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Abstract. Anacardic acid is a well-known by-product obtained from the processing of the cashew nut (Anacardium occidentale L.). Its
applicability is a result of great properties originated by its oily nature, being from a general overview a mixture of phenolic compounds
with hydrophobic structural segments linked in ortho-position to salicylic acid. Among the main properties described for Anacardic acid
are highlighted those denoted to be biological-type, including anti-inflammatory, antifungal, anticancer, antibacterial, antioxidant,
antitumor, antimutagenic, and antiviral activities. This short review provides important information on Anacardic acid related to its
structure, extraction, characterization, and applicability in order to show the potentialities of this agro-industrial waste for technological

applications.
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1. Introduction: Cashew nut and their metabolites

Plants, microbes, and animals contain a wide variety of bioactive
substances with innumerable antibacterial, antifungal, anti-
inflammatory, and antioxidant properties, among others
(Nasrollahzadeh et al., 2019; Preethi et al., 2020, 2021; Ramos et
al., 2018). In particular, the cashew nut (Anacardium occidentale
L.) is one of the best-known species of the Anacardiaceae family
(Koteich et al., 2020; Preethi et al., 2021). This is a plant with
versatile benefits (Kyei et al., 2019) native to northern Brazil and
the Guianas region; however, it is now widely cultivated in India,
Vietnam, Mozambique, the Republic of Madagascar, Tanzania, the
Republic of the Philippines, Colombia and other tropical countries
(Balgude and Sabnis, 2014; Buono et al., 2018; dos Santos et al.,
2011; Koteich et al., 2020; Lima et al., 2020; Morais et al., 2017,
Sharma et al., 2020). During cashew processing is produced up to
30 % wi/w of a viscous and reddish-brown oil called cashew nutshell
liquid (CNSL) (Kyei et al., 2020; Philip et al., 2008; Preethi et al.,
2021; Remya et al., 2016). This substance can be extracted by
various processes including hot oil processing, mechanical or
solvent extraction, vacuum distillation and supercritical fluid
processes (Nambela et al., 2022; Rwahwire et al., 2018). It is
noteworthy to mention that these products are used to manufacture
"useful products” due to their abundance and chemical composition
(Buono et al., 2018; Koteich et al., 2020).

CNSL is a mixture formed mainly by four phenolic compounds,
namely, anacardic acid (71.7 %), cardol (18.7 %), cardanol (4.7 %),
and traces of 2-methylcardol (2.7 %). These compounds have long
alkyl side chains that differ in the unsaturation degree. Therefore,
these compounds could be saturated (C15:0), mono-unsaturated
(C15:1), di-unsaturated (C15:2), and tri-unsaturated (C15:3). In
addition, the presence of these side chains provides a highly-
hydrophobic character (Buono et al., 2018; Hamad and Mubofu,
2015; Kyei et al., 2020; Lima et al., 2020; Nambela et al., 2022;
Rwahwire et al., 2018). Considering the structure of these phenolic
compounds, a great variety of chemical reactions can be generated,
such as hydrogenation, halogenation, nitration, sulfonation,
esterification, epoxidation, and etherification, which allows giving
rise a wide range of chemically derived substances with multiple
applications (Balgude and Sabnis, 2012, 2014; Ike et al., 2021; Lo-
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Figure 1. Chemical structure of compounds contained in CNSL.

omonaco et al., 2017; Nambela et al., 2022; Philip et al., 2008;
Remya et al., 2016; Saenab et al., 2017).

Anacardic acid is known to be the major phenolic compound present
in CNSL. Likewise, anacardic acid is made up of different organic
compounds closely related to each other, consisting of a substituted
salicylic acid with aliphatic side chains of different degrees of
unsaturation (Anjum et al., 2019; Oliveira et al., 2022; Philip et al.,
2007). The main components of CNSL are 2-hydroxy-6-
pentadecylbenzoic acid, 2-hydroxy-6-(pentadeca-8-enyl)benzoic
acid, 2-hydroxy-6-(pentadeca-8,11-dienyl)benzoic acid, and 2-
hydroxy-6-(pentadeca-8,11,14-trienyl)benzoic acid (i.e., anacardic
acid), being the tri-unsaturated species that possesses the highest
proportion, while the saturated species have the lowest proportion
(Anjum et al., 2019; Koteich et al., 2020) (see Figure 1). However,
it is important to say depending on techniques, different analogous-
structurally components have been described (Morais et al., 2017).
From a chemical point of view, anacardic acid is a phytochemical
that with interesting properties that turn it into a promissory focus
of research, among biological activities described are anti-
inflammatory, antifungal, anticancer, antibacterial, antioxidant,
antitumor, antimutagenic, and antiviral properties (Abreu et al.,
2015; Anjum et al., 2019; Hundt et al., 2015; Lima et al., 2020;
Muzaffar and Chattoo, 2017; Muzaffar et al., 2016; Nasrollahzadeh
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et al., 2019; Pinto et al., 2021; Ramos et al., 2018; Trevisan et al.,
2006). In addition, anacardic acid has recently identified as a
potential candidate to be used as a shielding agent for the
development of nanomaterials (Hamad and Mubofu, 2015; Mlowe
et al., 2013, 2014), as well as in encapsulation processes where it
has been proposed, in conjunction with biopolymers, for the
development of systems directed to preserve physicochemical
characteristics (Anjum et al., 2021; de Araujo et al., 2021; Oliveira
et al., 2022; Paiva Filho et al., 2019). Since anacardic acid shows
thermal instability related to decarboxylation and subsequent
formation of cardanol (Paiva Filho et al., 2019; Rwahwire et al.,
2018; Vasconcelos et al., 2021), it has been suggested that anacardic
acid can be used as starting material in many chemical reactions to
produce a wide variety of useful products in the industrial field
(Nambela et al., 2022; Philip et al., 2008).

