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ABSTRACT

The study investigated the chemical composition of the water-soluble fraction
derived from Lonchocarpus cyanescens leaves, a West African medicinal plant
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traditionally used for ailments like arthritis and ulcers. After fresh leaves were
extracted using a Soxhlet apparatus and the water fraction was isolated and
derivatized, it was analyzed by GC-MS. Initial phytochemical screening confirmed
the presence of key secondary metabolites like flavonoids, saponins, and tannins.
GC-MS profiling of the water fraction identified 12 major compounds, comprising
over 95% of the total composition. The most predominant constituents were
hexadecanoic acid (palmitic acid, 18.5%), 9-octadecenoic acid (oleic acid, 15.2%),
phytol (12.8%), and squalene (10.4%). These identified compounds, which also
included beta-sitosterol and stigmasterol, are recognized for their antioxidant, anti-
inflammatory, and antimicrobial activities, suggesting a chemical basis for the
plant's ethnomedicinal applications. The results underscore the potential of the
water fraction as a source of bioactive compounds and recommend further
bioactivity assays to confirm therapeutic efficacy.

TABLE OF CONTENTS

Title Page.......................................................................................................... i

Certification...................................................................................................... ii

Dedication........................................................................................................ iii



vi

Acknowledgment............................................................................................. iv

Abstract............................................................................................................ v

Table of Contents............................................................................................. vi

List of Figures.................................................................................................. vii

CHAPTER ONE: INTRODUCTION………………………………………1

CHAPTER TWO: LITERATURE REVIEW

2.1 Plant of Study…….…………………………………………………… 3

2.2 Description of Lonchocarpus cyanescens…………………………….. 5

2.3 Taxonomic Classification of Lonchocarpus cyanescens………..….... 7

2.4 Distribution of Lonchocarpus cyanescens…………………………..... 8

2.5 Ethnomedicinal uses of Lonchocarpus cyanescens………………….. 11

2.6 Phytochemical Evaluation of Lonchocarpus cyanescens……………. 14

CHAPTER THREE: MATERIALS AND METHOD

3.1 Apparatus……………………………………………………………… 19

3.2 Plant Material Collection and Authentication………………………. 19

3.3 Chemicals and Reagents………………………………………………. 20

3.4 Extraction and Fractionation…………………………………………. 21

3.5 Sample Preparation for GC-MS……………………………………….24

3.6 Safety and Ethics……………………………………………………..…26

CHAPTER FOUR: RESULTS..................................................27

CHAPTER FIVE: DISCUSSION

5.1 Discussion…………………………………………………………………30



vii

5.2 Conclusion…………………………………………………………………38

REFERENCES

LIST OF FIGURES

Figure 3.1: Lonchocarpus cyanescens

Figure 3.2: GC-MS Total Ion Chromatogram

Table 4.1: Identified Compounds in GC-MS Analysis of Lonchocarpus cyanescens



viii

Figure 4.1: GC-MS Chromatogram of the Water Fraction



CHAPTER ONE

INTRODUCTION

1.1 Background of Study
The focus of this study centers on Lonchocarpus cyanescens (African indigo), a
significant deciduous shrub or climbing vine belonging to the Fabaceae family,
which is indigenous to the tropical regions of West and Central Africa. Beyond
its traditional use in the production of a prized blue textile dye, the plant holds
immense value in traditional African medicine, where various parts, including
the leaves, roots, and stems, are utilized. Ethnomedicinally, L. cyanescens is
employed to address a broad spectrum of human ailments, notably psychotic
disorders, anxiety, inflammation, arthritis, leprosy, ulcers, and microbial
infections. These traditional applications are substantiated by modern
pharmacological findings which confirm that the plant possesses intrinsic anti-
inflammatory, analgesic, and antimicrobial effects. Crucially, the common
method of preparing remedies as aqueous extracts or decoctions in traditional
practice underscores the therapeutic relevance of the plant’s water-soluble
compounds.

Phytochemical investigation has revealed a rich metabolic profile, confirming
the presence of numerous secondary metabolites that underpin its bioactivity.
Screening of extracts has identified key classes such as flavonoids (often in the
highest concentration), tannins, saponins, terpenoids, and cardiac glycosides.
Earlier chemical profiling, particularly of the essential oils using Gas
Chromatography-Mass Spectrometry (GC-MS), characterized dominant
volatile components such as phytol (up to 62.5%) and hexadecanoic acid.
However, these prior studies exhibit a critical research gap: they largely neglect
the detailed chemical profiling of the highly polar, water-soluble fraction. This
fraction is analytically challenging because its constituents (such as glycosides
and complex phenolic acids) are typically non-volatile and require a chemical
pre-treatment known as derivatization (e.g., silylation) to convert them into
volatile forms suitable for separation by the Gas Chromatograph and
subsequent identification by the Mass Spectrometer.

Analyzing this understudied water fraction via derivatized GC-MS is the core
study rationale, as it will enable the elucidation of the chemical basis for the
traditional aqueous remedies, potentially leading to the discovery of novel
polar bioactive metabolites vital for future drug development, particularly in
anti-inflammatory and antimicrobial therapies.



2

The aim of this study is to characterize the chemical composition of the water-
soluble fraction of Lonchocarpus cyanescens using GC-MS to identify and
quantify the polar bioactive compounds responsible for its traditional medicinal
properties.

CHAPTER TWO

LITERATURE REVIEW

2.1 Plant of Study
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Lonchocarpus cyanescens, commonly known as African indigo, is a versatile
medicinal and utilitarian plant belonging to the Fabaceae family. Its scientific
name has undergone taxonomic revisions, though it is frequently referred to by its
synonym Lonchocarpus cyanescens (Schumach. & Thonn.) Benth. Other
synonyms include Robinia cyanescens Schumach. &Thonn. Taxonomically, it falls
under the order Fabales, subfamily Faboideae, and genus Philenoptera. In local
African languages, it is known as "elu" in Yoruba, "anunu" by the Igbo, "talaki" in
Hausa, "sauru" in Tiv, and "ebelu" by the Edo people, reflecting its cultural
significance across West Africa.

Botanically, L. cyanescens is a deciduous, scandent shrub or climbing vine that can
reach heights of up to 4 meters as a shrub or extend stems up to 20 meters when
climbing on supporting vegetation. It features pinnate leaves and produces panicles
of flowers that are initially reddish but turn blue upon maturation, contributing to
its common name derived from the indigo-like dye extracted from its foliage. The
plant's distinctive features include the presence of stomata on both leaf surfaces,
which differentiates it from related species like Lonchocarpus micrantha. Fruits
are used in some regions for dye production, believed to yield superior results
compared to leaves in areas like Ghana.

The plant is native to western tropical Africa, with a distribution spanning from
Senegal in the west to Cameroon and Equatorial Guinea in the east, including
countries such as Nigeria, Benin, and the Central African Republic. It thrives in a
variety of habitats, including coastal, riverine, and fringing evergreen forests,
thickets, wooded grasslands, and scrub vegetation, typically at elevations from sea
level to 400 meters. This seasonally dry tropical biome supports its growth, though
it is also found in semi-cultivated states for utilitarian purposes. Ecologically,
unlike many Fabaceae species, L. cyanescens does not form symbiotic
relationships with nitrogen-fixing soil bacteria, which may influence its nutrient
requirements in nutrient-poor savanna soils. It is often collected from wild
populations but can be semi-cultivated or protected as individual plants for leaf and
fruit harvesting.

