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Abstract

Candlenut or kukui oil, extracted from the seeds of Aleurites moluccanus (L.) Willd. (INCI
name: Aleurites moluccana), is a lipid-rich Southeast Asian bioresource with a long history
of use in hair and scalp care. This narrative review examines its botanical origin, lipid chem-
istry, safety profile, biological evidence, and formulation potential, with particular emphasis
on follicular vigor and scalp homeostasis. The oil contains a high proportion of linoleic
and «-linolenic acids, which provide emollient properties but also enhance susceptibility to
oxidative instability. Previous animal studies have indicated hair-growth-promoting activity.
More recent evidence has strengthened these findings by demonstrating increased hair shaft
length in ex vivo human scalp follicles. To contextualize this Indonesian bioresource within
broader tropical cosmetic innovation, the review draws a comparative analysis with three
Brazilian oils: andiroba (Carapa guianensis seed oil), pracaxi (Pentaclethra macroloba seed
oil), and buriti (Mauritia flexuosa fruit oil) oils, revealing complementary rather than equiv-
alent profiles across anti-inflammatory, hair-conditioning, and photoprotective properties.
Formulation considerations, existing evidence gaps, and the importance of traceability, com-
munity engagement, and access-and-benefit-sharing mechanisms in biodiversity-derived
ingredient supply chains are also discussed.

Keywords: Aleurites moluccana seed oil; Brazilian biodiversity; candlenut oil; hair follicle;
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of visible identity. Beyond its roles in physical protection, thermoregulation, and sensory
interaction, changes in hair density, caliber, and distribution can result in psychosocial effects
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as products intended to maintain scalp and hair condition should not be conflated with
medical treatment of alopecia. Nevertheless, the biological environment in which hair
fibers are produced remains highly relevant to both cosmetic performance and perceived
hair health.

Contemporary hair biology challenges the assumption that visible hair shedding is a
unique indicator of hair health. The hair follicle functions as a small organ that undergoes
cyclical regeneration, progressing through the anagen, catagen, and telogen phases, with
the hair shaft ultimately expelled during exogen. These changes are driven by coordinated
interactions among epithelial matrix cells, hair-follicle stem cells, dermal papilla cells,
perifollicular fibroblasts, vascular elements, and various molecular signaling systems [3].
Consequently, reductions in hair density may result not only from follicle loss, but also from
a shortened anagen period, progressive miniaturization, altered matrix-cell proliferation,
impaired dermal papilla signaling, or modifications in the scalp environment. A thorough
understanding of the biological background is essential before evaluating any plant-derived
oil proposed to support hair follicles or the scalp.

1.2. The Hair Follicle as a Regenerative and Immunologically Regulated Mini-Organ

The key aspect of follicular regeneration is the interaction between the stem-cell popu-
lations within the hair follicle and the dermal papilla. The dermal papilla acts as a signaling
center, influencing the timing of the hair cycle, the diameter of the hair shaft, and follicle
type. In contrast, stem-cell populations located in the bulge and secondary hair germ are
responsible for the regenerative ability required for repeated growth cycles [3]. Recent
studies have expanded upon the traditional model by demonstrating that the follicular niche
is affected by both systemic and local signals, as well as by adjacent immune cells, rather
than operating as an isolated epithelial structure. Macrophages, regulatory T cells, mast
cells and other immune cells participate in the maintenance or transition of follicular states.
Simultaneously, the anagen bulb and specific stem-cell compartments maintain a state
of relative immune privilege, which protects regenerative structures from inappropriate
inflammatory responses [5].

This concept is relevant since the follicular microenvironment is altered through distinct
mechanisms in various hair-loss disorders. In alopecia areata, the primary pathological
mechanisms involve the loss of immune privilege and increased cytotoxic immune activity.
In contrast, adult male AGA is predominantly associated with genetic predisposition,
androgen signaling, and dihydrotestosterone-dependent follicular miniaturization, together
with additional factors, such as perifollicular microinflammation, oxidative stress, fibrosis,
and changes in the scalp microbiome [6]. The current follicular model is therefore not
dependent on a single molecular target; rather, it represents a network in which endocrine
signaling, tissue redox homeostasis, immune regulation, extracellular-matrix remodeling,
and the local scalp environment collectively determine the follicle’s capability to sustain
productive anagen growth.

1.3. Botanical Oils as Functional Lipid Matrices in Modern Cosmetic Science

Oxidative stress represents a critical factor potentially decreasing follicular vigor. Re-
active oxygen species (ROS), which are typical by-products of cellular metabolism, take
part in signaling pathways when maintained at controlled levels. Pathological effects occur
when ROS production exceeds antioxidant capacity, thereby disrupting redox homeosta-
sis. Studies using hair-follicle models have linked excessive oxidative stress to damage of
proteins, lipids, DNA, and mitochondria, as well as to alterations in pathways involved
in follicular proliferation and cycling, such as Nrf2/ARE, Wnt/B-catenin, NF-xB, MAPK,
PI3K/Akt, and TGF-B/Smad signaling [7]. Clinical and translational studies in patients
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with alopecia areata showed alterations in oxidative and antioxidant markers, suggesting an
association between redox imbalance and inflammatory damage to hair follicles. However,
the extent and causal significance of individual biomarkers vary across studies [8,9].

The skin surrounding the follicle provides an additional layer of biological regulation.
This lipid-rich surface is continuously exposed to ultraviolet radiation (UV), pollutants,
cleansing agents, styling products, friction, and a diverse array of microorganisms. Recent
reviews state that the scalp microbiome contributes to local homeostasis and inflammation,
with disease-related alterations observed in conditions such as dandruff/seborrhoeic der-
matitis, alopecia areata, psoriasis, folliculitis decalvans, and, more recently, AGA [10]. At
the same time, the current literature on scalp care underscores the significance of the stratum
corneum barrier, as disruption of barrier lipids can result in increased transepidermal water
loss and greater vulnerability to environmental and inflammatory stress [11]. However,
these findings do not demonstrate that repairing the barrier or modifying the microbiome
alone is sufficient to reverse alopecia. On the contrary, they suggest a more attainable
cosmetic objective: maintaining a scalp environment that minimizes excessive dryness,
irritation, oxidative stress, and inflammatory imbalance while preserving the structural
integrity of newly growing hair fibers.

Rigorous evaluation is crucial when assessing botanical ingredients. Although a com-
pound may enhance emollience, decrease transepidermal water loss, limit lipid oxidation,
or affect a redox-sensitive pathway, the effects do not necessarily lead to clinically significant
hair regrowth.

Within this mechanistic framework, fixed plant oils have regained scientific inter-
est since they comprise complex, multiple-component lipid matrices, rather than single-
molecule compositions. The specific triglyceride profile of these oils influences their spread-
ing properties, occlusivity, sensory characteristics, susceptibility to oxidation, and inter-
actions with the stratum corneum. Additionally, minor constituents such as tocopherols,
phytosterols, carotenoids, and phenolic compounds may confer further antioxidant or bio-
logical activities [ 12]. However, natural origin alone does not ensure consistent performance
or a universal barrier effect, as individual oils interact differently with cutaneous lipids
and, under certain conditions, some oils may disrupt barrier organization. Consequently,
botanical oils should be selected according to their composition and supporting evidence,
rather than being regarded as interchangeable groups [12].

Linoleic acid is particularly pertinent to this discussion. As an essential w-6 fatty acid
(C18:2 w-6), it contributes to the epidermal lipid metabolism and the formation of complex
barrier lipids, such as acylceramide-related compounds. A recent review of linoleic acid
in skin and hair biology reported that oils rich in linoleic acid show barrier-supporting,
anti-inflammatory, photoprotective, wound-healing, and hair-related effects in various
experimental studies. However, the review also emphasized the need for more rigorous
clinical validation and a clearer understanding of the underlying mechanisms [13]. This
observation serves as an important warning for research on hair oils: while a high linoleic
acid content suggests biological plausibility, composition alone does not provide evidence
for follicle growth stimulation. The most compelling support for a botanical oil arises when
chemical composition, mechanistic data, organ-level responses, formulation feasibility, and
human evidence are all consistent.

1.4. Why Candlenut Oil Has Become Scientifically Timely

Candlenut, known as kukui oil and derived from the seeds of Aleurites moluccanus (L.)
Willd., exemplifies the transition from traditional ethnobotanical applications to mechanistic
investigations of its potential as a cosmetic bioresource. Recent physicochemical studies
have identified candlenut oil as a highly unsaturated lipid, with linoleic and «-linolenic acids
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as its primary constituents. The yield and quality of oil depend on the specific extraction
conditions employed [14,15]. Although this composition benefits its use as an emollient and
in replenishing skin lipids, the high degree of unsaturation increases the oil’s vulnerability
to oxidation. Consequently, the same chemical properties that confer biological and sensory
benefits also necessitate careful attention to stabilization, antioxidant protection, packaging
selection, and processing conditions during product development.