This work aims to provide a state-of-the-art on the extraction of
anacardic acid highlighting its properties and potential applications.

2. Cashew Nutshell Liquid (CNSL)

CNSL is a viscous and oily liquid with alkylphenolic nature and
reddish-brown appearance that is obtained from cashew,
specifically, it is obtained from the mesocarp of the cashew
nutshells (de Araujo et al., 2021; Kyei et al., 2020; Philip et al.,
2008; Preethi et al., 2021; Remya et al., 2016). CNSL is an
economic source of natural phenols since cashew nutshells are an
agro-industrial residue obtained from the harvest of the cashew. In
addition, it has been identified as a versatile and valuable raw
material for polymer production (Balgude and Sabnis, 2014;
Mwakalesi and Potter, 2021). Due to the chemical nature of
components from CNSL, various polymerization reactions via
addition and condensation mechanisms can be carried out.
Furthermore, a balance in coating properties, such as flexibility and
hardness, could be associated with the admixture of the aromatic
ring and the aliphatic chains (Balgude and Sabnis, 2014).

CNSL constitutes around 1/3 of the total mass of the cashew nut and
can be extracted by different methods such as hot oil process,
mechanical or solvent extraction, vacuum distillation, or
supercritical fluids processes (Edoga et al., 2006; Koteich-Khatib et
al., 2019; Nambela et al., 2022; Rwahwire et al., 2018; Sharma et
al., 2020). However, the composition of the CNSL depends on the
extraction method used; thus, for instance, when CNSL is extracted
by solvent extraction without heating, its composition consists of a
mixture of phenolic compounds based on anacardic acid, cardanol,
cardol, and 2-methylcardol as the main components being anacardic
acid as the major compound (60 % to 65 %) (Hamad and Mubofu,
2015; Maia et al., 2015; Sharma et al., 2020).

Figure 2 shows the fundamental constituents of CNSL, substituted
at meta position by long hydrophobic alkyl side chains R, containing
15 carbon atoms, which differ in the unsaturation degree (Buono et
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Figure 2. Chemical structure of the CNSL compounds.

al., 2018; Hamad and Mubofu, 2015; Kyei et al., 2020; Lima et al.,
2020; Morais etal., 2017; Nambela et al., 2022; Oliveiraetal., 2011;
Rwahwire et al., 2018).

Nevertheless, when the extraction is performed with heating, the
chemical composition of CNSL is altered, and the main constitutes
are cardanol, cardol, and 2-methylcardol. In this way, cardanol is
the main component as a result of the chemical transformation of
anacardic acid to cardanol (see Figure 3) (Hamad and Mubofu,
2015; Morais et al., 2017; Oliveira et al., 2011; Vasconcelos et al.,
2021).

Solvent extraction is the most used method for obtaining CNSL.
This method consists of continuous extraction by structural affinity
existing among an extracting solvent (e.g., hexane) and the raw
material, usually performed using a Soxhlet extractor. For instance,
it has been described that extraction of CNSL can be performed by
adding 130 mL of hexane to 50 g of the rind of cashew seeds
(previously crushed), inside a cellulose thimble, then the system is
heated until boiling during three cycles for 1 h. Then, the solvent is
evaporated using a rotary evaporator and finally, the CNSL is
obtained. Extraction yield by previous conditions is about 30 % in
mass with respect to seed shells (Koteich-Khatib et al., 2019).