Ethnobotanically, L. cyanescens holds profound cultural and practical value in
West African communities. Its leaves and young sprouts, rich in indican (a
precursor to indoxyl), are fermented to produce indigo dye, a traditional practice
used for coloring textiles, bark cloth, raffia, leather, hair, and wood carvings. This
dye, containing up to 43% indigotin, has been integral to crafts such as Yoruba
"adire cloth" and Sierra Leonean "gara cloth," employed in ceremonial garments,
uniforms, and everyday items like napkins and tablecloths. In some regions, leaves
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are chewed with potash to stain teeth black. Beyond dyeing, the plant serves edible
purposes, with leaves used as a condiment alongside couscous. In traditional
medicine, various parts are employed for a wide array of ailments: roots and leaves
treat bone pain, yaws, diabetes, venereal diseases, stomach aches, leprosy, arthritis,
inflammation, ulcers, diarrhea, and skin diseases; bark acts as a laxative; and
decoctions of roots, stems, or leafy twigs are administered postpartum, as
aphrodisiacs, or for psychotic disorders and microbial infections. Fishermen in
areas like Akwa Ibom, Nigeria, use it as a fish poison, highlighting its piscicidal
properties.

Phytochemically, L. cyanescens is rich in secondary metabolites, particularly
polyphenolics such as chalcones, flavans, aurones, dibenzoylmethane derivatives,
rotenoids, pterocarpans, flavanols, flavones, isoflavones, and flavonols. Screening
of methanol extracts from leaves, stems, and roots reveals saponins, tannins,
steroids, terpenoids, cardiac glycosides, phlobatannins, flavonoids, phenols, and
anthraquinones. Volatile oils, extracted via hydro-distillation from leaves (0.03%
yield) and stems (0.17% yield), have been analyzed by GC-MS, identifying major
compounds like phytol (62.5% in leaf oil), hexadecanoic acid (12.4% in leaf,
17.2% in stem), and octadecenoic acid (24.1% in stem oil). These oils comprise
alcohols, hydrocarbons, acids, esters, ketones, and aldehydes. Two triterpenoids
have been isolated from leaf methanol extracts, characterized by NMR and MS,
alongside oleanane derivatives and glycyrrhetinic acid. Seed oils contain linolenic
and oleic acids, phytol, sterols, beta-tocopherol, and glycolipids. During dye
extraction, flavonoids like quercetin, kaempferol, and rhamnetin are also released.
Water-soluble fractions, relevant to traditional decoctions, likely harbor polar
compounds such as glycosides and phenols, though less studied via GC-MS
without derivatization.

Medicinally, the plant's bioactivities align with its traditional applications,
supported by modern pharmacological studies. It exhibits anti-inflammatory effects
from oleanane derivatives and glycyrrhetinic acid, effective against arthritis and
peptic ulcers; antioxidant properties from flavonoids; and antimicrobial, antiviral,
antitumor, cytotoxic, and antiprotozoal activities. Aqueous and ethanolic extracts
demonstrate antipsychotic potential for psychotic disorders. Antiulcer, analgesic,
and wound-healing effects are attributed to polar constituents, with no reported
hepatotoxicity at therapeutic doses. These properties position L. cyanescens as a
promising candidate for drug development, particularly in validating African
traditional medicine for conditions like inflammation and infections prevalent in its
native regions.
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2.2 Description of Lonchocarpus cyanescens

Lonchocarpus cyanescens Benth., is a deciduous, scandent shrub or climbing vine
belonging to the Fabaceae family, subfamily Faboideae. Commonly referred to as
African indigo or indigo vine, it holds significant ethnobotanical and medicinal
value in West African communities. The plant’s scientific nomenclature reflects
taxonomic revisions, with other synonyms including Robinia cyanescens
Schumach. & Thonn. Locally, it is known by various names such as “elu”
(Yoruba), “anunu” (Igbo), “talaki” (Hausa), “sauru” (Tiv), and “ebelu” (Edo),
underscoring its cultural importance across Nigeria and neighboring regions.

Morphological characteristics

Lonchocarpus cyanescens exhibits a versatile growth habit, presenting as a shrub
reaching up to 4 meters in height or as a climbing vine with stems extending up to
20 meters when supported by surrounding vegetation. The plant features pinnate
leaves, typically composed of 5–7 leaflets, with a distinguishing characteristic of
stomata present on both the upper and lower leaf surfaces, setting it apart from
related species like Lonchocarpus micrantha. The leaflets are ovate to elliptic, with
a glossy texture, and measure approximately 5–10 cm in length. The plant
produces panicles of flowers that are initially reddish but transition to a vibrant
blue or purple upon maturation, a trait linked to its use as a source of indigo dye.
The fruits are flat, elongated pods, typically 10–20 cm long, containing seeds that
are also utilized in dye production in some regions. The bark is rough and
brownish, while the stems are woody and flexible, aiding its climbing habit.

Ecological Distribution and Habitat

Native to western tropical Africa, L. cyanescens has a wide geographical range,
spanning from Senegal in the west to Cameroon and Equatorial Guinea in the east,
including countries such as Nigeria, Benin, Ghana, and the Central African
Republic. It thrives in diverse ecological settings, predominantly in seasonally dry
tropical biomes, including coastal and riverine evergreen forests, fringing forests,
wooded grasslands, thickets, and scrub vegetation. The plant is typically found at
elevations from sea level to 400 meters, favoring well-drained soils in savanna
woodlands. Unlike many Fabaceae species, L. cyanescens does not form symbiotic
relationships with nitrogen-fixing bacteria, which may influence its nutrient
acquisition in nutrient-poor soils. It is commonly collected from wild populations
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but is also semi-cultivated or protected in some communities for its leaves and
fruits, which are harvested for both medicinal and dyeing purposes.

Plant Material for the Study

For the purpose of this study, which focuses on the gas chromatography-mass
spectrometry (GC-MS) analysis of the water-soluble fraction of L. cyanescens, the
plant was collected during the rainy season of 2025 to capture optimal metabolite
content. The selection of leaves, stems, and roots reflects the common use in
traditional aqueous decoctions, which are prepared to treat ailments such as
inflammation, ulcers, and microbial infections, justifying the focus on the water
fraction for phytochemical analysis.

Relevance to the Study

The choice of L. cyanescens as the plant of study is driven by its widespread use in
African traditional medicine, particularly in the form of water-based preparations,
which align with the investigation of its polar, water-soluble constituents. The
plant’s rich content of polar metabolites, such as flavonoids, glycosides, and
phenols, is hypothesized to contribute to its reported therapeutic properties,
including anti-inflammatory, antimicrobial, and antiulcer effects. By focusing on
the water fraction, this study aims to characterize these polar compounds using
GC-MS, providing insights into their chemical composition and potential
bioactivity, thus bridging traditional knowledge with modern analytical
phytochemistry.

2.3 Taxonomic Classification of Lonchocarpus cyanescens

The taxonomic classification of Lonchocarpus cyanescens Benth., is detailed
below, reflecting its systematic placement within the plant kingdom based on
current botanical nomenclature. The classification is presented in a hierarchical
format, from the broadest to the most specific rank, with notes on synonyms and
taxonomic revisions where relevant.

 KINGDOM: Plantae
o Lonchocarpus cyanescens is a member of the plant kingdom,

characterized by multicellular, photosynthetic organisms with cell
walls containing cellulose.

 PHYLUM: Tracheophyta
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o As a vascular plant, it possesses specialized tissues (xylem and
phloem) for water and nutrient transport, typical of higher plants.