Current evidence supporting the use of candlenut oil for hair growth is primarily
derived from traditional practices and preclinical research. Nanoemulsion and nanostruc-
tured lipid-carrier formulations containing candlenut oil showed hair-growth-promoting
effects in rodent models, while combinations of candlenut oil with celery extract have also
exhibited hair-growth activity [16-18]. Although these studies were helpful in forming
hypotheses, they did not establish whether candlenut oil alone directly affects human hair
follicles or identify a specific molecular pathway. This gap was addressed in a subsequent
study, which reported significant elongation of the hair shaft in ex vivo human scalp follicles
treated with Aleurites moluccana seed oil. The observed effect was attributed to activation
of the Nrf2/ARE-AKRI1C family-PGF2u« axis. Additionally, the study identified increased
expression of cell proliferation markers and demonstrated that reduced Nrf2 expression led
to decreased downstream antioxidant gene expression and PGF2& production, thus provid-
ing a mechanism linking redox regulation to follicular activity [19]. This study has several
limitations. Although Aleurites moluccana seed oil appears to induce hair growth through
a PGF2x-mediated pathway, it is not yet clear whether PGF2x-independent mechanisms
also contribute to this process. Additionally, the use of a single-dose trial design in humans
limits the ability to characterize dose-response relationships; future studies should assess
multiple dosing regimens. Finally, to enhance broader applicability, the antioxidant effects
on overall health should be evaluated in addition to effects on hair and eyelash growth.

The same study also carried out a randomized, double-blind, left-right comparison in
humans and found that a serum containing candlenut oil increased eyelash length after
four weeks compared with placebo [19]. This result strengthens the evidence base behind
animal studies and compositional assumptions. Nevertheless, several limitations remain:
the human study focused on eyelashes rather than scalp hair, included a small sample
size, utilized a specific formulation, and did not demonstrate efficacy for androgenetic
alopecia or other forms of scalp alopecia. Current evidence suggests that candlenut oil has
emerging support from human and human-follicle studies for its potential as a cosmetic
ingredient that may promote follicular vigor. Further research is required, including scalp-
specific trials, dose-response studies, identification of active components, and long-term
assessments of safety and efficacy.

1.5. From an Indonesian Bioresource to Cross-Biodiversity Cosmetic Innovation

Candlenut oil provides an opportunity to examine how tropical biodiversity can be
turned into modern cosmetic innovations while preserving the unique characteristics of
regional bioresources, rather than reducing them to generic ‘natural oils”. Although both In-
donesia and Brazil both have extensive ethnobotanical knowledge and a variety of lipid-rich
plants, the chemical compositions of their cosmetic oils vary considerably. Recent reviews
of Amazonian oils identify bioresources that are rich in oleic acid, long-chain saturated fatty
acids, limonoids, carotenoids, tocopherols, and other minor components with potential der-
matological or formulation relevance [20,21]. Innovation driven by biodiversity increasingly
relies not only on biological efficacy but also on traceability, certification, community part-
nerships, equitable value sharing, and technological adaptation to local raw materials [22].
Since Aleurites moluccanus, even if not native, was recently introduced and cultivated in
Brazil, a comparison between different Brazilian oils, such as andiroba, pracaxi and buriti,
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has been conducted. Based on their similar chemical composition, it can be argued that
these oils can be proposed as complementary ingredients in hair care formulation [23].
Andiroba oil is known for its anti-inflammatory bioactivity, which has been attributed to
its limonoid content. Pracaxi oil is notable for its unique long-chain fatty acid composition
relevant to hair fiber conditioning. Buriti oil is distinguished by its high carotenoid content,
providing antioxidant and photoprotective properties. Including candlenut oil alongside
these Brazilian oils enables a more nuanced inquiry than a simple geographical comparison.
This approach facilitates examination of which biochemical functions are common among
tropical oils and which are species-specific, and how these differences can inform rational
formulation strategies rather than encouraging direct substituting of ingredients.

This review examines the seed oil of Aleurites moluccanus (L.) Willd. across five inter-
related dimensions: botanical origin and processing methods, lipid and minor component
chemistry, safety and biological evidence, formulation and delivery challenges, and com-
parative potential with selected Brazilian bioresources. Special attention is placed on
mechanistic inferences supported by established evidence. The review evaluates scenarios
in which Indonesian and Brazilian lipid resources may be combined to achieve comple-
mentary cosmetic effects. By contextualizing candlenut oil within follicular biology, scalp
homeostasis, formulation science, and biodiversity-driven innovation, and subsequently
addressing cultivation and processing, this review aims to provide a narrative discussion
on candlenut oil linoleic as a contemporary ingredient in hair and scalp care.

2. Methodology
Search Strategy

This review was conducted following SANRA principles [24] for narrative reviews. To
ensure a comprehensive evaluation of the literature, a non-systematic literature search was
conducted across the PubMed, Scopus and Web of Science databases updated to 15 October
2026. The search strategy employed combinations of the following keywords and Boolean
operators: (“Aleurites moluccana” OR “Candlenut” OR “kukui 0il”) AND (“scalp care” OR
“scalp health” OR “hair follicle”) AND (“Brazilian biodiversity” OR “Brazilian bioresources”
OR “Andiroba” OR “Pracaxi” OR “Buriti”). These terms were used individually and in
various Boolean combinations to maximize retrieval of relevant studies. The selection was
restricted to peer-reviewed articles, ethnopharmacological studies, and cosmetic science
literature published in English language.

Furthermore, because a substantial part of the primary literature on candlenut oil
originates from Indonesian institutions and appears in regional journals and conference
proceedings (e.g., KnE Life Sciences, KnE Medicine, IOP Conference Series, Journal of
Vocational Studies on Applied Research, and Tropical Journal of Natural Product Research)
that are incompletely indexed in PubMed, Scopus, and Web of Science, the database search
was complemented by three additional routes. First, Google Scholar was searched with the
same keyword combinations, because it retrieves regionally published and grey literature
that bibliographic databases often miss [25]. Second, the reference lists of all retrieved
articles were screened, and articles citing key studies were tracked (backward and forward
citation searching), a strategy that identifies a large proportion of relevant sources in reviews
of heterogeneous evidence [26]. Third, regulatory and policy documents were retrieved
directly from official sources (EUR-Lex for Regulation (EC) No 1223/2009, the Brazilian
government portals for Law No. 13,123/2015 and the SisGen system, and the Indonesian
legal databases for Law No. 11/2013). Non-database sources were included only when
they reported original data (composition, stability, formulation, or biological activity)
or primary regulatory text; supplier technical documents were used solely to describe
commercial practice and not as evidence of efficacy.
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3. From Cultivation to the Cosmetic Laboratory
3.1. Botany

Aleurites moluccanus (L.) Willd. is a tropical evergreen tree in the family Euphorbiaceae,
native to Indo-Malaysian region, spread across the Pacific in ancient times, and now culti-
vated throughout the tropics [27,28]. This species typically reaches 10 to 15 m in height and
is characterized by palmate, silver-green leaves and round fruits measuring about 5 to 6 cm
in diameter [27]. The fruits contain one or two hard, whitish seeds, commonly known as
“candlenuts” because of their high lipid content, which historically rendered them valuable
as a fuel source [27,28]. The species thrives in warm, humid climates with temperatures
ranging from 18 and 28 °C. It is mostly cultivated in Indonesia, the Philippines, Malaysia,
southern India, and the Pacific Islands, with harvesting generally occurring 3 to 4 years
after planting [27].

The toxicological effects of raw Aleurites moluccanus seeds differ significantly from
those of cosmetic-grade seed oil. Experimental studies indicate that the toxicity of seed
preparations depends on both dosage and preparation method [29,30]. In contrast, the
Cosmetic Ingredient Review’s safety assessment of plant-derived fatty acid oils, including
Aleurites moluccana seed oil, determined that these oils are generally considered safe ingre-
dients in the present practices of use and concentration in cosmetics [31]. For formulation
and safety evaluation, factors such as extraction process, degree of refining, oxidation level,
and product exposure are more critical than the general claim that roasting alone removes
all potentially harmful components.

3.2. Chemistry

Candlenut oil can be produced through mechanical pressing or solvent extraction. The
fatty acid composition and physicochemical properties are influenced by both geographical
origin and processing conditions [14,32]. For cosmetic applications, mechanical extraction
at lower temperatures is preferred to preserve unsaturated lipids and minor components.
Nevertheless, the final oil composition must be verified using analytical methods rather
than inferred solely from the extraction technique.

Key physicochemical parameters for formulation include saponification value, density,
iodine value, peroxide value, and organoleptic properties. Studies report that candlenut oil
typically exhibits saponification values consistent with vegetable oil rich in triglycerides,
with variations attributed to extraction method and sample origin [14]. For industrial
applications, batch-specific specifications provide more relevant information than single
literature values, as the oil’s high unsaturation increases its susceptibility to oxidation during
processing and storage.

