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Abstract

Capsaicin is an ingredient that contains chili varieties. The
objective of the study was to determine the concentration of
capsaicin in 4 varieties of chili and 5 extraction methods.
The varieties were: piquin, habanero, tree and apple, the
methods were: water at room temperature, water at 50 °© C,
vinegar at 10%, methanol at 10% and ethanol at 10%.
Capsaicin was analyzed with HPLC and a 4x5 factorial with
4 repetitions was completely randomized for concentration

analysis. There was a highly significant difference in
varieties and methods, but the interaction was only
significant. Piquin chili presented the highest concentration
of capsaicin with 84.3 pg g, followed by habanero with
42.8 ug g'!, within the methods ethanol was the best with
84.3 ug g, followed by methanol with 74.3 pg g’!, these
being the best interactions. Piquin chili with alcohols is the
best choice for a sustainable product.

Keywords: Varieties, Spiciness, Organic, Pests

Introduction

Capsaicin (CAP, N-[(4-hydroxy-3-methoxyphenyl) methyl]-8-methyl(-6-nonenamide) and dihydrocapsaicin (DH,N-[(4-
hydroxy-3-methoxyphenyl)methyl]-8-methylnonanamide) are responsible for more than 90% of the spiciness in chili peppers
(Lopez, 2003; Cazares et al., 2005) 1591,

Capsicum annuum L., is the most important crop among the species of cultivated chiles, with origin, domestication and
diversification in Mexico, you can find a great variety of chiles: ancho, mulato, miahuateco, de chorro or cristalino, huacle,
gordo, pasilla de Oaxaca, dulce, de agua, jalapefio, rayado, serrano, loco, criollos de Tecomatlan (red, yellow and black), coxle,
criollo de Morelos, ya'ax ik, xcat'ik, gallo-gallina, guajillo, de arbol, puya, copi, soledad, pasilla, chawa, achilito, cora, costefio,
tabaquero, taviche, mirador, apaxtleco, bolita, tusta, piquin, giiifia shirunduu, giiifia shuladi, pico de paloma, ojo de cangrejo,
manzano, habanero and chilpaya, cascabel, chocolate, de onza, escuchito, lajoyero, parado, de monte, mirasol, nanche, soltero,
zacapalefio and tecpin; however, it is known that in Mexico there are around 1,300 collections of chili peppers (Aguilar et al.,
2010) 2,

Capsaicin is synthesized and accumulated in the tissue adjacent to seeds (Ben-Chaim et al., 2006) B, and its content depends
on genotype, fruit maturity, and growing conditions (Zewdie and Bosland, 2000) 33, Capsaicin has antimicrobial and
antioxidant (Riquelme and Matiacevich, 2017) 23! and antifungal (Moreno et al., 2012) ") properties.

The habanero pepper (Capsicum chinense) has a concentration of 679.4 mg kg' of capsaicin and 514.1 mg kg' of
dihydrocapsaicin, for a total of capsaicinoids of 1,193.6 mg kg!. In studies from the Sierra de Norte de Puebla, chili peppers
were found with 21.54 to 556.78 ug g~! capsaicin and 19.54 to 348.26 pg g™! dihydrocapsaicin (Moran et al., 2008) 18],
Repellency studies for Bemisia tabaci with habanero pepper extracts (Capsicum chinense) showed a repellency of 95% at a
capsaicin concentration of 40% over a period of 8 h, indicating that mortality is less than an hour and repellency lasts up to
eight hours, and from there, the repellency effect is lost (Castillo ef al., 2012) &1,

The objective is to evaluate four species of chili peppers from Mexico, for their concentration of capsaicin with five forms of
extractants to obtain the highest capsaicin content.

Materials and Methods

Two factors were worked on: A) extraction methods and B) Chili pepper varieties. The extraction methods were 1) Water at
room temperature, 2) Water at 50° C, 3) 10% vinegar in water, 4) 10% methanol in water and 5) 10% ethanol in water. The
chili varieties were a) Piquin pepper (Capsicum annuum var. Glabriusculum), b) habanero pepper (Capsicum chinense), c) tree
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chili (Capsicum annuum L) and d) apple pepper (Capsicum
pubescens).

