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ABSTRACT

Zanthoxylum zanthoxyloides, a member of the Rutaceae family, is renowned for its extensive traditional
medicinal applications, including the treatment of infections, pain, inflammation, gastrointestinal disorders,
and parasitic diseases. Despite its widespread use, there is a need to further explore its rich phytochemical,
proximate, vitamin, and mineral composition to scientifically validate its therapeutic and nutritional
potential. This study analyzed the crude extract of Zanthoxylum zanthoxyloides stem bark using standard
methods, and revealed significant concentrations of bioactive compounds such as phenols (853.49 + 2.86
mg/100 g), flavonoids (748.95 + 0.32 mg/100 g), tannins (729.36 + 1.89 mg/100 g), alkaloids (517.79 +
1.56 mg/100 g), and glycosides (332.37 + 1.64 mg/100 g), which are known for their potent antioxidant,
anti-inflammatory, and antimicrobial properties. Proximate analysis demonstrated a rich nutritional profile
with carbohydrates (81.81 + 0.01 mg/100 g), protein (5.70 mg/100 g), fiber (2.22 mg/100 g), and low-fat
content (1.03 mg/100 g), positioning it as a potential dietary resource. The vitamin profile included Vitamin
A (0.69 mg/100 g), Vitamin C (0.34 mg/100 g), and essential B-complex vitamins, including B1, Bz, Bs, Bg,
and Bi2, which are crucial for energy metabolism, immune support, and overall well-being. Mineral analysis
highlighted sodium (190.46 mg/100 g), potassium (142.13 + 1.01 mg/100 g), magnesium (183.06 + 0.01
mg/100 g), calcium (181.49 mg/100 g), and trace elements like iron and zinc, reinforcing its potential in
combating micronutrient deficiencies. These findings provide comprehensive scientific validation for the
traditional applications of Zanthoxylum zanthoxyloides, highlighting its utility in nutraceutical and
pharmaceutical industries. Further investigations are recommended to explore its pharmacological
properties, safety profile, and therapeutic efficacy in clinical applications.

Keywords: Zanthoxylum zanthoxyloides, phytochemicals, proximate analysis, vitamins, minerals,
traditional medicine, nutritional value, medicinal properties.

INTRODUCTION

Plants are a treasure trove of essential nutrients, and certain cancers [1,2,3]. The importance of
including fiber, vitamins, and minerals, which plant-based nutrition has gained significant
play a vital role in maintaining overall health. attention in recent years, with many individuals
Additionally, they are rich in antioxidants that adopting plant-based diets to reap their numerous
help shield cells from damage and lower the risk health benefits [4]. A well-rounded diet rich in
of chronic diseases like heart disease, diabetes, fruits, vegetables, whole grains, and legumes can
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significantly reduce the risk of chronic diseases,

promote healthy weight management, and

support overall health and well-being [5].

The utilization of plants for medicinal, nutritional,
and spiritual purposes has a rich history that spans
ancient civilizations. Our forebears heavily relied
on plants for survival, and their extensive
knowledge of plant properties and uses was
carefully passed down through generations [6]. In
ancient times, plants were employed to treat a
vast array of ailments, including wounds,
infections, digestive issues, and mental health
concerns (7]. Beyond their medicinal properties,
plants have also served as a vital source of
nutrition throughout human history. Fruits,
vegetables, grains, and legumes have provided
essential nutrients, including vitamins, minerals,
human

and macronutrients, necessary for

sustenance [8].

Traditional Plants are an abundant source of
proximate nutrients, which are crucial for
maintaining optimal human health and well-
being. These essential nutrients, found in plants,
encompass carbohydrates, proteins, fats, fiber,
vitamins, and minerals (9]. Carbohydrates serve
as the primary energy source in plants, occurring
in various forms such as starches, sugars, and
fibers. Certain plant varieties, including potatoes,

