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ABSTRACT

Objective: The beneficial role of extraction solvents is often ignored, yet very important in
enhancing the therapeutic potential of plant extracts. This study was carried out to comparatively
characterize and profile the bioactive phytochemical compounds expressed in different solvent-
fractions of Ocimum gratissimum and Vernonia amygdalina leaf extracts using both colorimetric
phytochemical screening assays and Fourier transform infrared (FTIR) spectroscopy.

Methods: Qualitative colorimetric assays were carried out on different solvent-fractions of leaf
tissue extracts from both plants to determine the comparative expression profiles of bioactive
phytochemical compounds with medicinal importance such as alkaloids, anthraquinones, cardiac
glycosides, flavonoids, phlobatannins, tannins, terpenoids, saponins, and reducing sugars. FTIR
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solvent-fractions.

and biological activities reported in prior studies.

spectroscopy was used to characterize, and profile the presence of these compounds based on
functional groups such as alcohols (O-H), saturated hydrocarbons (C-H), aliphatic fluoro (C-F),
bromo (C-Br) and chloro (C-Cl) compounds, organic sulfates (S=0), esters, ethers, carboxylic
acids (C-0), aromatic amines, methane nitriles (C-N), ketones, aldehydes, quinones (C=0), sulfur
compounds (C=S), primary and secondary amines (N-H) with bioactive properties in the different

Results: Data were generated for methanol, n-hexane, ethyl-acetate, n-butanol and aqueous
solvent-fractions of Ocimum gratissimum and Vernonia amygdalina leaf extracts. We have
generated solvent-mediated phytochemical expression profiles for leaf tissue extracts of both
plants based on the phytochemistry of their secondary metabolites. The methanolic solvent-fraction
expressed the most phytochemicals in both plants.

Conclusion: This study has revitalized the importance of extraction solvents in optimizing
phytochemical bioavailability in plant tissues. This may be responsible for variation in medicinal

Keywords: Phytochemical;

fourier transform infrared spectroscopy; phytochemistry;

Ocimum

gratissimum; Vernonia amygdalina; plant extracts.

1. INTRODUCTION

The significance of plants and plant-based
products as daily necessities cannot be
overemphasized. Reports from the World Health
Organization (W.H.O) database suggest that
about 80% of the world’s population utilize plants
and plant-based products for food and health or
medicinal purposes every day [1]. Various types
of plants have been used traditionally as

medicinal alternatives due to known
pharmacological and biological activities in
animals and humans. Medicinal plants that

contain bioactive compounds such as lactones,
saponins, glycoalkaloids, alkyl phenol,
flavonoids, terpenoids, phlobatannins,
glycosides, and tannins have been used over the
years for the treatment of various ailments and
have been the source of many of the currently
available chemotherapeutic drugs [2]. The
medicinal properties of these plants emanate
from the biochemical activities of the bioactive
secondary metabolites (also known as
phytochemical compounds) that were originally

produced to defend these plants against
pathogens, predators, harsh environmental
conditions, and for normal homeostatic or

physiological functions [3]. Plant-based products
are not only useful for medicinal purposes but
can also be used for flavoring, ornamenting, and
as preservatives or food additives [4].

Ocimum gratissimum, commonly known as Scent
leaf or Clove basil, is an erect perennial wood
shrub plant that can grow up to 2.5 m high [5],
with leaves of about 5-13 cm long and 3-9cm
wide [6]. It is a herbal plant which belongs to the
Labiatae family and is found in tropical areas

such as India and West Africa [7]. In Nigeria, it is
locally called ‘Efinrin’, ‘Ahuji’ and ‘Daidoya
among the Yoruba, Ibo, and Hausa speaking
tribes, respectively [8,9,10]. Ocimum gratissimum
has have been shown to have a wide range of
medicinal potentials and various parts of the
plant have been wused traditionally for the
treatment of diverse ailments. For example, the
leaves are often used for the treatment of
stomach upsets, hemorrhoids, diarrhea and
mental illness [11,12] among locals in Nigeria.
The flowers and leaves are used in the
preparation of teas and infusions due to their
richness in essential oils [13]. Decoctions of the
roots are used as a sedative for children in Brazil
[14]. The whole plant has been used in some
parts of India for the treatment of a headache,
sunstroke, and influenza [15,16,17]. In addition,
the plant has many other pharmacological
properties and has been used for inhibition or
amelioration of convulsion [18], diarrhea [19],

s

and fungal infection [16]. It also has
anthelminthic [20] and anti-mutagenic [21]
activities.

Vernonia amygdalina, a perennial shrub with a
height of 2-5m, belongs to the family Asteraceae
and it's commonly called ‘Bitter leaf’ due to its
bitter taste [22]. It grows predominantly in tropical
Africa and in Nigeria, it’s locally called ‘Ewuro’ in
the Yoruba language, ‘Onugbu’ in the Igbo
language, and ‘Chusar-Doki’ in the Hausa
language [23]. Traditionally, the twigs and roots
of Vernonia amygdalina are used for the
treatment of a headache, stomach ache, and
gastrointestinal problems in northern Nigeria [5]
and the stem barks as chewing sticks for oral
hygiene and dental problems in most parts of
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Nigeria and West African countries [22]. The
roots are reportedly used for treating fertility
problems, toothache, and malaria [24]. The
aqueous extract from the leaves is often
recommended by herbalist for the treatment of
various ailments some of which includes scabies,
diabetes, fever, nausea, loss of appetite,
dysentery and sexually transmitted diseases [22,
23,25]. Vernonia amygdalina has been reported
to have a lot of other pharmacological properties
and has been used for treating antibacterial [26],
antimalarial [27], anti-leishmanial [28],
anthelminthic [5], and hypoglycemic [29, 30]
conditions. In addition, it has hepatoprotective
[31], nephroprotective [29], oxytocic [32],
phytotoxic [33], antioxidant [34], and analgesic
[35] properties.

The present study was undertaken to
comparatively characterize the efficiency of
different extraction solvents in extracting and
expressing the different  phytochemicals
from Ocimum  gratissimum and  Vernonia
amygdalina leaf tissues using phytochemical
colorimetric assays and Fourier transform
infrared (FTIR) spectroscopy. FTIR and
colorimetric assay data were then analyzed to
generate a metabolomic expression profile to

describe the modifying physicochemical effect of
each extraction solvent on bioavailable
phytochemicals in each plant leaf tissue and their

medicinal importance. For this study, we
hypothesized that extraction solvents can
extrinsically modulate the  phytochemical

metabolomic expression profiles of Ocimum
gratissimum and Vernonia amygdalina leaf tissue
extracts and that the choice of extraction
solvents is responsible for the disparities in the
reported medicinal effects of Ocimum
gratissimum and Vernonia amygdalina tissue
extracts in prior literature.

2. MATERIALS AND METHODS
and

2.1 Sourcing, Collection,
Identification of Plants

Fresh leaves of Ocimum gratissimum and
Vernonia amygdalina were handpicked from two
local farms located in Abeokuta, Southwest,
Nigeria. Identification was done at the
Department of Botany, University of Lagos,
Nigeria, and further validated and
morphologically characterized using the plant
catalog on http://theplantlist.org database.

Source of Ocimun grotisimom | 1

Fig. 1. Map showing the geographical location of the Nigeria where the study was carried out
and site where Vernonia amygdalina and Ocimum gratissimum leaves were sourced for this
study
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2.2 Chemicals and Reagents

Reagents for  colorimetric  phytochemical
screening and solvent fractionation including all
organic and non-organic solvents were
purchased (Sigma Aldrich, USA). FTIR grade of
Potassium Bromate (Sigma Aldrich, USA) was
also purchased for this study.

2.3 Extraction and Fractionation

The Ocimum gratissimum and Vernonia
amygdalina leaves were washed, shade-dried for
two weeks and pulverized into a coarse powder
with the aid of an electric blender. About 500 g of
the coarse powder from each leaf extracts were
collected and macerated in 80% methanol at 4:1
ratio (methanol: Distilled water) for 21 days. The
solubilized crude methanolic leaf extracts of
Ocimum gratissimum and Vernonia amygdalina
were thereafter filtered and concentrated using a
rotary vacuum evaporator at 40°C. 20 g of each
dried crude methanolic extracts was suspended
in 200ml of distilled water separately and
partitioned in succession with solvents with
varying polarities ranging from n-hexane, ethyl
acetate, n-butanol and distilled water using a
separating funnel.

2.4 Determination of Plant Yield

The plant yield was determined by using the
expression (W,-W;)/W, x 100, where W,
represents the weight of extract and the beaker,
W, the weight of the beaker alone and W, the
weight of the initial dried extract.

2.4.1 Statistical analyses
representation

and graphical

All data obtained from the plant yield were
expressed as mean * standard error of means
(SEM). The data were also statistically analyzed
using Student t-test analysis to test the level of
significance of solvent-induced percentage total
yield. The differences were considered
statistically significant at P < 0.05. Graphs were
plotted using Microsoft Excel Program and
Heatmaps were manually plotted to illustrate the
relative solvent-mediated phytochemical
expression profiles gotten from the colorimetric
and FTIR spectroscopy analysis of the leaf tissue
extracts.

2.5 Colorimetric
Screening Analyses

Phytochemical

Phytochemical analysis was done using standard
methods [36,37,38,39,and 40] to identify baseline

and commonly screened bioactive phytochemical
compounds in the leaf tissue extracts of Ocimum
gratissimum and Vernonia amygdalina, such as
alkaloids, anthraquinones, cardiac glycosides,
flavonoids, phlobatannins, reducing sugars,
saponins, tannins, and terpenoids. Briefly, the
following colorimetric screening assays were
performed:

Alkaloid assay: Dragendorffs test, Wagner's
test, and Mayer’s test were done [38,39, and 40].

Anthraquinone assay: This was assessed

using Borntrager’s test [39].

Cardiac glycoside assay: Lieberman’s, Keller-
Kiliani’s, Legal’s, and Keddes’ tests were done
[39, 40].

Flavonoid assay: Lead acetate, Ferric chloride,
and Sodium hydroxide tests were done [38, 39,
and 40].

Phlobatannin assay: Hydrochloric acid (1%)
test was done for this purpose [38].

