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ABSTRACT

Bixa orellana L. (family Bixaceae), commonly known as
annatto or lipstick tree, is an economically and medicinally
important plant native to tropical America and widely
cultivated in tropical and subtropical regions. Traditionally, its
leaves, seeds, bark, and roots have been used to treat various
ailments, including gastrointestinal disorders, skin diseases,
fever, wurinary tract infections, jaundice and snakebite.
Phytochemical studies have identified a diverse range of
bioactive compounds, including alkaloids, flavonoids,
terpenoids, saponins, glycosides, steroids, and tannins. The
plant is particularly valued for its natural pigments, bixin and
norbixin, which are concentrated in the seed and extensively
used in the food, cosmetic, and pharmaceutical industries.

Pharmacological investigations have demonstrated significant

antibacterial, antifungal, anti-inflammatory, and antioxidant activities, supporting its

traditional medicinal applications. This review summarizes the botanical characteristics,

phytochemical composition and therapeutic potential of B. orellana, highlighting its

importance as a promising natural resource for phytotherapeutic and pharmaceutical

applications.
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INTRODUCTION

The Bixa orellana L. (family Bixaceae) is an evergreen shrub or small tree of economic

importance, native to tropical America and widely grown in tropical and subtropical regions
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of the world (Lorenzi and Matos, 2002; Rivera-Madrid et al., 2016). The plant is known by
common names annatto, lipstick tree and Sinduri and has been widely used in traditional
medicine for its vast therapeutic properties (Kirtikar and Basu, 1999; The Wealth of India,
1988).

The species is best known for its bright red-orange seed arils containing the apocarotenoid
pigments bixin and norbixin. These natural pigments are commercially valuable, safe and
stable and are widely used as colorants in the food, cosmetic, pharmaceutical and textile
industries (Mercadante et al., 1997; Rivera-Madrid et al., 2016).

Apart from industrial significance, different parts of the plant like leaves, seeds, bark, roots
and flowers have been traditionally used for the treatment of fever, dysentery, diarrhoea, skin
diseases, jaundice, urinary tract infections, kidney disorders, inflammation, headache,
haemorrhage and snakebite in many tropical countries (Kirtikar and Basu, 1999).

Phytochemical studies have shown that B. orellana has a wide range of bioactive compounds,
including carotenoids (bixin and norbixin), flavonoids, phenolic acids, terpenoids,
tocotrienols, steroids, tannins, saponins, alkaloids and essential oils (Alves de Lima et al.,
2003; Rivera-Madrid et al., 2016). These phytochemicals are responsible for the different
biological activities of the plant like antioxidant, antibacterial, antifungal, anti-inflammatory,
antidiabetic, hepatoprotective, wound healing and anticancer (Fleischer et al., 2003;
Venugopalan et al., 2011; Rivera-Madrid et al., 2016).

Recent pharmacological studies have provided scientific evidence supporting many of the
traditional medicinal uses of B. orellana, highlighting its potential as a valuable source of
natural bioactive compounds for pharmaceutical and nutraceutical applications (Rivera-
Madrid et al., 2016; Shahid-ul-Islam et al., 2016). Therefore, a comprehensive understanding
of its botanical characteristics, phytochemical composition, ethnomedicinal significance, and
pharmacological properties is essential for promoting its sustainable utilization and future

therapeutic development.

History
Bixa orellana L., commonly known as annatto or the lipstick tree, has a long history of
cultural, medicinal and commercial significance. The plant is believed to have originated

from Brazil and is widely cultivated across tropical regions of the America, Africa and Asia,
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Philippines, Hawaiian Islands and tropical regions of Central and South America, where its
seeds were traditionally used by indigenous communities as a natural body paint, cosmetic,
insect repellent, and medicinal remedy. Following European exploration of the Americas
during the sixteenth century, annatto spread to Asia, Africa, and other tropical regions, where
it became an important economic crop because of its valuable natural pigments (Michelangeli
2010).

In India, the bright red pigment obtained from the seed aril has traditionally been associated
with sindur (vermilion), the sacred red powder worn by married Hindu women as a symbol of
marital status, prosperity, and longevity. The ritual of applying sindur along the hair parting
and forehead has been practiced for centuries and is regarded as highly auspicious in Hindu
culture. Natural sindur prepared from plant-derived pigments, including annatto, has attracted
attention as a safer alternative to synthetic vermilion, which may contain harmful chemicals

capable of causing scalp irritation and allergic reactions (Pathak, 2007).

Historically, annatto has also been valued as one of the oldest natural colorants used by
humans. The pigments bixin and norbixin, extracted from the seed aril, have been extensively
employed as natural coloring agents in the food industry, particularly for dairy products,
confectionery, bakery products, processed foods, and beverages. Because of their safety and
natural origin, these pigments are also widely used in pharmaceutical formulations, including

ointments and plasters (Ulbricht et al., 2012).

Beyond the food and pharmaceutical industries, annatto dye has found extensive applications
in cosmetics and other commercial products. It has traditionally been used in hair oils, soaps,
nail polish, shoe polish, floor polish, furniture lacquer, brass lacquer, and decorative
cosmetics, as well as for dyeing textiles, wool, leather, and calico fabrics (Ethnobotany
Resource; Ulbricht et al., 2012). Although annatto is generally recognized as a safe natural
colorant, rare cases of hypersensitivity and allergic reactions have been reported in
susceptible individuals, warranting careful evaluation of its use in food and cosmetic products
(Ulbricht et al., 2012).

The long history of Bixa orellana reflects its remarkable cultural, medicinal, and industrial

importance, making it one of the world's most valuable natural dye-producing plants.
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Botanical description

Bixa orellana L. is tropical plants that propagate in warm temperatures ranging from 32—
38°C under dry climatic conditions. It grows well in a wide range of soil types, from loamy to
lateritic soils. Propagation through budding and stem cuttings treated with indole-3-acetic
acid (IAA) or indole-3-butyric acid (IBA) has been reported to be the most effective method
for successful establishment. Phosphorus is considered an essential nutrient for optimum
growth and cultivation of this plant (Nag et al., 2014). Bixa orellana is the most widely
cultivated and economically important species (Yoke et al., 2013).