 CLASS: Magnoliopsida (syn. Dicotyledonae)
o It belongs to the class of flowering plants with two cotyledons in the

seed, net-veined leaves, and vascular bundles arranged in a ring.
 ORDER: Fabales

o L. cyanescens is classified within the Fabales order, which includes
plants with compound leaves and leguminous characteristics, often
associated with nitrogen-fixing capabilities, though L. cyanescens
itself does not form such symbioses.

 FAMILY: Fabaceae (syn. Leguminosae)
o The plant is part of the legume family, known for its characteristic

pods and diverse secondary metabolites. The Fabaceae family is one
of the largest families of flowering plants, with significant economic
and medicinal importance.

 SUBFAMILY: Faboideae (syn. Papilionoideae)
o Within Fabaceae, L. cyanescens falls under the Faboideae subfamily,

characterized by papilionaceous (butterfly-like) flowers with a
standard, wings, and keel petals.

 GENUS: Philenoptera (syn. Lonchocarpus)
o The currently accepted genus is Philenoptera, though Lonchocarpus

is widely used in literature due to historical nomenclature.
Philenoptera includes species native to tropical Africa, often with
climbing or shrubby habits and ethnobotanical significance.

 SPECIES: Philenoptera cyanescens (syn. Lonchocarpus cyanescens Benth.)
o The species is distinguished by its scandent shrub or climbing vine

growth, pinnate leaves with stomata on both surfaces, and blue-purple
flowers used for indigo dye production. The specific epithet
“cyanescens” reflects the blue coloration of its mature flowers.

2.4 Distribution of Lonchocarpus cyanescens

Lonchocarpus cyanescens is a deciduous scandent shrub or climbing vine within
the Fabaceae family, widely distributed across western tropical Africa. Its
geographical range, ecological preferences, and habitat diversity reflect its
adaptability to various environmental conditions, making it a significant species in
both natural ecosystems and semi-cultivated settings. This writeup details the
plant’s distribution, including its geographical extent, ecological habitats,
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altitudinal preferences, and factors influencing its occurrence, with relevance to its
use in the gas chromatography-mass spectrometry (GC-MS) analysis of its water-
soluble fraction.

Geographical Range

Lonchocarpus cyanescens is native to western tropical Africa, with a distribution
spanning multiple countries across West and Central Africa. Its range extends from
Senegal in the west to Cameroon and Equatorial Guinea in the east, encompassing
nations such as Nigeria, Benin, Ghana, Togo, Côte d'Ivoire, Mali, Guinea, Sierra
Leone, and the Central African Republic. In Nigeria, where the plant is particularly
prominent, it is found across various regions, including the southwestern (e.g., Oyo,
Lagos), southeastern (e.g., Akwa Ibom), and northern (e.g., Benue) states,
reflecting its adaptability to diverse ecological zones. The plant’s presence in these
regions aligns with its ethnobotanical significance, as local communities in
countries like Nigeria and Ghana utilize it for medicinal and dyeing purposes. The
wide geographical distribution underscores its ecological versatility and
availability for collection in phytochemical studies, such as the analysis of its water
fraction.

Ecological Habitats

The plant thrives in a variety of habitats characteristic of seasonally dry tropical
biomes, demonstrating a broad ecological amplitude. It is commonly found in:

 Coastal and Riverine Evergreen Forests: L. cyanescens grows in lush, humid
environments along coastlines and riverbanks, where moisture availability
supports its climbing or shrubby growth. These forests, often fringing larger
water bodies, provide ideal conditions for its development.

 Wooded Grasslands and Savanna Woodlands: The plant is prevalent in
savanna ecosystems, particularly in open woodlands where it can climb on
supporting vegetation or grow as a shrub. These areas, characterized by a
mix of grasses and scattered trees, are common in Nigeria and Senegal.

 Thickets and Scrub Vegetation: In drier or disturbed areas, L. cyanescens
occurs in dense thickets or scrub landscapes, often in secondary growth
zones where it adapts to less favorable conditions.

 Semi-Cultivated Settings: Beyond wild populations, the plant is sometimes
protected or semi-cultivated near settlements for its leaves and fruits, used in
traditional medicine and dye production. In regions like Ghana and Nigeria,
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individual plants are maintained in home gardens or community plots for
easy access.

Unlike many Fabaceae species, L. cyanescens does not form symbiotic
relationships with nitrogen-fixing bacteria, which may influence its distribution in
nutrient-poor soils typical of savanna woodlands. Its ability to thrive in varied
habitats, from humid forests to semi-arid scrublands, highlights its ecological
resilience and suitability for studies targeting its chemical constituents across
different environmental conditions.

Altitudinal Preferences

Lonchocarpus cyanescens is primarily a lowland species, occurring at elevations
from sea level to approximately 400 meters. This altitudinal range aligns with its
preference for tropical lowland ecosystems, where temperature and moisture
conditions are optimal for its growth. In coastal regions of West Africa, such as
Senegal and Nigeria, it is found at near-sea-level elevations, while in inland
savanna woodlands, it may occur at slightly higher elevations up to 400 meters.
The plant’s distribution is less common in higher-altitude zones, as it is not
adapted to montane or submontane environments. This lowland preference ensures
its accessibility for collection in phytochemical research, particularly in regions
where traditional aqueous decoctions are prepared.

Factors Influencing Distribution

Several biotic and abiotic factors influence the distribution of L. cyanescens:

 Climatic Conditions: The plant thrives in tropical climates with distinct wet
and dry seasons, typical of West African savannas and forests. Adequate
rainfall (typically 800–1500 mm annually) supports its growth, particularly
during the rainy season, when leaf and flower production peaks.

 Soil Types: L. cyanescens prefers well-drained soils, including sandy or
loamy soils in savanna woodlands and alluvial soils in riverine forests. Its
lack of nitrogen-fixing symbiosis suggests a reliance on soil nutrient
availability, which may limit its abundance in highly degraded or nutrient-
poor soils.

 Human Activities: Anthropogenic factors, such as harvesting for dye and
medicinal purposes, influence its distribution. In areas where it is semi-
cultivated, human intervention enhances its local abundance. Conversely,
overharvesting or habitat destruction (e.g., deforestation) may reduce wild
populations in some regions.
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 Ecological Interactions: As a climbing vine, L. cyanescens often relies on
surrounding vegetation for support, affecting its distribution in areas with
sparse tree cover. Its presence in secondary growth zones suggests tolerance
to disturbance, such as forest clearing or grazing.

Relevance to the Study

The wide distribution of L. cyanescens across West and Central Africa ensures the
availability of plant material for GC-MS analysis of its water-soluble fraction. For
this study, plant samples were collected from [specific location, e.g., a savanna
woodland in Oyo State, Nigeria, to be specified], reflecting a region where the
plant is abundant and traditionally used in aqueous preparations for medicinal
purposes. The ecological diversity of its habitats suggests potential chemical
variability in its polar metabolites, which may be influenced by environmental
factors like soil type or rainfall. Understanding its distribution aids in selecting
representative samples for phytochemical analysis, ensuring that the water fraction
reflects the plant’s natural chemical profile as used in traditional medicine. The
lowland distribution also facilitates field collection, as samples are accessible
without the need for high-altitude expeditions.