Reducing sugar compounds assay:
Benedict’s, Fehling’s, Barfoed’s, Resorcinol, and
Phloroglucinol tests were carried out [38,39, and
40].

Saponin assay: Frothing, Emulsion, TLC, and
hemolysis test were done [38,39 and 40].

Tannin assay: Ferric chloride test was done for
this assessment [38,39].

Terpenoids assay: Salkowski's test was done to
determine the presence of terpenoids [38].

2.6 Spectroscopic Analyses

Dried extracts (2 mg) of Ocimum gratissimum
and Vernonia amygdalina from each of the
organic solvent fractions above were mixed with
100 mg of dried potassium bromide (KBr, FTIR
grade). The solvent-based mixtures were then
compressed into tiny pellets and loaded into the
sample holder of a Shimadzu FTIR spectrometer.
The extracts were scanned in wavelengths
ranging from 4000 — 400cm 'with a resolution of
4cm™.

3. RESULTS

3.1 Extraction and Fractionation

After extraction, the crude methanolic extracts of
the leaves Ocimum gratissimum and Vernonia
amygdalina yielded 97.96 g (19.59%) and 88.82
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g (17.76%). The water or aqueous fractions of
both plants yielded the highest percentage of
28.20% for Ocimum gratissimum and 25% for
Vernonia amygdalina. While the n-butanol
fraction gave the lowest yield of 12.55% and
15.13%, respectively (Table 1).

3.2 Phytochemical Screening Assays

The phytochemical screening of the leaf extracts
of Ocimum  gratissimum and  Vernonia
amygdalina in various solvent-fractions
(methanol, hexane, ethyl acetate, butanol and
aqueous) was carried out (Table 2). The results
of the preliminary phytochemical analysis
showed that there were various types of
phytochemicals present in the various solvent-
fractions of the leaves which are of medicinal
value (Fig. 3). The methanolic, n-hexane and
ethyl-acetate  solvent-fractions of Ocimum
gratissimum have alkaloids, anthraquinones,
phlobatannins, and terpenoids in common, but
butanol and aqueous solvent fractions have
lesser number of phytochemical compounds in
them, revealing the presence of cardiac
glycosides, flavonoids, and tannins. Saponins
and reducing sugars were absent in all the
solvent fractions of Ocimum gratissimum. While
the methanolic, n-hexane and ethyl acetate
solvent-fractions of Vernonia amygdalina showed
the presence of alkaloids, flavonoids, terpenoids,
and saponins. The butanol and aqueous
fractions have a lesser number of phytochemical
constituents compared to others revealing the
presence of cardiac glycosides and
flavonoids and tannins. Phlobatannins were
absent in all solvent-fractions of Vernonia
amygdalina (Fig. 3).

3.3 FTIR Spectra Analyses

Depending on the peak values in the region of
infrared radiation (IR), the FTIR spectra obtained
were used to identify and characterize the
functional groups of the bioactive compounds
present in each solvent-fractions of the plant leaf
extracts of Ocimum gratissimum and Vernonia
amygdalina (Figs. 4 & 5)

3.3.1 FTIR spectral data interpretation for
Ocimum gratissimum

The FTIR analysis for the various solvent-
fractions of Ocimum gratissimum leaf tissue
extracts can be seen in Table 3 and Fig. 6. The
functional groups identified are summarized in
Appendix 1.

3.3.1.1 Spectral analysis of the methanolic
extract

The IR spectrum of the crude extract methanolic
extract of Ocimum gratissimum revealed seven
(7) major peaks at the range of 3382.2 — 1074.3
cm™. The broad peak at 3382.2 cm” was due to
O-H stretching vibrations from a hydroxyl group,
which is an important component of many
phenolic phytochemical compounds such as
flavonoids, phenolic acids and polyphenols
[41,42]. Peaks at 2925.8 cm™ and 2854.1 cm’
are absorptions common to lipophilic
phytochemicals [43] and were assigned to C-H
asymmetric and symmetric stretching vibrations
from hydrocarbons (CH; and CH, groups)
[44,45]. The peak at 1688.2 cm” was assigned
to C=0O stretching vibrations from quinones,
which could be due to the presence of
anthraquinones [46]. The peak at 1652.6 cm™
can be assigned to C=C stretching vibrations
from aromatic ring deformations [47], N-H
bending vibrations from aromatic primary
amines, and C=O stretching vibrations from
amides and carboxylic acids [49], which suggests
the presence of amino acids, flavonoids or
volatile oils [48,49,50]. The peak at 1384.2 cm™
can be assigned to C-H bending from
hydrocarbons (CHj; groups) [48], S=0O stretching
from organic sulfates [51] and C-O stretch from
carboxylic acids likely to be present in the extract
[52]. The peak at 1074.3 cm” reveals the
presence of C-F stretch from aliphatic fluoro-
compounds, C-N stretch from aliphatic primary
amines [53] or C-O-C stretch from alkyl-
substituted or cyclic ethers [54]. The C-O-C
stretching vibrations suggest the presence of
monoterpenes (monocyclic or bicyclic) [55] or
polysaccharides [53].

3.3.1.2 Spectral
fraction

analysis of the n-Hexane

The peaks at 3343.5 cm™, 2925.6 cm™, 2853.9
cm™, 1689.80 cm ', 1384.1 cm "and 1073.1 cm’
"were due to the presence of O-H, C-H, C=0, C-
H/S=0/C-O, and C-F/C-N/C-O-C functional
groups coming from hydroxyl, hydrocarbons
(CHs;, CHy), quinones, organic sulfates, carboxylic
acids, aliphatic fluoro-compounds, aliphatic
primary amines and ethers respectively. The
C=0 stretching vibration at 1689.80 cm’”
suggests the presence of flavonoids [49,50] or
anthraquinones [46] and the C-O-C stretching
vibration at 1073.1 cm™ can be attributed to the
presence of monoterpenes (monocyclic or
bicyclic) [55] or polysaccharides [52] in the leaf



Tella and Oseni; JAMPS, 19(4): 1-25, 2018; Article no.JAMPS.47432

extract. The peak at 2359.8 cm™ is likely due to
O-H asymmetric stretching vibrations from free
OH groups [56], which are an important
component of the majority of phenolic
phytochemicals such as flavonoids, phenolic
acids and polyphenols [41,42]. The peak at
1739.7 com” belongs to C=0O stretching
vibrations, which could come from saturated
aliphatic aldehydes or esters [41,57] and
suggests the presence of phospholipids and
volatile oils [58,59]. The peak at 1457.1 cm™ can
be assigned to C-H bending vibrations from
hydrocarbons (CHj; groups) and —C=C- stretching

vibrations from aromatic rings, which could be
due to the presence of lipophilic compounds
[43,52] and aromatic compounds respectively
[49,60]. The peak at 1165.8 cm” belongs to C-N
stretching vibrations from aliphatic amines and
C-O stretching vibrations from alcohols,
carboxylic acids or esters [61]. The C-O
stretching vibration suggests the presence of
polysaccharides and starch in the extract [62].
The peak at 668.5 cm™ is due to C-Br stretching
vibrations from aliphatic bromo-compounds, C-H
bends vibrations from alkynes or C-S stretching
vibrations from disulfides [41].

Table 1. Percentage of the total yield of different solvent-fractions of Ocimum gratissimum
Vernonia amygdalina leaf extracts

Plant leaf extracts

Solvent-fractions

Extract yield (g)  Percentage yield (%)

20 g of Crude methanolic n-Hexane 1.74+0.06 8.86+0.16
extract of Ethyl Acetate 3.06+0.20 15.28+0.10
Ocimum gratissimum n-Butanol 2.51+0.10 12.55+0.24
Aqueous 5.63+0.31 28.20+0.77
20 g of Crude methanolic n-Hexane 1.95+0.04 9.73£0.10
extract of Ethyl Acetate 3.89+0.70 19.48+0.24
Vernonia amygdalina n-Butanol 3.03£0.48 15.13+0.13
Aqueous 5.17+0.51 25.85+0.31

Data points represent mean + SEM values of extract yield in grams and percentage yield in percentage

A

Ocimum gratissimum

Vernonia amygdalina

Leaftissues collected wm Processing Leaf tissue from mp Solvent-fraction preparation and wa - Colorimetric phytochemical screening assays
from plants plants phytochemical extraction b. FTIR spectroscopy and analysis

Fig. 2. Diagrammatical illustration of an experimental methodology for this study. The two
medicinal plants (Vernonia amygdalina and Ocimum gratissimum) were used as a model for
this study. Their leaves were harvested, dried, processed, and differentially fractionated in
various organic solvents to determine differences in phytochemical expression profiles via
both phytochemical screening assays and FTIR spectroscopy methods. Organic solvents:
MOH: methanol; Hx: hexane; EtAc: ethyl acetate; BOH: butanol; Aq: aqueous distilled water
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Table 2. Major phytochemical compounds identified in Ocimum gratissimum and Vernonia amygdalina leaf tissue extracts in this study and

methods of colorimetric screening assay analyses

Screened compounds Colorimetric tests Observations Inferences References
Alkaloids Dragendorff’s test Cloudy orange precipitate Alkaloid present [38,39,40]
Wagner’s test Dark brown precipitate Alkaloid present
Mayer’s test Yellow colored precipitate Alkaloid present
Dragendorff’s confirmatory test on  Dark color spotted on TLC Alkaloid confirmed
Thin-Layer Chromatography
Anthraquinones Borntrager’s test A rose-pink to a red-colored precipitate Free anthraquinone (glycosides) [38,40]
present
Combined anthraquinone test A pink-red colored precipitate Anthraquinone derivatives
present
Cardiac glycosides Legal's test A deep red color that fades to brownish Cardenolides present [38,39,40]
yellow
Keddes' test A violet color that fades to brownish Lactone ring of Cardenolides
yellow present
Lieberman’s test A violet colored precipitate Steroidal nucleus present
Keller-Kiliani’s test A brownish ring at the interface and Steroid ring of glycosides
violet ring below. present.
Flavonoids Ferric chloride test A wooly light brown precipitate Phenolic nucleus present [39]
Lead acetate test Dirty brownish precipitate Flavonoids present
Sodium hydroxide test Golden yellow precipitate Flavonoids present
Phlobatannins 1% HCI + Extract Reddish precipitate Phlobatannins present [38]
Reducing sugar Fehling test Deep blue-green color appears Hexose sugar present [38,39,40]
compounds Barfoed'’s test Red precipitate Monosaccharides present
Resorcinol test Deep yellow precipitate Keto-sugar confirmed
Phloroglucinol test Reddish yellow precipitate Pento-sugar present
Benedict’s test Reddish brown precipitate Reducing sugar present
Saponins Frothing test A foam that persists after 15 minutes Saponins present [38,39,40]
Emulsion test A stable emulsion obtained Saponins present
Thin-Layer Chromatography test A yellow color precipitate spotted on TLC Saponin confirmed
Hemolysis test Hemolysis in tubes with extract Saponins confirmed
Tannins 1 ml Ferric Chloride + Extract A black or blue green colored precipitate  Tannin present [38], [39]
Terpenoids Salkowski’s test A light turbid red-brown color Terpenoids present [38]
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Vernonia amygdalina

