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ABSTRACT

Background: Secondary metabolites are naturally occurring substances produced by plants that exhibit a variety of biologi-
cal functions. This study aimed to identify the phytochemicals and functional groups present in a polyherbal mixture com-
posed of Ageratum conyzoides leaves, Xylopia aethiopica fruit, Lepidium meyenii roots, and Hunteria umbellata seeds.

Methods: The plant materials were collected, ground together, air-dried, and then pulverized into a fine powder. A total of
500 grams of the polyherbal mixture was soaked using methanol as the solvent. The extract was filtered and then subjected to
dryness. A preliminary phytochemical screening was done to identify the phytochemicals, Gas Chromatography-Mass Spec-
troscopy was used to determine the bioactive constituents of the methanol extract of the polyherbal mixture and Fourier
transform infrared was used to detect the functional groups.

Results: The phytochemical screening of the extract revealed the presence of bioactive constituents, flavonoids, saponins,
steroids, tannins, and phenols. The GC-MS analysis revealed the presence of 117 bioactive compounds some of which in-
clude Doconexent, 4-Tetradecene, (E)-, Phenanthrenol, 4-Dibenzofuranamine, Alloaromadendrene oxide-(2) and Kauran-18-
al, 17-(acetyloxy)-, (4 beta.)-, which can be used to develop a wide range of traditional medicine. FTIR analyses revealed the
presence of hydroxyl, carboxylic, thiol, isothiocyanate, imino, and disulfide groups with primary and secondary amine.

Conclusion: The numerous pharmacological potentials of the identified compounds and groups indicate that this polyherbal
mixture could be recommended for some treatments such as an anti-cancer, anti- inflammatory and anti-microbial. It can
therefore be concluded that the presence of the phytocompounds present in this polyherbal makes it open for further scientific
scrutiny.
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1.0 INTRODUCTION

The use of plants as a source of medicine has been traced
back to 60000 years ago because of their pharmacological
potency [1, 2]. Natural products are one of the most im-
portant sources of drugs with new targets [3], and the
identification of their bioactive components is of great
interest to researchers currently [4]. According to the
World Health Organization [5], herbal medicines are be-
ing used by over 80% of the world's population because
humans have resorted to traditional medicine [6]. The use
of herbal medicinal products has increased in recent years
due to their gentle nature, low side effects, ease of access,
and acceptance, especially in developing countries [7, 8].
From ancient times, herbal drugs have been a source of
blessing to humans, either as single plant extracts or mix-
tures of herbs used in the treatment or management of
human disorders [9]. As a result of the potential health
benefits and synergistic effects of polyherbal formula-
tions, the need for research in herbal medicine is useful
[10]. Polyherbal formulation describes the combination
of two or more herbs, and their synergistic effects con-
tribute to the drug’s efficacy and reduce adverse effects
[11]. Due to their usage in phytomedicine, phytochemi-
cals have throughout time helped contemporary medica-
tions become more widely available [12]. As a result,
continuous efforts are being made to screen the phyto-
chemical components and biological activities of Nigeri-
an herbal plants [13]. Even though the active phytochem-
ical components of individual plant parts in this polyherb-
al mixture have been previously well-identified, they may
be present in small amounts, insufficient to produce the
desired therapeutic effect in curing diseases; hence,, the
combination of these plant parts with different potencies
may have a positive effect, unlike single plants [14].
Originally, pharmaceuticals were derived from plants
because of their traditional therapeutic usage or the ex-
traction of unique active compounds [15].

Maca (Lepidium meyenii), an annual or biennial herb of
the Brassicaceae family and mainly grown in Peru, is a
traditional herbal medicine that is been used to improve
sperm motility. Its roots are represented as purple, black,
yellow, white, and mixed colors [16]. It has been reported
to have various bioactive functions, such as preventing
osteoporosis, sexual dysfunction, memory impairment
and inhibition of HIV-1 infection in vitro [17]. Hunteria
umbellata (HU) a small tree of about 15-22 m in height
found in central and west Africa has broad leaves and