MT-Pallantia
Publisher

Vega Y., et al., J. Sci. Technol. Appl. 18 (2025), art 108, 1-9. DOI: 10.34294/].jsta.25.18.108

ISSN: 0719-8647 | Available: www.jsta.cl


http://www.jsta.cl/

OH O OH
OH +Heat

R R
CO,

Figure 3. Conversion of anacardic acid to cardanol by thermal decarboxylation.
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3. Anacardic acid
3.1. Extraction from CNSL

The extraction of anacardic acid from CNSL can be carried out by
the method suggested by Paramashivappa et al. (Paramashivappa et
al., 2001) in order to avoid the decarboxylation process. This
method consists of dispersing CNSL (100 g) in 600 mL of
methanol/water mixture (5 %), then, 50 g of calcium hydroxide are
added, in portions and constant stirring. When the addition of
calcium hydroxide is completed, the mixture is subjected to 50 °C
for 3 h under stirring. Later, the precipitate is filtered and washed
with 200 mL of methanol. Then, precipitate is dried under a vacuum
at 45-50 °C for 2 h. The dried material is dispersed in 440 mL of
distilled water and 60 mL of aqueous solution of HCI (11 mol/L).
Subsequently, the mixture is stirred for 1 h. The resulting solution
is mixed with ethyl acetate (2 x 150 mL). The organic layer is
washed with distilled water (2 x 100 mL), dried over anhydrous
sodium sulfate, and concentrated under reduced pressure. The yield
expected according to published studies is about 60 g of anacardic
acid (i.e., monoene, diene, and triene). Finally, the anacardic acid
mixture is stored for further study (Koteich-Khatib et al., 2019;
Paramashivappa et al., 2001; Preethi et al., 2021). This procedure is
summarized in Figure 4.

3.2. Basic aspects related to characterization of
anacardic acid

Anacardic acid extracted from CNSL can be characterized by
different techniques involving both spectroscopic and analytical
methods, typical examples are *H-NMR and **C-NMR (one- and
two-dimensional), FT-IR, UV-Vis, elemental analysis, mass
spectrometry, GC/MS and HPLC (Cheng et al., 2022; Kaoteich,
2020; Koteich-Khatib et al., 2019; Morais et al., 2017; Mwakalesi
and Potter, 2021; Oliveira et al., 2022; Osman et al., 2019; Paiva
Filho et al., 2019; Pinto et al., 2021; Philip et al., 2008; Preethi et
al., 2021; Trevisan et al., 2006; Yuliana et al., 2014).

Koteich et al. characterized anacardic acid extracted from CNSL
through NMR spectroscopy (*H and *3C), using a Bruker Avance
400 MHz NMR spectrometer, with hexadeuterated benzene as sol-
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Figure 4. Extraction of anacardic acid from CNSL flowchart.

vent (CsDs 99.5 %, Merck). FT-IR spectra were collected with a
Bruker Tensor 27 infrared spectrometer on KBr and NaCl pellets to
elucidate the molecular structure of the extracted product and
subsequently confirm the presence of anacardic acid in the CNSL
(Koteich et al., 2020). Moreover, Preethi et al. identified anacardic
acid using a Perkin Elmer GC-MS coupled with a gold turbo mass
detector and reverse phase HPLC technique. HPLC was performed
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in duplicate and the values were calculated and compared with an
anacardic acid standard, to corroborate its presence in the CNSL
(Preethi et al., 2021).

3.3. An approach to anacardic acid applications

In addition to what is indicated in previous sections, recent studies
have proposed anacardic acid in encapsulation processes. For
instance, Paiva Filho et al. (Paiva Filho et al., 2019) evaluated how
anacardic acid and cardol nanoencapsulation were influenced by
reaction conditions used in the following drug delivery matrixes:
chitosan and alginate. As a result of the investigation, it was found
that the highest nanoparticles stability as well as encapsulation
capability for alginate outer coating and lowest tensoactive quantity.
In vitro Kinetics evidenced a zeroth order kinetic constant, showing
a high slow-release rate (33 and 63 %) after a long time (240 h). In
particular, chitosan-alginate/cardol nanoparticles exhibited good
results as an antimicrobial agent due to a higher inhibitory capacity
for all dermatophyte strains associated with their release rate (Paiva
Filho et al., 2019).

In another study, conducted by de Araujo et al., anacardic acid-
loaded zein nanoparticles were designed and characterized in order
to assess their antimicrobial efficacy in vitro using microdilution
and antibiofilm assays. As a result of this investigation, it was
observed that nanoencapsulated anacardic acid was more efficient
in reducing the viability of Staphylococcus aureus and Candida
albicans biofilms, while Pseudomonas aeruginosa biofilms it
presented similar inhibition. Hence, a potential application for these
nanoparticles, when their concentration was low, to foil/treat
bacterial and fungal infections (de Araujo et al., 2021).