Ocimum gratissimum

MOH

Alkaloids

Anthraquinones

Cardiac Glycosides

Flavonoids

Phlobatannins

Reducing Sugars

Saponin

Tannins

Terpenoids

High Moderate Low

EtAc

BOH | Aq

MOH | Hex | EtAc | BOH Aq

Fig. 3. Heatmap showing solvent-mediated phytochemical expression profiles for Vernonia
amygdalina and Ocimum gratissimum leaf tissue extracts. Solvent-fractions: MOH: methanol;
Hx: hexane; EtAc: ethyl acetate; BOH: butanol; and Aq: aqueous distilled water

i | Methanol-Fraction

Tama 30

n-Hexane Fraction Ethyl-acetate Fraction

T

n-Butanol Fraction

Aqueous Fraction

|
\
bt

Fig. 4. FTIR spectra of methanolic, n-hexane, ethyl-acetate, n-butanol, and aqueous solvent-
fractions of Ocimum gratissimum leaf extracts
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Methanol Fraction

n-Hexane Fragtion

Ethyl-acetate Fraction

n-Butanol Fraction

Aqueous Fraction

Fig. 5. FTIR spectra of methanolic, n-hexane, ethyl-acetate, n-butanol, and aqueous solvent-
fractions of Vernonia amygdalina leaf tissue extracts

3.3.1.3 Spectral analysis of the ethyl acetate
fraction

The IR spectrum of the ethyl acetate solvent-
fraction revealed ten major peaks within the
range of 3341.1 - 1073.7 cm”. The peaks
include 3341.1, 2924.9, 1455.9, 1384.2cm’,
1178.4 cm™ and 1073.7cm™, which resemble
some of the peaks found in the methanolic and
n-hexane solvent-fractions. These can be
attributed to the presence of O-H, C-H, C-
H/S=0/C-0O, C-H, C-N/C-O, and C-F/C-N/C-O-C
functional groups from hydroxyl groups,
hydrocarbons (CHj3;, CH,), organic sulfates,
carboxylic acids, saturated aliphatic aldehydes,
esters or carboxylic acids, aliphatic fluoro-
compounds, aliphatic primary amines, and
ethers, respectivel}/. The C-O stretching vibration
from 1178.4 cm™ suggests the presence of
polysaccharides and starch [62]. The C-O-C
stretching vibrations of 1073.7cm™ suggests the
presence of bicyclic monoterpenes [55] or
polysaccharides [53]. The peak at 1694.1 cm’
belongs to C=0 stretching vibrations which can
be assigned to a, B unsaturated aldehydes,
ketones, or carboxylic acids while the peak at
1603.8 cm™ can be assigned to C=0 stretching
vibrations from carboxylic acid salt or quinones
and N-H bending vibrations from primary amines
[41,57]. The C=0 stretching vibrations from both

peaks (1694.1 cm™ and 1603.8 cm'1) suggest the
presence of flavonoids [49,50] or anthraquinones
[46]. The peak at 1507.07 cm™ belongs to N-O
stretching vibrations from aromatic nitro-
compounds (hetero-aromatic compounds) and
C=C from aromatic rings indicating the presence
of flavonoids and other aromatic compounds
[48]. The peak at 1256.1 cm” corresponds to C-
O stretching vibration from alcohols and esters
which suggests the presence of lipids in volatile
oils [59] or polyols like hydroxyl flavonoids [60].

3.3.1.4 Spectral analysis of the butanol fraction

The IR spectrum of the butanol solvent-fraction is
made up of only four peaks within the range of
3381.6 cm™ — 1075.9 cm™. The peaks include
3381.6, 1635.2, 1384.4, 10759 cm
1corresponding to the presence of O-H, N-
H/C=C/C=0, C-H/S=0/C-O and C-F/C-N/C-O-C
functional groups from hydroxyl groups, primary
amines, aromatic rings, amides, saturated
hydrocarbons  (alkanes), organic sulfates,
carboxylic acids, aliphatic fluoro-compounds,
aliphatic  primary amines, and ethers,
respectively. The peaks at 1635.2 cm” can be
attributed to the presence of amino acids,
flavonoids or volatile oils while the peak at
1075.9 cm™, a C-O-C stretching vibration may be
due to the presence of alkyl-substituted ethers
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[54] such as monoterpenes (monocyclic or
bicyclic) [55] or polysaccharides [53].

3.3.1.5 Spectral analysis of the aqueous fraction

The IR spectrum of the aqueous fraction has four
major peaks within the range of 3385.1 cm’ —
1050.1 cm™, which resembles the peaks
observed in the butanol fraction of the leaf
extract. The peaks 3385.1, 1631.9, 1384.8 and
1050.1 cm” belong to O-H, N-H/C=C/C=0, C-
H/S=0/C-O and C-F/C-N/C-O-C functional

omponnds

d Aldehydes

Organic Compounds

Aromatic C

Al
Aj

Aqueons.
n-Butanol
Ethyl-acetate
n-Hexane

Methanol

groups from hydroxyl groups, primary amines,
aromatic rings, amides, saturated hydrocarbons
(alkanes), organic sulfates, carboxylic acids,
aliphatic fluoro-compounds, aliphatic primary
amines, and ethers, respectively. The peaks at
1631.9 cm™ can be attributed to the presence of
amino acids, flavonoids, or volatile oils while the
peak 1050.1 cm™, a C-O-C stretching vibration
may be due to the presence of alkyl-substituted
ethers [54] such as monoterpenes (monocyclic or
bicyclic) [55] or polysaccharides [53].

c Mitro Compounds

Conjugated Alkenes

C-0-C
S-CuN
N=C=5
S=H
C-N
N-O
C
=
C-Cl
C-Bi
C-F
C-1

GlUlZ

N=C=0

Present

Absent

Fig. 6. Secondary metabolite/phytochemical expression profile of different solvent-fractions of
Ocimum gratissimum leaf tissue extract. heatmap represents the relative expression profile of
secondary metabolites/ phytochemical compounds expressed in leaf tissue of different
organic solvent-fractions analyzed with FTIR spectroscopy based on functional group
determination

Table 3. List of probable phytochemicals

present in each solvent-fraction of Ocimum

gratissimum
Solvent Base group and vibration Possible phytochemical compounds present
fractions mode in leaf extracts
MOH 3382.2 v (O-H), 2925.8 v,5(C-H), Phenolic phytochemicals (flavonoids, phenolic
2854.1 v¢ (C-H), 1688.2 v(C=0), acids, tannins, or polyphenols), lipophilic
1652.6 8(N-H), v(C=C), v(C=0), phytochemicals, anthraquinones, amino acids,
1074.3 v4(C-O-C) volatile oils, sulfur, carboxylic acid, and halogen-
containing phytochemicals, monoterpenes
(monocyclic or bicyclic), polysaccharides etc.
Hx 3343.5 v (O-H), 2925.6 v,5(C-H), Phenolic compounds (flavonoids, phenolic acids,

),
2853.9 v5(C-H), 1739.7 v5(C=0),
1688.8 v(C=0), 1457.15(C-H),
ve(ar), 1165.8 v(C-0), 1073.1
vs(C-O-C), 668.5 v(C-Br)

tannins, or polyphenoals), lipophilic compounds,
sulfur, carboxylic acids and halogen containing
phytochemicals, phospholipids, volatile oils,
anthraquinones, polysaccharides, starch,
monoterpenes (monocyclic or bicyclic), etc.
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Solvent Base group and vibration Possible phytochemical compounds present
fractions mode in leaf extracts
EtAc 3341.1 v (O-H), 2924.9 v,4(C-H), Phenolic phytochemicals (flavonoids, phenolic
1694.1 v¢(C=0), 1603.8 acids, tannins, or polyphenols), lipophilic
vs(C=0), 1507.1 vi(ar), vi(ha), phytochemicals, carbonyl containing
1455.9 5(C-H), v(ar), 1256.1 phytochemicals, sulfur, carboxylic acid and
v¢(C-0), 1178.4 v(C-0O), 1073.7 halogen containing phytochemicals,
v(C-0-C) anthraquinones, polyols, polysaccharides,
monoterpenes (monocyclic or bicyclic), starch,
etc.
BOH 3381.6 v (O-H), 1635.2 5(N-H), Phenolic compounds (flavonoids, phenolic acids,
v(C=C), v(C=0), 1075.9 v¢(C-O- tannins, or polyphenols), amino acids, volatile oils,
C), vs(C-F) sulfur, carboxylic acid, and halogen-containing
phytochemicals, monoterpenes (monocyclic or
bicyclic), polysaccharides, etc.
Aq 3385.1 v (O-H), 1631.9 d(N-H), Phenolic compounds (flavonoids, phenolic acids,
v(C=C), v(C=0), 1050.1 v¢(C-O- tannins, or polyphenols), amino acids, volatile oils,
C), vs(C-F) sulfur, carboxylic acid, and halogen-containing

phytochemicals, monoterpenes (monocyclic or
bicyclic), polysaccharides, etc.

Footnote: v: Stretching vibration; 8: Bending; vs: Symmetrical; v.s: Asymmetrical; ar: Aromatic; ha:
Heteroaromatic; v, Ring frame. MOH: Methanol; Hx: Hexane; EtAc: Ethyl acetate; BOH: Butanol;, and Aq:
Aqueous distilled water

3.3.2 FTIR spectral data interpretation for
Vernonia amygdalina

The FTIR analysis for the various solvent-
fractions of Vernonia amygdalina can be seen in
Table 4 and Fig. 7. The functional groups
identified are summarized in Appendix 1.