3.2.1. Essential Fatty Acids

Candlenut oil contains high levels of polyunsaturated fatty acids (PUFAs), with linoleic
acid (C18:2 w-6) and a-linolenic acid (C18:3 w-3) as the primary components, whereas oleic
acid (C18:1 w-9) is present at lower concentrations [15,32]. Comparative GC-MS analysis
of 39 vegetable oils demonstrated that candlenut oil contains a notably high proportion of
PUFAs [15]. The reported percentages should be interpreted as ranges rather than fixed
values, since both the source and processing methods can affect the 0il’s composition. From
a formulation standpoint, the high PUFA content aligns with the emollient properties of
kukui oil and supports the use of plant-derived fatty acid oils to organize lipids in the
stratum corneum and condition the skin [31,33]. However, the fatty acid composition
alone does not provide sufficient evidence to conclude that dermal papilla cells are directly
stimulated or that anagen is induced.
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3.2.2. Flavonoids and Polyphenols

Phytochemical analyses of Aleurites moluccanus (L.) Willd. have identified phenolic and
flavonoid compounds in leaf and other non-oil extracts [23,28]. However, the presence and
concentration of these compounds in cosmetic-grade candlenut seed oil are not characterized
as consistently as the fatty acid fraction. Consequently, antioxidant claims attributed to
minor phenolics in the oil should be substantiated by batch-specific chemical profiling or
functional antioxidant assays, rather than extrapolated from non-oil plant extracts.

3.2.3. Minor Unsaponifiable Components and Phytochemical Uncertainty

The minor unsaponifiable fraction of candlenut oil is less thoroughly characterized
compared to its triglyceride fraction. Current studies on seed and extract lack sufficient
evidence to determine the precise concentration of residual alkaloids or to identify a specific
cytokine-inhibitory mechanism in cosmetic oil. This represents a significant evidence
gap. Future studies should characterize sterols, tocopherols, phenolics, and other minor
components in the same oil batches used for biological assays, enabling mechanistic activity
to be linked to verified chemical composition.

3.2.4. Vitamin E (Tocopherols)

Tocopherols and other lipophilic antioxidants can contribute to the biological antioxi-
dant potential of vegetable oils and protect the oil phase from oxidation. In candlenut oil,
the concentration of these compounds depends on cultivar, origin, extraction method, and
storage conditions. Therefore, tocopherol-related claims are most robust when supported
by direct quantitative analysis of the cosmetic raw material rather than by comparison with
unrelated oils [12].

3.3. Formulation

Candlenut oil is employed in the formulation of hair and scalp care cosmetics. Among
the characteristics that make oil interesting in the trichological field are:

e It has high affinity with cutaneous and capillary lipids, due to its richness in PUFAs
(linoleic acid approximately 34-42% and «-linolenic acid 27-32% in oils of Indonesian
origin) [32].

e The biological evidence has moved from using animal hair-growth models [16,17]
to relying on direct evidence from human follicles and human eyelashes [19], thus
supporting a more robust yet still appropriately limited claim regarding follicular vigor.

o  The cosmetic safety assessment is favorable since the Expert Panel of the Cosmetic
Ingredient Review concluded that the plant-derived fatty acid oils under assessment,
such as Aleurites moluccana seed oil, are safe when used in cosmetics [31].

Candlenut oil is liquid at room temperature and can easily be added to anhydrous
systems or to the oil portion of emulsions. Technical data from one of the candlenut oil
distributors (DKSH Holding AG) supports its application in hair care formulations, at
usage levels aligned with those in the published literature for comparable oils [34-37].
Hence, candlenut oil is suggested in oil-in-water emulsions as an emollient in shampoos
and rinse-off conditioners, or in masks and creams for intensive and trichological treatments.
Moreover, it can be used as a functional ingredient in aqueous or biphasic serums and
leave-on products.

The candlenut oil formulation steps must take into account the challenges associated
with the physicochemical characteristics of the oil itself. Because of its high degree of
unsaturation, candlenut oil is susceptible to oxidation and requires protective measures for
long-term use. Moreover, variability in raw materials—due to their geographic origin, the
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method of extraction, their storage history, and the refining process—can cause changes in
composition; it is therefore essential to have robust supplier specifications and to carry out
incoming quality control [14,32].

Strategies for Enhancing Candlenut Oil Stability

Due to the high PUFA content, the chemical stability of candlenut oil requires targeted
formulation and packaging strategies. Formulation development should emphasize ox-
idative stability rather than relying solely on general shelf-life estimates. Recommended
approaches include incorporating antioxidants; monitoring peroxide value and odor dur-
ing stability testing; minimizing exposure to oxygen, heat, and light; utilizing protective
packaging when appropriate; and assessing antioxidant performance in the final formula-
tion [32,38,39].

In recent years, nano- and microtechnological delivery systems have opened new
prospects for oil’s use, improving oxidative stability [38,39]. A study demonstrated that
polyvinyl alcohol (PVA)-based nanoencapsulation represents a viable alternative for protect-
ing the oil from degradation [39]. The results showed that after a 35-day storage period, the
nanoencapsulated oil exhibited a significantly lower mean peroxide value (0.41 meq/100 g)
compared to 3.8 meq/100 g for pure candlenut oil.

Microencapsulation of candlenut oil was performed using two polymeric film formers,
hydroxypropyl methylcellulose (HPMC) and maltodextrin [38]. Based on the peroxide
values, encapsulation efficiency, wettability, and moisture content of the microcapsules
obtained via a spray drying process, the authors demonstrated that the wall polymeric
materials might protect its polyunsaturated fatty acids from thermal oxidation. Body
lotion samples formulated with encapsulated concentrations of 2%, 6% and 10% candlenut
oil exhibited significant antioxidant activity, with IC50 values ranging from about 50 to
60 ppm [38].

In vivo experiments involving rats demonstrated that the incorporation of candlenut
oil into nanostructured lipid carriers (NLCs) influenced both carrier properties and hair-
growth-stimulating activity [17]. Similarly, a study utilizing mice investigated candlenut-oil
nanoemulsions formulated as a hair tonic [16]. These NLC/nanoemulsion systems intended
for trichological use contained 5-7% of candlenut oil as the liquid lipid phase [16,17].
Although these studies show the feasibility of nanocarrier formulations, results from animal
models should be distinguished from the direct evidence now available concerning human
hair follicles [19].

3.4. Mechanistic and Translational Evidence for Follicular Vigor

A recent development in the literature stated that ex vivo treatment of human scalp hair
follicles with oil from the seeds of Aleurites moluccanus (L.) Willd. led to a significant increase
in hair shaft elongation compared with controls [19]. This effect correlated with elevated
levels of PGF2«, upregulation of the AKR1C enzyme family responsible for PGF2« synthesis,
and increased expression of cell proliferation markers such as Ki67 and cyclins. Mechanistic
studies using transcriptional analysis and gene knockdown showed that activation of the
Nrf2/antioxidant-response-element pathway preceded the regulation of AKR1C [19].

The mechanistic nature of these findings is particularly relevant, as it extends beyond
compositional analysis of the oil. Current evidence shows a direct association between a
defined oil preparation and measurable responses in intact human hair follicles, specifically
involving a redox/prostaglandin signaling pathway. Furthermore, a randomized, double-
blind, left-right trial demonstrated that the oil promoted eyelash growth [19]. When
considered alongside previous animal studies [16,17], these results create a translational
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framework from formulation feasibility and in vivo animal responses to human follicle
biology and potential cosmetic application.

Accurate representation of the evidence remains essential. The available data do
not establish candlenut oil as an effective treatment for androgenetic alopecia, alopecia
areata, or other scalp disorders, and likewise the eyelash study cannot substitute for a
controlled scalp trial. Currently, candlenut oil demonstrates emerging mechanistic and
human evidence supporting a positive influence on follicular vigor and hair growth biology;
however, its efficacy for specific conditions and its long-term effects on the scalp have yet to
be determined.