To have 5 extraction methods and 4 varieties of chili with 4
repeats for a completely randomized design with two
factors.

The extraction was performed by weighing 20 g of each
chile with its repeats, and it was placed in a 250 mL
Erlenmeyer flask, where the 100 mL extraction solutions
were applied; it was stirred for one minute and ground in a
blender, the ground mixture was placed in a Biichner funnel
with a filter No. 615 CMSLLC 3856 of 8 um and with a
chemker 300 vacuum pump towards a 500 mL Kitasato
flask, where about 50 mL were collected, in this solution
(Brown et al, 2015) U1, in each sample it was diluted in 1:10
in a volumetric flask of 10 mL and from the dilution it is
passed to a beaker of 10 mL and 2 mL are taken, with a 5
mL syringe then the water is changed and a 0.45 pm agilent
filter is placed in the syringe and the sample is passed to a
verex vial of 9 mm and 2 mL, for analysis.

The analysis was performed with an Agilent 1200 HPLC,
60% acetonitrile was used as a solvent, with a flow of 1
mL/min and a maximum pressure of 400 bar, the injection
was 10 pL and the analysis time was 12 minutes. The
method in the HPLC was CAPSAICIN-2021. M and the
sequences were Cuant-Habanero.S, Cuant-Piquin.S, Cuant-
Manzano.S, Cuant-Arbol.S; to quantify the capsaicin of the
chili extracts with the Agilent Sorbax SB C18 column, 5
microns inside and 250 x 4.6 mm in dimensions. This
process was carried out in one day for each chili pepper
(Martins et al., 2011) 17,

The calibration curve for capsaicin was performed with 10,
20, 30, 50, 100 and 200 ppm using a Sigma Aldrich
Capsaicin M2028 standard, with the HPLC with the same
method and the CALIB-CAPSAICIN sequence. S, to obtain
chromatography in milli-Absorbance Units per second
(mAU*s) and thus fit it with the ppm value to a linear
regression model (Abdalla et al., 2017) [,

The analysis of variance of the factors and their interaction
was performed with the SAS 9.4 program (SAS, 2022) 281,

Results and Discussion

Capsaicin calibration was obtained at a retention time of 8.3
minutes so that the absorbance was presented in the
chromatography, the values that were obtained and their
adjustment are presented in Fig 1.

The model has an almost exact adjustment of 0.99, but since
the response variable is area and the values must be in ppm,
so the conversion is made to:

_ (area — fy)

m
pp B

Where Sy is the intersection on the axis of the area and f; is
the slope of the line of fit. So ppm will be:
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Fig 1: Capsaicin calibration curve

The analysis of the factors indicates that the effect of the
extraction methods is highly significant and like the effect of
the chili varieties, the interaction of the extraction method
with chili varieties was only significant. The concentration
of capsaicin by the extraction method (Table 1) indicates
that ethanol is the best extractant (Arteaga, 2019) B and is
statistically similar to water at 50° C, but it is superior to
vinegar by 92% and hot water by 42%, another method that
can be considered due to its extraction value is methanol, it
is higher than vinegar by 30%, but lower than ethanol by
61%.

Table 1: Extraction method of Capsaicin in chili

Extraction Capsaicin
(nggh
Water 19.81 b
Water 50° C 26.25 ab
Ethanol 35.44 a
Methanol 24.06 b
Vinegar 18.44 b

a, b, = Values with different literals in a column, are different
Tukey (p < 0.05).

Using an extractant as a chemical compound, such as
ethanol, has a greater effect on the separation of capsaicin
from chili peppers (Restrepo et al., 2007) 22, but if it is a
biorational product, water at 50° C would be the best option
to obtain capsaicin from chili peppers. It should be noted
that ethanol comes at 10%, that is, a low concentration,
which, if it meets the requirements of COFEPRIS, can be
considered a sustainable product for pest control (Lugo et
al., 2017) 0161,