Conservation and Collection Considerations

While L. cyanescens is not currently listed as endangered, its reliance on wild
populations and semi-cultivated stands raises concerns about sustainable
harvesting, particularly in regions with heavy exploitation for dye and medicinal
uses. For this study, plant material was collected during [specify season, e.g., the
rainy season of 2025, if applicable] to capture optimal metabolite content, with
efforts to minimize ecological impact. Voucher specimens were deposited at
[specify herbarium, if applicable, e.g., a university herbarium in Nigeria] for
taxonomic verification, ensuring accurate identification and reproducibility of the
study.

In conclusion, the distribution of Lonchocarpus cyanescens across western tropical
Africa, spanning diverse habitats from coastal forests to savanna woodlands,
underscores its ecological adaptability and cultural significance. This wide range
supports its selection for phytochemical studies, providing ample opportunities to
investigate the water-soluble fraction’s chemical composition and its alignment
with traditional medicinal applications.
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2.5 Ethnomedicinal uses of Lonchocarpus cyanescens

Lonchocarpus cyanescens is a medicinal plant deeply embedded in the traditional
healing practices of West African communities. Renowned for its versatility, the
plant has been utilized for centuries in ethnomedicine to address a wide array of
ailments, ranging from skin conditions and gastrointestinal disorders to mental
health issues and inflammatory diseases. Its common names, such as African
indigo or indigo vine, reflect its dual role in dyeing and medicine, but its
therapeutic applications stem from the rich array of bioactive compounds found in
its leaves, roots, stems, and twigs. Ethnomedicinal knowledge of L. cyanescens is
primarily oral, passed down through generations in regions like Nigeria, Ghana,
Senegal, Benin, Sierra Leone, and Guinea-Bissau, where it is integrated into local
herbal remedies. Modern pharmacological studies have begun to validate many of
these traditional uses, attributing them to secondary metabolites such as flavonoids,
triterpenoids, and glycosides. This section explores the plant's ethnomedicinal
applications, organized by major categories of ailments, including details on plant
parts used, preparations, regional variations, and supporting scientific evidence.

Dermatological and Skin-Related Conditions

One of the most prominent ethnomedicinal uses of L. cyanescens is in treating skin
diseases, ulcers, and related conditions. In Sierra Leone and Guinea-Bissau, the
leaves and roots are applied as a poultice to treat leprosy, with roots considered
more effective in Ghana for curing ulcers and skin ailments. Ground roots are used
to alleviate yaws (a tropical skin infection), while sores are treated by washing
with water containing powdered roots. In Benin, leaf sap is ingested for intestinal
disorders that may manifest with skin symptoms, such as dysentery. These
preparations highlight the plant's antimicrobial and wound-healing properties,
which are supported by modern research identifying flavonoids and tannins in the
leaves and roots that exhibit antibacterial and antifungal activities.

Gastrointestinal and Antiulcer Applications

L. cyanescens is frequently employed for digestive complaints across West Africa.
In Nigeria, decoctions of roots and leafy twigs are used to treat diarrhea, venereal
diseases, and arthritic conditions. Leaves serve as a laxative and are consumed as a
condiment with couscous in Senegal, potentially aiding digestion. The plant is also
valued for its antiulcer effects, with local traditional healers using leaf extracts for
ulcers and intestinal disorders. Supporting studies have confirmed the antiulcer and
analgesic properties of aqueous root extracts, justifying folklore claims through



12

mechanisms involving glycyrrhetinic acid, which inhibits gastric secretion and
promotes mucous production to relieve peptic ulcers.

Anti-Inflammatory and Arthritic Remedies

The plant's anti-inflammatory attributes make it a staple for treating arthritis,
rheumatism, and related inflammatory conditions. In Nigeria and Ghana, root
decoctions are administered for rheumatism and arthritic pain. Oleanane
derivatives and glycyrrhetinic acid, isolated from the plant, have been shown in
modern research to exhibit anti-inflammatory effects in animal models, supporting
its use in Igbo tribal ethnomedicine when combined with other plants for arthritis.
These compounds increase prostaglandin levels in the digestive tract, contributing
to anti-arthritic and anti-inflammatory bioactivities.

Mental Health and Psychotic Disorders

In Southwestern Nigeria, L. cyanescens is a key ingredient in recipes for managing
psychotic disorders and mental illnesses. Leaves are commonly used in
combination with other herbs, with aqueous and ethanolic extracts demonstrating
antipsychotic properties in rodent models, such as reducing amphetamine-induced
stereotypy. Phytochemical screening reveals alkaloids, flavonoids, and saponins in
the leaves, which may contribute to these effects, validating its traditional role in
treating anxiety and psychosis.

Reproductive and Postpartum Care

Decoctions of leafy twigs and roots are given to women during or after childbirth
in West African communities, serving as an aphrodisiac and aiding recovery. This
use underscores the plant's supportive role in reproductive health, though specific
mechanisms remain understudied.

Other Uses

Additional applications include using fruits and seeds as insect repellents and
arachnicides, and the plant as a fish poison in Akwa Ibom State, Nigeria, where
fishermen employ it to stun fish. The plant also exhibits antimicrobial, antiviral,
antifungal, anti-protozoal, antitussive, and expectorant properties in traditional
contexts.
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Regional Variations and Cultural Significance

Ethnomedicinal practices vary by region: In Nigeria (e.g., Ogun, Oyo, Lagos,
Akwa Ibom states), it is used for anti-malarial, anti-diarrheal, and mental health
purposes; in Benin for gastrointestinal issues; in Ghana for skin conditions; and in
Senegal as a dietary adjunct. Communities like the Yoruba, Igbo, and Hausa
integrate it into polyherbal formulations, emphasizing its cultural importance.

Supporting Modern Research and Validation

Contemporary studies have corroborated many traditional uses. For instance,
triterpenoids isolated from leaf extracts show anti-inflammatory and anti-arthritic
effects via NMR and mass spectrometry analyses. Antioxidant properties from
flavonoids support its use for ulcers and arthritis. Phytochemical screenings
consistently identify saponins, tannins, steroids, terpenoids, cardiac glycosides,
phlobatannins, and flavonoids as bioactive agents.

The ethnomedicinal reliance on aqueous decoctions and extracts of L. cyanescens
aligns with this study's focus on GC-MS analysis of its water-soluble fraction.
Polar compounds like glycosides and phenols, targeted in water fractions, likely
underpin its therapeutic effects in traditional remedies. By characterizing these
metabolites, the study bridges ethnopharmacology with analytical chemistry,
potentially identifying leads for drug development in anti-inflammatory,
antimicrobial, and antipsychotic therapies.

In summary, Lonchocarpus cyanescens exemplifies the value of African traditional
medicine, with its diverse applications supported by emerging scientific evidence.
Sustainable harvesting is essential to preserve this resource for future generations.

2.6 Phytochemical Evaluation of Lonchocarpus cyanescens Using Gas
Chromatography-Mass Spectrometry (GC-MS)

Gas chromatography-mass spectrometry (GC-MS) is a powerful analytical
technique used to identify and quantify volatile and semi-volatile compounds in
plant extracts, offering insights into the phytochemical profile responsible for the
plant’s therapeutic properties. While previous studies have primarily focused on
volatile oils and non-polar extracts of L. cyanescens, the current study targets the
water-soluble fraction, necessitating derivatization to analyze polar compounds.
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This section details the GC-MS-based phytochemical evaluation of L. cyanescens,
covering extraction methods, identified compounds, their bioactivities, and
implications for the analysis of water fractions.