Bixa orellana is an evergreen shrub or small tree, usually 2-8 m in height, with a trunk
reaching up to 10-15 cm in diameter. The bark is light to dark brown, tough, smooth and
lenticellate. The inner region of bark is an orange-colored sap with a slightly bitter taste.
Young twigs are green and covered with rusty reddish-brown scales, gradually becoming
dark brown with maturity. The leaves are spirally arranged, simple, stipulate, and ovate,
measuring 7.5-24 x 4-16 cm. They are shallowly cordate to truncate at the base, long-
acuminate at the apex, dark green on the upper surface, and greyish or brownish beneath
(Gordon et al., 2001; Wink, 2000; Kumaran K, 2014.; Fredrick et al., 2018).

The flowers are arranged in terminal branched panicles bearing 8-50 flowers and are covered
with reddish-brown scales. Number of petals 4-7 are obovate, 2-3 x 1-2 cm in size, and vary
in colour from white to pale pink. The fruit is a spherical to broadly ovoid capsule measuring
2-4 x 2-3.5 cm, flattened, two-valved, and densely covered with long soft bristles. At
maturity, the capsules turn from green to greenish-brown or reddish in colour. Each capsule
contains numerous obovoid to angular seeds approximately 4.5 mm long, enclosed by a

bright orange-red fleshy aril rich in natural pigments (Panda et al., 2016).

The seeds measure approximately 0.3-0.5 cm in length and 0.2-0.3 cm in diameter, with
shapes varying from pyramidal to nearly conical (Oliveira et al., 1996). The number of seeds
per capsule generally ranges from 30 to 60, depending on the genotype and growing
conditions (Alonso et al., 2004).

Microscopic examination of the leaves revealed an average stomatal number of 10.8 with a
stomatal index of 9.34 on the lower epidermis, whereas the upper epidermis exhibited an
average stomatal number of 14.0 and a stomatal index of 12.6, indicating a comparatively

higher stomatal density on the upper surface. The average palisade ratio was recorded as 5.83
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at the leaf base, 5.70 in the middle region, and 5.30 at the apex. The mean vein-islet number
and veinlet termination number were 8.4 and 10.2, respectively which serve as important
pharmacognostic parameters for the identification and standardization of B. orellana leaves
(Panda et al., 2018; Kokate, 2008).

Origin and Vernacular Names

Bixa orellana L., commonly known as annatto or the lipstick tree, is native to the tropical
regions of Central and South America, particularly Brazil, and is now widely cultivated and
naturalized throughout tropical and subtropical regions of the world, including India,
Malaysia, Indonesia, Peru, Mexico, Ecuador, Kenya, and several East African countries
(Fredrick et al., 2018; Mata et. al. 2012). The species was named in honor of the Spanish
explorer Francisco de Orellana, the first European to navigate the Amazon River, while the
generic name Bixa is believed to have originated from a native South American vernacular
term (Fredrick et al., 2018).

Owing to its extensive geographical distribution and long history of traditional use, B.
orellana is known by numerous vernacular names across different countries and languages.
The diversity of these names reflects its cultural, medicinal and economic importance

worldwide.

Bixa orellana L. is widely distributed throughout tropical and subtropical regions of the
world and is known by numerous vernacular names that reflect its geographical distribution
and cultural importance. In North America, particularly in Spanish- and Portuguese-speaking
regions, the plant is commonly known as Annatto and Achiote (Banajata.html; Achiote Bixa
orellana). In Mexico, it is referred to as Changuarica, K'uzub, and Pumacua (Banajata.html).
In Brazil, the plant is popularly known as Annatto or Urucu (Daniela de Araujo Vilar et al.),
while in Germany it is recognized as Urucum (Bixa orellana database). In the French West
Indies, it is known as Roucou, and in Colombia as Achiot (Bixa orellana database). In India,
the common English names Annatto and Lipstick Tree are widely used (Fredrick et al.,
2018).

The plant is also known by a variety of regional names across different Indian states and
languages. In Manipur, it is called Ureirom, whereas in Kannada it is known as Rangamali
(Khare, 2007). In Tamil, the names Jabara, Manjitti, and Sappiravirai are commonly used

(Plants Profile for Bixa orellana). The Malayalam name is Kurannumannal, the Marathi name
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is Sendri, the Gujarati name is Sinduri, the Assamese name is Jolandhar, and in Bengali it is

known as Latkan (Plants Profile for Bixa orellana; Fredrick et al., 2018).

The wide diversity of vernacular names associated with B. orellana highlights its broad
geographical distribution and long history of use by different communities. These names
reflect the plant's cultural, ethnobotanical, and economic importance, particularly as a
medicinal plant, a natural source of dye and food colorant, and an ornamental species. The
extensive recognition of B. orellana across different regions further emphasizes its
significance in traditional healthcare systems and its continued value in the food,

pharmaceutical, and cosmetic industries.

Ethnomedicinal Uses

Medicinal plants have been used for the prevention and treatment of human diseases since
ancient times and continue to play an essential role in primary healthcare worldwide (Aslam
and Afridi, 2018). According to Willis (2017), approximately 28,187 plant species are
recognized for their medicinal value, and nearly 50% of modern pharmaceutical drugs are

derived directly or indirectly from natural products (Vilar et al., 2014).

Bixa orellana L. is one of the most important medicinal plants of the family Bixaceae, with a
long history of traditional use in tropical and subtropical countries. Various parts of the plant,
including the leaves, bark, roots, seeds, and stem, have been extensively utilized in traditional

systems of medicine for the treatment of a wide range of diseases.

The leaves are commonly used as a decoction to treat vomiting, nausea, sore throat, urinary
disorders, stomach ailments, headache, muscular pain, skin diseases, and diabetes. They are
also reported to possess antibacterial, anti-inflammatory, antiseptic, antihaemorrhagic,
hypocholesterolemic, diuretic, wound-healing, antimicrobial, hypotensive, digestive
stimulant, and aphrodisiac properties. In several traditional practices, leaf extracts are also
used to neutralize the effects of snake venom (Morrison et al., 1991; Chopra et al., 1956;
Fleischer et al., 2003; Ulbricht et al., 2012; Giorgi et al., 2013).

The bark has traditionally been used as a febrifuge and antipyretic and for the treatment of
gonorrhoea, headache, asthma, blood disorders, and excessive phlegm (Chopra et al., 2002;
Prajapati et al., 2003; Khare, 2011; Hajoori et al., 2013).
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The roots are used in traditional medicine to manage epilepsy, dysentery, fever, jaundice,
diabetes, hypertension, liver disorders, sore throat, gonorrhoea, influenza, and urinary
disorders because of their reported diuretic and therapeutic properties (Castello et al., 2002;
Yoke et al., 2013; Alves et al., 2015).