Of the chili varieties, the piquin pepper has the highest
concentration of capsaicin and is significantly higher than
the other varieties with 64.85 pg g™ (Table 2). It is more
than 1,000% higher than the apple and tree varieties, and
only 182% higher than the habanero pepper (Vera et al.,
2011) 39,
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Table 2: Chili varieties in the concentration of capsaicin
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Table 3: Interaction of extraction methods and varieties of chili in
the concentration of capsaicin

Chili varieties Capsaicin
(nggh : Capsaicin (ng g™)

Piquin 64.85 a Extraction Apple| Tree |Habanero| Piquin X
Habanero 22.95 b Water 1.75x| 33 cx 17.8by | 56.5cz | 19.81b
Tree 9.2 c Water 50°C | 2.0z | 163ay | 24.8by | 62.0 bcz | 26.25ab
Apple 2.2 c Ethanol 25w | 123abx | 42.8ay | 84.3az | 35.44a
a, b, ¢ = Values with different literals in a column, are different Methanol | 1.75z| 9.5abcy | 10.8cy |74.3 abz | 24.06b
Tukey (p <0.05). Vinager 3.0x | 4.8cx 18.8by | 47.3cz | 18.44b

X 2.2z 9.2z 22.95y 64.85x

The superiority of the piquin pepper may be due to its
growing environment, because the habanero pepper was
obtained from the center of Veracruz, although studies
indicate that in the last stages of cutting this chili has a
higher concentration of capsaicin (Borges et al., 2010) [©I;
the Puebla tree chili and the Morelos apple pepper
developed in environments with adequate temperature and
rainfall for their growth (Sanchez et al., 2010) 2], the piquin
pepper was obtained from the forest in the central area of
Tamaulipas, which is why the piquin pepper is confused
with the mountain chili (Rodriguez et al., 2004) 4, this
chili is a semi-perennial plant subject to an average rainfall
of 400 mm per year in the region, which differs from the
other regions (Orellana et al., 2013) 291,

In the concentration of capsaicin, only the piquin pepper and
the habanero pepper are within the values described by
Mor4an et al. (2008) ['®], the apple pepper and the tree pepper
are not suitable for obtaining a large amount of capsaicin,
because they have a lower concentration. The effect of
genotype - species - environment influenced the capsaicin
content, because the piquin pepper being in a more adverse
environment produced a greater amount (Pardey et al.,
2009; Yanez et al., 2015) 21,32,

The value of capsaicin obtained in the study is lower than
that reported (Contreras et al., 1998) ') and may be due to
the method of analysis, because the higher values obtained
use acetonitrile as an extractant with a temperature of 70° C
and agitation for 4 hours, and after filtrations a 1:10 dilution
of the sample is performed with acetonitrile, in a vial of 1
mL (Collins et al., 1995) [ but in the methodology
described above it is not done in this way because 60%
acetonitrile is used as a solvent in the HPLC, not in the
preparation of the sample.

The best interaction of extraction and varieties was found in
the piquin pepper with 84.3 ug g, because it responds
better with ethanol, in the individual effect it is denoted that
hot water with 26.25 pg g’', is an option after ethanol, but in
the interaction, methanol is more representative with 74.3 pg
¢! (Table 3); these two types of alcohols are suitable for
extraction and with requirements to make a sustainable
product (Shen et al., 2012; FAO 2016) 126141,

The habanero pepper only has an effect with ethanol, which
can be managed as an option for obtaining capsaicin (De la
Cruz et al., 2020) 12, The apple pepper and the tree pepper
have no effect, they only interact as extraction methods
between the chili pepper varieties, as can be seen in Table 3.

a, b, ¢ = Values with different literals in a column, they are
different Ficher (p < 0.05).

X, y, z = Values with different literals in a row, they are different
Ficher (p <0.05)

Multiple studies of capsaicin have been conducted for pest
control on diverse families of phytophagous insect and mites
of order coleoptera with 24%, Ilepidotera with 20%,
hemiptera with 13%, homoptera with 11%, acari with 10%,
the other taxonomic orders with less than 10%. Myzus
persicae at doses of 12.2 mg/mL (12,200 pg g!) de
capsaicin cause mortality of 97% (Barreto et al., 2025) 1,
The maximum concentration in the studies was 84.3 ug g!
and the maximum solubility in aqueous solutions is 100 pg
¢! and in this study is less (Su-Fen et al., 2023) [}, suitable
for a biopesticide.