4. Indonesian and Brazilian Bioresources in Trichological Cosmetics:
Comparative Analysis and Complementary Potential
4.1. Scientific Rationale for Comparing Indonesian and Brazilian Bioresources

Indonesia and Brazil are both highly biodiverse tropical countries where plant oils
are incorporated into local practices and are increasingly being used in cosmetic and phar-
maceutical value chains. Although Aleurites moluccanus (L.) Willd. is not native to Brazil,
Brazilian phytopharmacological research has still investigated material from Aleurites moluc-
canus (L.) Willd. cultivated in southern Brazil [23]. This species provides a valuable basis
for comparison, highlighting the distinction between a bioresource originating in Indonesia
and oils native to the Amazon. The present review does not propose botanical equivalence
between these regions but rather assesses whether different tropical oils can fulfill similar
cosmetic functions through distinct chemical mechanisms. Recent reviews of Amazonian
oils have shown considerable variation in triglyceride composition, unsaponifiable con-
stituents, antioxidant activity, anti-inflammatory activity, emollient properties, and their
suitability for structured or nanostructured delivery systems [20,21]. Candlenut oil is
notably rich in PUFAs, while many well-known Brazilian oils are primarily composed of
oleic acid, long-chain saturated fatty acids, carotenoids, or limonoids. This diversity offers
the potential for combining these oils to achieve complementary effects, rather than substi-
tuting one for another. The following comparison focuses on three Brazilian bioresources
identified in the literature as having distinct cosmetic benefits: andiroba oil, valued for
its anti-inflammatory properties and limonoid content; pracaxi oil, which conditions hair
fibers and contains a unique fraction of behenic acid; and buriti, which is rich in carotenoids
and has photoprotective and antioxidant properties [20,21,40].

The three Brazilian oils were selected using four criteria. First, each is a seed or fruit
with documented traditional or commercial use in hair scalp or scalp care [21,40,41]. Sec-
ond, each has at least one peer-reviewed experimental study on a cosmetically relevant
endpoint conducted with the oil itself or a defined fraction, in vitro, in vivo, or in topical
formulations [40-42]. Third, the dominant chemistry of each contrasts with, rather than
duplicates, the PUFA-rich profile of candlenut oil so that complementarily can be exam-
ined: andiroba oil is dominated by oleic acid and palmitic acids and contains limonoids,
pracaxi oil combines oleic acid with 16-23% behenic acid, and buriti oil combines oleic
acid with exceptionally high carotenoid and tocopherol contents [21,40,43]. Fourth, all
three are supplied through value chains regulated by a formal access-and-benefit-sharing
framework [44,45], which allows the bio-innovation and inclusion aspects discussed to
be grounded in concrete example. Brazil was chosen as the comparator country because
Aleurites is also cultivated and investigated there [23,30], providing a shared production
and research context.

Other Indonesian, Southeast Asian, and tropical oils were considered but not retained
as primary comparators. Coconut oil (Cocos nucifera), the most extensively studied tropical
hair oil, has robust experimental evidence for reducing protein loss from hair [46]; however,
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its lauric-acid-dominated chemistry and large existing literature would not add a new
functional dimension to the comparison. Tamanu oil (Calophyllum inophyllum), which also
occurs in Indonesia and the Pacific, has shown wound-healing-related activity in human
skin cells [47], but lacks hair- or scalp-specific experimental data. Several other Amazonian
oils, such as babassu and patawa, are supported for hair applications mainly by traditional
or industry sources [48]. These oils remain candidates for future comparative studies.

4.2. Andiroba Oil (Carapa guianensis Seed Oil): The Brazilian Anti-Inflammatory Parallel

Andiroba oil, extracted from the seeds of Carapa guianensis Aubl., is one of the most
widely known Amazonian medicinal oils. Its cosmetic value is attributed to both its lipid
content and the presence of limonoids and related tetranortriterpenoids [41,49]. Bioactive
limonoids have been identified in both the seed oil and its by-products [50]. Experimental
studies demonstrated anti-inflammatory and anti-allergic effects, including reductions
in pro-inflammatory mediators [41,51]. However, these data derive from non-cutaneous
inflammation models, and andiroba oil has not yet been tested on scalp or hair-follicle
endpoints. Compared to candlenut oil, andiroba oil contains higher concentrations of
oleic acid (42-55%) and palmitic acid (27-38%), and linoleic acid (4-9%) [21,52]. This
compositional difference is relevant for formulation, as an oil phase rich in oleic acid may
yield a unique sensory profile and enhanced oxidative stability relative to one dominated by
PUFAs. Nevertheless, final stability must be established through experimental validation.
Consequently, candlenut and andiroba oils should be considered complementary lipid
sources rather than interchangeable alternatives.

The primary rationale for combining the two oils is that their respective bodies of
evidence are complementary rather than redundant. Candlenut oil has direct evidence
from human follicles studies related to Nrf2/ARE-AKR1C-PGF2« signaling [19], whereas
andiroba oil is supported by a broader literature on the anti-inflammatory effects of
limonoids [41,50,51]. A mixture of these oils may offer both follicular vigor and anti-
inflammatory benefits for the scalp. However, none of the reviewed studies provided direct
evidence of a synergistic effect on hair growth from the combination of candlenut and
andiroba oils. Therefore, any assertion of synergy remains hypothetical rather than an
established advantage.

For formulation purposes, andiroba oil is best utilized as an anti-inflammatory agent
and as a contributor to sensory properties and stability. Potential applications include scalp
serums, pre-shampoo oils, and leave-on emulsions. In these formulations, both oils should
be chemically standardized, and the mixture should be tested for oxidative stability, irritation
potential, and effects on inflammatory biomarkers before making any efficacy claims.

4.3. Pracaxi Oil (Pentaclethra macroloba Seed Oil): A Complementary Hair-Fiber Active

Pracaxi oil, extracted from the seeds of Pentaclethra macroloba (Willd.) Kuntze, exem-
plifies a Brazilian ingredient with both traditional and commercial relevance in hair care.
It is commonly used for hair styling, enhancing shine, and improving overall appearance.
The oil’s fatty acid profile is mainly oleic acid, with a relatively high behenic acid content
ranging from 16% to 23% according to various analyses [40].

Pracaxi oil is chemically complementary to candlenut oil. While candlenut oil primarily
consists of shorter-chain unsaturated C18 fatty acids and is increasingly supported by follicle-
related biological evidence [19], pracaxi oil contains a significant proportion of very-long-
chain fatty acids relevant to lubrication, film formation, manageability, and conditioning of
the hair fiber [40]. Current evidence supports a division of functional roles: candlenut oil
provides follicle and scalp support, whereas pracaxi oil primarily contributes to surface
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conditioning. This finding challenges the assumption that both oils promote hair growth
through identical mechanisms.

Pracaxi further shows the value of Brazil’s biodiversity in advancing formulation
technology and ingredient chemistry. The oil has been studied as the lipid component
of nanostructured delivery systems and Pickering-type emulsions [40]. This research
parallels studies involving candlenut oil in NLCs and nanoemulsions [16,17], presenting
opportunities for comparative analysis. Identical carrier systems could be formulated with
candlenut oil, pracaxi oil, or defined blends, and subsequently evaluated for droplet or
particle size, oxidative stability, rheological properties, deposition on hair fibers, combing
force, and scalp tolerability.

4.4. Buriti Oil (Mauritia flexuosa Fruit Oil): Photoprotective Properties and Effects on the
Scalp Microenvironment

Oil extracted from the pulp of Mauritia flexuosa L.f. represents a chemically distinct
category among Brazilian oils. It is characterized by a high content of oleic acid (approx-
imately 62-79%), carotenoids (mainly B-carotene, reported at about 780 mg/kg in one
characterization), and tocopherols (about 2360 mg/kg), which accounts for the interest in
its use in topical and photoprotective formulations [20,21,43]. In contrast to candlenut oil,
the principal value of buriti oil in hair and skin applications lies in its ability to protect the
skin from oxidative and UV-induced stress, rather than promoting follicle growth. This
distinction is supported by experimental studies showing that emulsions containing buriti
oil exhibited photoprotective effects in keratinocyte and fibroblast cell models exposed to
UVA/UVB [42]. Further research incorporated buriti oil into nanoemulsion-based photo-
protective formulations, evaluating their stability and cytotoxicity in keratinocytes. These
findings indicated that buriti oil is compatible with current topical delivery systems [53].
Buriti oil also shown to reduce wet combing force, increase gloss, and reduce split-end
formation in human hair, although the results were reported for the oils as a group [34].

In cosmetic formulations targeting the scalp, buriti oil therefore serves as a comple-
mentary ingredient to candlenut oil, particularly when addressing concerns related to
UV exposure, oxidative stress, and sensory emollience. However, buriti oil should not be
considered a substitute for approved UV filters, and current photoprotection data do not
indicate any effect on hair growth. The combination of candlenut and buriti oils represents
a multifunctional approach to scalp-protection. If photoprotective claims are to be made, it
is necessary to conduct SPF/UVA testing of the final product, assess its photostability, and
evaluate its tolerance on the scalp.

4.5. Comparative Summary and Formulation Opportunities

The comparative analysis reveals a consistent and significant pattern (Table 1). Al-
though these oils share emollient, antioxidant, and topical application properties, the
strongest supporting evidence for each oil relates to distinct functional areas. Of the four
ingredients examined, candlenut oil demonstrates the most direct evidence for promoting
follicle growth [19]. Andiroba oil provides a well-defined anti-inflammatory effect linked
to its limonoid content [41,51]. Pracaxi oil is characterized by a distinct long-chain fatty acid
profile from which hair-fiber conditioning is inferred, supported by traditional and com-
mercial use rather than by instrumental testing [40]. Buriti oil provides antioxidant activity
due to its carotenoid content and demonstrates photoprotective properties [42,43,53].
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Table 1. Evidence-based comparison between candlenut oil and selected Brazilian bioresources for
hair and scalp cosmetics.