Another study involving anacardic acid in the encapsulation process
was carried out by Anjum et al., who developed solid lipid
nanoparticles (SLNs) loaded with anacardic acid, further coated
with chitosan (CH) and DNase at room temperature. In this study, it
was found that the SLNs registered a constant release up to 24 h and
the highest stability at room temperature for a maximum period of
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3 months. Furthermore, the developed nanoparticles showed the
highest biofilm dispersal potential against Staphylococcus aureus
biofilm (Anjum et al., 2021).

Recently, Oliveira et al. developed a strategy for the formation of
polyurea nanocapsules produced via interfacial polymer addition,
from a functionalized anacardic acid monomer synthesis in order to
take advantage of the delivery of anacardic acid and the
encapsulated component in the area of interest. As a result of the
investigation, it was possible to demonstrate that the enzymatic
activity of the lipase depolymerizes the envelope and releases, in a
controlled manner, both the anacardic acid and the encapsulated
components in the area of interest. In addition, the efficiency of the
nanocapsules to release anacardic acid and develop a bactericidal
effect is considered a promising strategy, since it allows to profit
from the biological and pharmacological properties during the
nanocapsule cleavage as a controlled liberation system and, hence,
protects the anacardic acid from degradation by transferring it to a
polymer (Oliveira et al., 2022).

4. Remarks and future work

The cashew nutshell is a rich-phenolic compound agricultural
residue, as it was exposed, it can be defined to be the raw material
for obtaining CNSL. One of the main components of CNSL is
anacardic acid, which has recognized and interesting properties
allowing an important role in different applications. Chemical
modifications of anacardic acid are able through functional groups
on aromatic structural segments: carboxylic acid and hydroxyl
groups. These groups can participate in different reactions with
several groups such as carboxylic acid, hydroxyl, epoxy, amines,
and isocyanate, among others.

In addition, new groups can be incorporated through the Diels-Alder
reaction mechanism and/or addition mechanism. In general, new
approaches and fundamental studies are necessary to establish the
potential of anacardic acid in, for example, the construction of
hybrid materials, surface coating, and supramolecular assemblies..

Conflict interest.

Acknowledgements.

The authors declare that there is no conflict of interest.

The authors acknowledge to Universidad de Sucre, Universidad de Cérdoba, Universidad del Valle, as well as

Departamento Nacional de Planeacion (DNP) of Colombia. Funding was obtained from Sistema General de Regalias (SGR) through project

BPIN 2020000100027.

References

1. Abreu, V. K. G, Pereira, A. L. F., de Freitas, E. R., Trevisan, M. T. S., & da Costa, J. M. C. (2015). Addition of anacardic acid as
antioxidants in broiler chicken mortadella. Food Science and Technology (Brazil), 35(3), 539-545. https://doi.org/10.1590/1678-

457X.6771.

m MT-Pallantia
Publisher

Vega Y., et al., J. Sci. Technol. Appl. 18 (2025), art 108, 1-9. DOI: 10.34294/].jsta.25.18.108

ISSN: 0719-8647 | Available: www.jsta.cl


http://www.jsta.cl/
https://doi.org/10.1590/1678-457X.6771
https://doi.org/10.1590/1678-457X.6771

10.

11.

12.

13.

14.

15.

16.

Extraction of Anacardic Acid and its Applications... | 6

Anjum, M. M., Patel, K. K., Dehari, D., Pandey, N., Tilak, R., Agrawal, A. K., & Singh, S. (2021). Anacardic acid encapsulated solid
lipid nanoparticles for Staphylococcus aureus biofilm therapy: Chitosan and DNase coating improves antimicrobial activity. Drug
Delivery and Translational Research, 11(1), 305-317. https://doi.org/10.1007/s13346-020-00795-4.

Anjum, M. M., Patel, K. K., Pandey, N., Tilak, R., Agrawal, A. K., & Singh, S. (2019). Development of Anacardic Acid/hydroxypropyl-
B-cyclodextrin inclusion complex with enhanced solubility and antimicrobial activity. Journal of Molecular Liquids, 296, 112085.
https://doi.org/10.1016/j.mollig.2019.112085.

Balgude, D., & Sabnis, A. (2012). Sol—gel derived hybrid coatings as an environment friendly surface treatment for corrosion protection
of metals and their alloys. Journal of sol-gel science and technology, 64(1), 124-134. https://doi.org/10.1007/s10971-012-2838-z.

Balgude, D., & Sabnis, A. S. (2014). CNSL: an environment friendly alternative for the modern coating industry. Journal of Coatings
Technology and Research, 11(2), 169-183. https://doi.org/10.1007/s11998-013-9521-3.

