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ABSTRACT

Bixa orellana, commonly known as annatto or lipstick tree, is a valuable medicinal and
industrial plant widely distributed in tropical and subtropical regions. The plant is renowned
for its bright red-orange pigment, bixin, which is extensively used as a natural colorant in
food, cosmetics, pharmaceuticals, and textile industries. In recent years, Bixa orellana has
gained significant attention due to its rich phytochemical composition, including
carotenoids, flavonoids, tannins, terpenoids, and phenolic compounds, which exhibit
antioxidant, antimicrobial, anti-inflammatory, antidiabetic, and wound-healing properties.
Various plant parts such as seeds, leaves, roots, and bark are traditionally utilized in
ethnomedicine for treating skin disorders, digestive ailments, fever, and respiratory
problems. Biotechnological approaches including plant tissue culture, micropropagation,
callus culture, and secondary metabolite enhancement have further expanded the
commercial and pharmaceutical potential of this species. The increasing demand for natural
bioactive compounds and eco-friendly products highlights the importance of Bixa orellana as
a promising resource for sustainable agriculture, herbal medicine, and biotechnology-based
industries.
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INTRODUCTION

lants and trees serve as rich natural

sources of diverse bioactive compounds

that have long been utilized in the
pharmaceutical, food, and cosmetic industries
(Patra et al., 2018). Traditional medicinal
plants have attracted considerable scientific
interest due to their potential in the discovery
of new therapeutic agents and commercially
valuable products (Yuan et al., 2016). Among
these medicinally important species, Bixa
orellana L. is recognized as a prominent
natural dye-producing plant traditionally used
by various indigenous communities (Mahanta
et al., 2005). The plant belongs to the family
Bixaceae and is popularly known as annatto,
achiote, or lipstick tree. It is a perennial shrub
or small tree reaching a height of about 3—10
m, characterized by pink or white blossoms,
spiny reddish-brown fruit capsules, and bright
reddish triangular seeds (Aher ef al., 2012).

Bixa orellana is widely utilized as a natural
food colouring agent and serves as an eco-
friendly substitute for synthetic dyes in the
food industry. In addition, its seeds are
commonly employed as flavouring agents and
condiments in traditional culinary preparations
(Leal and Clavijo, 2010). Apart from its
colouring potential, the plant possesses several
biologically active constituents that enhance
its medicinal value. The seeds contain
important phytochemicals such as bixin,
norbixin, phenolics, flavonoids, tannins,
terpenoids, and essential oils, which exhibit
antioxidant, antimicrobial, anti-inflammatory,
and other therapeutic properties.

The seeds of Bixa orellana are also utilized in
the preparation of various dietary and
nutritional products (Quintero et al., 2020).
The plant is native to tropical regions and
thrives well in alluvial soils with a pH range of
6.0-7.5. It has an economic lifespan of
approximately 20-25 years under suitable
growing conditions. Ethnobotanical
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investigations have highlighted the therapeutic
importance of Bixa
management of several ailments, leading to its
widespread use in traditional medicine systems
across different parts of the world
(Venugopalan et al., 2011). Therefore, the
present review focuses on the ethnobotanical
importance, phytochemical composition, and
pharmacological potential of Bixa orellana.

orellana 1n the

Parameter Description

Scientific Name Bixa orellana L

Common Name Annatto, Lipstick Tree
Family Bixaceae
Economic Part Seeds

Major Pigments Bixin and Norbixin

Native Region Tropical America

Natural dye, medicine,
cosmetics, food industry

Major Uses

Figure 1: Sindoor plant parts with fruit, seeds
and flower
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Botanical Classification

Community-Based Plant Utilization

Nature is enriched with a vast diversity of
plant species that serve numerous purposes in
human life. Much of the traditional knowledge
related to these plants has been preserved and
practiced by indigenous communities for
generations. Tribal populations largely rely on
local plant resources for healthcare, food,
coloring agents, and various daily needs.
Traditional medicinal systems based on plants
continue to play an important role in treating
different ailments in rural and tribal societies.
Therefore,  proper  documentation  of
ethnobotanical knowledge is essential for
preserving valuable indigenous traditions and
promoting biodiversity conservation. Bixa
orellana is one such important plant that has
been  extensively utilized by tribal
communities across different parts of the
world, particularly for medicinal purposes and
as a source of natural dye. The following
section  highlights the  ethnobotanical
significance and traditional uses of Bixa
orellana among diverse indigenous groups.

Traditional Medicinal Uses

e Management of Skin Ailments: Bixa
orellana has long been utilized in
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traditional medicine for the treatment of
cuts, burns, wounds, and insect stings. The

L. | Kingdom Plantae plant is valued for its antimicrobial and
2. | Subkingdom Viridiplantae anti-inflammatory activities, which support
faster healing and help reduce skin
3. | Division Tracheophyta irritation and inflammation.
4. | Subdivision Spermatophytina Treatment of Digestive Problems: Herbal
5. | Class Magnoliopsida preparations made from the leaves and
seeds are commonly used to relieve
6. | Order Malvales digestive disorders such as indigestion,
7. | Family Bixaceae stomach ulcers, and diarrhea. These
therapeutic effects are associated with the
8. | Genus Bixa plant’s antibacterial potential, which
9. | Species Bixa orellana contributes to improved gastrointestinal
health.

Relief from Inflammatory Conditions:
Traditional healers use Bixa orellana to
ease inflammatory disorders including
arthritis, joint discomfort, and muscular
pain. Its bioactive compounds are believed
to help minimize swelling and

inflammation naturally.