Buriti Oil Pracaxi Oil Andiroba Oil Candlenut Oil
(Mauritia flexuosa (Pentaclethra (Carapa guianensis (Aleurites moluccana Characteristic
Fruit Oil) macroloba Seed Oil) Seed Oil) Seed Oil)
Brazil Brazil Brazil Indonesia
Oleic-rich; Oleic-rich with Oleic-rich seed oil plus

carotenoid-containing fruit
oil [21,43]

PUFAs-rich; linoleic + Dominant lipid

distinctive behenic acid limonoid fraction aclinolenic acids [15,32] feature

(~16-23%) [40] [21,50]

Antioxidant/photoprotec-
tive effects in skin cell and
topical formulation
studies [42]

Human follicle
elongation; Nrf2/ARE- ~ Best-supported
AKR1C-PGF2x; human bioactive axis
eyelash growth [19]

Hair-fiber conditioning, Limonoid-associated
emollience, lubrication;  anti-inflammatory/anti-
traditional hair use [40]  allergic activity [41,51]

Protective
emulsions/nanoemulsions
and multifunctional scalp
products [53]

Blends and scal
Conditioners, masks, . . P
. emulsions; chemically . .
leave-ons, Picker- . NLCs, nanoemulsions, Hair care
. standardized )
ing/nanostructured serums, oils products

limonoid-rich

systems [40] fractions [21]

This evidence-based hierarchy supports the development of complementary products
and challenges the prevailing practice of attributing uniform claims to all tropical oils.

e Candlenut and andiroba oils: This hypothesis focuses on scalp health by integrating
evidence from candlenut oil’s support for follicular vigor with the anti-inflammatory
properties of andiroba oil, attributed to its high limonoid content. Validation should
prioritize oxidative stability, scalp tolerability, and inflammatory biomarkers before
asserting any synergistic effects.

e  The combination of candlenut and pracaxi oils involves a complete approach for hair
and scalp care. Candlenut oil targets follicular and scalp biology, while pracaxi oil
is evaluated for its effects on fiber lubrication, manageability, shine, and protection
against damage. Recommended validation includes the evaluations combining force,
tensile properties, fiber deposition, and sensory performance.

e Candlenut and buriti oils together form a scalp care concept that supports follicu-
lar vigor and offers antioxidant and photoprotective benefits, attributed to the high
carotenoid content of buriti oil. Recommended validations encompass assessment of
product performance under UVA and UVB exposure, photostability, irritation potential,
and chemical stability. Buriti oil should not be used as a sole sunscreen filter.

From a regulatory perspective, the natural origin of ingredients does not exempt
manufacturers from requirement such as ingredient characterization, contaminant control,
stability testing, and finished-product safety assessment. In the European Union, the use of
plant oils in cosmetics is subject to the general requirements outlined in Regulation (EC) No.
1223/2009 [54]. For ingredients derived from biodiversity, comprehensive documentation
of botanical identity, geographic origin, extraction method, oxidation status, and traceability
is essential, as these factors can significantly influence both composition and reproducibility.

The Brazilian case highlights an aspect of inclusion that extends beyond ingredient
chemistry. Household-level research in the Brazilian Amazon has shown that the extrac-
tion of non-timber forest products and participation in cooperatives linked to cosmetic
industry partnerships are correlated with increased household incomes [55]. While not all
biodiversity supply chains are inherently equitable, these findings indicate that community
involvement, local processing, transparent purchasing practices, and value retention should
be regarded as integral components of cosmetic bioinnovation, rather than being considered
merely as separate sustainability claims.
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4.6. Bio-Innovation, Inclusion, and Responsible Access to Biodiversity

Brazil offers a leading example of integrating biodiversity innovation with traditional
knowledge and benefit sharing. The Brazilian Ministry of the Environment identifies
the cosmetics industry as a key user of the country’s genetic resources and associated
traditional knowledge and emphasizes that access to specific traditional knowledge requires
prior informed consent. The national SisGen platform enables the registration of access,
benefit payments, product notifications, and related procedures within this regulatory
framework [45,56]. These mechanisms are significant for the international cosmetics market
since they formalize inclusion by embedding traceability and benefit sharing into research
and commercialization processes.

In the context of Indonesian candlenut oil, the key lesson is not to directly import
Brazilian legal framework to a different jurisdiction, but rather to apply similar scientific
and ethical principles. Indonesia already has a legal basis for doing so, having ratified the
Nagoya Protocol on access and benefit-sharing [44]. These includes accurately identifying
the biological resource, documenting sourcing and processing, recognizing the origin of
traditional knowledge when it informs product development, and designing value chains
in which local producers are recognized participants rather than anonymous raw-material
suppliers. This approach strengthens both the reproducibility and the social legitimacy of
biodiversity-derived cosmetic innovation.

4.7. Research Agenda for Indonesian-Brazilian Bioresource Combinations

Comparative analysis leads to several experimentally testable questions. First, factorial
blend studies are needed to determine whether Brazilian oils high in oleic acid can enhance
the oxidative stability and sensory qualities of candlenut oil, which is rich in PUFAs, without
reducing its follicular activity. Second, combinations of candlenut and andiroba oils should
be evaluated in keratinocyte, dermal papilla, or ex vivo scalp models, incorporating both
hair-growth indicators and inflammatory biomarkers. Third, candlenut—pracaxi oil sys-
tems should be investigated from the perspective of follicular biology and the instrumental
performance of the hair fiber. Fourth, candlenut-buriti oil formulations should be tested
for antioxidant and photoprotective properties in the final product, rather than inferring
sunscreen performance simply from the composition of the raw oil. For all combinations,
chemical fingerprinting of the oils used in biological studies is essential to ensure repro-
ducibility. Finally, the same framework could be extended to other tropical oils, such as
coconut and tamanu oils, to test whether the complementarity observed here holds beyond
the oils selected.

These studies would shift the current cross-biodiversity comparison from a conceptual
formulation framework to an evidence-based platform for the development of new cosmetic
products. Until such studies are performed, it is most scientifically accurate to state that
Indonesian and Brazilian bioresources present complementary opportunities rather than
established synergistic effects.

5. Conclusions

Candlenut oil is a promising Indonesian bioresource for hair and scalp cosmetics,
since its traditional use is increasingly supported by scientific evidence. Its composition,
particularly the high content of polyunsaturated fatty acids, offers a robust basis for formu-
lation. Recent studies involving follicles and eyelashes in different experimental models
demonstrate that candlenut oil produces measurable effects on hair growth [16-19]. On the
other hand, the high degree of unsaturation poses a significant challenge for formulation.
Therefore, oxidation control, batch characterization, and chemical standardization should be
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prioritized as essential issues of product development rather than considered as secondary
quality attributes.

Comparisons between Brazilian and Indonesian biodiversity actually strengthen the
emphasis on Indonesian resources. Andiroba, pracaxi, and buriti oils do not merely replicate
the functions of candlenut oil; instead, they offer distinct chemical and functional properties
that can inform the development of novel research hypotheses. For instance, andiroba oil
may provide anti-inflammatory effects, pracaxi oil may enhance hair fiber conditioning, and
buriti oil may deliver antioxidant and photoprotective benefits for the scalp. Presenting these
potential applications in accordance with the current evidence base prevents overstated
claims and delineates which outcomes require direct experimental validation.

Assessment of bioinnovation in natural cosmetics requires consideration of the novelty
of both the ingredient and the delivery system, particularly in relation to the transformation
of biodiversity into economic and social value. Brazil’s experience with community-linked
value chains for non-timber forest products, alongside the implementation of formal access-
and-benefit-sharing mechanisms, serves as a model for establishing traceable, inclusive
and scientifically reproducible supply chains [45,55,56]. For candlenut oil, Indonesia’s
ethnobotanical heritage exemplifies a broader approach to tropical cosmetic innovation,
where scientific validation, formulation technology, biodiversity conservation, and social
inclusion develop in an integrated manner.

