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AbSTRACT

 Natural medicine is widely used to treat a variety of ailments. This work aims to isolate and 
characterise flavonoids from the roots of Cadaba aphylla and Adenia glauca. The compound was 
extracted using the Ultrasonicate Assisted Extraction (UAE), and Chromatographic methods including 
thin layer chromatography (TLC) and column chromatography were then used to separate it. The 
isolated compound was then examined using UV-Visible, FTIR, NMR (H1 & C13) and mass spectra 
(MS) followed by antioxidant evaluation. From the qualitative and spectral examination. The isolated 
component is identified as 3, 3', 4', 5, 7-pentahydroxy flavones-3-rutinoside, it is concluded (Rutin) 
and it also showed good free radical scavenging behaviour. Therefore, these plants can be used for 
therapeutic purpose.

Keywords: Isolation, Characterisation, Flavonoid, Anti-oxidant, 
Cadaba aphylla and Adenia glauca.

INTRODUCTION 

 Traditional medicinal herbs were the primary 
supply source in most developing nations. Nowadays, 
plants are the primary source for developing new drugs 
and treating a variety of disorders in the field of natural 
medicine. In most of the world, people, especially 
those who reside in rural areas, rely on conventional 
plant-based medications because they are easily 
accessible, socially acceptable, and affordable. 
Numerous secondary metabolites, including alkaloids, 

flavonoids, and other vital phytocomponents, are 
present in plants.1,2,3 Most researchers discovered that 
plants contain flavonoids and phenolic components, 
which are great for acting as anti-oxidants,  
anti-inflammatory agents, anticancer and treating 
various ailments.4,5 The natural plant of the native 
Botswana and Southern Africa, Cadaba aphylla 
(Thunb) belongs to the "Capparaceae" family 6 
whereas, it is a leafless plant, and the roots are 
taken orally to treat many disorders.7,8 Previous 
research of C. aphylla root extracts proves that 
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they have been used to treat several cancer cells.9  
Adenia glauca belongs to "Passifloraceae" family and 
is native to southern Africa.10 This plant's powdered 
substance has been used to cure ear infections, 
swelling legs, and skin conditions related to the skin.11 
Additionally, plant extracts have been employed for 
protein synthesis and hemagglutinating activity, as 
well as galactose-binding lectins,12 respectively which 
make it a potential therapeutic source.

 In the present study these plants were 
employed for isolation of bioactive principle and 
characterize its structure using various spectral 
techniques such as UV-Visible, FT-IR, H1NMR, C13 
NMR and MS and the antioxidant activity of the isolated 
compound was then subjected to In vitro analysis.

MATERIALS AND METHODS

Chemicals and reagents
 The chemicals (n-Butanol, hexane, 
methanol, petroleum ether, ethyl acetate, precoated 
TLC Silica gel 60 F, column chromatographic setup) 
and DPPH were bought from Sigma Aldrich. 

Collection of plants
 Medicinal plants of Cadaba aphylla (Thunb) 
(Capparaceae) and Adenia glauca (Passifloraceae) 
roots were collected from Kanye and Moshupa 
villages in Botswana's capital city, Gaborone. The 
Botswana National Herbarium and the University of 
Botswana Herbarium authenticated and identified 
the plants. The plants were washed with tap water 
to remove the unwanted particles like sand and 
dust. Then the roots are cut into small pieces for 
fast drying under the shade. After complete drying, 
the plant roots were powdered using Thomas Wiley 
Model 4 grinder, and then stored in the brown bottle 
for further analysis.

Extraction process
 The Ultrasonicate Assisted extraction 
method (UAE) was followed for the extraction 
of plants.13 1.000 g of each plant sample was 
accurately weighed into a 15 mL centrifuge tube and 
10 mL methanol was added. The plant samples were 
vortexed for 5 min and then put into an ultrasonic 
bath at 25oC for 30 minute. Again, Vortex shaking 
was done for 1 min then sample was centrifuged 
for 10 min at 5000rpm. To remove the undissolved 
solid particles, the remaining supernatant solution 

was filtered through a Whatman No.1 filter paper. 
This was followed by filtration with a 0.45µm Nylon 
filter membrane to remove suspended particles. The 
filtrate was then kept for further analysis.