Use in Respiratory Ailments: The plant is
also employed in traditional remedies for
cough, cold, fever, and other respiratory
problems. Its expectorant and antipyretic
properties are considered beneficial in
relieving respiratory  congestion and

reducing fever symptoms.

Apart from its medicinal value, Bixa
orellana holds important cultural and
traditional significance among many
indigenous communities. The brightly
colored seeds are commonly used as a
natural pigment for body painting during
rituals and ceremonial practices. In several
tribal traditions, this vibrant dye is believed
to offer spiritual protection, symbolize
cultural identity, and promote overall well-
being.
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Biotechnological of Bixa

orellana

Importance

Bixa orellana, commonly known as annatto or
lipstick tree, is an economically and
medicinally important tropical plant belonging
to the family Bixaceae. The plant is widely
cultivated for its seeds, which contain natural
pigments such as bixin and norbixin. These
pigments are extensively used in food,
cosmetic, textile, and  pharmaceutical
industries as natural coloring agents. In recent
years, Bixa orellana has gained considerable
attention in the field of plant biotechnology
because of its medicinal potential, bioactive
compounds, and industrial applications.

Biotechnological interventions have played a
significant role in improving the propagation,
conservation, metabolite production, and
genetic enhancement of this valuable plant

species. Techniques such as plant tissue
culture, micropropagation, genetic
transformation, molecular characterization,

and secondary metabolite production have
opened new opportunities for the sustainable
utilization of Bixa orellana.

Micropropagation and Plant Tissue Culture

Plant tissue culture techniques are highly
useful for the rapid multiplication of elite and
disease-free  plants of Bixa orellana.
Conventional propagation through seeds often
results in variability and lower germination
rates. Therefore, in vitro propagation methods
provide an efficient alternative for large-scale

multiplication.

Advantages of Micropropagation
e  Rapid multiplication of true-to-type plants
of disease-free

e  Production planting

material

e  Year-round propagation under controlled
conditions
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e  Conservation of elite germplasm

e Reduced
propagation

dependency  on

seasonal

Different explants such as nodal segments,

shoot tips,

leaves,

and hypocotyls are

commonly used for in vitro culture initiation.

Murashige
supplemented with
regulators
multiplication.

and Skoog

promotes

(MS) medium
suitable plant growth

shoot induction and

Common growth regulators used in tissue
culture for Bixa orellana

Function |
Growth Regulator unction in
Culture
BAP Shoot induction
(Benzylaminopurine) and multiplication
NAA (Naphthalene Root initiation
Acetic Acid)
IAA (Indole Aceti
Aci d)( fiaote Acetie Root development
L Cell division and
Kinetin
shoot growth
2,4-D Callus induction

Procedure of plant
culture technique

plant

Culture initiation
on MS medium

Hardening and acclimatization

Multiplication

propagation by Tissue

&
Collection of
Explants

Surface
Sterilization

Root induction

-

Field Transfer
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Secondary Metabolite Production

One of the major biotechnological applications
of Bixa orellana is the production of valuable
secondary metabolites, especially bixin and
norbixin  pigments.  These  carotenoid
compounds are widely utilized as natural food
colorants and possess antioxidant properties.
Cell suspension cultures and callus cultures
can be used for enhanced production of these
pigments  under  controlled laboratory
conditions. The use of elicitors, optimized
nutrient media, and controlled environmental
conditions further improves metabolite
synthesis.

Industrial Importance of Bixin and
Norbixin

Compound Industrial Application

Bixin Natural food colorant
Norbixin Dairy and cosmetic coloring
Carotenoids Antioxidant formulations
Phenolic compounds [Pharmaceutical preparations

Biotechnological production methods help
maintain  uniform quality and reduce
dependency on field cultivation.

Industrial Applications in Biotechnology

Natural pigments from Bixa orellana are
increasingly preferred over synthetic dyes due
to consumer awareness regarding food safety
and environmental sustainability.

Major Industrial Uses

Industry Application
Natural coloring agent in
Food Industry cheese, butter, snacks, and
beverages

Lipsticks, creams, and herbal

Cosmetic Industry .
cosmetics

Textile Industry  |Natural dye for fabrics

Pharmaceutical Herbal formulations and
Industry nutraceuticals
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The growing demand for eco-friendly and
biodegradable products has increased the
commercial value of annatto pigments
globally.

Future Prospects

Advanced biotechnological tools such as
genome editing, metabolic engineering,
synthetic biology, and nanotechnology hold
great promise for the future improvement of
Bixa orellana. Research efforts are being
directed toward:

¢ Enhancing pigment production

¢ Developing stress-tolerant varieties

¢ Improving medicinal compound synthesis
o Establishing large-scale bioreactor systems
e Conserving elite germplasm resources

Integration of biotechnology with sustainable
agriculture can significantly improve the
commercial utilization and conservation of this
valuable plant species.

CONCLUSION

Bixa orellana is an important medicinal and
industrial plant with immense biotechnological
potential. Modern biotechnology has greatly
contributed to its propagation, conservation,
metabolite production, and genetic
improvement. Tissue culture, molecular
biotechnology, and secondary metabolite
research provide sustainable approaches for
large-scale utilization of this plant. With
increasing demand for natural products and
eco-friendly alternatives, Bixa orellana is
expected to play a significant role in
pharmaceutical, nutraceutical, food, and
cosmetic industries in the future.
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