The seeds are considered astringent and febrifugal and have been widely employed for the
treatment of gonorrhoea, dysentery, epilepsy, kidney disorders, skin diseases, pharyngitis,
bronchitis, and inflammatory conditions. Seed preparations are also used as mosquito
repellents, haemostatic agents, diuretics, antipruritic agents, and possess reported
hypoglycaemic, hypocholesterolaemic, analgesic, anti-inflammatory, antimicrobial, and
antileishmanial activities (Khare, 2007; Giorgi et al., 2013; Vilar et al., 2014).

The stem has been traditionally used for the treatment of eye irritation and as a remedy
against snakebite, particularly in parts of Malaysia, India, Brazil, and South America (Irobi et
al., 1996; Fleischer et al., 2003; Nunez et al., 2004).

In addition to the medicinal uses of individual plant parts, the whole plant has been reported
to exhibit diverse pharmacological activities, including anticlastogenic, antiemetic,
antibilious, analgesic, anticonvulsant, antidiarrhoeal, antidiabetic, cardioprotective, diuretic,
antipyretic, antiperiodic, antiulcer, and antiprotozoal properties. These activities support its
extensive use in the management of gastrointestinal disorders, neurological diseases, diabetes
mellitus, cardiovascular disorders, and infectious diseases (Villar et al., 1997; Barrio et al.,
2004; Shilpi et al., 2006; Asokkumar Kuppusamy et al., 2012; Hajoori et al., 2013).

Furthermore, B. orellana hairy root cultures have demonstrated moderate antimalarial activity
with low toxicity toward mammalian cells, suggesting their potential as a promising source of

novel antimalarial compounds (Bo Zhai et al., 2014).

PHYTOCHEMICAL COMPOSITION

Preliminary Phytochemical Analysis

Preliminary phytochemical screening of Bixa orellana L. has revealed the presence of a
diverse range of bioactive secondary metabolites, supporting its extensive use in traditional
medicine. Qualitative analyses of seed extracts have demonstrated the presence of saponins,

steroids, terpenoids, tannins, glycosides, carbohydrates, and flavonoids, whereas alkaloids
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and resins were either absent or detected in negligible amounts (Harborne, 1973; Harborne,
1998; Abayomi, 2014; Telrandhe et al., 2016; Fredrick et al., 2018).

Further phytochemical investigations of methanolic extracts have shown that both leaf and
seed extracts contain steroids, flavonoids, tannins, saponins, and proteins, indicating that
methanol is an efficient solvent for extracting biologically active constituents (Tamilselvi et
al., 2011; Bhatnagar et al., 2015; Sangvikar et al., 2015; Gupta, 2016).

Comparative phytochemical studies on different plant parts have demonstrated variations in
the distribution of secondary metabolites. Alkaloids have been reported in the leaves and
roots but are generally absent in seeds. Flavonoids, tannins, triterpenoids, and carbohydrates
are consistently detected in most plant parts, whereas proteins and saponins show organ-
specific distribution. Fats and oils are predominantly present in the seeds owing to their high
lipid content. These findings indicate that the phytochemical composition of B. orellana

varies according to the plant part and extraction method employed.

Total Phenolic Content

Phenolic compounds are among the most important secondary metabolites synthesized by
plants and play a crucial role in plant defense and human health (Huang et al., 2010).
Structurally, phenolic compounds possess one or more hydroxyl groups attached to an
aromatic ring and are widely distributed throughout plant tissues (Young, 2010). In recent
years, these compounds have attracted considerable scientific interest because of their broad

spectrum of biological activities and potential therapeutic applications (Han et al., 2007).

Plant phenolics exhibit diverse pharmacological properties, including antioxidant, anti-
inflammatory, antimicrobial, antidiabetic, cardioprotective, and anticancer activities. Their
antioxidant potential is primarily attributed to their ability to scavenge reactive oxygen
species (ROS), donate hydrogen atoms or electrons, chelate transition metal ions, and inhibit
lipid peroxidation (Young, 2010). Numerous in vitro studies have demonstrated that
polyphenols effectively complement both enzymatic and non-enzymatic antioxidant defense
systems, thereby protecting cells against oxidative stress-induced damage and reducing the
risk of chronic diseases (Tsao, 2010).

Several studies have reported appreciable levels of total phenolic compounds in different

parts of B. orellana, particularly in the leaves, suggesting that the plant is a valuable source of
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natural antioxidants. The phenolic content is influenced by factors such as plant part,
geographical origin, extraction solvent, and extraction technique. The abundance of phenolic
compounds contributes significantly to the antioxidant and therapeutic potential of B.
orellana, supporting its traditional medicinal uses and highlighting its promise as a source of

natural bioactive compounds for pharmaceutical and nutraceutical applications.

Fluorescence Analysis

Fluorescence analysis is a rapid, reliable, and widely accepted pharmacognostic technique
used for the identification and quality assessment of powdered herbal materials. Many plant
constituents exhibit characteristic fluorescence when exposed to ultraviolet (UV) radiation or
after treatment with specific chemical reagents. The fluorescence behaviour of plant powders
therefore serves as an important diagnostic parameter for detecting adulteration and ensuring
the authenticity of herbal drugs (Ansari et al., 2006; Kulkarni et al., 2011).

Several studies have investigated the fluorescence characteristics of B. orellana leaf and seed
powders using different chemical reagents under visible light and ultraviolet light (254 and
366 nm). The powdered leaves exhibited distinct colour changes ranging from green, greyish-
yellow, orange-red, brown, golden-yellow, and dark green depending on the reagent and
illumination conditions. Similarly, seed powder showed characteristic fluorescence
responses, producing shades of brown, reddish-brown, yellowish-brown, pinkish-brown, dark
green, and dark brown after treatment with various reagents. These characteristic
fluorescence patterns provide valuable pharmacognostic markers for the identification and
quality control of B. orellana (Sangvikar et al., 2015; Nanna et al., 2013; Birajdar et al.,
2014; Panda et al., 2016).

Extractive Values

Extractive values are important physicochemical parameters used to evaluate the quality and
purity of crude herbal drugs. They provide an estimate of the quantity of active constituents
extracted by different solvents and indicate the nature of phytochemicals present in the plant
material. The extractive value varies with solvent polarity and extraction technique, making it
a useful indicator for selecting appropriate solvents for phytochemical and pharmacological

investigations.