Buono, P., Duval, A., Avérous, L., & Habibi, Y. (2018). Clicking biobased polyphenols: a sustainable platform for aromatic polymeric
materials. ChemSusChem, 11(15), 2472-2491. https://doi.org/10.1002/cssc.201800595.

Cheng, H. N., Furtado, R. F., Biswas, A., Alves, C., Prieto, C., & Lagaron, J. M. (2022). Chemical Modifications and Applications of
Cashew Byproducts-A Selective Review. ACS Food Science & Technology, 3(4), 546-552.
https://doi.org/10.1021/acsfoodscitech.2c00168.

de Araujo, J. T. C., Martin-Pastor, M., Pérez, L., Pinazo, A., & de Sousa, F. F. O. (2021). Development of anacardic acid-loaded zein
nanoparticles: Physical chemical characterization, stability and antimicrobial improvement. Journal of Molecular Liquids, 332, 115808.
https://doi.org/10.1016/j.molliq.2021.115808.

dos Santos, T. D. J. A, Araljo, B. Q., Cito, A. M. D. G. L., da Silva, J., Saffi, J., Richter, M. F., & Ferraz, A. D. B. F. (2011). Antioxidant
properties and chemical composition of technical Cashew Nut Shell Liquid (tCNSL). Food Chemistry, 126(3), 1044-1048.
https://doi.org/10.1016/j.foodchem.2010.11.122.

Edoga, M. O., FADIPE, A. L., & Edoga, R. N. (2006). Extraction of polyphenols from cashew nutshell. Leonardo Electronic Journal
of Practices and Technologies, 9(9), 107-112. http://lejpt.academicdirect.org/A09/107_112.htm.

Hamad, F. B., & Mubofu, E. B. (2015). Potential biological applications of bio-based anacardic acids and their derivatives. International
Journal of Molecular Sciences, 16(4), 8569-8590. https://doi.org/10.3390/ijms16048569.

Hundt, J., Li, Z., & Liu, Q. (2015). The inhibitory effects of anacardic acid on hepatitis C virus life cycle. PloS one, 10(2), 1-11.
https://doi.org/10.1371/journal.pone.0117514.

Ike, D. C., Ibezim-Ezeani, M. U., & Akaranta, O. (2021). Cashew nutshell liquid and its derivatives in oil field applications: an update.
Green Chemistry Letters and Reviews, 14(4), 620-633. https://doi.org/10.1080/17518253.2021.1991485.

Koteich, S., Bullon, J., Vivas, J., Bahsas, A., Rosales-Oballos, Y., Marquez, R., Forgiarini, A., & Salager, J. L. (2020). Synthesis,
Characterization, Evaluation of Interfacial Properties and Antibacterial Activities of Dicarboxylate Anacardic Acid Derivatives from
Cashew Nut Shell Liquid of Anacardium occidentale L. Journal of Surfactants and Detergents, 23(3), 503-512.
https://doi.org/10.1002/jsde.12384.

Koteich-Khatib, S., Vivas, J., Bahsas, A., Rosales-Oballos, Y., & Bulldn, J. (2019). Caracterizacion por RMN y actividad antibacteriana
de los componentes del aceite de la semilla de merey (Anacardium occidentale L.). Avances en Quimica, 14(1), 31-40.
https://www.redalyc.org/journal/933/93361139005/93361139005.pdf.

Kyei, S. K., Akaranta, O., Darko, G., & Chukwu, U. J. (2019). Extraction, Characterization and Application of Cashew Nut Shell Liquid
from Cashew Nut Shells. Chemical Science International Journal, 1-10. https://doi.org/10.9734/csji/2019/v28i330143.

m MT-Pallantia Vega Y., et al., J. Sci. Technol. Appl. 18 (2025), art 108, 1-9. DOI: 10.34294/j.jsta.25.18.108

Publisher ISSN: 0719-8647 | Available: www.jsta.cl



http://www.jsta.cl/
https://doi.org/10.1007/s13346-020-00795-4
https://doi.org/10.1016/j.molliq.2019.112085
https://doi.org/10.1007/s10971-012-2838-z
https://doi.org/10.1007/s11998-013-9521-3
https://doi.org/10.1002/cssc.201800595
https://doi.org/10.1021/acsfoodscitech.2c00168
https://doi.org/10.1016/j.molliq.2021.115808
https://doi.org/10.1016/j.foodchem.2010.11.122
http://lejpt.academicdirect.org/A09/107_112.htm
https://doi.org/10.3390/ijms16048569
https://doi.org/10.1371/journal.pone.0117514
https://doi.org/10.1080/17518253.2021.1991485
https://doi.org/10.1002/jsde.12384
https://www.redalyc.org/journal/933/93361139005/93361139005.pdf
https://doi.org/10.9734/csji/2019/v28i330143

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Extraction of Anacardic Acid and its Applications... | 7

Kyei, S. K., Darko, G., & Akaranta, O. (2020). Chemistry and application of emerging ecofriendly antifouling paints: a review. Journal
of Coatings Technology and Research, 17(2), 315-332. https://doi.org/10.1007/s11998-019-00294-3.