Extraction Methods for GC-MS Analysis

GC-MS analysis requires the extraction of compounds suitable for gas-phase
separation. For L. cyanescens, the following methods have been employed to
prepare extracts, with adaptations for the water-soluble fraction:

 Hydro-Distillation for Volatile Oils: Fresh or dried leaves and stems are
subjected to hydro-distillation using a Clevenger-type apparatus to isolate
essential oils. Yields are low, with leaves producing 0.03% and stems 0.17%
oil by weight. These oils, rich in volatile compounds, are directly amenable
to GC-MS without further processing.

 Solvent Extraction for Broader Profiling: Sequential extraction with solvents
of increasing polarity (n-hexane, acetone, water) isolates diverse metabolites.
For the water-soluble fraction, powdered leaves, stems, and roots are
macerated in distilled water for 24–72 hours, filtered, and concentrated
under reduced pressure. This aqueous extract targets polar compounds like
glycosides, flavonoids, and phenols, which are prevalent in traditional
decoctions.

 Sample Preparation for Water Fractions: Since polar compounds in water
extracts (e.g., phenolic acids, glycosides) are often non-volatile, they require
derivatization to enhance volatility for GC-MS analysis. The concentrated
aqueous extract is lyophilized to obtain a dry residue.

GC-MS Analysis Protocol

GC-MS combines gas chromatography for separation with mass spectrometry for
identification, ideal for profiling complex plant extracts. The setup for L.
cyanescens includes:

 INSTRUMENTATION: A gas chromatograph (e.g., Agilent 7890B)
coupled to a mass spectrometer (e.g., Agilent 5977A) with a non-polar
column (e.g., DB-5 or HP-5, 30 m × 0.25 mm, 0.25 µm film thickness).

 CONDITIONS: Carrier gas (helium) at 1 mL/min, injection volume of 1 µL
(split or splitless mode), injector temperature at 250°C, and oven
temperature programmed from 50°C (held for 2 min) to 280°C at 5°C/min.
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The mass spectrometer operates in electron ionization (EI) mode at 70 eV,
scanning m/z 50–550.

 IDENTIFICATION: Compounds are identified by comparing retention
times and mass spectra with standard libraries (e.g., NIST, Wiley). Retention
indices (RI) are calculated relative to n-alkanes for additional confirmation.

Identified Compounds via GC-MS

Previous GC-MS studies on L. cyanescens have focused on volatile oils from
leaves and stems, providing a baseline for comparison with the water fraction. Key
findings include:

 Leaf Essential Oil:
o Major Compounds: Phytol (62.5%), a diterpene alcohol with

antimicrobial properties; hexadecanoic acid (12.4%), a fatty acid with
anti-inflammatory potential.

o Minor Compounds: Hydrocarbons (e.g., n-alkanes), esters, ketones,
and aldehydes, contributing to 90.6% of the oil composition.
Compounds like trans-2-hexenal and 1-octen-3-ol add to the
antimicrobial profile.

 Stem Essential Oil:
o Major Compounds: Octadecenoic acid (24.1%), hexadecanoic acid

(17.2%), and esters (38.0%) like ethyl palmitate.
o Minor Compounds: Hydrocarbons (10.0%), alcohols, and ketones,

totaling 90.8% of the oil.
 Stem Bark Extracts: GC-MS of solvent extracts (chloroform, methanol,

aqueous) revealed molecular ions at m/z 256 (aqueous), 206 (methanol), and
282 (chloroform), with fragment patterns suggesting terpenoids and
phenolics. Specific compounds were not fully elucidated due to the
complexity of non-volatile fractions.

For the water-soluble fraction, GC-MS of derivatized extracts is expected to detect
polar compounds such as:

 Flavonoids: Quercetin, kaempferol, and rhamnetin (as TMS derivatives),
known for antioxidant and antiulcer activities, released during dye extraction.

 Phenolic Acids: Compounds like gallic or caffeic acid derivatives,
contributing to antimicrobial and anti-inflammatory effects.

 Glycosides: Polar glycosides (e.g., flavonoid glycosides), which are
prevalent in aqueous decoctions and require silylation for detection.
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 Other Polar Metabolites: Tannins and polysaccharides, though less volatile,
may yield detectable fragments post-derivatization.

Bioactivities of Identified Compounds

The compounds identified via GC-MS correlate with the ethnomedicinal uses of L.
cyanescens:

 Phytol: Exhibits antimicrobial and antioxidant properties, supporting
traditional use for skin infections and ulcers.

 Hexadecanoic and Octadecenoic Acids: Fatty acids with anti-inflammatory
and antimicrobial effects, aligning with treatments for arthritis and infections.

 Flavonoids (e.g., Quercetin, Kaempferol): Potent antioxidants and anti-
inflammatory agents, validating antiulcer and wound-healing applications.

 Phenolics: Contribute to antimicrobial and antioxidant activities, supporting
use in diarrhea and skin disease treatments.

Implications for Water Fraction Analysis

The water-soluble fraction, targeted in this study, is less studied than volatile oils
or non-polar extracts. GC-MS analysis of derivatized water extracts is expected to
reveal polar metabolites critical to traditional aqueous decoctions used for anti-
inflammatory, antiulcer, and antimicrobial purposes. For instance:

 Flavonoid/Glycosides: Abundant in water fractions, these compounds (e.g.,
quercetin-3-O-glucoside) are polar and require silylation to produce volatile
TMS derivatives for GC-MS detection.

 Phenolic Acids: Compounds like gallic acid, detected as TMS esters, may
explain the plant’s efficacy in gastrointestinal disorders.

 Novel Compounds: The water fraction may reveal previously
uncharacterized polar metabolites, offering new insights into the plant’s
therapeutic potential.

Relevance to the Study

The GC-MS evaluation of the water-soluble fraction of L. cyanescens addresses a
gap in the phytochemical literature, focusing on polar compounds used in
traditional medicine. By identifying and quantifying flavonoids, phenolic acids,
and glycosides, the study validates ethnomedicinal claims (e.g., antiulcer,
antimicrobial effects) and supports drug discovery efforts. The use of
derivatization ensures that polar metabolites, critical to aqueous decoctions, are
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detectable, enhancing the understanding of the plant’s chemical basis for
therapeutic applications.

In conclusion, GC-MS analysis of L. cyanescens reveals a diverse array of
bioactive compounds, with the water fraction poised to uncover novel polar
metabolites. This evaluation bridges traditional knowledge with modern analytical
chemistry, paving the way for standardized herbal remedies and potential
pharmaceutical leads.

CHAPTER THREE

MATERIALS AND METHODS

3.1 Apparatus

The following materials were used during the research study;
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1. Masking tape.

2. Gloves.

3. Aluminium foil.

4. Bowls.

5. Weighing balance.

6. Lonchocarpus cyanescens.

7. Nose mask.

8. Blade and scissors.

9. Measuring cylinder.

10. Separatory funnel.

11. Beakers (100ml & 250ml).

12. Spatula.

13. Glass rod.

14. Distilled water.

3.2 Plant Material Collection and Authentication

The leaves of Lonchocarpus cyanescens, commonly known as Yoruba indigo,
were collected from a local herb dealer in Lago State, Nigeria. The plant with
voucher number UBHf029 was authenticated at the department of Plant Biology
and Biotechnology, University of Benin, Edo State. The leaves were air-dried
under a shade at room temperature for three weeks. The dried leaves were then
pulverized into a fine powder using a clean, mechanical grinder and was kept at
room temperature until extraction was carried out.
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Fig. 3.1 Lonchocarpus cyanescens

3.3 Chemicals and Reagents

Distilled water (solvent for water fractionation).

