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Abstract: Azadirachta indica (neem) and Vernonia amygdalina (bitter leaf) are
among the most promising medicinal plants, valued for their broad spectrum of
biological  activities,  including  antibacterial,  antifungal,  anti-inflammatory,
antiviral, antidiabetic, and antitumor properties. These plants play a central role
in traditional Nigerian medicine for treating tropical diseases such as malaria,
typhoid  fever,  yellow fever,  and  scabies.  This  study  employed  gravimetric
analysis to identify and quantify the phytochemical compounds in both plants.
Fresh leaves were collected, cleaned, air-dried, and their aqueous extracts were
screened  for  key  phytochemical  constituents.  The  analysis  revealed  the
presence of alkaloids, flavonoids, terpenoids, saponins, tannins, glycosides, and
phenolic  compounds  in  both  extracts.  Quantitative  results  showed  that
Azadirachta  indica  had  the  highest  flavonoid  content  (13.80%),  slightly
surpassing Vernonia amygdalina (13.62%). Similarly, terpenoids (13.13%) and
alkaloids (10.67%) were more abundant in the neem extract compared to the
bitter leaf (8.21% and 9.68%, respectively). Lower percentages of glycosides
and saponins were observed, with neem containing higher concentrations of
both  compounds  than  the  bitter  leaf.  These  findings  suggest  that  both  plants
are  rich  sources  of  bioactive  compounds  with  potential  applications  in
developing antibacterial and antifungal treatments. Further research into the
phytochemical properties of these plants may facilitate the discovery of novel
drugs to combat tropical  diseases while reducing the reliance on synthetic
chemicals, thus mitigating environmental degradation.

Introduction 
Medicinal plants, such as Azadirachta indica (A. indica)
and  Vernonia  amygdalina  (V.  amygdalina),  have
garnered  significant  attention  due  to  their  traditional
use and the broad range of bioactive compounds they
contain,  making  them  valuable  in  pharmaceutical
applications (1,  2).  These plants are rich sources of
phytochemicals, which are secondary metabolites that
provide defense against environmental threats. Natural
products derived from these compounds often exhibit
better  efficacy  and  fewer  side  effects  than  synthetic
ones (3). In many developing countries, especially in
rural  areas,  medicinal  plants  are  vital  in  providing
primary healthcare (4-6).  A. indica,  belonging to the
Meliaceae family, is native to the Indian subcontinent
but is also found in tropical regions such as Nigeria,

commonly known as "dongoyaro" (7, 8). The neem tree
leaves, roots, bark, and seeds are utilized in traditional
medicine for  their  wide-ranging medicinal  properties
(9). Similarly, V. amygdalina, known as the bitter leaf,
is a small  perennial  shrub of the Asteraceae family,
commonly found across Africa, especially Nigeria (2).
Its  distinct  bitter  taste,  lasting  for  several  min,
indicates its rich phytochemical content.

Neem  leaves  have  demonstrated  antimicrobial
properties  against  dental  pathogens  and  are  widely
used in dental treatments (10). In Ayurvedic medicine,
neem  has  been  utilized  to  treat  common  tropical
diseases such as fever and malaria (11). Additionally,
neem  oil  is  an  effective  ingredient  in  mosquito
repellents  (12).  The  phytochemical  profile  of  neem
includes  antimicrobial  (13),  antifungal  (14),
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immunomodulatory  (15),  antiviral  (16),  antidiabetic
(17), and anti-inflammatory activities (18), which make
it effective against conditions such as cancer, digestive
disorders,  and skin infections (19).  V. amygdalina  is
also valued for its medicinal properties, particularly for
treating diabetes and fever (20, 21). Its roots are used
for toothache relief (22), and the aqueous extract has
shown  significant  blood  sugar-lowering  effects  in  rats,
comparable to standard diabetic drugs (23). Bitter leaf
is  also  recognized  as  a  fat-burning  tonic,  with
quercet in,  a  compound  found  in  the  plant ,
demonstrated to  alleviate inflammatory bowel  disease
(24).  Furthermore,  it  is  a  rich  source  of  dietary  fiber
and  has  shown  potential  in  cancer  management
through its bioactive peptides and chloroform extracts,
which target cancer-related cellular pathways (25, 26).

Despite advancements in treating tropical diseases,
illnesses such as malaria, typhoid fever, yellow fever,
and  scabies  continue  to  pose  significant  public  health
risks  in  regions  where  they  are  endemic  (27).  The
growing  resistance  of  parasites  to  current  drugs
underscores the need for novel  antimicrobial  agents
(28, 29). Traditional herbal medicine remains a crucial
resource for managing tropical diseases, particularly in
Africa,  where  access  to  modern  healthcare  can  be
limited (29). Given the importance of A. indica and V.
amygdalina  in  traditional  medicine  and their  similar
uses,  this  study  aims  to  assess  and  compare  the
phytochemical  constituents  of  both  plants.  Using
qualitative  and  quantitative  analysis,  the  study  will
explore  the  phytochemical  profiles  of  the  aqueous
extracts  of  these  plants,  providing  a  foundation  for
future research on their potential as sources of new
antimicrobial and therapeutic agents.