Lima, R. A, de Souza, S. L. X,, Lima, L. A, Batista, A. L. X., de Aradjo, J. T. C., Sousa, F. F. O., Rolim, J. P. M. L., & Bandeira, T.
D. J. P. G. (2020). Antimicrobial effect of anacardic acid—loaded zein nanoparticles loaded on Streptococcus mutans biofilms. Brazilian
Journal of Microbiology, 51(4), 1623-1630. https://doi.org/10.1007/s42770-020-00320-2.

Lomonaco, D., Mele, G., & Mazzetto, S. E. (2017). Cashew nutshell liquid (CNSL): from an agro-industrial waste to a sustainable
alternative to petrochemical resources. Cashew nut shell liquid: a goldfield for functional materials, 19-38. https://doi.org/10.1007/978-
3-319-47455-7.

Maia, F. J. N., Ribeiro, F. W. P., Rangel, J. H. G., Lomonaco, D., Luna, F. M. T., de Lima-Neto, P., Nunes Correira, A., & Mazzetto,
S. E. (2015). Evaluation of antioxidant action by electrochemical and accelerated oxidation experiments of phenolic compounds derived
from cashew nut shell liquid. Industrial Crops and Products, 67, 281-286. https://doi.org/10.1016/j.indcrop.2015.01.034.

Mlowe, S. S., Pullabhotla, R. R., Mubofu, E. E., Ngassapa, F. F., & Revaprasadu, N. N. (2014). Low temperature synthesis of anacardic-
acid-capped cadmium chalcogenide nanoparticles. International Nano Letters, 4(2), 4-9. https://doi.org/10.1007/s40089-014-0106-7.

Mlowe, S., Nejo, A. A., Pullabhotla, V. R., Mubofu, E. B., Ngassapa, F. N., O'Brien, P., & Revaprasadu, N. (2013). Lead chalcogenides
stabilized by anacardic acid. Materials science in semiconductor processing, 16(2), 263-268.
https://doi.org/10.1016/j.mssp.2012.10.017.

Morais, S. M., Silva, K. A., Araujo, H., Vieira, I. G., Alves, D. R., Fontenelle, R. O., & Silva, A. M. (2017). Anacardic acid constituents
from cashew nut shell liquid: NMR characterization and the effect of unsaturation on its biological activities. Pharmaceuticals, 10(1),
31. https://doi.org/10.3390/ph10010031.

Muzaffar, S., & Chattoo, B. B. (2017). Apoptosis-inducing factor (Aifl) mediates anacardic acid-induced apoptosis in Saccharomyces
cerevisiae. Apoptosis, 22(3), 463-474. https://doi.org/10.1007/s10495-016-1330-6.

Muzaffar, S., Bose, C., Banerji, A., Nair, B. G., & Chattoo, B. B. (2016). Anacardic acid induces apoptosis-like cell death in the rice
blast fungus Magnaporthe oryzae. Applied microbiology and biotechnology, 100(1), 323-335. https://doi.org/10.1007/s00253-015-
6915-4.

Mwakalesi, A. J., & Potter, I. D. (2021). Targeting of cationic organic pesticide residues using polymer inclusion membranes containing
anacardic acid from cashew nut shell liquid as a green carrier. Journal of Water Process Engineering, 43, 102222.
https://doi.org/10.1016/j.jwpe.2021.102222.

Nambela, L., Haule, L. V., & Mgani, Q. A. (2022). Anacardic acid isolated from cashew nut shells liquid: A potential precursor for the
synthesis of anthraquinone dyes. Cleaner Chemical Engineering, 3, 100056. https://doi.org/10.1016/j.clce.2022.100056.

Nasrollahzadeh, M., Sajadi, S. M., Sajjadi, M., & Issaabadi, Z. (2019). Applications of nanotechnology in daily life. Interface science
and technology, 28, 113-143. https://doi.org/10.1016/B978-0-12-813586-0.00004-3.