fruit of 5-25 cm in diameter [18] and is of use in tradi-
tional herbal medicine for the treatment of various ail-
ments such as infertility and fever [19], helminthic infec-
tion [20], and bacterial infection [21]. It is locally known
as Osu (Edo), Erin (Yoruba) and nkpokiri (Ibo) in Nige-
ria. Recent research has revealed the potency of HU as a
medicinal plant. Ahajumobi and Anderson [22], from
their study, revealed that Hunteria umbellata extract is
used for controlling diabetes. It also has anti-obesity and
antihyperlipidaemic effects [23] and is potent in treating
obesity and anemia [24]. Maca (Lepidium meyenii), a
biennial herbaceous plant indigenous to the Andes Moun-
tains, has a rich history of traditional use for its health
benefits. It is chemically composed of macaenes, maca-
mides, and glucosinolates, making it demonstrate strong
antioxidant effects [25]. Maca has also shown potential
for enhancing fertility, combating fatigue, and exhibiting
potential antitumor properties [26]. Xylopia aethiopica is
a member of the family Annonaceae, and an aromatic,
slim, and tall plant mostly found in the savanna regions
of Africa such as Nigeria, Cameroon, Senegal, and Ghana
[27]. Tt is primarily used as a spice in southeast Nigeria
and has also been used in herbal medicine for the treat-
ment of cough, syphilis, diabetes, uterine fibroid, female
infertility, and malaria [28]. The antiviral activity of the
aqueous extract of X. aethiopica has also been reported
[29].

Despite the wealth of information on the plant parts that
make up this polyherbal mixture, there is a dearth of in-
formation on the phytochemistry of this polyherbal mix-
ture, thereby making this study significant. The findings
from this research will reveal the phytochemical profiling
of this polyherbal mixture thereby revealing its availabil-
ity for further research. Thus, the aim of this research is
to conduct phytochemical screening on a polyherbal mix-
ture, analyse it’s compounds using GC-MS and identify
the functional groups using FTIR.

2.0 METHODOLOGY
2.1 Plant Material

The plant material used was A. conyzoides leaves, X. ae-
thiopica fruits, L. meyenii roots, and H. umbellate seeds.
They were obtained at Oja Igbo, (+8.145086, -4.217423),
Ogbomoso, Nigeria, and authenticated at the Biology De-
partment, Ladoke Akintola University of Technology,
Ogbomoso.
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2.2 Preparation of Extract

The plant parts used (leaves, root, seed, and fruit) for the
extract were pounded using a mortar and pestle. It was air
-dried for three days, and 500 g was soaked with 2.5 L of
methanol inside a glass jar for 72 hours with intermittent
shaking. Molten clothes and No.lwhatman filter paper
were used for the filtration. The filtrate was collected in
500 ml beakers and transferred to a rotary evaporator for
concentration. The concentrate was completely evapo-
rated to dryness, and the dried residue of the extract was
stored in a bench until further use. Stock solutions of 5
g/100 ml were made as required.

2.3 Phytochemical Analyses
2.3.1 Test for Tannins

This was done using the ferric chloride test. About 0.5 g
of the extract was boiled in 10 ml of water in a test tube
and then filtered. A few drops of 0.1% ferric chloride
were added and observed for brownish-green or blue col-
oration which indicated the presence of tannins.

2.3.2 Test for Saponins

Extract (0.5 g) was taken in a test tube, and 5 ml of dis-
tilled water was added. This mixture was shaken vigor-
ously and observed for a stable persistent froth. That froth
was mixed with 3 drops of olive oil, and shaken vigorous-
ly. The formation of an emulsion indicates the presence of
saponins.

2.3.3 Test for Flavonoids

Extract (1 ml) was taken in a test tube, and a few drops of
5% sodium hydroxide were added. An intense yellow col-
or was produced and became colorless with the addition
of a few drops of 10% HCI which indicated the presence
of flavonoids.

2.3.4 Test for Phenols

The presence of phenols was detected by the ferric chlo-
ride test. The extract of 1 ml was treated with four drops
of ferric chloride solution. The formation of a bluish-
black color indicated the presence of phenols.

2.3.5 Test for Proteins

The extract of 1 ml was treated with three drops of con-
centrated nitric acid. The formation of a yellow color in-
dicated the presence of protein.