Applications at 6.8 pg g of capsaicin in Diamond back
butterfly (Plutella xylostella) a lepidoptera has a repellency
effect of more than 60% (Falsini et al., 2025) 3], in our
study we have 84.3 ug g'so its effect will be greater.
Applications of 800 pg g!, to control cross-stripped cabbage
worm in 61% at 10 weeks after transplanting (WAT), snails
and cabbage web worms was 43% at 10 WAT, this is the
major pests of cabbages under rain feed condition (Vimbai
etal., 2023) B,

Capsaicinoids exhibit insecticidal, repellent, and antifeedant
activities  through multiple mechanisms, including
membrane disruption, oxidative stress induction, and
interference with ion transport and neuronal signaling. The
capsaicin has in its structure aromatic ring, amide linkage,
and hydrophobic side chain. That induces as a consequence
of capsaicin in pests the modulation of ionic channels
provokes the neurophysiological impairment, reduce
locomotor activity and paralysis, to observe in pests the
effect of antifeedant, repellent, reduced growth and
development, reduced reproduction, induces neuromuscular
dysfunction and insecticidal mortality (Toledo et al., 2026)
291 All these are the benefits that capsaicin has as a
sustainable  biopesticide to reduce environmental
deterioration.

Conclusion

To obtain the highest concentration of capsaicin, piquin
pepper and ethanol should be selected as an extractor if a
sustainable product with this ingredient is desired.

The habanero pepper can be the second option, only in case
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you do not have piquin pepper, but its effect is less.

The extraction methodologies and analysis differ from other
authors, but one thing is basic science and another is applied
science, and this study is focused on applied science in a
biopesticide.

Acknowledgement

Consejo Nacional de Humanidades, Ciencias y Tecnologias
(Conahcyt), for the post-doctoral support to realize this
study.

References

1.

10.

11.

Abdalla AA, Afify IE, Hasaan A, Mohamed J. Studying
the effect of household-type treatment and processing
on the residues of ethion and profenofos pesticides and
on the contents of capsaicinoids in green chili pepper
using GC-MS/MS and HPLC. Food Anal. Methods,
2017. Doi: 10.1007/s12161-017-1009-9
Aguilar-Rincén VH, Corona-Torres T, Lopez-Lopez P,
Latournerie-Moreno L, Ramirez-Meraz M, Villalon-
Mendoza H, et al. Los chiles de México y su
distribucion. SINAREFI, Colegio de Postgraduados,
INIFAP, IT-Conkal, UANL, UAN. Montecillo,
Texcoco, Estado de México, 2010, p. 114.

Arteaga-Y JI. Efecto De La bencina De petrdleo, etanol
y acetato de etilo en extraccion de capsaicina de
capsicums naga y habanero. Rev. Tzhoecoen. 2019;
11(2):113-123. Doi:
https://doi.org/10.26495/rtzh1911.231511
Barreto-Garcia OA, Infante F, Rodriguez-Maciel JC,
Gonzalez-Gomez R, Ledn-Cortes JL. Capsaicinoids:
Insecticidal ~effects, challenges and approaches.
International Journal of Tropical Insect Science. 2025;
45:2455-2464. Doi: https://doi.org/10.1007/s42690-
025-01629-x

Ben-Chaim A, Borovsky Y, Falise M, Mazourek M,
Kang B, Paran I, et al. QTL Analysis for capsaicinoid
content in Capsicum. Theoretical and Applied Genetics.
2006; 113:1481-1490.

Borges-G L, Cervantes-C L, Ruiz-N J, Soria-F M,
Reyes-O V, Villanueva-C E. Capsaicinoides en chile
habanero (Capsicum chinense jacq.) bajo diferentes
condiciones de humedad y nutricion. Terra
Latinoamericana. 2010; 28:35-41.

Brown TL, LeMay Jr HE, Bursten BE, Murphy CJ,
Woodward PM, Stoltzfus. Chemistry: The Central
Science. 13" Edition, AP® Edition. Pearson. USA,
2015, p. 1195.