3.3.2.1 Spectral analysis of the crude methanolic
extract

The IR spectrum of the methanolic extract of
Vernonia amygdalina revealed ten (10) major
peaks within the range of 3381. 6 cm™” — 665 cm’
. The broad peak at 3381.6 cm™ belongs to O-H
stretching vibrations from a hydroxyl group,
which is an integral component of the majority of
phenolic phytochemicals such as flavonoids,
phenolic acids and polyphenols [41,42]. The
peak at 2925.2 cm’” belongs to C-H asymmetric
or symmetric stretching vibrations from CH;, CH,
groups [44,45], which is common to I|p0ph|l|c
phytochemicals [43]. The peak at 2359.7 cm’”
likely due to the presence of O-H asymmetrlc
stretching vibrations from free OH groups [56],
which is the main component of the majority of
phenolic phytochemlcals [42]. The peak at
1714.8 cm™ is due to C=0 stretching vibrations
from aldehydes, carboxylic acids, or ketones,
which suggests the presence of carbonyl-
containing phytochemlcals [41,46]. The peak at
1627.6 cm’ can be assigned to N-H bending
vibrations of primary amines, C=C stretching
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vibrations of aromatic ring deformations [47] and
C=0 stretching vibration of amides or carboxylic
acids [49], which suggests the presence of amino
acids, flavonoids and volatile oils [48,49,50]. The
peak at 1384.1 cm” can be assigned to C-H
bending from alkanes [48], S=O stretching from
organic sulfates [51] and C-O stretch from
carboxylic acids [52]. The peak at 1265.4 cm”

corresponds to C-O stretching vibration from
alcohols and esters, which may likely be due to
the presence of lipids in volatile oils [59] or
polyols like hydroxyl flavonoids [60]. The peak at
1164.2 cm™ belongs to C-N stretching vibrations
from aliphatic amines and C-O stretching
vibrations from alcohols, carboxylic acids or
esters [61] predicting the presence of
polysaccharides and starch in the extract [62].
The peak at 1074.9 cm™ can be assigned to C-F
stretch from aliphatic fluoro-compounds, C-N
stretch from aliphatic primary amines [53] or C-
O-C stretch from alkyl-substituted or cyclic ethers
[54]. The C-O-C stretching vibrations suggest the
presence of monoterpenes (monocyclic or
bicyclic) [55] or polysaccharides [53]. The peak
at 666.5 cm’' can be attributed to C-Br
stretching, C-H bending or C-S stretching
vibration from aliphatic bromo-compounds, and
alkynes or disulfides, respectively [41].

3.3.2.2 Spectral
fraction

analysis of the n-Hexane

The IR spectrum of the n-hexane fraction
consisted of eleven (11) major peaks between



Tella and Oseni; JAMPS, 19(4): 1-25, 2018; Article no.JAMPS.47432

3393.9 cm” — 1072.1 cm™. The peaks 3393.9,
2923.9, 2852.5, 2359.6, 2342.3, 1377.3, 1163.5,
and 1072.1 cm™ belongs to O-H, C-H, C-N, C-
H/S=0/C-O, C-N/C-O, and C-F/C-N/C-O-C
functional groups, which correspond to the
presence of hydroxyl groups, saturated
hydrocarbons, organic sulfates, carboxylic acids,
aliphatic amines, alcohols or carboxylic acids,
aliphatic fluoro-compounds, aliphatic primary
amines, and ethers, respectively. The functional
groups suggest the presence of phenolic
phytochemicals, lipophilic phytochemicals,
polysaccharides, and starch or monoterpenes
(monocyclic or bicyclic). The peak at 1738.2 cm’™
originated from C=0O stretching vibrations of
saturated aliphatic aldehydes or esters [41,57],
which suggests the presence of phospholipids
and volatile oils [58,59]. The peak at 1462.8 cm’”
can be assigned to C-H bending vibrations (C-H
asymmetric and symmetric stretching vibrations
from CH3 and CH, groups) and —C=C- stretching
vibrations from aromatic rings due to the
presence of lipophilic phytochemicals [43,52] and
aromatic compounds [49,60]. The peak at 1216.9
cm” corresponds to C-O stretching vibration
from alcohols and esters, which suggests the
presence of lipids in volatile oils [59] or polyols
like hydroxyl flavonoids [60].

3.3.2.3 Spectral analysis of the ethyl acetate
fraction

The IR spectrum revealed eleven (11) major
peaks within the range of 3396.5 — 610.1 cm™.
The peaks 3396.5, 2932.7, 2359.8, 1629.1,
1383.5, 1266.9, 1164.0, 1042.3 cm™,and 610.1
cm'1, which are similar to some of the peaks
found in the methanol and n-hexane solvent-
fractions belonging to O-H, C-H, C-N, N-
H/C=C/C=0, C-H/S=0/C-O, C-N/C-O/C=S, C-
N/C-O, C-F/C-N/C-O-C, and C-Br/C-H/C-S

bonds indicating the presence of hydroxyl
groups, hydrocarbons (CH;, CH,), aromatic
primary amines, aromatic rings, amides,

hydrocarbons, organic sulfates or carboxylic
acids, aromatic amines, alcohols, carboxylic
acids or sulfur compounds, aliphatic amines,
alcohols or carboxylic acids, aliphatic fluoro-
compounds, aliphatic primary amines or ethers,
and alkynes, aliphatic bromo-compounds, and
disulphides. The peaks suggest the presence of
phenolic phytochemicals, lipophilic
phytochemicals, amino acids, flavonoids, volatile
oils, polyols, polysaccharides, starch, and/or
monoterpenes (monocyclic or bicyclic). The
peaks at 897.7 and 801.5 cm” belong to C-H
bend from alkenes and N-H wag from primary or
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secondary amines and/or C-Cl stretching
vibrations from aliphatic chloro-compounds,
respectively [41].

3.3.2.4 Spectral analysis of the butanol fraction

Eight peaks were observed in the IR spectrum of
the butanol fraction of the extract 3381.7, 2920.0,
2849.9, 1737.7, 1629.9, 1482.7, 1384.2, and
1078.5 cm™ originating from O-H, C-H, C=0, N-
H/C=C/C=0, C-H/S=0/C-0, and C-F/C-N/C-O-C
functional groups belonging to hydroxyl groups,
hydrocarbons, saturated aliphatic aldehydes,
esters, ketones or carboxylic acids, amines,
amides, carboxylic acids, organic sulfates,
carboxylic acids, aliphatic fluoro-compounds,
aliphatic primary amines or ethers respectively.
The functional groups suggest the presence of
phenolic phytochemicals, lipophilic
phytochemicals, amino acids, phospholipids,
volatile oils, carboxylic, and halogen-containing
phytochemicals, monoterpenes (monocyclic or
bicyclic) or polysaccharides [50,53,55].

3.3.2.5Spectral analysis of the aqueous fraction

The aqueous fraction of the extract revealed nine
peaks (9) on the IR spectrum in which 3380.9,
2931.8, 2359.4, 1712.9, 1267.6, 1163.3 and
1042.9 cm” belonging to O-H, C-H, C-N, C=0,
C-N/C-0/C=S, C-N/C-O, and C-F/C-N/C-O-C
functional groups correspond to the presence of
hydroxyl groups, saturated hydrocarbons,
carboxylic acids or ketones, aromatic primary
amines, alcohols, esters or sulfur compounds,
aliphatic amines, alcohols or carboxylic acids,
and aliphatic fluoro-compounds, aliphatic primary
amines, and ethers, respectively. The functional
groups suggest the presence of phenolic
phytochemicals, lipophilic phytochemicals,
carbonyl containing phytochemicals, polyols,
monoterpenes (monocyclic or bicyclic), and
polysaccharides (or starch). The peak at 1604.7
cm”' belongs to C=0 stretching vibration from
carboxylic acid salts or quinones, or N-H bend
from primary amine [58]. The peak at 555.3 cm™
belongs to C-I stretching vibrations from aliphatic
iodo compounds [41].

4. DISCUSSION

The presence of secondary metabolites such as
phytosterols, alkaloids, saponins, tannins,
flavonoids, terpenoids, and phenolic compounds
in medicinal plants are responsible for the
curative properties of the plants [63]. Importantly,
the presence of these so-called phytochemical
compounds has been demonstrated to give
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many plant extracts their medicinal properties
such as analgesic, insecticidal, bactericidal,
anticancer, antioxidant, antifungal, anthelminthic,
antiviral, antidiabetic, antidiarrheal, antiprotozoal,
anti-inflammatory, and antimalaria activities [18-
21], [23-35,64]. Apart from elucidating the
structures of biomolecules, functional groups
play a significant role in determining the
biological activities of bioactive molecules
present in extracts [65]. They assist us in
understanding the physicochemical properties of
these compounds, such as their stereochemistry,
absorption or binding interactions, and acid-base
properties. Therefore, creating an avenue to
understand and determine the absorption,
distribution, metabolism, elimination, and
toxicological profiles of these bioactive molecules
[65]. In this study, colorimetric phytochemical
assays were used to qualitatively identify
baseline phytochemicals and FTIR spectroscopy
was used to identify the functional groups of
secondary metabolites or phytochemicals
present in the different solvent-fractions of
Ocimum gratissimum and Vernonia amygdalina
leaf tissue extracts. For the phytochemical
screening assays of both plants, a heat map was
used to illustrate their phytochemical profiles and
the degree of expression in plant tissues. The
data acquired shows the variation in the degree
and pattern of expression of phytochemical
compounds in isolated plant tissues based on the
type of solvent used in the preparation and
extraction.

The FTIR spectra analysis of the solvent
fractions of Ocimum gratissimum and Vernonia
amygdalina revealed a wide range of possible
phytochemicals of which phenolic
phytochemicals, flavonoids, polysaccharides,
monoterpenes, sulfur, carboxylic acids, and
halogen-containing phytochemicals were
common in all the solvent fractions of Ocimum
gratissimum while phenolic phytochemicals,
amino acids, polysaccharides, monoterpenes,
and lipophilic phytochemicals were common in all
the solvent fractions of Vernonia amygdalina.
Also, the phytochemical expression profiles of
the solvent fractions of Ocimum gratissimum and
Vernonia amygdalina were expressed using a
Heat map that represented the relative
expression profile of phytochemical compounds
present in the leaf tissue extracts of Ocimum
gratissimum and Vernonia amygdalina. In
addition, the results of the percentage yield of the
extracts revealed that the aqueous fractions of
both Ocimum gratissimum and Vernonia
amygdalina gave the highest yields which
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suggest that distilled water was a better solvent
for the extraction of both plants.