2.3.6 Test for Steroids

500 ul of the extract of the 5% stock solution was dis-
solved in 5 ml of chloroform and 5 ml of concentrated
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sulfuric acid was added by the sides of the test tube. The
formation of a green fluorescence color indicated the
presence of steroids.

2.4 Gas chromatography-mass Spectrometry (GC-
MS) Analysis

The model of gas chromatography is Agilent Technolo-
gies 7890 coupled with an MS Agilent Technologies
5975, USA, the column model is Agilent Technologies
HP5MS with a length of 30m. The initial temperature is
80 degrees Celsius held for 2 minutes at 12 degrees per
min to the temperature of 240 degree held for 6 minutes.
The volume of the sample injected is 1 microliter. The
interface temperature between GC and MS is 250 degrees
Celsius. The mode of analysis is split less.

2.5 Fourier Transform Infrared Spectra (FTIR) Anal-
ysis

FTIR analysis of the methanol extract was carried out
through the potassium bromide pellet method in a 1:100

ratio, and the spectrum was recorded using SHIMADZU
FTIR-84008S.

3.0 RESULTS
3.1 Phytochemical Screening

Table 1 shows the result of the phytochemical screening
of the methanol extract of the polyherbal mixture. Flavo-
noids, saponins, steroids, tannins, and phenols were re-
vealed while proteins were absent.

Table 1. Phytochemical Analysis of Methanol extract of a Polyherbal
Mixture.

PHYTOCHEMICALS METHANOL

Flavonoids
Saponins
Tannins
Phenols
Proteins
steroids +

o+t

Key: The positive (+) signs indicate the presence of the phytoconstituents in
the extract; The positive (-) signs indicate the absence of the phytoconstituents

in the extract

3.2 Gas Chromatography- Mass Spectroscopy

Subsequent subjection of the methanol extract to Gas
chromatography- Mass Spectroscopy yielded 48 peaks
among which 16 were prominent and it revealed a total of
117 compounds. Figure 1 displays the GC-MS chromato-
gram of the polyherbal mixture's methanol extract.
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Figure 1. Gas Chromatography/Mass Spectrometry of methanol ex-

The  mass spectrometry  of  cis-5,8,11,14,17-
Eicosapentaenoic acid, 5-Pentadecen-7-yne, and (Z)-
Doconexent with a retention period of 17.455 minutes
are shown in Figure 2.
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Figure 2. Mass spectrum of 5-Pentadecen-7-yne, (Z)- Doconexent,

cis-5,8,11,14,17-Eicosapentaenoic acid with a retention time

The mass spectrometry of Nordextromethorphan, Kauran
-18-al,  17-(acetyloxy)-, (4. beta.)- and 1-
Naphthalenemethanol, decahydro-5-(5-hydroxy-3-methyl
-3-pentenyl)-1,4a-dimethyl-6 methylene-, [1S- [1. al-
pha.,4a. alpha.,5. alpha. (E),8a. beta.]]- is displayed in
Figure 3 with 16.803 minutes retention time.

The mass spectrum of 3. alpha.,17. beta. -dihydroxyestr-
4-ene, 5,8,11,14,17-Eicosapentaenoic acid, methyl ester,
(all-Z)- and ‘6-(1'-Oxo-2'-propenyl)-1,3-cis, cis -
cyclooctadiene is shown in Figure 4 with retention dura-
tion of 15.962 minutes.
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Figure 3. Mass spectrum of Nordextromethorphan, Kauran-18-al, 17
-(acetyloxy)-, (4. beta.)-, 1-Naphthalenemethanol, decahydro-5-(5-
hydroxy-3-methyl-3-pentenyl)-1,4a-dimethyl-6 methylene-, [1S- [1.
alpha.,4a. alpha.,5. alpha. (E),8a. beta.]]- with a retention time 16.803
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Figure 4. alpha.,17. beta. -dihydroxyestr-4-ene, 5,8,11,14,17-
Eicosapentaenoic acid, methyl ester, (all-Z)- ‘6-(1'-Oxo-2'-propenyl)-

1,3-cis, cis -cyclooctadiene with a retention time 15.962 minutes

At a retention time of 15.006 minutes, Figure 5 displayed
the mass spectrum of 9,19-Cyclolanostan-3-ol, 24,24-
epoxymethano-, acetate Alloaromadendrene oxide-(2),
and Tricyclo [6.3.3.0] tetradec-4-ene, 10,13-dioxo-.