sweet potatoes, and corn, are particularly rich in
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carbohydrates [10]. Although present in smaller
guantities compared to carbohydrates, proteins
are also found in plants. Legumes, such as beans,
lentils, and peas, are notable for their high protein
content. While present in limited amounts, fats in
plants still provide a vital source of energy (11].
Certain plant varieties, including nuts, seeds, and
avocados, are dense in fatty acids. Another vital
nutrient found in plants is fiber, which plays a
pivotal role in maintaining a healthy gut. Plant-
based foods such as whole grains, fruits, and
vegetables are particularly rich in fiber [12].
Vitamins and minerals are also abundant in plants,
and they are essential for maintaining optimal
health. Leafy greens, citrus fruits, and whole
grains are exemplary sources of vitamins and
minerals [12]. For instance, spinach is an
excellent source of iron, while oranges are replete
with vitamin C. In addition to these essential
nutrients, plants also harbor a diverse array of
phytochemicals, which are bioactive compounds
that have been shown to confer health benefits.
For example, plants like tomatoes and bell
peppers contain lycopene, a potent antioxidant

that has been extensively studied (13].

The

phytochemical constituents that cause definite

medicinal power of plants lies in
pharmacological action on human body [14].
Phytochemical is a natural compound that occur

in plants such as medicinal plants, vegetables and
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fruits, that work with nutrients and fibers to act
against diseases or more specifically to protect
against diseases (15]. Some of the most

significant  bioactive  phytochemicals are

alkaloids,  flavonoids, tannins,  saponins,
glycosides, phenolic compounds and many more.
These natural compounds form the foundation of

modern prescription drugs as we know today [16].

Zanthoxylum  zanthoxyloides is a

spiny,
deciduous shrub (meaning it has separate male
and female plants) of the Rutaceae family, found
in Africa (precisely west Africa) [17]. The leaves
are pinnate or trifoliate, alternately arranged, and
often bear spines on the leaf margins and petioles,
though some varieties may be spineless [18]. Its
small, aromatic flowers are typically arranged in
panicles, with male flowers containing four
stamens and female flowers possessing up to five
carpels [18]. The fruits are follicles that split open
when ripe to release shiny black seeds. This
species thrives in diverse habitats such as
savannahs, thickets, coastal dunes, and dry
forests, often growing on termite mounds or in
degraded soils [19]. It can grow up to 12-16
meters tall and features a spiny trunk that sheds

its woody thorns as the tree matures [17].

Zanthoxylum zanthoxyloides is well-known for
its extensive medicinal and nutritional properties

[18]. Various parts of the plant, including its roots,
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bark, and leaves, are utilized in traditional
medicine due to their rich content of bioactive
compounds such as alkaloids, flavonoids, tannins,
and saponins [17], which exhibit antioxidant,
antimicrobial, and
[18,17].

zanthoxyloides has been traditionally used to

anti-inflammatory,
antidiabetic  activities Zanthoxylum

address  infections, pain, inflammation,
gastrointestinal disorders, parasitic diseases, and

several other health conditions [19,18], [17].

Understanding the phytochemical, proximate,

vitamin, and mineral composition  of
Zanthoxylum zanthoxyloides will help uncover
the specific bioactive components responsible for
its therapeutic and nutritional effects, offering
insights into its diverse applications. The plant’s
versatile uses, coupled with its potential to
provide essential nutrients and bioactive
compounds, make it an important candidate for
scientific exploration. However, despite its broad
traditional use, there is a need for detailed studies
to comprehensively assess its composition and
validate its applications. This study aims to
bridge this gap by scientifically substantiating the
traditional uses of Zanthoxylum zanthoxyloides
and exploring its potential in modern medicine
and nutrition, building a strong foundation for its
into healthcare

integration contemporary

solutions.
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MATERIALS AND METHOD
Plant collection and extraction

The plant material used in this study was
Zanthoxylum zanthoxyloides stem bark, sourced
from Ishieke-ldembia Village in Ebonyi Local
Government Area of Ebonyi State in South-
Eastern Nigeria. The plant was classified and
authenticated by Professor Mrs. Kate Nnamani, a
plant taxonomist in the Department of Applied
Biology of Ebonyi State University, Abakaliki,
Nigeria. Contaminants in the plant samples were
washed off under flowing tap and air dried under
a shade. The laboratory milling machine was used
to grind the plant stem bark and were sifted using
0.25 mm sieve. Crude extract was obtained by
maceration of 200 g of powder in 1.5 | of ethanol
for 72hours. Filtration (Whatman filter paper) of
the mixture followed the concentration of the
filtrate (rotary evaporator, 65°C) afforded 18.81
g (28.08% yields) of crude extract.