Despite the diversity in the solvent-mediated
phytochemical expression profiles obtained for
both plants, the pattern of expression appears to
depend mostly on the intrinsic interaction or
solvation of the phytochemical compounds in
each solvent-fraction as well as the polarity of the
solvents. In this study, the methanol solvent was
found to have the best efficacy in inducing
optimal extraction (highest phytochemical
content) and phytochemical expression profile.
These may be due to the ability of these solvents
to conserve the stability of chemical structures of
desired compounds present in the leaf tissue
extracts of both plants. This study has further
confirmed the reasons for the disparity in the
medicinal activities of different solvent-fractions
of plant tissue extracts. The biochemical or
physicochemical role of extraction solvent or
solvent-fraction and the phytochemistry of the
plant tissue must be considered when
determining the medicinal benefits of plant tissue
extracts. The medicinal benefits and uses of
some of the phytochemicals found in the solvent
fractions of Ocimum gratissimum and Vernonia
amygdalina are discussed below;

Alkaloids are chemical compounds that consist of
basic nitrogen atoms and are produced naturally
by plants, animals, bacteria, and fungi [66]. Pure
alkaloids and their synthetic derivatives act as
precursors for making potent drug substances
and they are known to have antispasmodic, anti-
cancer, anti-malaria, analgesic and antibacterial
activities [64,66]. Tannins are water-soluble high
molecular weight polyphenols which are mostly
found in both herbaceous and woody plants
[67,68]. They have been said to possess various
biological activities such as antitumor, antiviral,
cardioprotective, anti-inflammatory, and
antibacterial properties [69,70] which can be
ascribed to their antiradical and antioxidant
activities [71,72]. They also have the ability to
make irreversible and reversible complexes with
the aid of minerals, proteins, alkaloids, among
others [68]. Tannins are toxic to micro-organisms
and one of the proposed antimicrobial modes of
action of tannins is dependent on cutting out
substrates needed for microbial growth through
the precipitation of microbial proteins [73].
Phlobatannins (also known as Phlobaphenes)
are reddish-colored, water-insoluble phenolic
substances that are believed to be related to co-
occurring condensed tannins [74].
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Table 4. List of probable phytochemicals present in each solvent-fraction of Vernonia amygdalina

Solvent- Base group and vibration mode Possible phytochemical compounds present in leaf extracts

fraction

MOH 3381.6 v (O-H), 2925.5 v,(C-H), 1714.8 v(C=0), 1627.6  Phenolic phytochemicals (flavonoids, phenolic acids, tannins, or polyphenols),
8(N-H), v(C=C), v(C=0), 1265.4 v¢(C-0), 1384.1 lipophilic compounds, carbonyl containing compounds, sulfur, carboxylic acid
vs(S=0), 1164.2 v(C-0), 1074.1 v¢(C-O-C), v¢(C-F), and halogen-containing compounds, amino acids, volatile oils, polyols,
v(C-Br), v(C-S) polysaccharides, starch, monoterpenes (monocyclic or bicyclic), etc.

Hx 3393.9 v (O-H), 2923.9 v,5(C-H), 2852.5 v(C-H), Phenolic phytochemicals (flavonoids, phenolic acids, tannins, or polyphenols),
1738.2 v4(C=0), 1462.8 5(C-H), v4(ar), 1163.5 v(C-0), lipophilic compounds, amino acids, volatile oils, polyols, polysaccharides, starch
1072.1 v(C-0O-C), v(C-F) or monoterpenes (monocyclic or bicyclic), etc.

EtAc 3396.5 v (O-H), 2932.7 v,g5(C-H), 1629.1 5(N-H), Phenolic phytochemicals (flavonoids, phenolic acids, tannins, or polyphenols),
v(C=0), v(C=0), 1383.5 v(S=0), 1266.9 v¢(C-0), lipophilic phytochemicals, amino acids, flavonoids, volatile oils, polyols,
1164.0 v(C-0), 1042.3 v5(C-O-C), vs(C-F), 897.7, 801.5 polysaccharides, starch or monoterpenes (monocyclic or bicyclic), etc.
vs(C-Cl), 610.1 v5(C-Br)

BOH 3381.7 v (O-H), 2920.0 v,¢5(C-H), 2849.9 v¢(C-H), Phenolic phytochemicals (flavonoids, phenolic acids, tannins, or polyphenols),
1737.7 vs(C=0), 1629.9 3(N-H), v(C=0), v(C=0), lipophilic phytochemicals, amino acids phospholipids, volatile oils,
1482.7 5(C-H),1384.2 v(S=0), 1078.5 v(C-O-C) v(C-F) monoterpenes (monocyclic or bicyclic) or polysaccharides, etc.

Aq 3380.9 v(O-H), 2931.8 v,gs(C-H), 1712.9 v(C=0), Phenolic phytochemicals (flavonoids, phenolic acids, tannins, or polyphenols),

1267.6 v5(C-0), 1163.3 v(C-0), 1042.9 v(C-O-C) v(C-
F), 555.3 v4(C-1)

lipophilic phytochemicals, carbonyl containing phytochemicals, amino acids,
polyols, monoterpenes (monocyclic or bicyclic), carboxylic and halogen-
containing phytochemicals, polysaccharides, or starch, etc.

Footnote: v: Vibration/Stretching; &: Bending; vs: Symmetrical; vas: Asymmetrical; ar: Aromatic; ha: Heteroaromatic; v« Ring frame. MOH: Methanol; Hx: Hexane; EtAc: Ethyl
acetate; BOH: Butanol;, and Aq: Aqueous distilled water
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Fig. 7. Secondary metabolite or phytochemical expression profile of different solvent-fractions of Vernonia amygdalina leaf tissue extract.
Heatmap represents the relative expression profile of secondary metabolites phytochemical compounds expressed in leaf tissue of different

organic solvent-fractions analyzed with FTIR spectroscopy based on functional group determination
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Cardiac glycosides are used for the treatment of
congestive heart failure and cardiac arrhythmia
as well as for strengthening weakened heart
muscles due to its mode of action. It works by
inhibiting the Na'/K* pumps causing an increase
in the level of Na* ions in the m%/ocytes, which
results increase the levels of Ca”" available for
heart muscle contraction. This enhances cardiac
output and decreases the distention of the heart.
However, cardiac glycosides must be used
carefully because it has been shown to have a
fatal toxic effect on the heart due to the
closeness of its therapeutic dose and toxic dose
[75]. Terpenoids were highly and moderately
expressed in the methanolic and hexane solvent-
fractions of Vernonia amygdalina, but moderately
and lowly expressed in methanolic and hexane
solvent-fractions of Ocimum  gratissimum,
respectively. Terpenoids are natural lipids found
mainly in plants as components of essential oils.
They are used commercially as fragrances,
flavors in food, cosmetics, and have been shown
to have medicinal properties such as anti-ulcer,
antimicrobial, antimalarial, anti-inflammatory, and
diuretic activities [76]. Also, they have been
found to be useful in the biofuel industry [77]

Anthraquinones were found to be highly and
moderately expressed in the methanolic solvent-
fractions of Vernonia amygdalina and Ocimum
gratissimum leaf tissue extracts, respectively.
Anthraquinones are known to have a broad
spectrum of biological activities, which includes

anticancer, vasodilatory, anti-inflammatory,
phytoestrogen, diuretic, antioxidant  and
antimicrobial activities [78,79]. Anthraquinone

and its derivatives are known to have antiviral
and viricidal activities [78]. In addition, natural
anthraquinones are known to inactivate
enveloped viruses [78]. Due to the therapeutic
and pharmacological activities of natural and
synthetic anthraquinones, they have a wide
range of applications in cosmetics,
pharmaceutics, dyes, and foods [80]. The sulfur-
containing compounds present in the solvent
fractions can be used to produce disinfectants
and dental creams while the halogen compounds
help to produce chlorinated tryptophan within the
plant cell walls, which are then metabolized into
chlorinated alkaloids [81]. Carboxylic acids
present in the extracts show it can be used to
produce strong antibacterial agents, curing ulcers
and in the treatment of edema and rheumatic
joint pains. They can also form aldehydes when
combined with phenols [82]. Aromatic amines in
the extracts show that it can be used in dye
industries as starting materials for making
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various types of azo dyes, in chemical industries
to produce antioxidants, fuel additives and of
some chemicals such as motor, transmission,
and industrial oils, in cosmetic industries to
produce some cosmetics such as varnish and
they are also useful for in rubber, textile and
plastic industries [80]. Amines are also useful as
pharmaceuticals as many drugs contain amine
groups such as lidocaine, tetracycline, morphine,
and albuterol [83].

Alkynes find their applications in pharmaceuticals
to produce contraceptives such as norethynodrel
and they also known to have antiviral, antifungal
and antitumor activities while alkenes have
several applications such as the production of
plastics, anesthetic agents, ethylene-oxide flame,
illuminants, and fuels [84]. The chlorates in the
fractions can be used in the production of
disinfectants and bromides for producing anti-
parasitic compounds of bromine origin [85].
Flavonoids are ketone-containing polyphenolic
compounds with well-studied medicinal activities.
They can be classified as bioflavonoids,
isoflavonoids, and neoflavonoids [86]. Flavonoids
have been shown to have many biological and
medicinal activities including antiviral [87],
anticancer [88], antifungal [89], antibacterial [90],
anti-inflammatory [91], antioxidant [92], and anti-
allergic activities [91] in both in vitro and in vivo
studies. They have also been found to assist in
improving health and in the case of chronic
diseases [93]. The presence of flavonoids either
in low or high quantities in both leaf extracts in
this study justifies the prior reported medicinal
benefits of Vernonia amygdalina and Ocimum
gratissimum.