Isolation by Column and thin-layer chromatography
 In column chromatography, the stationary 
phase is a solid, while the mobile phase is a liquid. 
This kind of chromatography uses adsorption. 
Typically, it is used for the regular separation and 
purification of substances. A thoroughly agitated 
silica gel dispersion (100–150 g in petroleum ether 
at 60–80°C) was added to a column. The surplus 
petrol-ether was allowed to run through the column 
once the absorbent had settled thoroughly. The 
slurry was digested into a well-stirred column 
after passing through the petrol-ether silica gel. 
In order to achieve a homogeneous packing, the 
progressive setting was created by maintaining 
a mild agitation as solvent flowed through the 
column. The silica gel slurry and the extracted 
sample were combined, and the mixture was put 
to the top of the column as uniformly as feasible. 
In order to prevent column packing distortion, 
d is tor ted bands were produced. Hexane, 
chloroform and methanol mixes of increasing 
polarity were used to elute the column in turn. 
Methanol elution produced a yellow color.

 A stationary phase (silica-gel coated plate) 
was used, and the fraction was put as spots on the 
plate using capillary tubes, about 1 cm from the base. 
An appropriate solvent combination, consisting of 
ethanol, water and ethyl acetate (5:1:5), was then 
used to submerge the dish. After that, the plate was 
put into a tank that was well-covered and contained 
adequate solvent. Up the plate, the solvent moves. 
Spots in the thin layer form as the solvent separates 
the mixture's components at varying rates, which 
causes the solvent to rise through the thin layer. 
The plate is taken from the tank and briefly dried 
at moderate temperatures of 60–120°C once the 
solvent has nearly reached the top edge of the plate 
and covered nearly 3/4 of the plate. The extracts 
contained secondary metabolites, which TLC was 
able to identify. It is a ratio between the distances 
that the sample and solvent travelled. 

 Rf = distance of the sample (solute) from 
the origin/distance of the solvent from the origin 
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Confirmation test for flavonoid with standards
 The separated fraction was qualitatively 
tested for the presence of flavonoids on exposure 
to ammonia. The colour so obtained was compared 
with the standard flavonoid namely quercetin.

Characterisation of isolated compound
UV and FT-IR Spectroscopic analysis 
 Using a Perkin Elmer Spectrophotometer, 
the col lected sample was scanned in the  
200-900nm wavelength range, and the distinctive 
peaks were found. The FTIR study was conducted 
using a Perkin Elmer Spectrophotometer and the 
unique peaks between 400 to 4000 cm-1 corresponding 
to their functional groups were visible. Recorded were 
the FTIR and UV peak values. Three times through 
each analysis, the spectrum was confirmed.

NMR Spectroscopy
 Column chromatography was utilized to 
divide plant extract into fractions, and Thin Layer 
chromatography was employed to further purify the 
obtained particles. 5 mg of the purified substance 
in DMSOd6 was used in an NMR experiment on a 
BRUKER-AMX400 MHz device. Chemical changes 
are reported in parts per million (ppm) and the 
internal standard is tetramethyl silane.

Mass spectrum analysis
 The sample was analyzed by GC-mass 
spectrometry (GC-MS) using a JEOL GC MATE-11 
HR mass spectrometer. For the chromatography, a 
DB 5 MS capillary column (30m x 0.25mm (internal 
diameter) film thickness 0.25mm) was employed. 
The mass spectrometer was operated in electron 
impact mode at 70 eV. The temperature of the 
transfer line and ion source was controlled at 250C. 
Positive ion mode mass spectra with a m/z range 
of 50 to 600 were captured. The detector converts 
the quantity of molecules into an electrical signal, 
and a computer or integrator converts each of the 
signal's peaks into a graph.

Application
In-vitro antioxidant activity by DPPH assay for 
the isolated compound
 4mg of DPPH was dissolved in 100 mL of 
ethanol. Different concentrations, such as 20, 40, 
60, 80 and 100 µg/mL, were made from the sample 
stock solution, which was obtained by dissolving 
0.01 g in 1 mL (100 mg/mL). 2 mL of DPPH reagent 
was combined with 1 mL of various sample solution 
concentrations and allowed to room temperature for 

30 min, the absorbance at 517nm was measured, 
and the antioxidant activity percentage was 
determined using the formula below. 

% of Radical Scavenging activity = Ac -As/Ac x 100)
Ac-Absorbance of Control, As-Absorbance of Sample

 The absissa of the plots represented 
the concentration of the tested material, and the 
ordinate reflected the typical percentage of radical 
scavenging activity, which was used to determine 
the IC50 values.