At a retention time of 14.217 minutes, Figure 6 displayed
the mass spectrum of Kaur-16-ene, 1,3,6,10-
Cyclotetradecatetraene, 3,7,11-trimethyl 14-(1-
methylethyl)-, [S-(E,Z,E,E)]-, p-Camphorene.
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Figure 5. Mass spectrum of 9,19-Cyclolanostan-3-ol, 24,24
epoxymethano-, acetate Alloaromadendrene oxide-(2), Tricyclo
[6.3.3.0] tetradec-4-ene,10,13-dioxo- with a retention time (RT)
=15.006
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Figure 6. Kaur-16-ene, 1,3,6,10-Cyclotetradecatetraene, 3,7,11-
trimethyl 14-(1-methylethyl)-, [S-(E,Z,E,E)]-, p-Camphorene with a

retention time 14.217 minutes.

Table 2a, and Table 2b lists the active compounds along
with their molecular formula, molecular weight, peak
area, and retention time (RT).

3.1 Fourier transform infrared (FTIR)

The FTIR spectra of the methanol extract of polyherbal
mixture is presented in Fig 7. It revealed 24 bands, Fouri-
er transform infrared (FTIR) was used to detect the func-
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Table 2a. Identified Compounds of Methanol Extract from a Poy-
herbal Mixture

Peak RT Area  Compound Molecular  Molecu-
(min) (%) Name Weight lar For-
2 3.682 4.06 Eucalyptol 154.25¢/ CioH;150
mol
7 5.084 2.77 Bicyclo[3.1.1] 152.23 CoH;60
heptan-3-ol, 6,6
-dimethyl-2-
methylene-, [1S
(1.alpha.,3.alph
a.,5.alpha.)]-
11 5.765 2.49 Bicyclo[3.1.1] 152.23 CioH;60
hept-2-ene-2-
methanol, 6,6-
dimethyl-
Cyclopentyl 94.15 C;Hyo
acetylene
1,4- 152.23 CioH;60
Cyclohexadiene
-1-methanol, 4-
(1-methylethyl)-
12 5.805 5.65 (-)-Myrtenol 152.23 CioH;60
Bicyclo[3.1.0] 94.15 C;Hyo
hexane, 6-
methylene-
15 8.002 1.26 4-Tetradecene, 196.37 C4Hyg
E)-
Cyclododecane 168.32 C,Hyy
Cyclotetrade- 196.37 C4Hyg
cane
16 8.878 1.93 Precocene I 190.24 C,H,0,

4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500

Figure 7. FT-IR Spectra of methanol extract of a polyerbal mixture
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Table 2b. Continuation of Identified Compounds of Methanol Extract

from a Poyherbal Mixture

Peak RT (min)  Area(%) Compound Name Molecular Weight ~ Molecular Formula

21 10.589 2.08 1H-Cycloprop[e]azulen-7-ol, decahydro-1,1,7-trimethyl-4- 220.35 Cy5H,40
methylene-,[lar-(1a.alpha.,4a.alpha.,7.beta.,
7a.beta.,7b.alpha.)]-
1H-Cycloprop[e]azulen-7-ol, decahydro-1,1,7-trimethyl-4- 220.35 C5H»0
methylene-,[ lar-(1a.alpha.,4a.alpha.,7.beta.,
7a.beta.,7b.alpha.)]-

23 11.150 2.66 (1R,7S,E)-7-Isopropyl-4,10-dimethy lenecyclodec-5-enol 220.35 C5H»0
trans-Calamenene 202.33 CsHp
4-isopropyl-1,6-dimethyl-1,2,3,4- 202.33 CisHyp
tetrahydronaphthalene

35 13.982 2.62 7-Tetradecyne 194.36 C4Hy
Phenanthrene, tetradecahydro- 192.34 CiqHp4
1,1,6-trimethyl-3-methylene-2-(3,6,10,13,14-pentamethyl-3- 442 .8 CyHsyg
ethenyl-pentadec-4-enye)cyclohexane