Oliveira, M. S. C., de Morais, S. M., Magalhées, D. V., Batista, W. P., Vieira, I. G. P., Craveiro, A. A., de Manezes, J. E. S. A,
Carvalho, A. F. U., & de Lima, G. P. G. (2011). Antioxidant, larvicidal and antiacetylcholinesterase activities of cashew nut shell liquid
constituents. Acta Tropica, 117(3), 165-170. https://doi.org/10.1016/].actatropica.2010.08.003.

Oliveira, S. D. N., Uchoa, A. F., Moreira, D. R., Petzhold, C. L., Weiss, C. K., Landfester, K., & Ricardo, N. M. (2022). Design,
Synthesis, and Evaluation of Dual Release from Anacardic Acid-Based Polyurea Nanocapsules. Available at SSRN 4056839.
https://doi.org/10.2139/ssrn.4056839.

Osman, S. M., Abdel-Megied, A. M., Zain Eldain, M. H., Haleema, S., Gopinath, C., Sumalekshmy, S. A., & Aboul-Enein, H. Y.
(2019). A highly sensitive GC-MS method for simultaneous determination of anacardic acids in cashew (Anacardium occidentale) nut

m MT-Pallantia Vega Y., et al., J. Sci. Technol. Appl. 18 (2025), art 108, 1-9. DOI: 10.34294/j.jsta.25.18.108

Publisher ISSN: 0719-8647 | Available: www.jsta.cl



http://www.jsta.cl/
https://doi.org/10.1007/s11998-019-00294-3
https://doi.org/10.1007/s42770-020-00320-2
https://doi.org/10.1007/978-3-319-47455-7
https://doi.org/10.1007/978-3-319-47455-7
https://doi.org/10.1016/j.indcrop.2015.01.034
https://doi.org/10.1007/s40089-014-0106-7
https://doi.org/10.1016/j.mssp.2012.10.017
https://doi.org/10.3390/ph10010031
https://doi.org/10.1007/s10495-016-1330-6
https://doi.org/10.1007/s00253-015-6915-4
https://doi.org/10.1007/s00253-015-6915-4
https://doi.org/10.1016/j.jwpe.2021.102222
https://doi.org/10.1016/j.clce.2022.100056
https://doi.org/10.1016/B978-0-12-813586-0.00004-3
https://doi.org/10.1016/j.actatropica.2010.08.003
https://doi.org/10.2139/ssrn.4056839

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

Extraction of Anacardic Acid and its Applications... | 8

shell oil in the presence of other phenolic lipid derivatives. Biomedical Chromatography, 33(11), e4659.
https://doi.org/10.1002/bmc.4659.

Paiva Filho, J. C., Morais, S. M. D., Nogueira Sobrinho, A. C., Cavalcante, G. S., Silva, N. A. D., & Abreu, F. O. M. D. S. (2019).
Design of chitosan-alginate core-shell nanoparticules loaded with anacardic acid and cardol for drug delivery. Polimeros, 29(4), 1-10.
https://doi.org/10.1590/0104-1428.08118.

Paramashivappa, R., Kumar, P. P., Vithayathil, P. J., & Rao, A. S. (2001). Novel method for isolation of major phenolic constituents
from cashew (Anacardium occidentale L.) nut shell liquid. Journal of Agricultural and Food Chemistry, 49(5), 2548-2551.
https://doi.org/10.1021/jf001222j.

Philip, J. Y., Buchweishaija, J., Mkayula, L. L., & Ye, L. (2007). Preparation of molecularly imprinted polymers using anacardic acid
monomers derived from cashew nut shell liquid. Journal of agricultural and food chemistry, 55(22), 8870-8876.
https://doi.org/10.1021/jf0718289.

Philip, J. Y., Da Cruz Francisco, J., Dey, E. S., Buchweishaija, J., Mkayula, L. L., & Ye, L. (2008). Isolation of anacardic acid from
natural cashew nut shell liquid (CNSL) using supercritical carbon dioxide. Journal of agricultural and food chemistry, 56 (20), 9350-
9354. https://doi.org/10.1021/jf801532a.

Pinto, E. J. S., de Araujo, J. T. C., dos Anjos Ferreira, R. M., Souto, R. N. P., Lima, L. A., de Barros Silva, P. G., Garcia, M. T., de la
Fuente, A., & de Sousa, F. F. O. (2021). Larvicidal activity, aquatic and in vivo toxicity of anacardic acid loaded-zein nanoparticles.
Journal of Drug Delivery Science and Technology, 63, 102513. https://doi.org/10.1016/j.jddst.2021.102513.