Castillo-Sanchez LE, Jiménez-Osornio JJ, Delgado-
Herrera MA. Actividad biologica in vitro del extracto
de Capsicum chinense Jacq contra Bemisia tabaci
Genn. Revista Chapingo Serie Horticultura. 2012;
18(3):345-356.

Cazares S, Ramirez P, Castillo F, Soto R, Rodriguez M,
Chavez J. Capsaicinoides y preferencia de uso en
diferentes morfotipos de chile (Capsicum annumm L.)
del centro- oriente de Yucatan. Agrociencia. 2005;
39:627-638.

Collins M, Wasmund L, Bosland P. Improved method
for quantifying capsaicinoids in Capsicum using high-
performance liquid chromatography. Hortscience. 1995;
30:137-139.

Contreras-Padilla M, Yahia EM. Changes in
Capsaicinoids during development, maturation, and

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

www.multiresearchjournal.com

relation with
1998;

senescence of chile peppers and
peroxidase activity. J. Agric. Food Chem.
46:2075-2079.

De La Cruz-Ricardez D, Ortiz-Garcia CF, Lagunes-
Espinoza LC, Torres-de La Cruz M, Herndndez-Nataren
E. Compuestos fendlicos, carotenoides y capsaicinoides
en frutos de Capsicum spp. de Tabasco, México, 2020.
Falsini S, Nieri T, Papini A, Salvatici MC, Abou-
Hassan A, Gonnelli C, et al. Efficiency of lignin
nanocapsules for delivering neem oil and capsaicin
against pest insects: Insights into the system Eruca
sativa - Plutella xylostella. Environ. Sci. Nano. 2025;
12:1922. Doi: 10.1039/d4en00915k

Food and Agricultural Organization (FAO). Manual on
development and use of FAO and WHO specifications
for pesticides. FAO plant production and protection
paper 228, Rome, Italy, 2016, p. 290.

Lopez G. Chilli: La especia del Nuevo Mundo.
Ciencias. 2003; 69:66-75.

Lugo-M OY, Alvarado-O C, Ramirez-C EL. Inocuidad
y trazabilidad en los alimentos mexicanos. CONACYT-
CIATEJ. Guadalajara, Jal, 2017, p. 274.

Martins S, Mussatto SI, Martinez-Avila G, Montafez-
Saenz J, Aguilar CN, Teixeira JA. Bioactive phenolic
compounds: Production and extraction by solid-state
fermentation. A review. Biotechnology Advances.
2011; 29:365-373.

Moran-Bafiuelos SH, Aguilar-Rincon VH, Corona-
Torres T, Castillo-Gonzalez F, Soto-Hernandez RM,
San Miguel-Chavez R. Capsaicinoides en chiles nativos
de Puebla, México. Agrociencia. 2008; 42:807-816.
Moreno-Limén S, Salcedo-Martinez SM, Cardenas-
Avila ML, Hernandez-Pifiero JL, Nafiez-Gonzéalez MA.
Efecto antifungico de capsaicina y extractos de chile
piquin (Capsicum annuum 1. var. aviculare) sobre el
crecimiento in vitro de aspergillus flavus. Polibotanica.
2012; 34:191-204.

Orellana-Escobedo L, Garcia-Amezquita LE, Olivas GI,
Ornelas-Paz JJ, Sepulveda DR. Capsaicinoids content
and proximate composition of Mexican chili peppers
(Capsicum spp.) cultivated in the State of Chihuahua.
CyTA - Journal of Food. 2013; 11(2):179-184. Doi:
http://dx.doi.org/10.1080/19476337.2012.716082
Pardey-R C, Garcia-D MA, Vallejo-C FA. Evaluacion
agronomica de accesiones de Capsicum del banco de
germoplasma de la Universidad Nacional de Colombia
Sede Palmira. Acta Agronémica. 2009; 58(1):23-28.
Restrepo-G M, Llanos-R N, Fonseca-E CE.
Composicion de las oleorresinas de dos variedades de
aji picante (habanero y tabasco) obtenidas mediante
lixiviacion con solventes organicos. Revista Lasallista
de Investigacion. 2007; 4(1):14-19.