36 14.217 4.59 Kaur-16-ene 272.5 CyHs,
1,3,6,10-Cyclotetradecatetraene, 3 272.5 CyoHj3,
,7,11-trimethyl-14-(1-methylethyl)

- [S-(E.ZEE)]-

37 15.006 1.47 9,19-Cyclolanostan-3-ol, 24,24-epoxymethano-, acetate 498.8 C33Hs5405
Alloaromadendrene oxide-(2)

Tricyclo[6.3.3.0]tetradec-4-ene, 10 218.29 C4H50,
,13-dioxo-

38 15.304 2.63 4-Dibenzofuranamine 183.21 C,HoNO
Cyclopropane, (3-chloropropyl)methylene- 130.61 C;H,,Cl

39 15.744 3.06 8a(2H)-Phenanthrenol, 7-ethenyldodecahydro-1,1,4a,7- 332.5 Cy,H360,
tetramethyl-, acetate, [4as-(4a.alpha.,4b.beta.,7.
beta.,8a.alpha.,10a.beta.)]-

Cyclohexene, 1-methyl-4-(1,5,9-tri methyl-1,5,9-decatrienyl)- 272.5 CyoHs,
3,4-Dimethyl-2-prop-2-enyl-2,5-dihydrothiophene 1,1-dioxide 186.27 CoH,40,S

40 15.962 6.66 3.alpha.,17.beta.-dihydroxyestr-4-ene 276.4 CgHx0,
6-(1'-Oxo0-2'-propenyl)-1,3-cis,cis-cyclooctadiene 162.23 C,H,,0

43 16.803 13.69 Nordextromethorphan 257.37 CsH;NO
Kauran-18-al, 17-(acetyloxy)-, (4.beta.)- 257.37 Cy7H;3NO
Kauran-18-al, 17-(acetyloxy)-, (4.beta.)- 346.5 C,,H3405
1-Naphthalenemethanol, decahydro-5 -(5-hydroxy-3-methyl-3- 306.5 Cy0H340,
pentenyl)-1,4a-dimethyl-6-methylene-, [1S
[1.alpha.,4a.alpha.,5.alpha.(E),8a.beta.]]-

44 17.455 9.37 5-Pentadecen-7-yne, (Z)- 206.37 CsHyg
Doconexent 328..5 Cy,H3,0,
cis-5,8,11,14,17-Eicosapentaenoic acid 302.5 CyoH300,

tional groups present in the polyherbal mixture. The
peaks at 3410.26, 3286.81, 2928.04, 2874.03,
2681.14,1996.32, 1724.42, 1701.27, 1635.69, 1508.38,
1446.66, 1377.22, 1273.06, 1234.48, 1157.33 refers to
the presence of hydroxyl (OH- stretch), Imino com-
pounds, methyne (CH- stretch), thiol (SH- stretch),
Isothiocyanate (-NCS), carboxylic acid (C=C stretch),
aldehyde, carbonyl, aromatic, amide, secondary amine
and primary amine (CN-stretch) functional groups re-
spectively. These peaks indicate the presence of phyto-
chemical compounds such as flavonoids and phenols.