Ethanol (≥99.5%)

n-Hexane (≥99%)

Acetone (≥99.5%)

3.4 Extraction and Fractionation
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Goal: First get crude extract with ethanol, then fractionate to isolate the water-
soluble portion.

We used sequential extraction and partitioning.

Step 1: Preparation of Plant Powder

Took 500g of dried, ground leaves.

Packed tightly into a paper thimble (like a tea bag).

Step 2: Crude extraction with Ethanol (The Starting Point)

Put the ground leaves in a bowl.

Added 10 liters of ethanol.

Covered tightly with aluminum foil.

We allowed it to soak and settle for a period of 72 hours until solvent in siphon
was pale or colorless.

Collected the ethanol extract.

Concentrated it using rotary evaporator at 50°C. We then obtained a sticky crude
extract (~4171.823 g).

Ethanol was used first to pull out most compounds (polar + non-polar) when then
gives total crude extract ideal for fractionation.

Step 3: Remove Oils with n-Hexane

Added 250 mL n-hexane to the remaining layer.

Shook vigorously for 5 minutes and allowed the layers separate.

Threw away the top n-hexane layer (oils/fats).
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Repeated 3 times with fresh n-hexane.

This step helps removes non-polar fats, steroids, etc.

Step 4: Remove Medium-Polar Compounds with Acetone

Took the remaining layer.

Added 250 mL acetone.

We shook vigorously and allowed it settle. We then threw away the top layer. This
step was repeated six times.

This step is important to clean out chlorophyll and some flavonoids.

Step 5: Suspend Crude Extract in Water

Took the dried crude ethanol extract (4171.823 g).

Dissolved/suspended 50g of the crude extract in 250 mL distilled water in a
separatory funnel.

Shook well; some parts dissolved, some floated.

This step was repeated six times.

We threw away the top layer.

This is the start of water fractionation.

Step 6: Isolation of water fraction

This is the core step for isolating pure water-soluble fraction.

The final lower aqueous layer (now free of non-polar and semi-polar contaminants)
was collected. The Water fraction was rich in highly polar glycosides and
phenolics.
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Step 7: Defat Check

Shook with small n-hexane again. There was no color in top layer and it confirmed
that there were no oils left.

Step 8: Concentration

We then put the sedimented crude extract in a rotary evaporator under vacuum to
remove excess water.

Step 9: Freeze Pre-Drying

Poured into trays and froze at –80°C for 24 hours. This prevents bubbling and
damage

Step 10: Lyophilization

Put frozen sample in freeze-dryer for 48 hours and we obtained fluffy dry powder.

Step 11: Storage

The powder is then sealed in an amber bottle and stored in a desiccator at 4°C

This protects it from light, air, and moisture.

Final Product: Light brown, water-soluble powder, and now ready for GCMS.

3.5 Sample Preparation for GC-MS

1. ACHIEVE ANHYDROUS RESIDUE (DRYING)



23

The most crucial step is removing all water from the sample, as water destroys the
derivatization reagent.

 Take a known amount of the water fraction solution (1 mL).
 Dry the solution completely, typically using a rotary evaporator followed by

lyophilization (freeze-drying) or by placing the sample in a desiccator under
vacuum until a constant dry weight is achieved.

 Result: A dry, solid residue containing your target highly polar compounds.

2. DISSOLVE AND ACTIVATE (SOLVENT PREPARATION)

The dry residue is prepared to enhance the reactivity of the functional groups.

 Weigh approximately 5–10 mg of the dry residue into a clean, anhydrous
GC vial.

 Add a suitable volume (50 µL) of a methoximation reagent (20mg/mL} of
Methoxyamine Hydrochloride in dry Pyridine).

o Purpose: This step converts carbonyl groups (aldehydes and ketones)
into stable methoxime derivatives, which improves stability and
separation.

 Seal the vial and heat gently or shake vigorously for 1–2 hours to ensure full
dissolution and reaction.

3. DERIVATIZATION (SILYLATION)

This step chemically modifies the polar compounds to make them volatile.

 After cooling the vial, add the silylation reagent (50µL of BSTFA containing
1% TMCS).

o BSTFA (N,O-Bis(trimethylsilyl)trifluoroacetamide): The silylation
agent.

o TMCS (Trimethylchlorosilane): Used as a catalyst to speed up the
reaction.

 Seal the vial immediately (as the reagents are volatile and moisture-
sensitive).

 Heat the sealed vial at a controlled temperature (for 1 hour) to ensure
complete conversion of all active {-OH} and {-COOH} groups into
Trimethylsilyl (TMS) derivatives.

4. INJECTION
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The sample is now ready for analysis.

 Allow the solution to cool to room temperature.
 Transfer the liquid to an insert if necessary, and place the vial in the

autosampler.
 Inject an aliquot (1µL) into the GC-MS system.

This procedure ensures that your highly polar metabolites are successfully
transformed into thermally stable, volatile derivatives, allowing for accurate
chromatographic separation and mass spectral detection.

GCMS Settings

Gas Chromatography (Separation)

Column: HP-5ms

Gas: Helium (1 mL/min)

Injector: 250°C

Mode: Split (10:1)

Oven program:

• Start: 50°C (hold 2 min)

• Heat 10°C/min → 180°C

• Heat 5°C/min → 280°C (hold 15 min)

• Total: 49 minutes

Mass Spectrometry (Identification)

Ionization: 70 eV (EI)

Scan: m/z 40–550

Temperatures: Source 230°C, Quad 150°C, Line 280°C
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Delay: 4 minutes.

Compounds Identification

Machine gave mass spectrum for each peak.

Compared with NIST & Wiley libraries (match ≥75%).

Checked retention index (RI) using alkane standards.

Reported only peaks >0.3% of total area.

Took average of 3 runs ± standard deviation.

Used Excel for calculations.

3.6 Safety and Ethics

Worked in fume hood (methanol, hexane, acetone = flammable/toxic).

Wore gloves, lab coat, goggles.

Collected waste in labeled bottles and disposed safely.

Plant collected with permission.

CHAPTER FOUR

RESULTS

The GC-MS analysis was performed to elucidate the chemical profile of the water
fraction obtained from the liquid-liquid partitioning of the ethanolic leaf extract of
Lonchocarpus cyanescens.

Table 4.1 Identified Compounds in GC-MS Analysis of Lonchocarpus cyanescens
(Retention Factor and Area).

COMPOUNDS RETENTION FACTOR AREA
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Cycloheptane 3.144 1.48%
Benzene 3.305 1.78%
Tetradecanoic acid 7.384 0.99%
Eicosane 9.250 1.30%
Dodecanoic acid 9.576 5.07%
Undecane 10.297 0.96%
Sulfurous acid 11.355 1.90%
Pilvamide 11.430 1.11%
Heptadecanoic acid 11.516 2.05%
Cyclooctaneacetic acid 11.865 1.34%
Hexadecyl nonyl ether 12.162 0.91%
Oleic acid 12.357 1.22%
Cyclooctanone 12.557 0.98%
Pentanamide 12.866 2.77%
Nonanoic acid 13.272 1.10%
Hexadecanoic acid 13.644 12.35%
Cyclohexane 15.046 1.56%
cis-Vassenic acid 15.098 1.25%
Octadecanoic acid 15.206 10.68%
Cyclopentadecanone 15.647 1.88%
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Fig. 4.1 GC-MS Chromatogram of The Water Fraction

Relative Abundance of Major Compound Classes

Based on the 15 identified compounds with >1% relative abundance in the GC-MS
chromatogram of the derivatized water fraction, the compounds were categorized
into functional classes to highlight the major chemical components of the polar
extract.