Phytochemical Determination

Phytochemical determinations were conducted
using standardized methods of the Association of
Official Analytical Chemists [20) for the nine
compounds. Tannins were analyzed using the
Folin-Denis colorimetric method, where extracts

were treated with ferric chloride and potassium
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ferricyanide, with absorbance measured at 720
nm. Flavonoids were quantified following
extraction with ethyl acetate and reaction with
ammonia, with absorbance at 490 nm. Alkaloids
were determined by maceration with ethanol-
sulphuric acid and subsequent absorbance
reading at 490 nm. Phenols are commonly
determined using the Folin-Ciocalteu method,
where the extract is reacted with Folin-Ciocalteu
reagent and sodium carbonate, then incubated to
allow color development. Absorbance is
measured at 765 nm, and phenol concentration is
calculated using a standard curve, typically with
gallic acid. Saponins involved petroleum ether
extraction, ethanol dissolution, and chromogen
reaction, measured at 550 nm. Hydrogen cyanide
(HCN) content was assessed using alkaline
picrate, boiled, cooled, and measured at 490 nm.
identified

extraction, phosphomolybdic acid, and sulfuric

Terpenoids were using ethanol
acid, with absorbance at 700 nm. Steroids were
determined by ethanol extraction and reaction
with a color reagent, with absorbance at 550 nm.
Lastly, glycosides were extracted with water,
treated with lead acetate and chloroform,
evaporated, and reacted with ferric chloride and
sulfuric acid, measured at 530 nm. For all
determinations, the phytochemical concentration

was calculated using absorbance differences
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(sample and blank), solvent volume, slope of the

calibration curve, and sample weight.
Proximate Determination

Proximate composition by methods described by
[21]. Crude protein determination was done by
the microkjedhal method and nitrogen content
was multiplied by 6.25. Ash content was done by
the muffle furnace ignition method at 550°C, fat
was determined by gravimetric solvent extraction
method, crude fiber was determined by the
Weende method, moisture determination was
done by drying in an oven at 65°C to a constant
weight while carbohydrate was calculated by the
difference of the sum of all the proximate

composition from 100%.
Mineral and Vitamin Determination

Mineral was done by dry ash extraction described
by [21] using 2M hydrochloric acid. Calcium and
magnesium were determined by
EDTAcomplexiometric titration sodium and
potassium were analyzed using a flame
photometer (FP-640 model, Korea), phosphorus
was determined spectrophotometrically by the
vanadium phosphomolybdate method. Zinc and
copper were analyzed colorimetrically while iron
was analyzed by the Ophenanthroline red ferrous

complex method both described by [22].
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B, and Bs
spectrophotometrically by methods described by

Vitamins By, were determined
[23] while vitamins Bs, B2, A and C were
determined using the official methods of the
Association of Official Analytical Chemists [20]

Statistical Analysis

All the results were expressed as Mean *
Standard deviation [SD]. Data were analyzed
using SPSS. Value of P<0.05 were considered to
be statistically significant.

RESULTS AND DISCUSSION

1. Phytochemical composition of crude
extract of Zanthoxylum zanthoxyloides stem
bark

The Phytochemical constituent of Zanthoxylum
zanthoxyloides stem bark in a crude extract
showed that the extract had alkaloids 517.79 *
1.56 mg /100g of extract, phenol 853.49 + 2.86
mg /100g of extract, Tannin 729.36 + 1.89 mg
/100g of extract, Flavonoid 748.95 + 0.32 mg
/100g of extract, HCN 0.46 + 0.03 mg /100g of
extract, saponins 0.65 + 0.01 mg /100g of extract,
glycosides 332.37 + 1.64 mg /100g of extract,
Terpenoids 320.22 + 1.33 mg /100g of extract and
steroids 0.59 mg /100g of extract.
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Figure 1: Phytochemical composition of crude extract of Zanthoxylum zanthoxyloides stem bark.

(Results are present as mean * standard deviation [n=3]).