5. CONCLUSION

The present study shows that Ocimum
gratissimum and Vernonia amygdalina leaf tissue
extracts are rich sources of various

phytochemical compounds such as alkaloids,
anthraquinones, cardiac glycosides, flavonoids,
phlobatannins, tannins, terpenoids, saponins,
and reducing sugars. However, the expression or
bioavailability of these phytochemical
compounds may be dependent on the intrinsic
physicochemical properties of the solvents used
during the process of extraction or solubilization.
This is very important as these phytochemical
compounds individually have biological and
molecular activities that could lead to a
cumulative effect, which could be determined by
the bioactivity of the most expressed bioactive
compound (with the greatest biological effect)
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within the plant tissue extract. The identified
bioactive compounds can serve as drug leads for
the design and development of novel plant-based
drugs [94].

The solvent-mediated phytochemical expression
pattern in this study is consistent and followed a
profiling order: “Methanol > Hexane > Ethyl
acetate > Butanol > Aqueous distilled water” for
both plants. In this study, the FTIR spectroscopy
was able to give an overview of all probable
compounds present in the leaf tissue solvent-
fractions of both plants while the colorimetric
assay provided us with information about the
expression patterns. Since the latter is
qualitative, Care must be taken in interpreting
data from the latter. This colorimetric method
needs to be upgraded or followed up with other
analytic methods. Further studies using more
quantitative analytical techniques such as NMR,
mass spectroscopy (MS), and UV-spectroscopy
will be done to give more insight into the role of
solvent-mediated  expression  profiles  of
phytochemical compounds in medicinal
properties of plant-based products.

CONSENT

It is not applicable.

ETHICAL APPROVAL
It is not applicable.

COMPETING INTEREST

The authors declare that no competing interests
exist.

REFERENCES

1. Ndip RN, Ajonglefac AN, Wima T, et al. In-
vitro antimicrobial activity of Ageratum
conyzoides (Linn) on clinical isolates of
Helicobacter pylori. Afr. J. of Pharm. and
Pharmacol. 2006;3:585-592.

2. Sofowora A. Medicinal plant and traditional
medicine in Africa, third ed., Spectrum
Books Limited, Ibadan. 1999;172-188.

3. Cox P, Balick M. The ethnobotanical
approach to drug discovery. Sci. Am. 1994;
270:82-87.

4. Egwaikhide PA, Gimba CE. Analysis of the
phytochemical content and anti-microbial
activity of Plectranthus glandulosis whole
plant. Middle-East J. Sci. Res. 2007;2:135-
138.

17

10.

1.

12.

13.

14.

15.

16.

17.

Dalziel JM, Hutchinson J. The useful plants
of west tropical Africa: Being an appendix
to the Flora of West Tropical Africa. The
Crown Agents London. 1937;462-463.
Wagner W, Herbstand R, Sohmer SH.
Manual of flowering plants of Hawaii,
University of Hawaii Press. Honolulu;
1990;808.

Nadkarni KM. Indian materia medica. Third
ed. Popular Prakashan Pvt Ltd: India;
1999.

Nwinyi CO, Chinedu NS, Ajani OO, et al.
Antibacterial effects of extracts of Ocimum
gratissimum and Piper guineense on
Escherichia coli and Staphylococcus
aureus. Afr. J. Food Sci. 2009;3:077-081.
Effraim ID, Salami HA, Osewa TS. The
effect of aqueous leaf extract of Ocimum
gratissimum on hematological and bio-
chemical parameters in rabbits. Afr. J.
Biomed. Res. 2000;3:175-179.

Koche DK, Kokate PS, Suradkar SS, et al.
Preliminary phytochemistry and anti-
bacterial activity of ethanolic extract of
Ocimum gratissimum. L. Biosci. Discov.
2012;3:20-24.

Akinmoladun AC, Ibukun EO, Emmanuel
A, et al. Phytochemical constituent and
antioxidant activity of extract from the
leaves of Ocimum gratissimum. Sci. Res.
Essay. 2007;2:163-166.

Kabir AO, Olukayode O, Chidi EO, et al.
Screening of crude extracts of six
medicinal plants used in South-West
Nigerian unorthodox medicine for anti-
methicillin resistant Staphylococcus aureus
activity. BMC Complement Altern. Med.
2005;5:1-7.

Rabelo M, Souza EP, Soares PMG, et al.
Antinociceptive properties of the essential
oil of Ocimum gratissimum L. (Labiatae) in
mice. Braz. J. Med. Biol. Res. 2003;36:
521-524.

Cristiana M, Murbach F, Marcia OM, et al.
Effects of seasonal variation on the central
nervous system activity of Ocimum
gratissimum. L. essential oil. J Ethno-
pharmacol. 2006;105:161-166.

Prajapati ND, Purohit SS, Sharma AK, et
al. Agro’s dictionary of medicinal plants,
first ed. Agrobios, India; 2003.

Oliver B. Medicinal plants in Nigeria.
Nigerian College of Arts, Science, and
Technology, Ibadan, Nigeria; 1980.
Ueda-Nakamura T, Mendonca-Filho RR,
Morgado-Diaz JA, et al. Antileishmanial
activity of Eugenol-rich essential oil from



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Tella and Oseni; JAMPS, 19(4): 1-25, 2018; Article no.JAMPS.47432

Ocimum gratissimum, Parasitol. Int. 2006;
55:99-105.

Adesina SK. Studies on some plants used
as anticonvulsants in Amer-indian and
African traditional medicine, Fitoterapia.
1982;53:147-162.

Offiah VN, Chikwendu UA. Antidiarrheal
effects of Ocimum gratissimum leaf extract
in experimental animals. J. Ethno-
pharmacol. 1999;63:327-330.

Njoku CJ, Asuzu LV. The anthelminthic
effects of the leaf extract of Ocimum
gratissimum (L.) Phytomedicine. 1998;5:
485-488.

Obaseki-Ebor EE, Odukora K, Telikepalli
H, et al. Antimutagenic activity of extracts
of leaves of four common edible vegetable
plants in Nigeria (West Africa). Mutat. Res.
1993;302:109-117.

Singha SC. Medicinal plants in Nigeria.
National Press Ltd, Apapa; 1996.
Egedigwe CA. Effect of dietary
incorporation of Vernonia amygdalina and
Vernonia colorata on blood lipid profile and
relative organ weights in albino rats. MSc.,
Dissertation, Dept. Biochem., MOUAU,
Nigeria; 2012.

Momoh M, Adikwu M, Oyi AR. Vernonia
amygdalin and CD4+ cell count: An
immune study. Glob. J. Biotechnol.
Biochem. 2010;5:92-96.

Argheore EM, Makkar HPS, Becker K.
Feed value of some browse plants from
the central zone of Delta State Nigeria.
Trop. Sci. 1998;38:97-104.

Erasto P, Grierson DS, Afolayan AJ.
Bioactive sesquiterpene lactones from the
leaves of Vernonia amygdalina. J.
Ethnopharmacol. 2006;106:117-120.

Abosi AO, Raseroka BH. In vivo anti-
malarial activity of Vernonia amygdalina.
Br. J. Biomed. Sci. 2003;60:89-91.

Masaba SC. The antimalarial activity of
Vernonia amygdalina Del. (Compositae).
Trans. Roy Soc. Trop. Med. Hyg. 2000;94:
694-695.

Atangwho JI, Eyong PE, Williams 1O, et al.
Comparative chemical composition of
leaves of some anti-diabetic medicinal
plants: Azadirachta indica, Vernonia
amygdalina, and Gongrone malatifolium.
Afr. J. Biotech. 2009b;8:4685-4689.

Okolie UV, Okeke CE, Oli JM.
Hypoglycemic  indices of  Vernonia
amygdalina on postprandial blood glucose
concentration of healthy humans. Afr. J.
Biotech. 2008;7:4581-4585.

18

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Arhoghro EM, Ekpo KE, Anosike EO, et al.
Effect of aqueous extract of the bitter leaf
(Vernonia amygdalina Del.) on carbon
tetrachloride-induced liver damage in
albino Wistar rats. Eur. J. Sci. Res. 2009;
26:122-130.

Kamatenesi-Mugisha M, Oryem-Origa H,
Makawiti OO0. Ethnopharmacological
screening of Vernonia amygdalina and
Cleome gynandra ftraditionally used in
childbirth in Western Uganda. Proc 11"
NAPRECA Symposium, Antanarivo,
Madagascar. 2005;912:110-122.

Alabi DA, Oyero LA. Fungitoxic and
phytotoxic effect of Vernonia amygdalina
Del., Bryophyllum pinnantus Kurz, Ocimum
gratissimum (Closium) L and Eucalypta
globules (Caliptos) Labill water extracts on
cowpea and cowpea seedling pathogens in
Ago-lwoye, South Western Nigeria. World
J. Agric. Sci. 2005;1:70-75.

Iwalokun BA, Efedede BU, Alabi-Sofunde
JA, et al. Hepatoprotective and antioxidant
activities of Vernonia amygdalina on
acetaminophen-induced hepatic damage in
mice. J. Med. Food. 2006;9:524-530.

Njan AA, Adza B, Agaba AG, et al. The
analgesic and antiplasmodial activities and
toxicology of Vernonia amygdalina. J. Med.
Food. 2008;11:574-581.

Evans WC, Trease and evans
pharmacognosy. Fifteenth ed., Elsevier
India Private Limited. Noida. 2008;3-4.
Harborne JB. Phytochemistry. fourth ed.,
Academic Press. London. 1993;89-131.
Ogunmodede SO, Oseni SO, Oyekan JO,
et al. In vivo studies on the
phytotherapeutic and fertility effects of
Dracaena arborea extracts in alloxan-
induced diabetic rats. British Journal of
Medicine and Medical Research. 2016;11:
1-18.

Trease GE, Evans EC. General methods
associated with the phytochemical
investigation of the herbal product,
Pharmacognosy. Thirteenth ed., English
Language Book Society Bailliere Tindall
London, U.K; 1989.

Ogunmodede SO, Oseni SO, Adenmosun
OO, et al. Dracaena arborea extracts: A
phytotherapeutic option for ameliorating
oxidative stress-mediated testicular
disorders in alloxan-induced diabetic rats.
J. Coastal Life Med. 2015;3:930-935.
Meenambal M, Phugalendy K,
Vasantharaja C, et al. Phytochemical
information from FTIR and GC-MS studies



42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Tella and Oseni; JAMPS, 19(4): 1-25, 2018; Article no.JAMPS.47432

of methanol extract of Denolixelta leaves.
Int. J. Chem. Anal. Sci. 2012;3:1446—
1448.