Preethi, R., Maria Leena, M., Moses, J. A., & Anandharamakrishnan, C. (2020). Biopolymer nanocomposites and its application in
food processing. Green Nanomaterials: Processing, Properties, and Applications, 283-317. https://doi.org/10.1007/978-981-15-3560-
4.1

Preethi, R., Moses, J. A., & Anandharamakrishnan, C. (2021). Development of anacardic acid incorporated biopolymeric film for active
packaging applications. Food Packaging and Shelf Life, 28, 100656. https://doi.org/10.1016/].fpsl.2021.100656.

Ramos, E. H., Nomen, R., & Sempere, J. (2018). Recovery of anacardic acids from cashew nut shell liquid with ion-exchange resins.
Industrial & Engineering Chemistry Research, 57(49), 16903-16908. https://doi.org/10.1021/acs.iecr.8b04192.

Remya, V., Patil, D., Abitha, V., Rane, A. V., & Mishra, R. K. (2016). Biobased materials for polyurethane dispersions. Chemistry
International, 2(3), 158-167. http://bosaljournals.com/chemint/article/view/37.

Rwahwire, S., Tomkova, B., Prince Periyasamy, A., & Madhukar Kale, B. (2018). Green thermoset reinforced biocomposites. In Green
Composites for Automotive Applications, G. Koronis and A. Silva, Eds. Woodhead Publishing - Elsevier.
https://doi.org/10.1016/B978-0-08-102177-4.00003-3.

Saenab, A., Wiryawan, K. G., Retnani, Y., & Wina, E. (2017). Anacardic acid isolated from cashew nut shell (Anacardium occidentale)
affects methane and other products in the rumen fermentation. Media Peternakan, 40(2), 94-100.
https://doi.org/10.5398/medpet.2017.40.2.94.

Sharma, P., Gaur, V. K., Sirohi, R., Larroche, C., Kim, S. H., & Pandey, A. (2020). Valorization of cashew nut processing residues for
industrial applications. Industrial Crops and Products, 152, 112550. https://doi.org/10.1016/].indcrop.2020.112550.

Trevisan, M. T. S., Pfundstein, B., Haubner, R., Wirtele, G., Spiegelhalder, B., Bartsch, H., & Owen, R. W. (2006). Characterization
of alkyl phenols in cashew (Anacardium occidentale) products and assay of their antioxidant capacity. Food and Chemical toxicology,
44(2), 188-197. https://doi.org/10.1016/j.fct.2005.06.012.

m MT-Pallantia Vega Y., et al., J. Sci. Technol. Appl. 18 (2025), art 108, 1-9. DOI: 10.34294/j.jsta.25.18.108

Publisher ISSN: 0719-8647 | Available: www.jsta.cl



http://www.jsta.cl/
https://doi.org/10.1002/bmc.4659
https://doi.org/10.1590/0104-1428.08118
https://doi.org/10.1021/jf001222j
https://doi.org/10.1021/jf0718289
https://doi.org/10.1021/jf801532a
https://doi.org/10.1016/j.jddst.2021.102513
https://doi.org/10.1007/978-981-15-3560-4_1
https://doi.org/10.1007/978-981-15-3560-4_1
https://doi.org/10.1016/j.fpsl.2021.100656
https://doi.org/10.1021/acs.iecr.8b04192
http://bosaljournals.com/chemint/article/view/37
https://doi.org/10.1016/B978-0-08-102177-4.00003-3
https://doi.org/10.5398/medpet.2017.40.2.94
https://doi.org/10.1016/j.indcrop.2020.112550
https://doi.org/10.1016/j.fct.2005.06.012

Extraction of Anacardic Acid and its Applications... | 9

45, Vasconcelos, L., de Souza, M., de Oliveira, J., Silva Filho, E., Silva, A., Mazzetto, S. E., Sales Pereira, E., Lopes Oliveira, R., &
Bezerra, L. (2021). Elaboration and characterization of bioactive films obtained from the incorporation of cashew nut shell liquid into
a matrix of sodium alginate. Antioxidants, 10(9), 1378. https://doi.org/10.3390/antiox10091378.

46. Yuliana, M., Nguyen-Thi, B. T., Faika, S., Huynh, L. H., Soetaredjo, F. E., & Ju, Y. H. (2014). Separation and purification of cardol,
cardanol and anacardic acid from cashew (Anacardium occidentale L.) nut-shell liquid using a simple two-step column chromatography.
Journal of the Taiwan Institute of Chemical Engineers, 45(5), 2187-2193. https://doi.org/10.1016/j.jtice.2014.07.012.

© MT-Pallantia Publisher (2022)
MT-Pallantia Vega Y., et al., J. Sci. Technol. Appl. 18 (2025), art 108, 1-9. DOI: 10.34294/].jsta.25.18.108
Publisher ISSN: 0719-8647 | Available: www.jsta.cl



http://www.jsta.cl/
https://doi.org/10.3390/antiox10091378