Materials and Methods 
Collection and Preparation of Plants
A. indica and V. amygdalina(leaves)were collected from
a garden around Poly-road in Auchi community, Edo,
Nigeria,  at  coordinates  7°04'3.22"N  6°15'48.96"E,
situated at an altitude of 205.42 m. Mr. Ogbemudia O.
Murphy, a plant biology and biotechnology graduate at
the  University  of  Benin,  identified  and  authenticated
the specimens, and voucher numbers UBH-V342 and
UBH-A184 were deposited. Subsequently, all samples
were harvested on 13 June 2024. Specimens were air-
dried  at  room  temperature  for  15  days  until  they
became  crispy,  preserving  all  the  nutrients  and
phytochemicals.

Preparation of Crude Powder
After 15 days of air drying, properly dried specimens'
leaves were powdered using an electric grinder. The
products  were  sieved  to  extract  fine  powder.  The
powder was stored in an airtight plastic container in a
dark room at 25°C before use.

Preparation of Crude Stock Solutions
For  every  specimen,  100  g  of  crude  powder  was
soaked in 1000 mL of distilled water in a separate step
and  left  in  an  airtight  plastic  bottle  overnight  for
maceration.  The  mixture  was  filtered  in  a  Whiteman
filter paper No. 42, boiled for about 4 mins in a heating
mantle,  and  left  to  cool.  Stock  solutions  were
refrigerated at 4°C for future use.  

Qualitative Phytochemical Analysis
Phytochemical screening of the aqueous extract of A.
indica  and  V.  amygdalina  was  conducted  to
qualitatively determine the presence or absence of the
following  secondary  metabolites  that  are:  alkaloids,
tannins, flavonoids, saponins, glycosides, saponins, and
phenolic, using the method outlined by Shrestha et al.
(2015) (30) and Sofowora (1993) (31).

Saponins 
A solution of 2 mL of crude extract was diluted with 20
mL of distilled water and shaken in a test tube for 10
min.  The  accumulation  of  a  2  cm  layer  of  foam
indicates saponin's presence. After adding two drops of
olive  oil  to  the  foam mixture  and  giving  it  a  good
shake,  the formation of  an emulsion was monitored
(32).

Phenolic Compounds 
A solution of 2 mL of crude extract was treated and
mixed with 3 mL of 10% ferric chloride (FeCl3) solution.
The formation of a bluish-black, bluish-green, or violet
coloration  indicates  the  presence  of  phenolic
compounds  or  a  phenolic  hydroxyl  group  (33).

Flavonoids 
A few drops of 10% lead acetate (Lead (II) ethanoate)
solution were combined with 2 mL of the treated crude
extract  solution.  The  formation  of  a  yellow-colored
precipitate indicates the presence of flavonoids (33).

Alkaloids
Hager's Reagent (Saturated Picric Acid Solution)
The crude extract solution was combined with 2 mL of
picric  (carbazolic)  acid.  A  yellowish  precipitate's
formation  indicates  alkaloids'  presence  (34).

Mayer's Reagent
A 2 mL crude extract was taken in a test tube, and 3
drops of Mayer's reagent were added. The formation of
a green-colored precipitate indicates the presence of
alkaloids  in  the  solution,  thereby  confirming  the  test
positive  (34).

Tannins
A 1% gelatin containing sodium chloride (NaCl) solution
was mixed with 2 mL of crude extract solution. The
formation of a white-colored precipitate indicates the
presence of tannins (33).
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Glycosides 
After mixing 2 mL of crude extract with 2 mL of 5%
FeCl3  solution,  the  mixture  was  heated  in  a  boiling
water bath for 4–5 min. The mixture was allowed to
cool  and  then  extracted  with  an  equal  volume  of
benzene. After being separated, the benzene layer was
treated using 2 mL of ammonia solution. The formation
of a pink or rose-pink color in the ammoniacal later
indicates the presence of glycosides (33).

Terpenoids 
A 2 mL of  crude extract  was dissolved in  2  mL of
chloroform  and  evaporated.  3  mL  of  concentrated
sulfuric acid (H2SO4) was added carefully along the wall
of  the  test  tube.  The  formation  of  a  reddish-brown
coloration at the interface indicates the presence of
terpenoids (35).  

Quantitative Phytochemical Analysis
The quantitative phytochemical  test  was done using
gravimetric methods as described by Harborne (1973)
(36), Indumathi et al. (2014) (37), and Muhammed and
Abubakar (2016) (35).