Author Contributions: Conceptualization, E.Z.; methodology, M.A.A F. and E.Z.; validation, M.A.A.F,,
L.G. and E.Z.; resources, M.A.A.F.,, L.G,, L.C,, PS. and E.Z.; data curation, M.A.A.F,, L.G., L.C., PS.
and E.Z.; writing—original draft preparation, M.A.A.F.; writing—review and editing, L.G., L.C., PS.
and E.Z.; supervision, E.Z.; funding acquisition, L.G. and P.S. and E.Z. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: M.A.A'F,, L.G. and E.Z. acknowledge the EMOTION master’s program, which is
co-funded by the European Union through the Erasmus+ program (GA GAP-101128127). Views and
opinions expressed are those of the authors only and do not necessarily reflect those of the European
Union or EACEA. During the preparation of this manuscript, the authors used Claude (Anthropic;
Opus 5.5 model) to verify references and check languages. The authors have reviewed and edited the
output and take full responsibility for the content of this publication.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Frith, H.; Jankowski, G.S. Psychosocial Impact of Androgenetic Alopecia on Men: A Systematic Review and Meta-Analysis.
Psychol. Health Med. 2024, 29, 822-842. [CrossRef] [PubMed]

2. Phillips, T.G.; Slomiany, W.P;; Allison, R. Hair Loss: Common Causes and Treatment. Am. Fam. Physician 2017, 96, 371-378.
[PubMed ]

3. Cuevas-Diaz Duran, R.; Martinez-Ledesma, E.; Garcia-Garcia, M.; Bajo Gauzin, D.; Sarro-Ramirez, A.; Gonzalez-Carrillo,
C.; Rodriguez-Sardin, D.; Fuentes, A.; Cardenas-Lopez, A. The Biology and Genomics of Human Hair Follicles: A Focus on
Androgenetic Alopecia. Int. J. Mol. Sci. 2024, 25, 2542. [CrossRef] [PubMed ]

4. Oiwoh, 5.0.; Enitan, A.O.; Adegbosin, O.T.; Akinboro, A.O.; Onayemi, E.O. Androgenetic Alopecia: A Review. Niger. Postgrad.
Med. J. 2024, 31, 85-92. [CrossRef] [PubMed ]

5. Kiselev, A,; Park, S. Immune Niches for Hair Follicle Development and Homeostasis. Front. Physiol. 2024, 15, 1397067. [CrossRef]

[PubMed]

https://doi.org/10.3390/cosmetics13060307


https://doi.org/10.1080/13548506.2023.2242049
https://www.ncbi.nlm.nih.gov/pubmed/37605428
https://www.ncbi.nlm.nih.gov/pubmed/28925637
https://doi.org/10.3390/ijms25052542
https://www.ncbi.nlm.nih.gov/pubmed/38473791
https://doi.org/10.4103/npmj.npmj_47_24
https://www.ncbi.nlm.nih.gov/pubmed/38826011
https://doi.org/10.3389/fphys.2024.1397067
https://www.ncbi.nlm.nih.gov/pubmed/38711955
https://doi.org/10.3390/cosmetics13060307

Cosmetics 2026, 13, 307 150f 17

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Xiao, Y.; Zhang, Y.; Deng, S.; Yang, X.; Yao, X. Immune and Non-Immune Interactions in the Pathogenesis of Androgenetic
Alopecia. Clin. Rev. Allergy Immunol. 2025, 68, 22. [CrossRef] [PubMed ]

Du, F; Li, J.; Zhang, S.; Zeng, X.; Nie, J.; Li, Z. Oxidative Stress in Hair Follicle Development and Hair Growth: Signalling
Pathways, Intervening Mechanisms and Potential of Natural Antioxidants. J. Cell. Mol. Med. 2024, 28, €18486. [CrossRef]
[PubMed ]

Ma, Y.; Sun, Z.; Li, Y.-M.; Xu, H. Oxidative Stress and Alopecia Areata. Front. Med. 2023, 10, 1181572. [CrossRef] [PubMed ]
Peterle, L.; Sanfilippo, S.; Borgia, F.; Cicero, N.; Gangemi, S. Alopecia Areata: A Review of the Role of Oxidative Stress, Possible
Biomarkers, and Potential Novel Therapeutic Approaches. Antioxidants 2023, 12, 135. [CrossRef] [PubMed ]

Shah, R.R.; Larrondo, J.; Dawson, T.; McMichael, A. Scalp Microbiome: A Guide to Better Understanding Scalp Diseases and
Treatments. Arch. Dermatol. Res. 2024, 316, 495. [CrossRef] [PubMed ]

Hordinsky, M.; Andriessen, A.; Mesinkovska, N.; Woolery-Lloyd, H. Insights on the Impact of Scalp Barrier Condition on Hair
Health. J. Drugs Dermatol. 2025, 24, s3—s7. [CrossRef] [PubMed ]

McMullen, R.L. The Benefits and Challenges of Treating Skin with Natural Oils. Int. ]. Cosmet. Sci. 2024, 46, 553-565. [CrossRef]
[PubMed ]

Wang, X; Jia, Y.; He, H. The Role of Linoleic Acid in Skin and Hair Health: A Review. Int. J. Mol. Sci. 2025, 26, 246. [CrossRef]
[PubMed ]

Fachrina, S.; Broto, R.T.D.W. Optimization of Soxhlet Extraction of Candlenut Oil (Aleurites moluccana (L.) Willd) Using Factorial
Experimental Design Level 2/3. J. Vocat. Stud. Appl. Res. 2023, 5, 5-9. [CrossRef]

Ojha, PK,; Poudel, D.K,; Rokaya, A.; Maharjan, S.; Timsina, S.; Poudel, A.; Satyal, R.; Satyal, P; Setzer, W.N. Chemical Compositions
and Essential Fatty Acid Analysis of Selected Vegetable Oils and Fats. Compounds 2024, 4, 37-70. [CrossRef]

Almas, J.F,; Chasanah, U.; Rahmasari, D. Activity of Hair Tonic Nanoemulsion with Candlenut Oil (Aleurites moluccana) on Mice
(Mus musculus). KnE Med. 2022, 2, 630—-636. [CrossRef]

Erawati, TM.; Rosita, N.; Rachmania, I. The Activity of Candlenut Oil in the Nanostructured Lipid Carrier System on Hair Growth
in Rats. J. Public Health Afr. 2023, 14, 5. [CrossRef] [PubMed ]

Wahyuni, A.S.; Maulana, F.A.; Sukmawati, A.; Fauzi, A.; Wijianto, D.W.; Bakar, F1.A. Combination of Candlenut (Aleurites
mollucana (L.) Wild) Oil and Celery (Apium graveolens) Extract Stimulates Hair Growth: Formulation and Activity Test of Spray
Preparation. Trop. J. Nat. Prod. Res. 2025, 9, 3540-3550. [ CrossRef]

Kato, H.; Badjuri, N.R.; Febrian, J.; Erawati, T.; Rijal, M.A.S.; Rizaldy, D.; Sai, S.; Fukui, R.; Atsumi, Y.; Hayakawa, T.; et al. Kukui
Nut Oil (Aleurites moluccanus Seed Oil) Promotes Hair Growth by Activating the Nrf2/ARE-AKR1C Family-PGF2« Signaling
Axis. Sci. Rep. 2026, 16, 24694. [CrossRef] [PubMed ]

Mosquera Narvaez, L.E.; Ferreira, L.M.d.M.C.; Sanches, S.; Gyles, D.A; Silva-Janior, J.O.C.; Ribeiro Costa, R.M. A Review of
Potential Use of Amazonian Oils in the Synthesis of Organogels for Cosmetic Application. Molecules 2022, 27, 2733. [CrossRef]
[PubMed]

Merckling-Almeida da Silva, L.; Merckling, N.; Bigi, E.; Cunha de Melo, K.; Popa, I. Review of Biological Activities of Some Rare
Oils from Amazonian Plants. Metabolites 2025, 15, 554. [CrossRef] [PubMed |

Cavalcanti, A.P.B.; de Aragjo, G.P; Bezerra, K.G.O.; de Almeida, F.C.G.; da Silva, M.G.C.; Sarubbo, A.; da Silva, R.C.ES.; Sarubbo,
L.A. Innovation and Sustainability in the Cosmetics Industry: A Global Perspective with Local Insights. Cosmetics 2026, 13, 59.
[CrossRef]

Quintdo, N.L.M.; Meyre-Silva, C.; Silva, G.F.; Antonialli, C.S.; Rocha, L.W.; Lucinda-Silva, R.M.; Malheiros, A.; Souza, M.M.;
Cechinel Filho, V.; Bresolin, T.M.B. Aleurites moluccana (L.) Willd. Leaves: Mechanical Antinociceptive Properties of a Standardized
Dried Extract and Its Chemical Markers. Evid. Based Complement. Altern. Med. 2011, 2011, 179890. [CrossRef] [PubMed ]
Baethge, C.; Goldbeck-Wood, S.; Mertens, S. SANRA—A Scale for the Quality Assessment of Narrative Review Articles. Res.
Integr. Peer Rev. 2019, 4, 5. [CrossRef] [PubMed ]

Haddaway, N.R.; Collins, A.M.; Coughlin, D.; Kirk, S. The Role of Google Scholar in Evidence Reviews and Its Applicability to
Grey Literature Searching. PLoS ONE 2015, 10, e0138237. [CrossRef] [PubMed ]

Greenhalgh, T.; Peacock, R. Effectiveness and Efficiency of Search Methods in Systematic Reviews of Complex Evidence: Audit of
Primary Sources. BM]J 2005, 331, 1064-1065. [CrossRef] [PubMed]

Krisnawati, H.; Kallio, M.H.; Kanninen, M. Aleurites moluccana (L.) Willd.: Ecology, Silviculture and Productivity; Center for
International Forestry Research (CIFOR): Bogor, Indonesia, 2011.