Different extraction methods have been employed for Bixa orellana L. Harborne (1998)

described successive solvent extraction using petroleum ether, chloroform, ethyl acetate, and
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methanol to obtain phytochemical fractions of varying polarity. Panda et al. (2016) extracted
B. orellana leaves using a Soxhlet apparatus with hexane, ethyl acetate, and methanol,
followed by concentration of the methanolic extract under reduced pressure using a rotary
evaporator. Similarly, Abayomi et al. (2014) and Telrandhe et al. (2016) determined the
water-, alcohol-, petroleum ether-, and chloroform-soluble extractive values according to the
procedures described in the Indian Pharmacopoeia. Among the seed extracts, the water-
soluble extractive value (21.5% w/w) was the highest, followed by the alcohol-soluble
extractive value (13.6% w/w), petroleum ether-soluble extractive value (9.7% wi/w), and
chloroform-soluble extractive value (7.5% w/w). The relatively high aqueous extractive value

suggests the abundance of polar phytoconstituents in B. orellana seeds.

Ash Values

Ash values are important quality-control parameters used to determine the purity of crude
plant materials and to detect contamination with inorganic matter such as soil, sand, and
siliceous materials. Total ash, acid-insoluble ash, and water-soluble ash are routinely

determined according to the methods prescribed in the Indian Pharmacopoeia.

Studies on B. orellana seeds have reported a total ash value of 6.55% (w/w), water-soluble
ash of 2.69% (w/w), and acid-insoluble ash of 1.58% (w/w) (Panda et al., 2016; Telrandhe et
al., 2016; Radhika et al., 2010). These values indicate relatively low levels of inorganic
impurities and provide useful reference standards for the authentication and quality

evaluation of B. orellana.

Moisture Content and Foreign Organic Matter

Moisture content is a critical parameter affecting the stability, shelf life, and microbial quality
of herbal drugs. It is commonly determined by the loss-on-drying (thermogravimetric)
method, in which the sample is dried at a constant temperature until a constant weight is
achieved, following the procedures recommended by the Indian Pharmacopoeia (Indian
Pharmacopoeia, 1985; Radhika et al., 2010; Fredrick et al., 2018; Telrandhe et al., 2016).

Foreign organic matter analysis is performed to assess the presence of extraneous materials
such as stems, soil particles, insects, and other plant debris that may adversely affect the
quality of crude drugs. For B. orellana seeds, the foreign organic matter and moisture content

have been reported as 2.5% (w/w) and 15.82% (w/w), respectively (Telrandhe et al., 2016).
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Antimicrobial activity

Several studies have demonstrated that Bixa orellana L. possesses significant antibacterial
activity against a broad spectrum of Gram-positive and Gram-negative bacteria. The
antibacterial efficacy varies depending on the plant part, extraction solvent, and test

microorganism.

Tamil selvi et al. (2014) reported that leaf extracts exhibited greater antibacterial activity than
seed extracts, while root extracts also showed higher activity than seed extracts. Among the
tested bacterial pathogens, Salmonella typhi and Acinetobacter spp. were the most susceptible
to the leaf extract. In the paper disc diffusion assay, the inhibition zones produced by the
plant extracts ranged from 8.0 to 18.0 mm, whereas the positive control, streptomycin (10

pg/mL), produced inhibition zones ranging from 16.0 to 25.0 mm.

Similarly, Giridhar et al. (2012) evaluated the antibacterial activities of ethanolic, methanolic,
acetone, and dimethyl sulfoxide (DMSO) extracts prepared from the leaves and fruit capsules
of B. orellana. The extracts exhibited significant inhibitory activity against several clinically
important bacterial pathogens, including Escherichia coli, Klebsiella pneumoniae,
Pseudomonas aeruginosa, Bacillus subtilis, Bacillus cereus, and Staphylococcus aureus, as

determined by the disc diffusion method.

The plant extracts have been reported to inhibit both Gram-positive and Gram-negative
bacteria, with minimum inhibitory concentration (MIC) values as low as 15.62 pg/ml,
indicating the presence of potent antibacterial constituents (Marjorie, 1999; Tamil selvi et al.,
2014). Comparative studies have also shown that methanolic extracts generally produce
higher extraction yields and stronger antibacterial activity than acetone extracts, suggesting
that methanol is more effective in extracting bioactive antimicrobial compounds (Ongsakul et
al., 2009; Shilpi et al., 2006).

The antibacterial activity of B. orellana is largely attributed to its rich phytochemical
composition. Flavonoids are believed to exert their antimicrobial effects by disrupting
bacterial cell membranes through interactions with membrane proteins and other cellular
components, leading to increased membrane permeability and cell death (Marjorie, 1999).
Saponins also contribute to antibacterial activity by increasing membrane permeability,
resulting in leakage of intracellular proteins, enzymes, and other essential metabolites from

bacterial cells (Zablotowicz et al., 1996). Usmani et al. (2022) evaluated the antibacterial
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activity of Bixa orellana 70% ethanolic leaf extract exhibited the highest antibacterial
activity, producing a 19 mm zone of inhibition against S. aureus and a maximum inhibition
zone of 40 mm against P. aeruginosa when combined with antibiotics at a 100 mg dose. The
study concluded that the ethanolic extract possesses superior antibacterial potential compared
to aqueous, ethyl acetate, and chloroform extracts, indicating that ethanol is the most

effective solvent for extracting antibacterial phytoconstituents from B. orellana leaves.

Overall, the available evidence suggests that B. orellana is a promising natural source of
antibacterial compounds with potential applications in the development of novel

phytotherapeutic agents for the treatment of bacterial infections.

Antioxidant

Oxidative stress, resulting from an imbalance between reactive oxygen species (ROS) and the
body's antioxidant defense system, plays a crucial role in the development of numerous
chronic diseases. Consequently, natural antioxidants derived from medicinal plants have
attracted considerable attention owing to their potential health benefits. Several studies have
demonstrated that Bixa orellana L. possesses significant antioxidant activity, which is
primarily attributed to its rich content of phenolic compounds, flavonoids, carotenoids, and

other bioactive phytochemicals.

Yoke et al. (2013) reported that B. orellana seed extracts exhibited significant in vitro
antioxidant activity using both 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging and
ferric reducing power assays, even at relatively low concentrations. Similarly, Abayomi et al.
(2014) demonstrated that the free radical scavenging activity of annatto seed extract ranged
from 5.5% to 48.9%, compared with 2.9% to 41.5% for ascorbic acid over concentrations of
0.25-2.5 pg/ml. The ferric reducing antioxidant power also exhibited a strong concentration-
dependent relationship (R? = 0.9986), comparable to that of ascorbic acid (R? = 0.9934),
indicating that B. orellana seeds are a promising natural source of antioxidants (Abayomi et
al., 2014; Giorgi et al., 2013).