Terpenoids
Dried plant extract (crude) 10 g (initial weight, Wi) was
taken and soaked in 90 mL of ethanol. The extract is
then filtered, mixed with petroleum ether,  and filtered
again using a separating funnel. The extract was dried
and  weighed  (final  weight,  Wf)  (37).  The  following
formula  yields  the  percentage  of  total  terpenoid:

 Equation 1

Flavonoids
Dried  plant  extract  (crude)  6  g  was  placed  in  an
Erlenmeyer flask with 100 mL of distilled water, and 2
mL of hydrochloric acid (HCl) solution was added. The
solution is boiled for 20 min and allowed to cool, after
which  it  is  filtered  into  Whiteman  No.  42  filter  paper.
The  aqueous  layer  was  discarded  and  filtered  with  a
pre-weighed  filter  paper.  The  residue  is  dried  for  25
mins at 50℃ (38). The percentage yield was calculated
using Equation 1.

Alkaloids 
In  an  Erlenmeyer  flask,  5  g  of  crude  material  was
dissolved in 100 mL of 10% acetic acid. It  was well
combined and left to settle for four hours to ensure
optimal extraction. After that,  filter paper was used to
filter the sample. Using a heated plate for evaporation,
the  filtrate  was  concentrated  to  a  quarter  of  its  initial
volume. Concentrated ammonium hydroxide (NH4OH)
was added in drops to precipitate the alkaloids in the
filtrate. The solution was filtered and washed with 1.5%
NH4OH. Filter  paper containing residue was dried at
40°C  in  an  oven  before  being  weighed  (39).  The
percentage yield was calculated using Equation 1.

Saponins
A solution  of  50  mL plant  extract  was  placed  in  a
conical  flask.  200  mL  of  50%  alcohol  was  added  and
boiled  under  reflux  for  25  min  and  filtered  while  still
hot  through  a  filter  paper.  2  g  of  charcoal  was  added
and boiled, then filtered while hot. The filtrate was left
to cool, and an equal amount of acetone was added,
completely  precipitating  the  saponins.  The  saponins
were collected and dried (35).  The percentage yield
was calculated using Equation 1.

Glycosides
A solution of 10 mL crude extract was transferred to a
100 mL Erlenmeyer flask, and 60 mL of distilled water
and 10 mL of 12.5% lead acetate were added, mixed,
and  filtered.  In  a  different  flask,  50  mL  of  filtrate  was
transferred, and 10 mL of 47% Na2HPO4 was added to
precipitate  excess  Pb2+  ions.  This  was  mixed  and
completed to volume with distilled water. The mixture
was filtered twice to eliminate excess lead phosphate.
For  treatment,  20  mL  of  purified  filtrate  was  put  in  a
clean flask and mixed with 20 mL of  Baljet  reagent.  A
blank titration was carried out using 20 mL of Baljet
reagent and 20 mL of distilled water. This was allowed
to stand for an hour for complete color development.
The color intensity was measured calorimetrically at
495  nm  (36).  The  percentage  yield  was  calculated
using Equation 1.

Design and Analysis
Simple percentages were calculated to determine the
occurrence  of  phytochemicals  in  the  two  plant
samples.  The  data  were  subjected  to  variance  and
mean separation by DMRT at a 5% significance level.

Results and Discussion
Qualitative Phytochemical Analysis of
Azadirachta indica and Vernonia
amygdalina
The  phytochemical  constituents  detected  in  the
aqueous extract of  A. indica  and V. amygdalina  are
shown  in  Table  1.  Existing  phytochemicals  include
alkaloids,  flavonoids,  terpenoids,  saponins,  tannins,
glycosides,  and  phenolic  compounds.  Recently,
significant  studies  on  phytochemistry  have  been
conducted on plants,  focusing on their  leaves,  bark,
roots,  seeds,  and  stems  (40).  Natural  products  or
secondary  metabolites  present  in  plants  have  been
reported to have many biological, pharmaceutical, and
therapeutic properties.  They are extensively used in
drug production industries (41). Owning to the diversity
between A. indica and V. amygdalina, Table 1 reveals
that  flavonoids,  alkaloids,  and  terpenoids  were  most
present in the aqueous extract of A. indica. Saponins
and glycosides were moderately concentrated,  while
tannins and phenolic  compounds were found in  low
concentration.
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Table 1. Qualitative phytochemical screening of Azadirachta indica and Vernonia amygdalina.

Test types Azadirachta indica Vernonia amygdalina
Saponin test ++ ++
Terpenoid test +++ ++
Tannin test + +
Glycoside test ++ +
Alkaloid test +++ ++
Flavonoid test +++ +++
Phenolic test + +
Note: the signs are indications of color change and intensity. +++: Most present; ++: Moderately present; +: Least
present

Figure 1. Bar chart showing the qualitative phytochemical screening of Azadirachta indica and Vernonia amygdalina.