Hakim, A ; Jamaluddin, J.; Idrus, SW.A.; Jufri, A.W.; Ningsih, B.N.S. Ethnopharmacology, Phytochemistry, and Biological Activity
Review of Aleurites moluccana. J. Appl. Pharm. Sci. 2022, 12, 170-178. [CrossRef]

Fukuda de Castilho, P.; Gomes da Silva Dantas, F.; Pires de Aratjo, R.; Almeida Castro, L.H.; Souza de Aratjo, F.H.; Negri, M.;
Carvalho dos Santos, A.; Carvalho Souza, R.I.; Lima Cardoso, C.A.; Oesterreich, S.A.; et al. General and Genetic Toxicology
Studies of Aleurites moluccana (L.) Willd. Seeds In Vitro and In Vivo Assays. J. Ethnopharmacol. 2021, 280, 114478. [CrossRef]
[PubMed ]

https://doi.org/10.3390/cosmetics13060307


https://doi.org/10.1007/s12016-025-09034-5
https://www.ncbi.nlm.nih.gov/pubmed/40024940
https://doi.org/10.1111/jcmm.18486
https://www.ncbi.nlm.nih.gov/pubmed/38923380
https://doi.org/10.3389/fmed.2023.1181572
https://www.ncbi.nlm.nih.gov/pubmed/37396920
https://doi.org/10.3390/antiox12010135
https://www.ncbi.nlm.nih.gov/pubmed/36670997
https://doi.org/10.1007/s00403-024-03235-2
https://www.ncbi.nlm.nih.gov/pubmed/39073596
https://doi.org/10.36849/JDD.32711
https://www.ncbi.nlm.nih.gov/pubmed/39913236
https://doi.org/10.1111/ics.12960
https://www.ncbi.nlm.nih.gov/pubmed/39113309
https://doi.org/10.3390/ijms26010246
https://www.ncbi.nlm.nih.gov/pubmed/39796110
https://doi.org/10.14710/jvsar.v5i1.17143
https://doi.org/10.3390/compounds4010003
https://doi.org/10.18502/kme.v2i3.11917
https://doi.org/10.4081/jphia.2023.2519
https://www.ncbi.nlm.nih.gov/pubmed/37492551
https://doi.org/10.26538/tjnpr/v9i8.13
https://doi.org/10.1038/s41598-026-54838-w
https://www.ncbi.nlm.nih.gov/pubmed/42218237
https://doi.org/10.3390/molecules27092733
https://www.ncbi.nlm.nih.gov/pubmed/35566084
https://doi.org/10.3390/metabo15080554
https://www.ncbi.nlm.nih.gov/pubmed/40863170
https://doi.org/10.3390/cosmetics13020059
https://doi.org/10.1155/2011/179890
https://www.ncbi.nlm.nih.gov/pubmed/21660087
https://doi.org/10.1186/s41073-019-0064-8
https://www.ncbi.nlm.nih.gov/pubmed/30962953
https://doi.org/10.1371/journal.pone.0138237
https://www.ncbi.nlm.nih.gov/pubmed/26379270
https://doi.org/10.1136/bmj.38636.593461.68
https://www.ncbi.nlm.nih.gov/pubmed/16230312
https://doi.org/10.7324/JAPS.2022.120419
https://doi.org/10.1016/j.jep.2021.114478
https://www.ncbi.nlm.nih.gov/pubmed/34343649
https://doi.org/10.3390/cosmetics13060307

Cosmetics 2026, 13, 307 16 of 17

30.

31.

32.

33.

34.

35.
36.

37.
38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

50.

51.

Rosa, M.C.d.B.; Ribeiro, PR.; Silva, V.d.O.; Selvati-Rezende, D.A.d.C.; da Silva, T.P.; Souza, F.R.; Cardoso, M.d.G.; Seixas, ].N.;
Andrade, E.F,; Pardi, V.; et al. Fatty Acids Composition and In Vivo Biochemical Effects of Aleurites moluccana Seed (Candlenut)
in Obese Wistar Rats. Diabetol. Metab. Syndr. 2022, 14, 80. [CrossRef] [PubMed ]

Burnett, C.L.; Fiume, M.M.; Bergfeld, W.F.; Belsito, D.V.; Hill, R.A,; Klaassen, C.D.; Liebler, D.; Marks, J.G., Jr.; Shank, R.C.; Slaga,
T.J.; et al. Safety Assessment of Plant-Derived Fatty Acid Oils. Int. J. Toxicol. 2017, 36, 515-129S. [ CrossRef] [PubMed ]

Ako, H.; Kong, N.; Brown, A. Fatty Acid Profiles of Kukui Nut Oils over Time and from Different Sources. Ind. Crops Prod. 2005,
22,169-174. [CrossRef]

Poljsak, N.; Koc¢evar Glava¢, N. Vegetable Butters and Oils as Therapeutically and Cosmetically Active Ingredients for Dermal
Use: A Review of Clinical Studies. Front. Pharmacol. 2022, 13, 868461. [CrossRef] [PubMed ]

Fregonesi, A.; Scanavez, C.; Santos, L.; De Oliveira, A.; Roesler, R.; Escudeiro, C.; Moncayo, P.; De Sanctis, D.; Gesztesi, ].L.
Brazilian Oils and Butters: The Effect of Different Fatty Acid Chain Composition on Human Hair Physiochemical Properties. J.
Cosmet. Sci. 2009, 60, 273-280. [PubMed ]

Gavazzoni Dias, M.ER. Hair Cosmetics: An Overview. Int. |. Trichology 2015, 7, 2-15. [CrossRef] [PubMed ]

Agredo, P; Rave, M.C; Echeverri, ].D.; Romero, D.; Salamanca, C.H. An Evaluation of the Physicochemical Properties of Stabilized
Oil-In-Water Emulsions Using Different Cationic Surfactant Blends for Potential Use in the Cosmetic Industry. Cosmetics 2019, 6,
12. [CrossRef]

Mysore, V.; Arghya, A. Hair Oils: Indigenous Knowledge Revisited. Int. J. Trichology 2022, 14, 84-90. [CrossRef] [PubMed ]
Yusri, S.; Tiffany; Sutanto, H. Candlenut Oil Encapsulation with Hidroxypropyl Methylcellulose (HPMC) for Body Lotion
Application. IOP Conf. Ser. Mater. Sci. Eng. 2021, 1011, 012046. [CrossRef]

Hidayat, A.F.; Aryani, R.; Choesrina, R.; Novita, I.D.; Devi, A.M. Oxidative Stability of Nano-Encapsulated Candlenut Oil. KnE
Life Sci. 2022, 7, 282-289. [CrossRef]

Nobre Lamarao, M.L.; Ferreira, L.M.d.M.C.; Gyles Lynch, D.; Morais, L.R.B.; Silva-Jtnior, ].O.C.; Ribeiro-Costa, R.M. Pentaclethra
Macroloba: A Review of the Biological, Pharmacological, Phytochemical, Cosmetic, Nutritional and Biofuel Potential of This
Amazonian Plant. Plants 2023, 12, 1330. [CrossRef] [PubMed |

Henriques, M.d.G.; Penido, C. The Therapeutic Properties of Carapa Guianensis. Curr. Pharm. Des. 2014, 20, 850-856. [ CrossRef]
[PubMed ]

Zanatta, C.F.; Mitjans, M.; Urgatondo, V.; Rocha-Filho, P.A.; Vinardell, M.P. Photoprotective Potential of Emulsions Formulated
with Buriti Oil (Mauritia flexuosa) against UV Irradiation on Keratinocytes and Fibroblasts Cell Lines. Food Chem. Toxicol. 2010, 48,
70-75. [CrossRef] [PubMed ]

Speranza, P.; de Oliveira Falcdo, A.; Alves Macedo, J.; da Silva, L. H.M.; da C. Rodrigues, A.M.; Alves Macedo, G. Amazonian
Buriti Oil: Chemical Characterization and Antioxidant Potential. Grasas Aceites 2016, 67, €135. [CrossRef]

Republic of Indonesia. Law No. 11 of 2013 on the Ratification of the Nagoya Protocol on Access to Genetic Resources and the Fair and
Equitable Sharing of Benefits Arising from Their Utilization to the Convention on Biological Diversity; State Gazette of the Republic of
Indonesia 2013 No. 73; Government of the Republic of Indonesia: Jakarta, Indonesia, 2013. Available online: https://peratu-
ran.bpk.go.id/Details /38848 (accessed on 24 October 2026).