Riquelme N, Matiacevich S. Characterization and
evaluation of some properties of oleoresin from
Capsicum annuum var. cacho de cabra. CyTA - Journal
of Food. 2017, 15(3):344-351. Doi:
https://doi.org/10.1080/19476337.2016.1256913
Rodriguez Del B LA, Ramirez-M M, Pozo-C O.
Tecnologia de produccion de chile piquin en el Noreste
de México. INIFAP-CIRNE CE Rio Bravo. Folleto
técnico # 29. Tamaulipas, México, 2004, p. 33.
Sanchez-Sanchez H, Gonzalez-Hernandez VA, Cruz-
Pérez AB, Pérez-Grajales M, Gutiérrez-Espinosa MA,
Gardea-Béjar AA, et al. Herencia de capsaicinoides en

584


http://www.multiresearchjournal.com/
https://doi.org/10.26495/rtzh1911.231511
https://doi.org/10.1007/s42690-025-01629-x
https://doi.org/10.1007/s42690-025-01629-x
http://dx.doi.org/10.1080/19476337.2012.716082
https://doi.org/10.1080/19476337.2016.1256913

International Journal of Advanced Multidisciplinary Research and Studies

26.

27.

28.

29.

30.

31.

32.

33.

chile manzano (Capsicum pubescens R. y P.).
Agrociencia. 2010; 44:655-665.

Shen C, Yang X, Wang Y, Zhou J, Chen C.
Complexation of capsaicin with b-cyclodextrins to
improve pesticide formulations: Effect on aqueous
solubility, dissolution rate, stability and soil adsorption.
J. Incl. Phenom Macrocycl. Chem. 2012; 72:263-274.
Doi: 10.1007/s10847-011-9971-0

Su-Fen C, Jin-Wei W, Hai-Feng L, Fang R, Yu X, Yu-
Jie L. Microencapsulation of Capsaicin in Chitosan
Microcapsules: Characterization, Release Behavior, and
Pesticidal Properties against Tribolium castaneum
(Herbst). Insects. 2023; 14:27. Doi:
https://doi.org/10.3390/insects 14010027

SAS Institute Inc. SAS 9.4 (TS1M?7). SAS Institute Inc,
2022.

Toledo-Hernandez E, Sotelo-Leyva C, Tagle-Emigdio
LJ, Chavez-Almazan LA, Salinas-Sanchez DO,
Palemon-Alberto F, et al. Major Capsaicinoids of
Capsicum chinense: Botanical Aspects, Chemistry,
Biosynthesis, and Insecticidal Potential. Compounds.
2026; 6:50. Doi:
https://doi.org/10.3390/compounds6030050
Vera-Guzman AM, Chavez-Servia JL, Carrillo-
Rodriguez JC, Lopez MG. Phytochemical evaluation of
wild and cultivated pepper (Capsicum annuum L. and
C. pubescens Ruiz & Pav.) from Oaxaca, México.
Chilean Jour. of Agric. Res. 2011; 71(4):578-585.
Vimbai-Gumbeze W, Katsaruware-Chapoto RD,
Mangadze KC, Hatungimana CJ, Mandingaisa M. The
Effectiveness of Hot Pepper (Capsicum Frutescens L.)
Extracts in Managing Major Pests of Cabbage (Brassica
Oleracea L.) Under Rain Fed Conditions. American
Journal of Sciences and Engineering Research, 2023,
27-43.

Yanez P, Balseca D, Rivadeneira L, Larenas C.
Caracteristicas morfologicas y de concentracion de
capsaicina en cinco especies nativas del género
capsicum cultivadas en ecuador la granja. Revista de
ciencias de la vida. 2015; 22(2):12-32.

Zewdie Y, Bosland P. Evaluation of genotype,
environment, and genotype-by-environment interaction
for capsaicinoids in Capsicum annuum L. Euphytica.
2000; 111:185-190.

www.multiresearchjournal.com

585


http://www.multiresearchjournal.com/
https://doi.org/10.3390/insects14010027
https://doi.org/10.3390/compounds6030050