RESULT AND DISCUSSION

Column chromatographic separation
 The technique was used to separate 
flavonoid compounds using column chromatography.14 
Column chromatographic separation of C. aphylla 
and A. glauca extracts allowed three fractions. The 
result of the chromatographic separation is shown 
in Figure 1 and Table 1. 

F1: Hexane Eluents; F2: Chloroform Eluents; F3: Methanol 
Eluents

Fig. 1. Chromatographic extraction of C. aphylla and A. glauca

Table 1: Chromatographic Separation

S. No. Eluents No. of fraction(s) Nature of fractions
   Cadaba aphylla

   1 Hexane (HE) 1 Pink color
   2 Chloroform (CE) 1 Dark brown color 
   3 Methanol (ME) 1 Brownish yellow color  
  Adenia glauca
   1 Hexane (HE) 1 White colour
   2 Chloroform (CE) 1 Whitish yellow colour 
   3 Methanol (ME) 1 Dark yellow colour 
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Qualitative analysis of flavonoids in Chromato-
graphic Separation
 Chemical analyses were conducted on the 
extract using established methods to identify the 
contents as indicated, including qualitative screening 
for flavonoids of all eluted substances.15,16,17 The 
production of yellow color with the reaction by 
exposure to ammonia was used to identify the 
qualitative analysis of flavonoids. C. aphylla is shows 
dark yellowish brown while A. glauca is yellow 
in colour, indicating the presence of flavonoid as 
compared with standard flavonoid quercetin, as 
shown in Table 2 and Figure 2.

Table 2: Qualitative analysis of flavonoids 
in Chromatographic Separation 

S. No. Eluents C. aphylla  A. glauca

   1 Hexane (HE) - -
   2 Chloroform (CE) - -
   3 Methanol (ME) ++ ++
Std. Flavonoid (Quercetin)  ++

(-) Absent, (+) present and (++) High concentration

Fig. 2. Qualitative analysis of flavonoids in 
chromatographic separation

Thin layer chromatography separation
 It is used to confirm the presence of 
secondary metabolites in the extracts. The 
spot showing yellow coloration on exposure to 
ammonia is a positive indication for the presence 
of flavonoids.15,16,18 The presence of flavonoids 
was confirmed further using TLC. The methanolic 
fraction of Cadaba aphylla and Adenia glauca 
methanol fraction spots showed Rf value of 0.41 
and 0.40 respectively which is then compared 
with the standard flavonoid substances namely 
quercetin (Rf=0.87) and rutin(Rf=0.42). From 
the observed results it can be confirmed that the 
isolated fraction contains rutin as the flavonoid. 
The results are shown in Table 3 and Figure 3.

Fig. 3. Analysis of flavonoid by TLC

Table 3: Analysis of flavonoid by TLC

Flavonoid  Cadaba aphylla Adenia glauca

Sample  0.41 0.40
Std. (Rutin)  0.42 0.41
Std. (Quercetin) 0.87 0.86

Spectral analysis of Isolated compound
UV Spectrum analysis of flavonoid
 The UV-Visible spectrum of Cadaba aphylla 
and Adenia glauca in the present study shows 
characteristics absorption peaks at λlmax= 299.07nm 
and 300.10nm, Fig. 4a and 4b values which is in 
accordance with the study conducted by,19, 20 The 
presence of rutin was confirmed by the UV spectrum 
study's findings.    

Fig. 4(b). Adenia glauca

Fig. 4(a). Cadaba aphylla
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FTIR Spectrum analysis of flavonoid 
 When a mixture of plant extracts is 
unknown, FT-IR is a useful tool for characterizing 
and identifying the chemicals or functional groups 
(chemical bonds) that are present. The FT-IR 
spectrum of the Cadaba aphylla plant extract is 
given in Fig. 5a. The FTIR analysis of C. aphylla 
plant extract delivered a broad peak at 2917.54 cm-