The antioxidant capacity of B. orellana has been closely associated with its phenolic content.
Extracts prepared using highly polar solvents generally exhibit greater free radical
scavenging activity because of their higher concentrations of phenolic compounds. Cardarelli

et al. (2008) and Chiste et al. (2011) reported total phenolic contents ranging from 0.30 to
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1.84 mg gallic acid equivalents (GAE)/g dry seed, depending on the extraction solvent, and

observed that extracts with higher phenolic contents displayed stronger antioxidant activity.

In addition to seed extracts, the leaves of B. orellana have also demonstrated remarkable
antioxidant potential. Several in vitro and in vivo studies have shown that leaf extracts
possess potent free radical scavenging activity, with a reported DPPH ICs, value of 22.36
ug/ml, indicating strong antioxidant efficacy (Shilpi et al., 2006; Antunes et al., 2005; Junior
et al., 2005; Kovary et al., 2001; Martinez-Tome et al., 2001 and Tonny et. al. 2024).

Among the various antioxidant assays, the ABTS and DPPH methods are the most widely
employed for evaluating the antioxidant capacity of plant extracts. The ABTS assay is
particularly useful for determining the total antioxidant capacity of both hydrophilic and
lipophilic compounds, whereas the DPPH assay is highly sensitive for detecting radical-
scavenging activity in hydrophilic fractions at low concentrations (Aarland et al., 2016;
Raddatz et al., 2016).

Overall, the available evidence indicates that B. orellana is an excellent source of natural
antioxidants. Its strong radical-scavenging and reducing activities largely attributed to
phenolic compounds, flavonoids, and carotenoids, support its traditional medicinal use and
highlight its potential application in the development of antioxidant-rich nutraceuticals and

pharmaceutical products.

INDUSTRIAL APPLICATIONS

Bixa orellana L. is one of the most economically important natural dye-producing plants and
ranks among the leading natural food colorants used worldwide (Morton and Ledin, 1952).
The characteristic apocarotenoid pigments, bixin and norbixin, extracted from the seed aril,
are extensively used as natural food-grade colorants because of their excellent colouring
properties, low toxicity, and consumer preference for naturally derived additives (Ganju and
Ganju, 2014). These pigments are widely incorporated into dairy products, confectionery,
bakery products, processed foods, edible oils, margarine, butter, cheese, ice cream, and
candies, owing to their lipid solubility and attractive yellow to orange-red colour
(Satyanarayana et al., 2003; Hajoori et al., 2013; Venugopalan et al., 2011; Shahid-ul-Islam
et al., 2016; Srineeraja, 2017).
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Beyond the food industry, annatto pigments have gained considerable importance in the
cosmetic, textile, leather, and pharmaceutical industries. The natural dye is commonly used in
the manufacture of lipsticks, soaps, hair oils, nail polishes, pharmaceutical ointments, and the
traditional Sindoor (vermilion) because of its natural origin, biocompatibility, and vibrant
colour (Abayomi et al., 2014; Kapoor et al., 2008; Pandey, 2018). In the textile and leather
industries, annatto serves as an eco-friendly dye for colouring cotton, silk, wool, leather, and
other natural fibres. Furthermore, recent studies have explored its application in advanced
materials, including dye-sensitized solar cells and other sustainable industrial products,

thereby expanding its commercial significance (Gupta, 2016; Shahid-ul-Islam et al., 2016).

The pharmaceutical industry also utilizes annatto pigments as natural colouring agents in
ointments, capsules, tablets, and topical formulations because of their safety and antioxidant
properties. The growing demand for plant-based ingredients has further increased the

industrial relevance of B. orellana.

In addition to pigment production, the by-products of annatto processing have potential
industrial value. The wood of B. orellana is lightweight (specific gravity approximately 0.4),
soft, and of limited commercial timber value; however, it was traditionally used as a fire-
starting material because of its ease of ignition. Moreover, the fruit pericarp, which remains
after pigment extraction, has been identified as a promising renewable biomass resource and
may be utilized as a potential biofuel, contributing to waste valorization and sustainable
utilization of annatto processing residues (Parimalan et al., 2007).

Overall, the extensive applications of B. orellana in the food, cosmetic, textile,
pharmaceutical, leather, and bioenergy sectors underscore its economic importance and

highlight its potential as a sustainable natural resource for diverse industrial applications.

CONCLUSION

Bixa orellana L. is an important medicinal and industrial plant, with a long tradition of use
and high economic value. The plant is rich in a variety of bioactive phytochemicals such as
carotenoids (bixin and norbixin), flavonoids, phenolic compounds, terpenoids, tannins,
saponins and alkaloids responsible for its diverse pharmacological activities. Scientific
studies have confirmed the presence of antioxidant, antibacterial, antifungal, anti-
inflammatory, antidiabetic, hepatoprotective, wound healing and other therapeutic properties

in different parts of the plant, thus authenticating its traditional medicinal uses.
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B. orellana is not only used for its medicinal value but also as a natural colorant in the food,

cosmetic, pharmaceutical, textile, and leather industries due to its safety, biodegradability and

excellent colouring properties. The commercial importance of this product has also been

boosted by the rising demand for natural products.

Despite this considerable progress in phytochemistry and biological activities of B. orellana,

more studies should be conducted to explore other parts of the plant, isolate the active

constituents, elucidate their mechanisms of action and assess their clinical efficacy and

safety. To summarize, the available evidence suggests that B. orellana is a promising source

of natural bioactive compounds with a high potential for the development of new

phytopharmaceuticals, nutraceuticals and environmentally friendly industrial products.

REFERENCES

1.

Aarland, R. C., Bafiuelos-Herndndez, A. E., Fragoso-Serrano, M., Sierra-Palacios, E. D.
C., Diaz de Ledn-Sanchez, F., Pérez-Flores, L. J., Rivera-Cabrera, F., & Mendoza-
Espinoza, J. A. Studies on phytochemical, antioxidant, anti-inflammatory, hypoglycemic
and antiproliferative activities of Echinacea purpurea and Echinacea angustifolia
extracts. Pharmaceutical Biology, 2017; 55(1): 649-656.

