruments,
Winooski, VT, United States).

Statistical analyses
Data were expressed as means ± standard deviation of at

least three independent experiments unless otherwise indicated.
All variables were analyzed using ANOVA followed by a post hoc
Tukey multiple comparison test (p < 0.05). All response
variables were summited to a multivariate correlation with
factorial analysis of principal components (p < 0.05), and these

analyses were processed by the statistical analysis software SAS
JMP (SAS Institute Inc., Cary, NC, United States).

Results and discussion

Extraction yield

The extraction yield increased with the time of extraction
(p < 0.0001), and it was positively affected by the process
temperature (p < 0.0001), although the interaction of both
factors was not statistically significant (p = 0.0679). The highest
yield increment (73.5%) was achieved when the extraction
was performed at 60◦C during 150 min of the process with
high enzyme concentration (E1). The lowest yield increment
(1.42%) was obtained at 45◦C with 30 min of extraction
using high enzyme concentration (Figure 2A). Compared
with conventional extraction techniques, EAE improved the
extraction yield due to the direct activity through the seed
cell wall, and it is potentially recognized as a green extraction
technique for the use of water as a solvent (24). Magaña-
Barajas et al. reported that for ethanolic conventional extraction
of CAP from Capsicum chinense, the extraction yield reached
40%, our results show that using high enzyme concentration at
60◦C with 150 min of the process shows an extraction yield of
73% demonstrating that the use of this novel technique could
improve the recovery of bioactive compounds (25). Farias et al.
used cellulase enzymatic complex to macerate Tabasco pepper
in proportions 0:15, 1:15, and 5:15 and found that the extraction
yield increased by 17.5% with respect to conventional methods
showing the potential of this technique (26).

The percentage of yield increment was almost twice as
higher when using high enzyme concentration than the obtained
with the low concentration (Figure 2B). In contrast to the
high enzyme concentration, the yield increment did not reach
a maximum value. Surendran et al. demonstrated that the
presence of phenolic compounds such as salicylic acid, ferulic
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TABLE 1 Total phenolic concentration in chili pepper seed (CPS) extracts obtained at different time periods, temperatures, and cellulase
concentrations.

Enzyme concentration [UI/L] T (◦C) Total phenolic concentration [mg GAE/g] at different EAE time (min)

30 60 90 120 150

2500 30 12.04 (11%) k,l 11.65 (27%) g,h,i 12.63 (46%) c,d,e 14.87 (79%) a 14.38 (87%) a

45 11.93 (6%) k,l 10.04 (6%) k,l 11.70 (13%) j,k,l 11.33 (17%) i,j,k,l 12.41 (18%) i,j,k

60 11.94 (15%) j,k,l 11.23 (24%) h,i,j 12.26 (40%) e,f 12.87 (62%) b 11.68 (58%) b,c

250 30 12.77 (9%) k,l 12.78 (12%) j,k,l 13.12 (30%) f,g,h 14.87 (58%) b,c 13.88 (59%) b

45 11.77 (5%) l 12.38 (6%) k,l 12.63 (17%) i,j,k,l 11.25 (22%) h,i,j 12.37 (33%) f,g,h

60 11.54 (27%) g,h,i 12.10 (39%) e,f,g 11.79 (45%) d,e 11.47 (48%) b,c,d,e 11.41 (55%) b,c,d

() Values in parenthesis indicate the increase as a percentage of total phenolic concentration of CPS extracts compared with the initial time. aDifferent letters indicate significant differences
in each panel after Tukey statistical test (p < 0.05).

FIGURE 3

Extraction kinetics of (A) CAP with an enzyme concentration of 2,500 UI/L, (B) CAP with an enzyme concentration of 250 UI/L, (C) DHC with an
enzyme concentration of 2,500 UI/L, and (D) DHC with an enzyme concentration of 250 UI/L. (∗) Highest increase at each sampling time after
Tukey statistical test, and (φ) lowest increase at each sampling time after Tukey statistical test.

acid, gallic acid, and vanillin shut down the cellulose activity and
therefore affected the extraction yield (27).

Total phenolic compound content in
capsaicin extracts

The extraction of phenolic compounds changed depending
on the temperature of extraction (p < 0.0001), the enzyme
concentration (p = 0.0009), and increased with the extraction
time (p < 0.0001) (Table 1). The highest TPC increase (79-87%)
was obtained at 30◦C with 120 or 150 min of extraction using
high enzyme concentration. At the low enzyme concentration

(E2), an increase of 58% was obtained after 120 min of hydrolysis
at 30◦C, reaching 14.87 mg GAE/g.

In this study, TPCs in CPS extracts were higher than
those reported by Gurnani et al. (28) for n-hexane and
chloroform extracts from Indian red CPSs with TPC contents
of approximately 7.5-26.15 mg GAE/g. Liu et al. (29) reported
high total phenolic content in CPSs (3.93-6.21 mg GAE/g)
using methanol, ethanol, or acetone but no information about
the yield was described. Grimaldi et al. characterized extracts
from Capsicum annum fruits dried at different temperatures
(45-65◦C) and showed that the TPC decreased meanwhile the
temperature increased from 6.9 mg GAE/g (45◦C) to 6 mg
GAE/g (65◦C), in concordance with our results that the TPC
equally decreased with the increasing of the temperature of
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FIGURE 4

Relative nitric oxide (NO) production (%) observed for CPS extracts obtained after enzymatic treatment at different combinations of temperature
(T1 = 30◦C, T2 = 45◦C, and T3 = 60◦C) enzymes (E1 = 2,500 UI/L, E2 = 250 UI/L) and time periods (0, 120 and 150 min) (∗) Highest relative
production for the same combination of temperature and enzyme after Tukey statistical test, and (φ) lowest relative production for the same
combination of temperature and enzyme after Tukey statistical test.