Ministério do Meio Ambiente SisGen—Sistema Nacional de Gestao Do Patriménio Genético e Do Conhecimento Tradicional
Associado. Available online: https://www.gov.br/mma/pt-br/assuntos/bioeconomia/patrimonio-genetico/sisgen (accessed on
25 August 2026).

Rele, A.S.; Mohile, R.B. Effect of Mineral Oil, Sunflower Oil, and Coconut Oil on Prevention of Hair Damage. J. Cosmet. Sci. 2003,
54,175-192. [PubMed]

Ansel, J.-L.; Lupo, E.; Mijouin, L.; Guillot, S.; Butaud, J.-F.; Ho, R.; Lecellier, G.; Raharivelomanana, P.; Pichon, C. Biological Activity
of Polynesian Calophyllum inophyllum Oil Extract on Human Skin Cells. Planta Med. 2016, 82, 961-966. [ CrossRef] [PubMed ]
Burlando, B.; Cornara, L. Revisiting Amazonian Plants for Skin Care and Disease. Cosmetics 2017, 4, 25. [ CrossRef]

de Souza, B.C.C.; Uchéa, B.C.; dos Santos Giuberti, C.; de Oliveira Souza, M.; Kitagawa, R.R.; de Almeida Romagna, R.; da
Silva Tonini, E.; Nunes, K.M.; de Sousa Barroso, A.; Mourdo, R.H.V;; et al. Sustainable Nanotechnology-Based Approach for the
Valorization of Amazonian Carapa Guianensis Seed Oil in Dermocosmetic Formulations. Ind. Crops Prod. 2026, 251, 124259.
[CrossRef]

Pereira da Silva, V.; de Carvalho Brito, L.; Mesquita Marques, A.; da Cunha Camillo, F.; Figueiredo, M.R. Bioactive Limonoids
from Carapa Guianensis Seeds Oil and the Sustainable Use of Its By-Products. Curr. Res. Toxicol. 2023, 4, 100104. [CrossRef]
[PubMed]

Penido, C.; Conte, E.P.; Chagas, M.S.S.; Rodrigues, C.A.B.; Pereira, J.F.G.; Henriques, M.G.M.O. Antiinflammatory Effects of
Natural Tetranortriterpenoids Isolated from Carapa Guianensis Aublet on Zymosan-Induced Arthritis in Mice. Inflamm. Res.
2006, 55, 457-464. [CrossRef] [PubMed]

https://doi.org/10.3390/cosmetics13060307


https://doi.org/10.1186/s13098-022-00847-4
https://www.ncbi.nlm.nih.gov/pubmed/35676689
https://doi.org/10.1177/1091581817740569
https://www.ncbi.nlm.nih.gov/pubmed/29243540
https://doi.org/10.1016/j.indcrop.2004.07.003
https://doi.org/10.3389/fphar.2022.868461
https://www.ncbi.nlm.nih.gov/pubmed/35548366
https://www.ncbi.nlm.nih.gov/pubmed/19450426
https://doi.org/10.4103/0974-7753.153450
https://www.ncbi.nlm.nih.gov/pubmed/25878443
https://doi.org/10.3390/cosmetics6010012
https://doi.org/10.4103/ijt.ijt_189_20
https://www.ncbi.nlm.nih.gov/pubmed/35755964
https://doi.org/10.1088/1757-899X/1011/1/012046
https://doi.org/10.18502/kls.v7i5.12537
https://doi.org/10.3390/plants12061330
https://www.ncbi.nlm.nih.gov/pubmed/36987018
https://doi.org/10.2174/13816128113199990048
https://www.ncbi.nlm.nih.gov/pubmed/23701562
https://doi.org/10.1016/j.fct.2009.09.017
https://www.ncbi.nlm.nih.gov/pubmed/19766688
https://doi.org/10.3989/gya.0622152
https://peraturan.bpk.go.id/Details/38848
https://peraturan.bpk.go.id/Details/38848
https://www.gov.br/mma/pt-br/assuntos/bioeconomia/patrimonio-genetico/sisgen
https://www.ncbi.nlm.nih.gov/pubmed/12715094
https://doi.org/10.1055/s-0042-108205
https://www.ncbi.nlm.nih.gov/pubmed/27280931
https://doi.org/10.3390/cosmetics4030025
https://doi.org/10.1016/j.indcrop.2026.124259
https://doi.org/10.1016/j.crtox.2023.100104
https://www.ncbi.nlm.nih.gov/pubmed/37020602
https://doi.org/10.1007/s00011-006-5161-8
https://www.ncbi.nlm.nih.gov/pubmed/17122962
https://doi.org/10.3390/cosmetics13060307

Cosmetics 2026, 13, 307 17 of 17

52.

53.

54.

55.

56.

Milhomem-Paixdo, S.S.R.; Fascineli, M.L.; Roll, M.M.; Longo, ].P.F.; Azevedo, R.B.; Pieczarka, ].C.; Salgado, H.L.C.; Santos, A.S.;
Grisolia, C.K. The Lipidome, Genotoxicity, Hematotoxicity and Antioxidant Properties of Andiroba Oil from the Brazilian Amazon.
Genet. Mol. Biol. 2016, 39, 248-256. [CrossRef] [PubMed]

Reis-Mansur, M.C.P.P;; Firmino Gomes, C.C.; Nigro, F.; Ricci-Janior, E.; de Freitas, Z.M.F,; dos Santos, E.P. Nanotechnology as a
Tool for Optimizing Topical Photoprotective Formulations Containing Buriti Oil (Mauritia flexuosa) and Dry Aloe Vera Extracts:
Stability and Cytotoxicity Evaluations. Pharmaceuticals 2023, 16, 292. [CrossRef] [PubMed]

European Parliament and Council of the European Union. Regulation (EC) No 1223/2009 of the European Parliament
and of the Council of 30 November 2009 on Cosmetic Products; Official Journal of the European Union L 342, pp. 59-209;
Publications Office of the European Union: Luxembourg, 2009. Available online: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX%3A32009R1223 (accessed on 25 August 2026).

Antunes, A; Simmons, C.S.; Veiga, ].P. Non-Timber Forest Products and the Cosmetic Industry: An Econometric Assessment of
Contributions to Income in the Brazilian Amazon. Land 2021, 10, 588. [CrossRef]

Brasil. Lei n®13.123, de 20 de Maio de 2015. Dispde sobre 0 Acesso ao Patrimonio Genético, sobre a Protegdo e o Acesso ao Conhecimento
Tradicional Associado e sobre a Repartigdo de Beneficios para Conservagdo e Uso Sustentdvel da Biodiversidade; Diario Oficial da Unido:
Brasilia, Brazil, 2015. Available online: https://www.planalto.gov.br/ccivil_03/_ato2015-2018/2015/lei/113123.htm (accessed on
24 October 2026).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury

to people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/cosmetics13060307


https://doi.org/10.1590/1678-4685-GMB-2015-0098
https://www.ncbi.nlm.nih.gov/pubmed/27192128
https://doi.org/10.3390/ph16020292
https://www.ncbi.nlm.nih.gov/pubmed/37259436
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32009R1223
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32009R1223
https://doi.org/10.3390/land10060588
https://www.planalto.gov.br/ccivil_03/_ato2015-2018/2015/lei/l13123.htm
https://doi.org/10.3390/cosmetics13060307

	Introduction 
	Hair and Scalp Health as an Integrated Dermatological and Cosmetic Concern 
	The Hair Follicle as a Regenerative and Immunologically Regulated Mini-Organ 
	Botanical Oils as Functional Lipid Matrices in Modern Cosmetic Science 
	Why Candlenut Oil Has Become Scientifically Timely 
	From an Indonesian Bioresource to Cross-Biodiversity Cosmetic Innovation 

	Methodology 
	From Cultivation to the Cosmetic Laboratory 
	Botany 
	Chemistry 
	Essential Fatty Acids 
	Flavonoids and Polyphenols 
	Minor Unsaponifiable Components and Phytochemical Uncertainty 
	Vitamin E (Tocopherols) 

	Formulation 
	Mechanistic and Translational Evidence for Follicular Vigor 

	Indonesian and Brazilian Bioresources in Trichological Cosmetics: Comparative Analysis and Complementary Potential 
	Scientific Rationale for Comparing Indonesian and Brazilian Bioresources 
	Andiroba Oil (Carapa guianensis Seed Oil): The Brazilian Anti-Inflammatory Parallel 
	Pracaxi Oil (Pentaclethra macroloba Seed Oil): A Complementary Hair-Fiber Active 
	Buriti Oil (Mauritia flexuosa Fruit Oil): Photoprotective Properties and Effects on the Scalp Microenvironment 
	Comparative Summary and Formulation Opportunities 
	Bio-Innovation, Inclusion, and Responsible Access to Biodiversity 
	Research Agenda for Indonesian-Brazilian Bioresource Combinations 

	Conclusions 
	References