Abayomi, M. In vitro antioxidant activity of Bixa orellana (Annatto) seed extract.
Journal of Applied Pharmaceutical Science, 2014; 4(2): 101-106.

Achiote (Bixa orellana). (n.d.). Retrieved from http://www.achiote.org.

Alonso, J. (2004). Tratado de Fitofarmacos y Nutracéuticos. Corpus Editorial, Rosario,
Argentina.

Alves de Lima, R. O., Azevedo, L., Ribeiro, L. R., & Salvadori, D. M. F. Study on the
mutagenicity and antimutagenicity of a natural food colour (annatto) in the
Salmonella/microsome assay. Food and Chemical Toxicology, 2003; 41(2): 189-192.
Alves, L. F., & Ming, L. C. Chemistry and pharmacology of some plants mentioned in the
letter of Pero Vaz de Caminha. Ethnobiology and Conservation, 2015; 4: 3.

Anowi, C. F., Ezea, C. C., Ezeanya, C. E., & Orji, N. V. Pharmacognostical study and
antimalarial activity of the methanol extract and fractions of Bixa orellana L. (Family:
Bixaceae) leaves (Annatto plant) in albino mice. International Journal of
Pharmacognosy, 2018; 5(8): 500-508.

www.wipr.net | Vol 15, Issue 16,2026. |  1SO 9001: 2015 Certified Journal | 283



Priyanka et al. World Journal of Pharmaceutical Research

8. Ansari, M. M., Ahmad, J., Ahmad, A., & Ansari, S. H. Pharmacognostic characterization
and standardization of Morus alba stem bark. Journal of Medicinal and Aromatic Plant
Sciences, 2006; 28: 31-36.

9. Antunes, L. M. G., Pascoal, L. M., Bianchi, M. L. P., & Dias, F. L. Evaluation of the
clastogenicity and anticlastogenicity of the carotenoid bixin in human lymphocyte
cultures. Mutation Research, 2005; 585(1-2): 113-119.

10. Aslam, I, & Afridi, M. S. K. Pharmacognostic characterization of Beaumontia
grandiflora (Roxb.) Wall. leaf for taxonomic identification and quality control of a crude
drug. Journal of Applied Research on Medicinal and Aromatic Plants, 2018; 8: 53-59.

11. Banajata. (n.d.). Bixa orellana. Retrieved from http://www.banajata.org.

12. Barrio, A. G., et al. In vitro antiparasitic activity of plant extracts from Panama.
Pharmaceutical Biology, 2004; 42(4-5): 332-337.

13. Bhatnagar, S., Swain, S., & Sahoo, M. Bixa orellana L.: A study of phytochemical,
cytotoxic and antioxidant activity profile of the leaf extracts. World Journal of Pharmacy
and Pharmaceutical Research, 2015; 4: 2715-27109.

14. Birajdar, V. V., Mhase, A. G., Gurav, A. M., & Murthy, S. N. Preliminary
pharmacognostic and phytochemical standardization of Dhataki (Woodfordia fruticosa
(L.) Kurz.) leaves. AYU, 2014; 35(3): 309-315.

15. Cardarelli, C. R., Benassi, M. T., Mercadante, A. Z., & others. Characterization of annatto
(Bixa orellana L.) seed extracts and evaluation of their antioxidant activity. Journal of
Food Science, 2008; 73: C236-C241.

16. Castello, M. C., et al. Antimicrobial activity of crude extracts from plant parts and
corresponding calli of Bixa orellana L. Indian Journal of Experimental Biology, 2002;
40: 1378-1381.

17. Chisté, R. C., Mercadante, A. Z., & others. Phenolic compounds and antioxidant capacity
of Bixa orellana seeds. Food Research International, 2011; 44: 236-241.

18. Chopra, R. N., Nayar, S. L., & Chopra, I. C. Glossary of Indian Medicinal Plants.
Council of Scientific and Industrial Research (CSIR), New Delhi, 1956.

19. Cowan, M. M. Plant products as antimicrobial agents. Clinical Microbiology Reviews,
1999; 12(4): 564-582.

20. Fleischer TC, Ameade EP, Mensah ML, Sawer IK. Antimicrobial activity of the leaves
and seeds of Bixaorellana. Fitoterapia, 2003; 74(1-2): 136-138.

21. Ganju, K., & Ganju, E. Phytochemical analysis of seeds of Bixa orellana Linn. Journal of
Medical and Pharmaceutical Innovation, 2014; 1(3): 21-24.

www.wipr.net | Vol 15, Issue 16,2026. |  1SO 9001: 2015 Certified Journal | 284



Priyanka et al. World Journal of Pharmaceutical Research

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Giorgi, A., De Marinis, P., Granelli, G., Chiesa, L. M., & Panseri, S. (2013). Secondary
metabolite profile, antioxidant capacity, and mosquito repellent activity of Bixa orellana
from the Brazilian Amazon region. Journal of Chemistry.

Giridhar, P., & Venugopalan, A. Bacterial growth inhibition potential of annatto (Bixa
orellana L.) plant parts. Asian Pacific Journal of Tropical Biomedicine, 2012; 2(3,):
S1879-S1882.

Gordon, M. C., & David, J. N. Natural product drug discovery in the next millennium.
Pharmaceutical Biology, 2001; 39(1): 8-17.

Hajoori, M., et al. Evaluation of antimicrobial activity of seeds and leaves of Bixa
orellana. Universal Journal of Pharmacy, 2013; 2(3): 112-117.

Han, X., Shen, T., & Lou, H. Dietary polyphenols and their biological significance.
International Journal of Molecular Sciences, 2007; 8(9): 950-988.

Harborne, J. B. Phytochemical Methods: A Guide to Modern Techniques of Plant
Analysis. Chapman and Hall Ltd., London, 1973; 49-188.

Harborne, J. B. (1998). Phytochemical Methods: A Guide to Modern Techniques of Plant
Analysis (3rd ed.). Chapman & Hall, London, UK.

Huang, W. Y., Cai, Y. Z., & Zhang, Y. Natural phenolic compounds from medicinal
herbs and dietary plants: Potential use for cancer prevention. Nutrition and Cancer, 2010;
62(1): 1-20.

Indian Pharmacopoeia. (1985). Indian Pharmacopoeia (3rd ed., Vol. Il). Ministry of
Health and Family Welfare, Government of India, Controller of Publications, New Delhi.
Irobi, O. N., Moo-Young, M., & Anderson, W. A. Antimicrobial activity of annatto (Bixa
orellana) extract. International Journal of Pharmacognosy, 1996; 34(2): 87-90.