FIGURE 5

Correlation analysis of the extraction variables: (A) correlation matrix for the total phenolic compound (TPC), CAP, DHC, and %NO production,
and (B) factor loading plot of principal components of the extraction variables.

extraction due the oxidation of phenolic compounds (30).
Regarding seeds, Leng et al. showed the total phenolic content
of Australian growth bell pepper seeds and demonstrated that
the variety of bell pepper did not affect the phenolic contents
of extracts from the seeds (0.43-0.53 mg GAE/g), in contrast
with our results in this research demonstrated that the use of
EAE improved significantly the TPC of CPS extracts (31). These
results demonstrate that EAE is a green alternative to recover
phenolic compounds from CPS.

Capsaicinoid quantification

Enzyme concentration did not have a significant effect on
the extraction yield of CAP or DHC, contrary to temperature or
extraction time (p < 0.05). The highest concentration of CAP
(268.60 µg/ml) was reached after 120 min of hydrolysis at 60◦C
and high enzyme concentration (Figure 3A). No significant
change in CAP concentration was observed during the 150 min
of EAE at 30◦C, and less than 121.01 µg/ml was reached. When
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EAE was performed at 60◦C, there was a significant reduction in
the CAP and DHC contents at 150 min compared with 120 min.
Preliminary reports showed that at 60◦C, CAP retention in
Habanero seeds was reduced by 66% due to the disruption
of a “protective layer” that causes high preservation of this
compound (32).

For the low enzyme concentration (Figure 3B), the best
results were achieved at 45◦C and 150 min of EAE, reaching a
CAP concentration of 310.23 µg/ml that was 47 and 60% higher
than the obtained at 30 and 60◦C, respectively. Santamaría et al.
(17) found that, at 50◦C, the CAP yield was better than that
obtained at 80◦C using commercial enzymatic complexes such
as Celluclast, Viscozyme L, and Olivex for EAE from Guajillo
chili flour. According to the author, after the enzymatic action
over the cellulosic cell wall, the remaining cutin hinders the
deeper action of the enzymatic treatment and reduces the release
of bioactive compounds.

For the DHC extraction with high enzyme concentration
(Figure 3C), the highest concentration levels were achieved at
120 min, and at 60◦C, the concentration (167.72 µg/ml) was
66 and 40% higher than the ones achieved at 30 and 45◦C,
respectively. Salgado-Roman et al. (18) found that at extraction
time between 70 to 90 min, the concentrations of capsaicinoids,
carotenoids, and soluble sugars were higher than those obtained
at 100 min using enzymatic pretreatment with chili pepper
at 33◦C. At low enzyme concentration (Figure 3D), DHC
concentration (153.57 µg/ml) obtained at 45◦C and 150 min was
significantly higher than the concentrations achieved at 30 and
60◦C.

Effect of the CPS extracts on cell
cytotoxicity and NO production in
LPS-stimulated macrophages

Chili pepper seed extracts did not affect the growth of the
macrophage cells when tested at 0.01% v/v (data not shown).
As was observed with capsaicinoids, the enzyme concentration
used to obtain the CPS extracts did not have a significant
effect on the reduction of LPS-induced NO production in
macrophages. At 30◦C, only the CPS extract obtained at 120 min
with the high enzyme concentration significantly reduced the
NO production compared with that obtained at the initial time.
When EAE was performed at 45◦C, the only CPS extract that
reduced the NO production was obtained at 150 min with a high
enzyme concentration. Also, at the high enzyme concentration
but at 60◦C, the CPS extract obtained at 120 and 150 min showed
lower NO production than that obtained in the beginning of
the hydrolysis. At 60◦C, even with a low enzyme concentration,
the CPS extract obtained after 150 min of hydrolysis showed
the best inhibitory effects on NO production (Figure 4). The
reduction in NO production of CPS extracts was not correlated
with the TPC or capsaicinoid content (Figure 5A). Principal
component 1 from PCA analysis was mainly related to the

bioactive compositions of the extracts, and principal component
2 was associated with the bioactivity of the CPS extracts. PCA
showed that if the bioactive compound content rises, then the
anti-inflammatory activity grows as well. Qiao et al. showed that
there was no positive correlation between anti-inflammatory
activity and the concentration of bioactive compounds in
chili pepper extracts (33). CAP concentration showed a
significant correlation (p < 0.05) with DHC concentration and
a moderate but not statistically significant correlation with
phenolic compound content (Figure 5B).

Conclusion

We demonstrated that EAE is a green method to recover
bioactive compounds from CPS. The highest total phenolic
content was achieved at 30◦C after 150 min of extraction using
the high enzyme concentration while the highest concentration
of CAP was obtained at 45◦C using a low concentration of
enzyme (250 UI/L) at 150 min of extraction. Regarding the
evaluation of the anti-inflammatory activity, the best effect was
observed with the extract obtained at 60◦C using low enzyme
concentration and 150 min. No correlation of TPC or CPS
was found with the anti-inflammatory activity, and further
experiments are required to identify phenolic compounds and
their interactions with capsaicinoids.
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