4.0 DISCUSSION

Medicinal plants have been the lifesavers of the human
race before the birth of modern medicines due to their
ability to treat various human diseases as a result of the
presence of phytochemical properties and are often used
as home remedies [30, 31]. This study was conducted to
evaluate the phytochemical screening, gas chromatog-
raphy-mass spectrometry and Fourier transform infrared
analyses for the presence of secondary metabolites in-
cluding flavonoids, saponins, tannins, phenols and ster-
oids. Phytochemicals, which are biologically active com-
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pounds of plant origin that provide health benefits [32],
are present in the polyherbal mixture. The presence of
flavonoids, saponin, coumarin, steroids, tannins, and phe-
nols was confirmed in the methanol extract of the poly-
herbal mixture. This result is not far-fetched from reports
of individual plant parts, i.e., Hunteria umbellata con-
tains tannins, flavonoids, alkaloids, anthraquinones, car-
diac glycosides, phlorotannins, and saponins [33, 34].
The presence of saponins correlates with the reported use
of Hunteria umbellata in traditional medicine for the
treatment of various ailments sustainable and environ-
mentally friendly alternative to synthetic insecticides.
Further research is recommended to conduct field trials
to validate these laboratory findings and evaluate their
long-term effectiveness [35]. Saponins, having been
known for their ability to boost the immune system and
lower cholesterol and flavonoids for antioxidant proper-
ties, could contribute to the prevention of chronic diseas-
es such as cancer and cardiovascular diseases [35]. Phe-
nolic compounds are natural antioxidants, and they con-
tain hydroxyl groups. Phenolic compounds found in
plants can neutralize free radicals due to the presence of
hydroxyl groups, and as a result, they have a wide range
of bioactive compounds [36]. Flavonoids are secondary
metabolites with several biological activities ranging
from anti-viral and anti-inflammatory because of their
ability to scavenge free radicals, and they sometimes re-
duce or prevent the formation of free radicals [37].

Gas chromatography-mass spectrometry (GC-MS) has
proven to be a valuable tool for the identification of bio-
active components in plant studies [38]. The methanol
extract of the polyherbal mixture was subjected to gas
chromatography-mass spectrometry (GCMS) analyses,
and it yielded 117 compounds with 48 peaks, all exhibit-
ing various biological activities. The chromatogram is
presented in Figure 1, and their peak, retention time
(RT), area (%), compound name, molecular weight, and
molecular formula are presented in Table 2. Each of the
compounds present may have a unique role they play and
identification of those roles will be important in the treat-
ment of diseases. GC-MS of Xylopia aethiopica seed
revealed doconexent as one of its prominent compounds
with antibacterial activity [39]. Docosahexaenoic acid
(DHA), an omega-3 fatty acid, has been shown to impair
the proliferation of many cancer cell types in vitro and in
vivo and also blocks cell cycle progression in the G1
phase of leukemia, pancreatic, and colorectal and breast
cancer cells [40]. Alloaromadendrene oxide-(2) has been
identified to suppress inflammatory enzymes and cyto-

kines, and is also identified as a potent anti-cancer by
inducing apoptosis in cancerous cells and inhibiting tu-
mor growth [37]. Hence the GC-MS results have exposed
the presence of anti-cancer, anti-bacterial, and anti-
inflammatory compounds, showing that the polyherbal
mixture extract has medicinal properties. The extract ex-
hibits several characteristic absorption peaks, related to
the extract’s phytochemical composition. FTIR analysis
gave a total of 24 peaks of which 15 main peaks in the
region between 500-4000 cm-1 revealed functional
groups such as hydroxyl, thiol, carboxylic acid, isothio-
cyanate, imino compounds, disulfides and, primary and
secondary amines. The presence of this hydroxyl group
plays a significant role in antioxidant activity; hydroxyl
groups can donate electrons to neutralize free radicals. It
can also disrupt microbial cell membranes, it can interact
with inflammatory enzymes and receptors, and it also
affects solubility, reactivity, and stability. It can also in-
crease bioavailability, metabolism, and reduction of tox-
icity, and this is evident in the detection of flavonoids,
phenols, and tannins in the phytochemical screening. The
carboxylic acid functional group aids in drug design by
enhancing their solubility and hydrophilicity, which in
turn aids the drug bioavailability [41]. The presence of
amine groups in drug molecules is useful because of their
physicochemical properties, like being positively
charged, which is important for the interaction with the
target receptor [42]. Ent-kaurene that is identified in the
extract is one of the compounds responsible for the bio-
activities of the Annonceae family, which includes anti-
cancer, anti-microbial, and anti-inflammatory [43, 44].

In total, 117 compounds were identified in the spectrum
profile of GC-MS of methanol extract of the polyherbal
mixture, and some of the compounds that were identified
possess anti-inflammatory, antimicrobial, and antitumor
activities. In conclusion, bioactive compounds that are
present in this polyherbal mixture have been shown to
possess several pharmacological activities and therapeu-
tic properties that can serve as cures for specific diseases
and illnesses that befall the human race.
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