The phytochemical analysis demonstrated the
presence of significant bioactive compounds,
validating its traditional applications and offering
promising insights for modern utilization. The
results showed that phenols were the most
abundant phytochemical in the extract, followed

by flavonoids, tannins, alkaloids and glycosides.
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This observation is consistent with the assertion
made by [24]. These findings are consistent with
prior studies on medicinal plants [3, 2], which
often demonstrate high phenolic content due to
their antioxidant properties. Phenols are known to
scavenge free radicals, reduce oxidative stress,

and prevent lipid peroxidation, thereby protecting

155N 0795 - 22066



J. Chem. Soc. Nigeria, Vol. 50, No. 2, pp 279 — 294 [2025]

cells from damage. This suggests that
Zanthoxylum zanthoxyloides could be a valuable
natural source of antioxidants for managing
conditions linked to oxidative stress, such as
cardiovascular  diseases, neurodegenerative
disorders, and cancer. This is in line with the
research work of [25, 26, 27]. Glycosides (332.37
+ 1.64 mg/100 g) and terpenoids (320.22 + 1.33
mg/100 g) are known for their cardioprotective
roles [28]. Although

saponins (0.65 + 0.01 mg/100 g) and steroids

and immune-boosting
(0.59 mg/100 g) were found in relatively low
concentrations, their presence adds to the plant's
potential anti-inflammatory and cholesterol-
lowering effects [18]. Notably, the minimal
hydrogen cyanide content (0.46 £+ 0.03 mg/100 g)

highlights the safety of the plant for consumption
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within studied limits. This aligns with findings by
[29] that demonstrate the safety and therapeutic
efficacy of Zanthoxylum species. The study is
also in tandem with that of [30, 19, 31, 32, 29, 17,
18].

2. Proximate composition of crude extract of
Zanthoxylum zanthoxyloides stem bark

The proximate constituent of Zanthoxylum
zanthoxyloides stem bark in a crude extract
showed that the extract had Moisture 6.33 mg
/100g of extract, Fibre 2.22 mg /100g of extract,
Fats 1.03 mg /100g of extract, Ash 2.91 + 0.01
mg /100g of extract, Protein 5.70 mg /100g of
extract, and Carbohydrate 81.81 £+ 0.01 mg /100g

of extract.
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Figure 2: Proximate composition of crude extract of Zanthoxylum zanthoxyloides stem bark. (Results

are present as mean + standard deviation [n=3]).

The proximate composition emphasizes the
nutritional value of the crude extract. The high
carbohydrate content (81.81 + 0.01 mg/100 g)
positions it as a potential energy source,
particularly in regions facing food insecurity. The
moderate protein level (5.70 mg/100 g) suggests

its suitability as a supplementary protein source,
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while the low-fat content (1.03 mg/100 g) makes
it an ideal choice for low-fat diets. Dietary fiber
(2.22 mg/100 g) supports digestive health, and
the ash content (2.91 £ 0.01 mg/100 g) reflects its
mineral richness. These findings align with
previous studies, such as that of [30, 19, 31, 32,
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29, 17, 18] which confirmed the dietary
significance of Zanthoxylum species.

3. Vitamins composition of the crude extract of
Zanthoxylum zanthoxyloides stem bark

The Vitamins constituent of Zanthoxylum

zanthoxyloides stem bark in a crude extract
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showed that the extract had Vitamin A 0.69 mg
/100g of extract, Vitamin C 0.34 mg /100g of
extract, Vitamin B1 0.47 mg /100g of extract,
Vitamin B> 0.32 mg /100g of extract, Vitamin Bs
0.01 mg /100g of extract, Vitamin Bs 0.42 mg
/100g of extract, and Vitamin B, 0.24 mg /100g

of extract.
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Figure 3: Vitamins composition of the crude extract of Zanthoxylum zanthoxyloides stem bark.
(Results are present as mean * standard deviation [n=3]).
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The vitamin composition underscores its role in
supporting overall health. Vitamin A (0.69
mg/100 g) aids in maintaining healthy vision and
immunity, while vitamin C (0.34 mg/100 g)
supports collagen synthesis and antioxidant
defense. The B-complex vitamins—B; (0.47
mg/100 g), B2 (0.32 mg/100 g), B3z (0.01 mg/100
g), Bs (0.42 mg/100 g), and Bi. (0.24 mg/100
g)—highlight the

metabolism,

plant's role in energy

red blood cell formation, and
nervous system health. These moderate vitamin
levels collectively contribute to maintaining
overall health, similar to the report of [30, 19, 31,