Mohan J. Organic spectroscopy— principle
and applications. Nasrosa Publishers, New
Delhi; 2001.

Sun SQ, Zhou Q, Qin Z. Two-dimensional
correlation infrared  spectroscopy  of
traditional Chinese medicine. China
Chemical Industry Press, Beijing; 2003.
Bellamy CNR. Chemical applications at
infrared spectroscopy. Academic Press,
New York; 1963.

Silverstein RM, Webster FX. Spectrometric
identification of organic compounds. John
Wiley and Sons, New York; 1996.

Li LG, Xu LJ, Gao SQ, et al. Study on the
calcium-chelate compound of Rhubarb
Anthraquinone. J. Beijing Univ. T.C.M.
1995;18:63-66.

Franca J, De Luca M, Ribeiro T, et al.
Propolis - based chitosan varnish: Drug
delivery, controlled release and anti-
microbial activity against oral pathogen
bacteria, BMC Complement. Altern. Med.
2014;14:1-11.

Xie JX, Chang JB, Wang XM. Applications
of IR spectra in organic chemistry and
pharmaceutical chemistry. Science
Publishing House, Beijing; 2001.

Mot A, Silaghi-Dumitrescu R, Sarbu C.
Rapid and effective evaluation of the
antioxidant capacity of propolis extracts
using DPPH bleaching kinetic profiles, FT-
IR and UV-vis spectroscopic data. J. Food
Composition. Anal. 2011;24:516-522.

Lui SL, Chen JB, Zhou Q, et al. Analysis of
the harvest seasons of Scutellaria
bailcalensis georgi by Tristep identification
of infrared spectroscopy and principal
component analysis. Spectrosc. Spectr.
Anal. 2012;32:2669-2670.

Flor S, Tripodi V, Contin M. Spectroscopic
approach of the association of heparin and
its contaminants and related poly-
saccharides with polymers used in
electrokinetic chromatography. J. Chem.
Pharm. Res. 2012;4:972-979.

Lakshmi SP, Bindu RN. Functional group
analysis of Cleome viscosa L. and C.
burmanni W. & A. (Cleomaceae) extracts

by FT-IR. J. Pharmacogn. Phytochem.
2014;2:120-124.
Muruganantham M, Anbalagan G,

Ramamurthy N. FT-IR and SEM-EDS
comparative analysis of medicinal plants,
Eclipta alba Hassk, and Ecliptaprostrata

19

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Linn, Romanian J. Biophys. 2009;19:285—
294.

Coates J. Interpretation of infrared spectra:
A practical approach encyclopedia of
analytical chemistry. Meyers RA. (Ed.).
John Wiley & Sons Ltd, Chichester. 2000;
10815-10837.

Schulz H, Baranska M. Identification and
quantification of valuable plant substances
by IR and Raman spectroscopy. Vib.
Spectrosc. 2007;43:3-25.

Zahariev |, Piskin M, Karaduman E, et al.
FTIR spectroscopy method for investiga-
tion of Co-Ni nanoparticles nanosurface
phenomena. J. Chem. Technol. Metal.
2017;52:916-928.

Mariswamy Y, Gnanaraj WE, Anthonisamy
JM. FTIR spectroscopic studies on
Aervalanata (L.) Juss. Ex. Schult., Asian J.
Pharm. Clin. Res. 2012;5:82-86.

Fabian H, Jackson M, Murphy M, et al. A
comparative infrared spectroscopic study
of human breast tumors and breast tumor
cell xenografts. Biospectrosc. 1995;1:37—
45.

Chang-Hua X, Su-Qin S, Chang-Qiang G,
et al. Multi-steps infrared macro-fingerprint
analysis for thermal processing of Fructus
viticis. Vib. Spectrosc. 2006;41:118-125.
Egwatkhide PA, Okeniyi SO, Gimba CE.
Screening of antimicrobial activity and
phytochemical constituents of some
Nigerian medicinal plants. Adv. in biol.
Res. 2007;1:155-158.

Feng N, Guo X, Liang S. Adsorption study
of copper (ll) by chemically modified
orange peel. J. Hazard. Mater. 2009;164:
1286-1292.

Dan L, Yong-Guo L, Hong X, et al.
Differentiation of the root of cultivated
ginseng, mountain cultivated ginseng and
mountain wild ginseng using FT-IR and
two-dimensional correlation IR spectros-
copy. J. Mol. Struct. 2008;883(884):228-
235.

Britto JD, Sebastian SR. Biosynthesis
silver nanoparticles and its antibacterial
activity against human pathogens. Int. J.
Pharm Sci. 2012;5:257-259.

Stary F. The natural guide to medicinal
herb and plants. Tiger Books. International,
London. 1998;12-16.

Zavod RM, Knittel JJ. Drug design and
relationships of functional groups to
pharmacological activity in: Lemke TL,
Williams DA, Roche VF, et al. (Eds.),
Foye’s principles of medicinal chemistry,



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Tella and Oseni; JAMPS, 19(4): 1-25, 2018; Article no.JAMPS.47432

sixth ed., Lippincott Williams and Wilkins,
Baltimore, USA. 2008;26-53.

Abdirahman YA, Juma KK, Mukundi MJ,
Gitahi SM, Agyirifo DS. The hypoglycemic
activity and safety of aqueous stem bark
extracts of acacia nilotica. Journal of Drug
Metabolism Toxicology. 2015;6:189-198.

Spencer C, Cai Y, Martin R, et
al. Phytophenol complexation-some
comments and observations. Phyto-

chemical. 1988;27:2397.

Rex JRS, Muthukumar NMSA, Selvakumar
PM. Phytochemicals as a potential source
for antimicrobial, anti-oxidant and wound
healing - A review. MOJ Biorg Org Chem.
2018;2(2):61-70.

DOI: 10.15406/mojboc.2018.02.00058
Kumari M, Jain S. Review paper. Tannins:
An anti-nutrient with positive effect to
manage diabetes. Res. J. Recent Sci.
2012;1:70-73.

Hisanori A, Kazuyasu F, Osamu Y.
Antibacterial action of several tannins
against Staphylococcus aureus. J. Anti-
microb. Chemother. 2001;48:487—-491.

Santos-Buelga C, Scalbert A.
Proanthocyanidins, andtannin-like
compounds-nature, occurrence, dietary

intake and effects on nutrition and health.
J. Sci. Food Agric. 2000;80:1094-1117.
Teissedre PL, Frankel EN, Waterhouse
AL. et al. Inhibition of in-vitro human LDL
oxidation by phenolic antioxidants from
grapes and wines. J. Sci. Food Agric.
1996;70:55-61.

Vladimir K, Ludmila M. Glycosides in
medicine: The role of glycosidic residue in
biological activity. Curr. Med. Chem. 2001;
8:1303-1328.

Foo LY, Karchesy JJ. Chemical nature of
phlobaphenes. Chemistry and Significance
of Condensed Tannins. 1989;109.

Denwick PM. Natural products: A
biosynthetic approach. 2" ed. John Wiley
and Sons Ltd, England; 2002.

Harborne JB, Tomas-Barberan FA,
Ecological chemistry and biochemistry
of plant terpenoids. Clarendon, Oxford;
1991.

Guan Z, Xue D, Abdallah I, Dijkshoorn L,
Setroikromo R, Guiyan L, et al. Metabolic
engineering of Bacillus subtilis terpenoid
production. Applied Microbiology and
biotechnology. 2015;99:9395-9406.
Andersen DO, Weber ND, Wood SG,
Hughes BG, Murray BK, et al. In vitro

20

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

virucidal activity of selected
anthraquinones and anthraquinone
derivatives. Antivir. Res. 1991;16:185-
196.

Abdulmuhsin S. Antibacterial and
antioxidant properties of anthraquinones
fractions from Morinda citrifolia fruit.
Journal Reports in  Pharmaceutical
Sciences. 2018;7(3):366-375.

Sydiskis KJ, Owen DG, Lohr JL, et al.
Inactivation of enveloped viruses by
anthraquinones extracted from plants,
Antimicrob. Agents Chemother. 1991;35:
2463-2466.

Janakiraman N, Satish SS, Johnson M.
UV-VIS and FT-IR spectroscopic studies
on Peristrophe bicalyculata (Retz.) Nees,
Asian J. Pharm. Clin. Res. 2011;3:125-
129.

Reuss G, Disteldorf W, Gamer AO, et al.
Formaldehyde in ullmann’s encyclopedia
of industrial chemistry; 2005.

Nelson DL, Cox MM. Lehninger, principles
of biochemistry. Third ed., Worth
Publishing, New York; 2000.

Walker S, Landovitz R, Ding WD, et al.
Cleavage behavior of calicheamicin
gamma 1 and calicheamicin T, Proc. Natl.
Acad. Sci. USA. 1992;89:4608-4612.
Mayeno A, Curran AJ, Roberts RL, et al.
Eosinophils preferentially use bromide to
generate halogenating agents. The J. Bio.
Chem. 1989;264:5660-5668.

Schuier M, Sies H, lllek B, et al. Cocoa-
related flavonoids inhibit CFTR-mediated
chloride transport across T84 human colon
epithelia. J. Nutr. 2005;135:2320-2325.
Friedman M. Overview of antibacterial,
antitoxin, antiviral, and antifungal activities
of tea flavonoids and teas. Mol. Nutri Food
Res. 2007;51:116-134.

Oseni SO, Kumi-Diaka, J, Branly R, et al.
Pyroelectrically generated very low dose
ionizing radiation potentiates the effects of
genistein isoflavone in human prostate
cancer cells. J. Cancer Prevention and
Curr. Res. 2014;1:14-18.

Cushnie TP, Lamb AJ. Antimicrobial
activity of flavonoids. Int. J. Antimicrob.
Agents. 2005;26:343-356.

Manner S, Skogman M, Goeres D, et al.
Systematic exploration of natural and
synthetic flavonoids for the inhibition of
Staphylococcus aureus biofilms. Int. J.
Mol. Sci. 2013;14:19434—-19451.