Junior, A. C., Asad, L. M., Oliveira, E. B., Kovary, K., Asad, N. R., & Felzenszwalb, 1.
Antigenotoxic and antimutagenic potential of an annatto pigment (norbixin) against
oxidative stress. Genetics and Molecular Research, 2005; 4(1): 94-99.

Kapoor, V. P., Katiyar, K., Pushpangadan, P., & Singh, N. Development of natural dye-
based Sindoor. Natural Product Radiance, 2008; 7(1): 22—29.

Khare, C.P. Indian Medicinal Plants: An Illustrated Dictionary. Springer, New York,
2007.

Kirtikar KR, Basu BD. Indian medicinal plants. Periodical Experts Books Agency, Delhi.,
1935; 4(2): 2423-36.

Kokate, C. K., Purohit, A. P., & Gokhale, S. B. Pharmacognosy (47th ed., 2008;
324-328.

www.wipr.net | Vol 15, Issue 16,2026. |  1SO 9001: 2015 Certified Journal | 285



Priyanka et al. World Journal of Pharmaceutical Research

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Kovary, K., Louvain, T. S., Costa e Silva, M. C., Albano, F., Pires, B. B., Laranja, G. A.,
Lage, C. L., & Felzenszwalb, 1. Biochemical behaviour of norbixin during in vitro DNA
damage induced by reactive oxygen species. British Journal of Nutrition, 2001; 85(4):
431-440.

Kulkarni, Y. A., et al. Indian Journal of Natural Products and Resources, 2011; 2:
211-217.

Kumaran, K. Production potential of annatto (Bixa orellana L.) as a source of natural
edible dye. In Proceedings of the International Workshop on Natural Dyes, Hyderabad,
India, 2014.

Kuppusamy, A., et al. Cardioprotective activity of Bixa orellana L. on isoproterenol-
induced myocardial necrosis in rats. Journal of Pharmacy Research, 2012; 5(4):
1930-1934.

Lorenzi, H., & Matos, F. J. A. (2002). Plantas Medicinais no Brasil: Nativas e Exoticas.
Instituto Plantarum, Nova Odessa, Sao Paulo, Brazil.

Martinez-Tomé, M., Jiménez, A. M., Ruggieri, S., Frega, N., Strabbioli, R., & Murcia, M.
A. Antioxidant properties of Mediterranean spices compared with common food
additives. Journal of Food Protection, 2001; 64(9): 1412-1419.

Mata, N. D. S., Sousa, R. S., Perazzo, F. F., & Carvalho, J. C. T. The participation of
Wajdpi women from the State of Amapa (Brazil) in the traditional use of medicinal
plants: A case study. Journal of Ethnobiology and Ethnomedicine, 2012; 8: 48.
Mercadante, A. Z., Steck, A., & Pfander, H. Isolation and identification of new
apocarotenoids from Bixa orellana. Journal of Agricultural and Food Chemistry, 1997,
45(1): 105-109.

Michelangeli L.F.C. Acerca de la Historia, Taxonomia, Botanica y Usos de Bixa orellana
L. Revista Unellez Ciencia y Tecnologia (rev. Unell. Cienc. Tec.), 2010; 28: 78-86.
Morrison, E. Y., Thompson, H., Pascoe, K., West, M., & Fletcher, C. Extraction of a
hyperglycaemic principle from the annatto (Bixa orellana), a medicinal plant in the West
Indies. Tropical and Geographical Medicine, 1991; 43(1-2): 184-188.

Morton, J. F. Annatto (Bixa orellana L.): An old source of food color meets new needs
for safe dye. Proceedings of the Florida State Horticultural Society, 1960; 73: 301-308.
Nag, S., & Mandal, S. A review on origin, history, botanical description and
agrotechnology of the medicinal plant Bixa orellana L. International Research Journal of
Natural and Applied Sciences, 2014; 1(6): 1-14.

www.wipr.net | Vol 15, Issue 16,2026. |  1SO 9001: 2015 Certified Journal | 286



Priyanka et al. World Journal of Pharmaceutical Research

49,

50.

o1,

52.

53.

54,

55.

56.

S57.

58.

59.

Nanna, R. S., Banala, M., Pamulaparthi, A., Kurra, A., & Kagithoju, S. Evaluation of
phytochemicals and fluorescent analysis of seed and leaf extracts of Cajanus cajan L.
International Journal of Pharmaceutical Sciences Review and Research, 2013; 22(1):
11-18.

Nufez, V., Otero, R., Barona, J., Saldarriaga, M., Osorio, R. G., Fonnegra, R., Jiménez,
S. L., Diaz, A., & Quintana, J. C. Neutralization of the edema-forming, defibrinating and
coagulant effects of Bothrops asper venom by extracts of plants used by healers in
Colombia. Brazilian Journal of Medical and Biological Research, 2004; 37(7): 969-977.

Oliveira, F., Akisue, G., & Akisue, M. K. 1996. Farmacognosia. Atheneu, Sado Paulo,
Brazil.

Ongsakul, M., Jindarat, A., & Rojanaworarit, C. Antibacterial effect of crude alcoholic
and aqueous extracts of six medicinal plants against Staphylococcus aureus and
Escherichia coli. Journal of Health Research, 2009; 23(3): 153-156.

Padhi, S., & Panda, S. K. Pharmacognostical studies, physicochemical analysis and
evaluation of laxative activity of various leaf extracts of Bixa orellana Linn. Der
Pharmacia Lettre, 2016; 8(12): 110-116.

Pandey, K., Pandey, J., & Malla, R. Phytochemical extraction and antimicrobial
properties of different medicinal plants: Ocimum sanctum, Eugenia caryophyllata,
Achyranthes bidentata and Azadirachta indica. Journal of Microbiology and
Antimicrobials, 2011; 3(1): 1-7.

Parimalan, R., Giridhar, P., Rajasekaran, T., & Ravishankar, G. A. Annatto fruit pericarp:
A newer source as a potential fuel. Energy & Fuels, 2007; 21(2): 1181-1182.

Pathak, J. (n.d.). Taste of Nepal: Sindur Tree of Nepal (Sindureko Rukh). Retrieved from
http://tasteofnepal.blogspot.com.

Plants for a Future. (n.d.). Plants Profile for Bixa orellana (Lipstick Tree). Retrieved from
https://pfaf.org.