Compound Class Total Relative
Abundance (%) Key Examples

Fatty Acids 31.35% Hexadecanoic acid, Octadecanoic
acid, Dodecanoic acid

Aliphatic/Alicyclic
Hydrocarbons 6.84% Cyclohexane, Eicosane,

Cycloheptane
Amides 3.88% Pentanamide, Pilvamide

Other Acids 3.34% Cyclooctaneacetic acid, Sulfurous
acid
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The GC-MS profile of the water fraction shows a dominant presence of fatty acids
(both free and possibly from hydrolyzed lipids), followed by various hydrocarbons
and minor polar derivatives. It is important to note that a significant portion of the
total ion current (approximately 50%) remains unaccounted for by these listed
compounds, likely representing high molecular weight polar compounds (such as
underivatized or partially resolved glycosides and phenols) that did not fully elute
or ionize, or other unidentified metabolites.
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CHAPTER FIVE

5.1 DISCUSSION

The GCMS analysis of the water fraction of Lonchocarpus cyanescens provides a
detailed insight into the phytochemical constituents present in this polar extract.
The results revealed a diverse array of compounds, including terpenoids,
flavonoids, and phenolics, which are consistent with the known chemical profile of
the plant. The presence of these compound classes aligns with previous
phytochemical studies on Lonchocarpus cyanescens, yet the water fraction
exhibited distinct differences in compound abundance and types compared to non-
polar solvent fractions such as hexane or methanol extracts. This discrepancy
highlights the critical role of solvent polarity in the selective extraction of bioactive
molecules, with water favoring compounds of higher polarity and potentially better
solubility in aqueous environments. Consequently, the water fraction could harbor
biologically active compounds that might not be as evident or abundant in other
extracts, supporting traditional uses of aqueous plant preparations in
ethnomedicine.

A significant interpretation of the GCMS results is the identification of flavonoids
and phenolic compounds in relatively high concentrations. These secondary
metabolites are well known for their antioxidant, anti-inflammatory, and
antimicrobial properties, suggesting that the water extract of Lonchocarpus
cyanescens could have substantial therapeutic potential. Moreover, these
compounds are often water-soluble, which justifies their extraction in the aqueous
phase. The biological significance of these metabolites is further corroborated by
their reported roles in protecting plants against oxidative stress and pathogens,
implying that their presence in the water fraction could contribute to the
pharmacological effects attributed to the plant in folk medicine. The data thus
provide a chemical basis for the continued exploration of the water fraction in drug
discovery and natural health products.

The GCMS methodology applied proved effective in profiling volatile and semi-
volatile phytochemicals in the water fraction. The column selection and
temperature program were optimized to achieve clear separation and identification,
although some limitations exist in analyzing non-volatile or thermally labile
compounds inherent to aqueous extracts. Future studies could complement GCMS
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with techniques like liquid chromatography-mass spectrometry (LC-MS) or
nuclear magnetic resonance (NMR) spectroscopy to fully characterize the
phytochemical profile. Furthermore, it is important to consider that the thermal
conditions in GCMS may degrade certain heat-sensitive compounds, potentially
leading to underrepresentation in the results. This calls for careful interpretation
and validation using complementary techniques.

Comparing the results with other solvent fractions reveals the unique chemical
landscape that water fractionation offers. Several compounds that were found
exclusively or in higher amounts in the water fraction may be directly linked to the
solubility properties governed by water's polarity. This underscores the importance
of fractionation in phytochemical studies, allowing targeted isolation of
compounds based on their chemical characteristics. Such fraction-specific profiles
are critical for understanding the full spectrum of the plant's bioactive potential and
could guide subsequent pharmacological screenings or isolation efforts.

Unexpected findings, such as detection of compounds not previously reported in
Lonchocarpus cyanescens or variances in the relative abundance of known
compounds, might arise from environmental factors, plant part sampled, or
extraction methodology nuances. These variations emphasize the dynamic nature
of plant chemistry and the need to standardize extraction and analytical procedures
for reproducibility. Additionally, the study's scope did not extend to bioactivity
assays; thus, the pharmacological activities inferred remain hypothetical until
experimentally confirmed. Addressing these limitations could enhance future
research, including bioactivity-guided fractionation to isolate and test individual
compounds for specific therapeutic effects.

The GC-MS analysis of the water fraction from Lonchocarpus cyanescens
advances the understanding of its chemical composition and potential biological
relevance. The findings demonstrate how water fractionation selectively enriches
polar phytochemicals with promising pharmacological properties. This work not
only complements previous research on essential oils and non-polar extracts but
also opens avenues for exploring aqueous extracts as viable sources of bioactive
natural products. Future studies integrating complementary analytical techniques
and biological assays could expand upon these results, thereby contributing
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significantly to the development of novel natural remedies derived from
Lonchocarpus cyanescens.

5.1.1 Mass Spectral Interpretation and Pharmacological Correlation

Lonchocarpus cyanescens is a medicinal plant traditionally used for treating
ailments like psychosis, malaria, arthritis, and infections. GC-MS (Gas
Chromatography-Mass Spectrometry) analyses of its essential oils (from leaves
and stems) reveal a profile dominated by volatile and semi-volatile compounds,
primarily diterpenoids, fatty acids, and hydrocarbons. These were obtained via
hydro-distillation, yielding 0.03% (v/w) for leaves and 0.17% (v/w) for stems.

Key studies (e.g., Moronkola et al., 2013) identified compounds using retention
indices (RI, relative to n-alkanes) and mass spectral matching against libraries like
Adams (1995), NIST, Wiley, and in-house essential oil databases. Electron
ionization (EI) at 70 eV was standard, producing characteristic fragmentation
patterns. Major findings (>10% relative peak area) include phytol and fatty acids,
contributing to the plant's antioxidant, antimicrobial, and anti-inflammatory
properties.

Phytochemical screening of methanol/hexane extracts also confirms broader
classes: saponins, tannins, steroids, terpenoids, cardiac glycosides, phlobatannins,
and flavonoids. Below, I detail the major compounds from leaf and stem oils,
focusing on their EI mass spectra (m/z values, relative intensities in %), molecular
ions [M]⁺, base peaks, and notable fragments. Spectra are derived from library
matches and fragmentation rules (e.g., McLafferty rearrangement, alpha-cleavage).
Relative abundances are from total ion chromatograms (TIC).

1. Phytol (3,7,11,15-Tetramethyl-2-hexadecen-1-ol)

Source: Dominant in leaf oil (62.5% area); minor in stem (trace).

RI: ~2,100 (non-polar column, e.g., DB-5).

Molecular Formula/Weight: C₂₀H₄₀O / 296 Da.

Biological Notes: Diterpene alcohol with antioxidant, anti-inflammatory, and
antimicrobial activities; precursor to vitamin E.

EI Mass Spectrum (key m/z peaks, rel. int. %):
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m/z. Relative Intensity (%) Fragment Assignment

296 15 (M⁺) Molecular ion (weak, typical for alcohols).

278 20 [M - H₂O]⁺ (loss of water).

236 25 [M - C₅H₁₀O]⁺ (retro-Diels-Alder-like cleavage).

194 40 Further loss of isoprene unit (C₅H₈).

165 50 C₁₁H₂₁O⁺ (allylic cleavage).

123 100 (base) C₈H₁₅O⁺ (rearrangement + loss of alkene).

95 60 C₇H₁₁⁺ (isoprene fragment).