Our  finding  agrees  with  a  study  by  Krupa  et  al.
(2023) identifying the presence of flavonoids, alkaloids,
terpenoids, saponins, glycosides, tannins, and phenolic
compounds  in  A.  indica  (42).  In  the  qualitative
phytochemical analysis of V. amygdalina, it was noted
that  flavonoids  were  most  present,  alkaloids,
terpenoids,  and  saponins  were  moderately
concentrated, and tannins, phenolic compounds, and
glycosides were found in low concentration. The result
agrees  with  a  study  on  the  aqueous  extract  of  V.
amygdalina by Usunomena et al. (2016) and Raimi et
al.  (2020),  identifying  the  presence  of  flavonoids,
alkaloids, terpenoids, saponins, and glycosides (32,43).
Flavonoids, alkaloids, terpenoids, saponins, glycosides,
tannins, and phenolic compounds were present in the
extract used, which contrasts with research by Ajayi et
al. (2017) with no alkaloid present in aqueous extract
of V. amygdalina (44).

Quantitative Phytochemical Analysis of
Azadirachta indica and Vernonia
amygdalina
The  gravimetric  method  was  used  to  qualitatively
analyze the phytochemicals present in A. indica and V.
amygdalina  as  described  by  Harborne  (1973)  (36),
Indumathi  et  al.  (2014)  (37),  and  Muhammed  and
Abubakar  (2016)  (35).  Quantitative  screening  of
saponins,  terpenoids,  glycosides,  alkaloids,  and
flavonoids was done with the leaves of plants (A. indica
and V. amygdalina), and the data is shown in Figure 1.
The  highest  percentage  of  flavonoid  compound  was
obtained from the neem plant (13.80%), which is only
marginally higher than the percentage present in bitter
leaf  (13.62%).  The highest percentage of  terpenoids
was obtained from the neem plant (13.13%), greater
than that of bitter leaf (8.21%). The highest percentage
of  Alkaloids  was  obtained  from  the  neem  plant
(10.67%),  slightly  different  from  that  of  bitter  leaf
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(9.68%). Glycosides and Saponins were observed to be
of lower percentage. The glycoside in the neem plants
(6.78%) was higher than in the bitter leaf (4.11%), and
similarly,  saponins  were  higher  in  the  neem plants
(7.43%) than in the bitter leaf (6.87%).

The plants employed in this study were discovered
to  contain  a  key  component  needed  to  fight  human
illnesses.  Many  substances  scavenge  free  radicals,
including flavonoids, tannins, alkaloids, phenolic acids,
and other metabolites. Phenol derivatives are also used
as ingredients in the manufacturing of sunscreens (45).
Many  biologically  active  terpenoids  are  used  in
combating  inflammation,  cancer,  malaria,  and
infectious disorders  (46).  It  is  evident  that  the high
percentage of alkaloids and saponins present in these
plants  has  assisted  in  treating  fever  and  serves  as
dietary supplements (35). The therapeutic potential of
glycosides  derived  from medicinal  plants  cannot  be
overemphasized. We look at their functions in terms of
cardiovascular,  antibacterial,  anticancer,  and  anti-
inflammatory  (47).  Alkaloids,  tannins,  flavonoids,
saponins,  and phenolic  compounds are some of  the
phytochemical components that give these plants their
therapeutic  action;  each  part  of  the  plant  has  a
complex active ingredient that is advantageous from a
pharmacological  standpoint  (48).  According  to  the
nutritional  composition  of  the  plants,  it's  crucial  to
remember  that  these  plant  components  can  be
genetically  altered  to  boost  output  and  enhance
quality.

Conclusion
The  results  revealed  the  existence  of  medicinally
important phytochemicals and bioactive compounds in
A. indica and V. amygdalina leaves. Among the various
qualitative tests done to determine the natural product
found in A. indica  and V. amygdalina  leaves, it  was
observed  that  the  two  plant  samples  contained
phenolic  chemicals,  alkaloids,  flavonoids,  terpenoids,
saponins,  tannins,  and  glycosides.  The  difference  in
phytochemical percentage for saponins, alkaloids, and
flavonoids  was  relatively  low,  as  the  calculated
percentage difference was less than 10%, and those of
terpenoids and glycosides were greater than 40%. It is
further observed from the study that the percentage
yields  of  A.  indica  are  higher  than  those  of  V.
amygdalina. They can both serve the same medicinal
purposes. This result supports the substitution of both
plants in herbal medicine, as they are both used in
place of one another. Previous studies have confirmed
phytochemicals  to  be  bioactive,  so  they  may  be
suggested and recommended for further research to
identify  the  active  components  of  A.  indica  and  V.
amygdalina, serving as one of the alternatives to utilize
secondary metabolites found in medicinal plants and
replace harmful synthetic chemicals.
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