Prajapati, N. D., Purohit, S. S., Sharma, A. K., & Kumar, T. A Handbook of Medicinal
Plants: A Complete Source Book, 2003; 122-123.

Raddatz-Mota, D., Pérez-Flores, L. J., Carrari, F., Insani, M., Asis, R., Mendoza-
Espinoza, J. A., Diaz de Ledn-Sanchez, F., & Rivera-Cabrera, F. Chemical
characterization and quantification of pigment extraction yield of seven Mexican
accessions of Bixa orellana. Revista Mexicana de Ingenieria Quimica, 2017; 16(3):
727-740.

www.wipr.net | Vol 15, Issue 16,2026. |  1SO 9001: 2015 Certified Journal | 287


https://pfaf.org/

Priyanka et al. World Journal of Pharmaceutical Research

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Radhika, B., et al. Diuretic activity of Bixa orellana Linn. leaf extracts. Indian Journal of
Natural Products and Resources, 2010; 1(3): 353-355.

Rivera-Madrid, R., Aguilar-Espinosa, M., Céardenas-Conejo, Y., & Garza-Caligaris, L. E.
Carotenoid derivates in Bixa orellana L. (Annatto): Biosynthesis, inheritance and
applications. Frontiers in Plant Science, 2016; 7: 1406.

Sacred Earth Ethnobotany. (n.d.). Bixa orellana (Annatto): History and Uses. Retrieved
from http://www.sacredearth.com/ (Accessed on: Date).

Sangvikar, S., Malgaonkar, M., Sharma, C., Kumar, S., & Murthy, S. N. Comparative
phytochemical screening of qualitative and quantitative parameters of Bixa orellana L.
World Journal of Pharmacy and Pharmaceutical Sciences, 2015; 4: 1001-1017.
Satyanarayana, A., & Rao, D. G. Effect of storage on the stability of water-soluble
annatto dye formulation in a simulated orange RTS beverage model system. LWT — Food
Science and Technology, 2002; 35(7): 617-621.

Selvi, A. T., Dinesh, M. G., Satyan, R. S., Chandrasekaran, B., & Rose, C. Leaf and seed
extracts of Bixa orellana L. exert antimicrobial activity against bacterial pathogens.
Journal of Applied Pharmaceutical Science, 2011; 1(9): 116-120.

Shahid-ul-Islam, Rather, L. J., & Mohammad, F. Phytochemistry, biological activities and
potential of annatto in natural colorant production for industrial applications: A review.
Journal of Advanced Research, 2016; 7(3): 499-514.

Shilpi, J. A., Taufig-Ur-Rahman, M., Uddin, S. J., Alam, M. S,, Sadhu, S. K., & Seidel,
V. Preliminary pharmacological screening of Bixa orellana L. leaves. Journal of
Ethnopharmacology, 2006; 108(2): 264-271.

Srineeraja, P. Pharmacological properties of Bixa orellana: A review. International
Journal of Science and Research (I1JSR), 2016; 5: 1-6.

Telrandhe, U. B., Lade, S. N., Burle, S. S., Dixit, S., & Kosalge, S. B. Pharmacognostic
and phytochemical investigation on seeds of Bixa orellana Linn. Asian Journal of
Medical and Health Research, 2016; 1(3).

The Wealth of India. (1988). The Wealth of India: A Dictionary of Indian Raw Materials
and Industrial Products. Raw Materials, Revised Series, Vol. 1I: B. Council of Scientific
and Industrial Research (CSIR), New Delhi, India.

Tonny T.S., Sarkar A.P., Nahar K., Jahan S., Afroze I., Sarkar B.K. and Roy M.S.
Evaluation of Antidiabetic and Antioxidant potential of Methanolic extract of Bixa
orellana seeds. Biomed Pharmacol Journal, 2024; 17(1): 527-535.

www.wipr.net | Vol 15, Issue 16,2026. |  1SO 9001: 2015 Certified Journal | 288



Priyanka et al. World Journal of Pharmaceutical Research

72. Tsao, R. Chemistry and biochemistry of dietary polyphenols. Nutrients, 2010; 2(12):
1231-1246.

73. Ulbricht, C., Windsor, R. C., Brigham, A., Bryan, J. K., Conquer, J., Costa, D., Giese, N.,
Guilford, J., Higdon, E. R., Holmes, K., Isaac, R., Jingst, S., Kats, J., Peery, L., Rusie, E.,
Savinainen, A., Schoen, T., Stock, T., Tanguay-Colucci, S., & Weissner, W. An
evidence-based systematic review of annatto (Bixa orellana L.) by the Natural Standard
Research Collaboration. Journal of Dietary Supplements, 2012; 9(1): 57-77.

74. Usmani N., Sharma M.K., Agnihotri L. and Khare S. (2022). Comparative Qualitative
and antibacterial study of Bixa orellana L. leaves with some selected solvent for some
selected bacteria; International Journal of Food and Nutrition Sciences. ISSN 2319 1775
online 2320 7876.

75. Venugopalan, A., Giridhar, P., & Ravishankar, G. A. Food, ethnobotanical and
diversified applications of Bixa orellana L.. A scope for its improvement through
biotechnological mediation. Indian Journal of Fundamental and Applied Life Sciences,
2011; 1(4): 9-31.

76. Vilar, D. A., Vilar, M. S. A., Moura, T. F. A. L., Raffin, F. N., Oliveira, M. R., & Franco,
C. F. O. (2014). Traditional uses, chemical constituents, and biological activities of Bixa
orellana L.: A review. The Scientific World Journal, 2014; Article ID 857292.

77. Wink, M. (2000). Introduction: Biochemistry, Role and Biotechnology of Secondary
Metabolites. CRC Press, Boca Raton, Florida.

78.Yong, Y. K., et al. Chemical constituents and antihistamine activity of Bixa orellana leaf
extract. BMC Complementary and Alternative Medicine, 2013; 13: 32.
https://doi.org/10.1186/1472-6882-13-32

79.Young, I. S., & Woodside, J. V. Antioxidants in health and disease. Archives of
Pharmacal Research, 2010; 33: 1611-1632.

80. Zablotowicz, R. M., Hoagland, R. E., & Wagner, S. C. Effect of saponins on the growth
and activity of rhizosphere bacteria. Advances in Experimental Medicine and Biology,
1996; 405: 83-95.

www.wipr.net | Vol 15, Issue 16,2026. |  1SO 9001: 2015 Certified Journal | 289