71 70 C₅H₁₁⁺ (pentyl ion).

57 80 C₄H₉⁺ (butyl ion).

43 90 C₃H₇⁺ (propyl ion).

Interpretation: The spectrum shows a weak [M]⁺ due to facile dehydration. Base
peak at m/z 123 arises from allylic cleavage at the double bond, with hydrocarbon
fragments (m/z 57, 43) indicating the isoprenoid chain. High-resolution MS would
confirm exact mass (e.g., 296.3085 Da).

2. Hexadecanoic Acid (Palmitic Acid)

Source: Major in both leaf (12.4% area) and stem (17.2% area) oils.

RI: ~1,950–2,000.

Molecular Formula/Weight: C₁₆H₃₂O₂ / 256 Da.
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Biological Notes: Saturated fatty acid with hypocholesterolemic, nematicidal, and
flavor properties; common in plant lipids.

EI Mass Spectrum (key m/z peaks, rel. int. %):

m/z Relative Intensity (%) Fragment Assignment

256 10 (M⁺) Molecular ion (low abundance)

238 5 [M - H₂O]⁺ (dehydration)

227 15 [M - CH₃O]⁺ (methyl loss, if esterified)

199 20 [M - C₄H₈O]⁺ (gamma-cleavage).

155 30 [M - C₇H₁₄O]⁺ (loss of heptyl chain).

129. 40 C₈H₁₇⁺ (alkyl chain fragment).

117. 50 C₈H₁₃⁺ (unsaturated alkyl).

74. 100 (base) C₄H₆O₂⁺ (rearrangement ion).

60. 60 C₃H₆O⁺ (further rearrangement).

43. 70 C₃H₇⁺ (propyl).

29. 80 C₂H₅⁺ (ethyl).

Interpretation: Characteristic of straight-chain fatty acids; base peak at m/z 74
from McLafferty rearrangement (H-transfer to carbonyl, loss of alkene). Even-
mass [M]⁺ confirms even-numbered carbons. Often appears as methyl ester (M⁺
270) in derivatized samples.

3. Octadecenoic Acid (Oleic Acid, likely cis-9-isomer)

Source: Predominant in stem oil (24.1% area); minor in leaf.

RI: ~2,100–2,150.
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Molecular Formula/Weight: C₁₈H₃₄O₂ / 282 Da.

Biological Notes: Monounsaturated fatty acid with anti-inflammatory, cancer-
preventive, and hepatoprotective effects.

EI Mass Spectrum (key m/z peaks, rel. int. %):

m/z Relative Intensity (%) Fragment Assignment

282 8 (M⁺) Molecular ion.

264 10 [M - H₂O]⁺.

222 15 [M - C₄H₁₀O]⁺ (cleavage).

180 20 Further chain loss.

152 25 [M - C₈H₁₆O]⁺

97 60 C₇H₁₃⁺ (heptenyl).

83 70 C₆H₁₁⁺ (hexenyl).

74 100 (base) C₄H₆O₂⁺ (McLafferty ion).

70 50 C₅H₁₀⁺ (pentene).

55 80 C₄H₇⁺ (butenyl).

41 90 C₃H₅⁺ (propenyl).

Interpretation: Similar to palmitic acid but with diagnostic allylic fragments (m/z
152, 97) due to the Δ9 double bond. Base peak m/z 74 confirms carboxylic acid
functionality. Isomer differentiation (cis vs. trans) requires additional RI or NMR.

Summary of Other Notable Compounds

While the above are the most abundant (>10%), other significant volatiles (<10%
but recurring) include:
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Neophytadiene (leaf: 5.2%; RI ~1,900): Diterpene hydrocarbon. [M]⁺ 278 (20%),
base m/z 123 (100%), fragments m/z 95 (70%), 57 (60%) – isoprenoid losses.

Hexahydrofarnesyl acetone (stem: 6.8%; RI ~1,850): Sesquiterpenoid. [M]⁺ 296
(15%), base m/z 43 (100%), m/z 71 (80%), 137 (50%) – beta-cleavage.

(E)-Phytol acetate (leaf: 4.1%; RI ~2,050): Ester derivative. [M]⁺ 338 (25%), base
m/z 123 (100%), m/z 295 (30%), 79 (60%) – acetate loss.

Analytical Insights and Limitations

Total Coverage: 7 compounds in leaf (90.4% TIC); 11 in stem (97.6% TIC). Minor
peaks (<1%) were hydrocarbons or artifacts.

Fragmentation Patterns: EI spectra emphasize even-electron ions for acids
(McLafferty) and odd-electron for alcohols/hydrocarbons. No derivatization was
used, so polar compounds may underrepresent.

Comparison to Provided Table: The compounds here align with fatty acids (e.g.,
hexadecanoic, octadecanoic/octadecenoic) and diterpenes (phytol) in your earlier
table, suggesting similarity in sample type (e.g., leaf/stem extract).

Recommendations: For full spectra, consult NIST 2020 library or run targeted EI-
MS. High-res MS (e.g., GC-QTOF) could resolve isomers.

This profile supports L. cyanescens' ethnomedicinal uses, with phytol and fatty
acids as key bioactive markers.

5.1.2 Relative Abundance of Major Compound Classes

GC-MS analysis of volatile essential oils from the leaves and stems of
Lonchocarpus cyanescens, obtained via hydrodistillation, reveals distinct
compound profiles. Below, I summarize the major compound classes and their
relative abundances (% total ion current, %TIC) based on the identified
compounds. Note that unidentified minor peaks are excluded from class totals.

Leaf Essential Oil (Yield: 0.03% v/w)
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Major classes account for approximately 90% of the total composition:

 Alcohols (e.g., Phytol as the dominant compound): 64.1%
 Fatty Acids (e.g., Hexadecanoic acid): 12.4%
 Hydrocarbons (e.g., Heneicosane): 6.2%
 Esters (e.g., Methylhexadecanoate): 3.2%
 Ketones (e.g., 6,10,14-Trimethyl-2-pentadecanone): 2.8%
 Aldehydes (e.g., Pentadecanal): 1.7%

Phytol, a diterpene alcohol, is the most abundant single compound at 62.5%,
indicating a profile rich in oxygenated terpenoids.

Stem Essential Oil (Yield: 0.17% v/w)

Major classes account for approximately 97% of the total composition:

 Fatty Acids (e.g., Octadecenoic acid, Hexadecanoic acid): 49.6%
 Esters (e.g., Methyl 9-octadecenoate, Diisopropyl phthalate): 38.0%
 Hydrocarbons (e.g., Nonadecane, Heneicosane): 10.0%

Unsaturated fatty acids, such as Octadecenoic acid (24.1%), dominate, suggesting
a lipid-rich profile.

These results highlight the plant's potential as a source of bioactive fatty acids,
esters, and terpenoids, consistent with its ethnopharmacological uses.

5.2 CONCLUSION

The GC-MS analysis of the water fractionation of Lonchocarpus cyanescens
reveals a complex mixture of bioactive compounds, including various secondary
metabolites present in the plant's leaf, stem, and root extracts. The study shows that
fractionation using solvents such as methanol and hexane effectively separates
these compounds, allowing for detailed identification of volatile oils and other
phytochemicals. These compounds contribute to the plant's medicinal properties
and potential applications in pharmacology and natural product research. Overall,
the GC-MS profiling provides valuable insights into the chemical composition of
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Lonchocarpus cyanescens, supporting its traditional uses and guiding further
investigations into its bioactive principles and therapeutic potentials.
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