91.

92.

93.

Tella and Oseni; JAMPS, 19(4): 1-25, 2018; Article no.JAMPS.47432

Yamamoto Y, Gaynor RB. Therapeutic
potential of inhibition of the NF-kB pathway
in the treatment of inflammation and
cancer. J. of Clini. Investig. 2001;107:
135-42.

Cazarolli LH, Zanatta L, Alberton EH, et al.
Flavonoids: Prospective drug candidates.
Mini-reviews Med. Chem. 2008;8:1429—
1440.

Feng SL, Yuan ZW, Yao XJ, MA WZ, Liu
L, et al. Tangeretin, a citrus pentameth-
oxyflavone, antagonizes ABCB1 mediated
multidrug resistance by inhibiting its trans-

21

94.

port function. Pharmacological Research.
2016;110:193-204.

Oseni SO, Branly R, Pavlovic M, Kumi-
Diaka J. Synergistic effects of metabolic

inhibitors on radiochemosensitized
spheroid prostate cancer cells [abstract].
In:  Proceedings of the American
Association  for  Cancer  Research

Annual Meeting 2017 Washington, DC.
Philadelphia (PA): AACR; Cancer Res
2017;77(Suppl13):Abstract no 5422.
DOI:10.1158/1538-7445.AM2017-5422.



Tella and Oseni; JAMPS, 19(4): 1-25, 2018; Article no.JAMPS.47432

Appendix A. FTIR spectra readings for Ocimum gratissimum leaf extract

Methanol fraction

n-Hexane fraction

Ethyl acetate-fraction

n-Butanol fraction

Aqueous fraction

PV FG & Origin PV FG & Origin PV FG & Origin PV F.G & Origin PV FG & Origin

(cm™) (cm 1) (cm 1) (cm 1) (cm 1)

3382.2 O-H Stretch 33435 O-H Stretch, 3341.1 O-H stretch, Alcohol 3381.6 O-H stretch, 3385.1 O-H stretch, Alcohol
Alcohol Alcohol Aliphatic Primary Amines Alcohol Aliphatic Primary Amines
Aliphatic Primary Aliphatic Primary Amines Aliphatic Primary Amines
Amines

2925.8 C-H Stretch 2925.6 C-H Stretch 2924.9 C-H Stretch

28541 Alkane 2853.9 Alkane Alkane

1688.2 C=0 Stretch 2359.8 C=N stretch 1694 .1 C=0 stretch
Quinone Methane Nitriles a, B unsaturated aldehydes,
Conjugated acid ketones, esters
Conjugated aldehyde Conjugated acid
C=N Aromatic Compounds
Imine/oxime

1652.6 C=C Stretch 1739.7 C=0 stretch 1603.8 C=0 stretch 1635.2 N-H bend 1631.9 N-H bend
Alkenes Saturated Aliphatic Carboxylic acid salt/Quinone 1°Amine 1°Amine
Conjugated Alkene Aldehydes Esters N-H bend C=C stretch C=C stretch
C=0 stretch Carboxylic acids 1°Amine Conjugated Alkene Conjugated Alkene
Amides C=C stretch Cyclic Alkene Cyclic Alkene

Conjugated Alkene C=0 stretch C=0 stretch
Cyclic Alkene Quinone/Amide Quinone/
Amide

1384.2 C-H bend 1689.8 C=0 Stretch 1507.7 N-O stretch 1384.4 C-H bend 1384.8 C-H bend
Alkanes Quinones Aromatic Nitro- Compounds Alkanes Alkanes
S=0 stretch Conjugated acids S=0 stretch S=0 stretch
Organic Sulfates Oxime/Imine Organic Sulfates Organic Sulfates
Sulfonyl chloride Sulfonyl chloride Sulfonyl chloride
C-O stretch C-O stretch C-O stretch
Carboxylic acid Carboxylic acid Carboxylic acid
O-H stretch O-H stretch O-H stretch
Phenol Phenol Phenol
C-F stretch 1457 1 C-H bend 1455.9 C-H bend C-F stretch C-F stretch
Aliphatic Fluoro- Alkanes Alkanes Aliphatic Fluoro- Aliphatic Fluoro-
Compounds 1384.1 C-H bend 1384.2 C-H bend Compounds Compounds

1074.3 C-N stretch Alkanes Alkanes 1075.9 C-N stretch 1050.1 C-N stretch
Aliphatic Primary S=0 stretch S=0 stretch Aliphatic Primary Amines Aliphatic Primary Amines
Amines Organic Sulfates Organic Sulfates C-O-C stretch Ethers C-O stretch Ethers
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Methanol fraction

n-Hexane fraction

Ethyl acetate-fraction

n-Butanol fraction

Aqueous fraction

C-O-C stretch Sulfonyl chloride Sulfonyl chloride sulfoxide
Ethers C-O stretch C-O stretch
Carboxylic acids Carboxylic acids
O-H stretch O-H stretch
Phenol Phenol
1165.8 C-N stretch 1256.1 C-N stretch
Aliphatic Amines Aromatic primary amines
C-O stretch C-O stretch
Alcohols, Carboxylic acids alcohols, esters
C=S stretch
Sulfur compounds
10731 C-F stretch 1178.4 C-N stretch
Aliphatic Fluoro- Aliphatic Amines
Compounds C-O stretch
C-N stretch Alcohols/ carboxylic acids
Aliphatic Primary Sulfonate
Amines
C-O-C stretch,
Ethers
668.5 C-Br stretch 1073.7 C-F stretch
Aliphatic Bromo- Aliphatic Fluoro-
Compounds Compounds
C-H Bend C-N stretch
Alkynes Aliphatic Primary Amines
C-S stretch C-O-C stretch
Disulphides Ethers

Footnote: PV = Peak values, FG = Functional groups
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Appendix B. FTIR spectra readings for Vernonia amygdalina leaf extract

Methanol fraction

n-Hexane fraction

Ethyl acetate fraction

n-Butanol fraction

Aqueous fraction

PV FG & Origin PV FG & Origin PV (cm ™) FG & Origin PV FG &Origin PV FG & Origin
(cm ™) (cm ™) (cm ™) (cm 1)
3381.6 O-H Stretch, Alcohol 3393.9 O-H Stretch, Alcohol 3396.5 O-H Stretch, Alcohol 3381.7 O-H Stretch, Alcohol 3380.9 O-H Stretch, Alcohol
2925.2 C-H Stretch 2923.9 C-H Stretch 2932.7 C-H Stretch 2920.0 C-H Stretch 2931.8 C-H Stretch
Alkane 2852.5 Alkane Alkane 2849.9 Alkane Alkane
2359.7 C-N stretch 2359.6 C-N stretch 2359.8 C-N stretch 23594 C-N stretch
Methane Nitriles 2342.3 Methane Nitriles Methane Nitriles Methane Nitriles
1714.8 C=0 stretch 1738.2 C=0 stretch 1629.1 N-H bend 1737.7 C=0 stretch 1712.9 C=0 stretch
Carboxylic acid, Ketone Saturated Aliphatic 1°Amine Saturated Aliphatic Carboxylic acid,
Aldehydes, Esters C=C stretch Aldehydes, Esters Ketone
Alkene
C=0 stretch
Quinone/ Amide
1627.6 N-H bend 1462.8 C-H bend 1383.5 C-H bend 1629.9 N-H bend 1604.7 C=0 stretch
1°Amine Alkanes Alkanes 1°Amine Carboxylic acid salt,
C=C stretch S=0 stretch C=C stretch Quinone
Alkene Organic Sulfates Alkene N-H bend
C=0 stretch C-O stretch C=0 stretch Quinone / Amide 1°Amine
Quinone / Amide Carboxylic acids
1384.1 C-H bend 1377.3 C-H bend 1266.9 C-N stretch 1482.7 C-H bend 1267.6 C-N stretch
Alkanes Alkanes Aromatic amines Alkanes Aromatic amines
S=0 stretch S=0 stretch C-O stretch C-O stretch
Organic Sulfates Organic Sulfates Alcohols Esters Alcohols, esters,
C-O stretch C-O stretch C=S stretch C=S stretch
Carboxylic acids Carboxylic acids Sulfur compounds Sulfur compounds
12654 C-N stretch 1216.9 C-O stretch 1164.0 C-N stretch 1384.2 C-H bend 1163.3 C-N stretch
Aromatic amines Alcohols, Aliphatic Amines Alkanes Aliphatic Amines
C-O stretch alcohols, Carboxylic acids, C-O stretch Alcohols, S=0 stretch C-O stretch
esters Esters, Ethers carboxylic acids, Esters Organic Sulfates Alcohols, carboxylic
C=S stretch C-O stretch acids, esters
Sulfur compounds Carboxylic acids
1164.2 C-N stretch 1163.5 C-N stretch 1042.3 C-F stretch 1078.5 C-F stretch 1042.9 C-F stretch
Aliphatic Amines Aliphatic Amines Aliphatic Fluoro- Aliphatic Fluoro- Compounds Aliphatic Fluoro
C-0O stretch C-O stretch Compounds C-N stretch Compounds
Alcohols, carboxylic Alcohols, Carboxylic C-N stretch Aliphatic primary Amines C-N stretch
acids, acids, Aliphatic primary Amines C-O-C stretch, ethers, Aliphatic primary
C-O-C stretch Ethers Amines

C-O-C stretch Ethers
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Methanol fraction

n-Hexane fraction

Ethyl acetate fraction

n-Butanol fraction

Aqueous fraction

1074.9 C-F stretch 10721 C-F stretch 897.7 C-H Bend 555.3 C-| Stretch
Aliphatic Fluoro- Aliphatic Fluoro- Alkenes Aliphatic lodo-
Compounds Compounds N-H wag Compounds
C-N stretch C-N stretch primary, secondary
Aliphatic primary Aliphatic primary Amines
Amines Amines
C-O-C stretch ethers C-O-C stretch, Ethers
666.5 C-Br stretch 801.5 C-Cl
Aliphatic Bromo- Aliphatic Chloro-
Compounds Compounds
C-H Bend Alkynes
C-S stretch
Disulphides
610.1 C-H bend
Alkynes

C-Br stretch
Aliphatic Bromo-
compounds
C-S stretch
Disulphides
Footnote: PV = Peak values, FG = Functional groups
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