32,29, 17, 18].
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4. Mineral composition of crude extract of
Zanthoxylum zanthoxyloides stem bark

The
zanthoxyloides stem bark in a crude extract

Mineral constituent of Zanthoxylum
showed that the extract had sodium 190.46 mg
/100g of extract, potassium 142.13 + 1.01 mg
/100g of extract, Calcium 181.49 mg /100g of
extract, Magnesium 183.06 + 0.01 mg /100g of
extract, Phosphorus 0.77 mg /100g of extract,
Zinc 2.48 + 0.04 mg /100g of extract, Iron 3.12
mg /100g of extract, and Copper 0.52 mg /100g

of extract.
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Figure 4: Mineral composition of crude extract of Zanthoxylum zanthoxyloides stem bark.

(Results are present as mean * standard deviation [n=3]).

Mineral constituents in plants, particularly in
crude extracts, are crucial in evaluating the
nutritional and therapeutic value of medicinal
plants. Minerals play essential roles in
numerous physiological processes, including
enzymatic  activities, immune response,

oxygen transport, and maintaining the

structural integrity of bones and tissues. The
mineral content of Zanthoxylum
zanthoxyloides stem bark extract, which
includes Sodium (190.46 mg/100 g) and
potassium (142.13 + 1.01 mg/100 g) are vital
for electrolyte balance and nerve function.

Calcium (181.49 mg/100 g) and magnesium
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(183.06 £ 0.01 mg/100 g) support bone health
and enzymatic activities. Iron (3.12 mg/100 g)
aids in oxygen transport and preventing
anemia, while zinc (2.48 + 0.04 mg/100 g) and
copper (0.52 mg/100 g) enhance immune
function and enzymatic reactions. Phosphorus
(0.77 mg/100 g) further supports cellular
processes. This highlights the plant’s potential
as a nutritionally and medicinal valuable
source of essential minerals. This concides
with the study of [30, 19, 31, 32, 29, 17, 18]
on the nutritional and medicinal properties of
Zanthoxylum zanthoxyloides and the mineral
richness of Zanthoxylum species. The plant's
mineral content could contribute to the
development of functional foods or dietary
supplements aimed at addressing specific
deficiencies, such as iron or zinc deficiency,
and supporting the immune system, skin

health, and metabolic functions.

The study on the crude extract of Zanthoxylum
zanthoxyloides stem bark revealed a detailed
phytochemical, proximate, vitamin, and
mineral profile, emphasizing its medicinal and
nutritional potential. The study demonstrates
that Zanthoxylum zanthoxyloides stem bark is
a valuable source of bioactive compounds,

essential nutrients, and therapeutic agents. The
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significant presence of phytochemicals like
phenols and flavonoids validates its traditional
use in addressing oxidative stress and

inflammation. Its nutritional components,
including carbohydrates, proteins, vitamins,
and minerals, suggest its potential as a dietary
supplement to combat malnutrition and
promote overall health. The relatively low
levels of anti-nutritional factors, such as
hydrogen cyanide, affirm its safety for human
consumption. These findings provide a
scientific foundation for the traditional
applications of Zanthoxylum zanthoxyloides,
paving the way for its incorporation into
functional  foods, nutraceuticals, and
pharmaceutical formulations. Further research
on its Dbioavailability, toxicity, and
pharmacological properties is recommended
to maximize its potential in modern healthcare

solutions.

CONCLUSION

Zanthoxylum zanthoxyloides stem bark is a
rich source of bioactive compounds, essential
nutrients, vitamins, and minerals,
underscoring its potential as both a medicinal

and nutritional resource. The phytochemical
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analysis highlighted significant levels of
phenols, flavonoids, tannins, alkaloids, and
other compounds known for their antioxidant,
antimicrobial, and
The

analysis demonstrated its nutritional value,

anti-inflammatory,

antidiabetic  properties. proximate

particularly its high carbohydrate content,
making it a potential energy source. The
vitamin and mineral compositions further
emphasized its role in supporting immunity,
metabolism, and overall health. These findings
validate the traditional use of Zanthoxylum
zanthoxyloides in addressing various health
conditions and provide a scientific basis for its

potential applications in modern medicine and

nutrition.
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