1, due to C-H stretching, strong peaks at 1408.76 
cm-1, represent C-C stretch, indicating the presence 
of aromatics and C-C stretch (in-ring) attributing to 
the presence of aromatic ring, whereas peaks at 
1219.27 cm-1 and 1065.80 cm-1 is due to C–N stretch, 
which indicates the presence of aliphatic amines. The 
FTIR spectrum of the Adenia glauca plant extract 
is given in Fig. 5b. The FTIR analysis of A. gluaca 

plant extract shows broad peak at 3428.01 cm-1, 
representing alcohols, and O–H stretching phenols. 
The peak at 2924.79 cm-1 represents alkanes C–H 
stretching. The strong peaks at 1444.64 cm-1 and 
1421.29 cm-1, represent C-C stretching which 
indicates the presence of aromatics and C-C stretch 
(in-ring) attributed to benzene ring present (aromatic 
ring), while the peak at 1110.43 cm-1 shows C–N 
stretch, which indicates aliphatic amines. The finding 
of the flavonoids in the present investigation is in 
agreement of many researchers as their investigation 
revealed that flavonoids compounds have major 
functional groups –OH group, -OH bending, C=O 
group, C-H stretch and C-H bending groups.21,22 

The results supported the presence of aromatic and 
phenolic groups in rutin.

Fig. 5b. FTIR spectrum of A. glauca

Fig. 5a. FTIR spectrum of C. aphylla

NMR Spectrum of flavonoid
 NMR spectroscopy is a commonly 
used technique for elucidation of natural product 
structure. The technique is used to quantify and 
identify individual components from compounds' 
mixtures. It provides a highly reproducible means 
for purity, strength, identity and composition 

verification, quality control analysis and product 
assessment. Many compounds could be identified 
using this spectroscopy.23

1H-NMR & 13C-NMR spectrum of flavonoid (C. aphylla)
 The  1HNMR spec t r um shown  i n  
Fig. 6a & Table 4a exhibits a two-doublet proton 
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at the frequencies of 6.21 and  6.40ppm, which 
correspond to the protons H-6 and H-8, respectively. 
Two doublets in the range of 6.2–6.8ppm is produced 
by the protons at flavanol's C-6 and C-8, which 
contain the typical 5,7-dihydroxy substitution pattern. 
When compared to the signal for the H-8, the H-6 
doublet consistently occurs at a greater field.24 At 
the positions H-1", H-1", λ4.52, λ5.10, λ6.89 and 
λ7.68 four doublet proton occur. respectively, the H-5' 
and H-2' protons. At 7.61 ppm, the H-6' proton, one 
double doublet proton is discovered.  The chemical 
shift values confirms that the isolated compound is 
rutin(3,3’,4’,5,7-pentahydroxy flavones-3-rutinoside). 

 The study of the 13C-NMR data produced 
evidence that supported the rutin's structural identity, 
and the full assignment is shown in Fig. 6b and 
Table 4b. The resonance signals at 158.49ppm and 
179.43ppm is due to C-2 and C-4 carbons, C-1 
resonates at 116.13ppm. The peaks in the proton 
and carbon NMR spectrum are in resemblance with 
the rutin, which was also confirmed by previous 
literature.25,26,27 Thus, it can be confirmed that the 
isolated compound is found to be rutin. 

Fig. 6a. 1H-NMR spectrum of flavonoid

Fig. 6b. 13C-NMR spectrum of flavonoid

Table 4a: 1H-NMR data and their assignment for 
isolated compound obtained from the extract

Extract Standard (Rutin)27 Assignment

1.13 1.12 d,3H,CH3

3.37-3.55 3.38-3.56 m,8H,rutinoside protons and CH2O
3.63 3.62 dd,1H,CH-CH3 ramnose
3.83 3.82 d,1H,CH-CH2O glucose
4.51-4.52 4.51  d,1H,OCHO ramnose
5.06-5.15 5.10 d,1H,OCHO glucose
6.21-6.23 6.20 d,1H,Ar-H
6.38-6.40 6.39 d,1H, Ar-H
6.86-6.88 6.89 d,1H,Ar-H
7.61-7.68 7.61-7.67 m,2H,Ar-H

Table 4b: 13C-NMR data and their assignment for 
isolated compound obtained from C. aphylla extract

Location of Carbon Extract Standard (Rutin)25,26

               2 158.49 158.5
               3 135.71 135.6
               4 179.43 179.4
               5 162.67 162.5
               6 99.86 99.9
               7 166.03 166.0
               8 94.78 94.8
               9 159.40 159.3
              10 105.43 105.6
               1’ 123.17 123.1
               2’ 117.71 117.6
               3’ 145.86 145.8
               4’ 148.86 149.7
               5’ 116.13 116.1
               6’ 122.65 123.5
               1” 104.74 104.7
               2” 75.66 75.7
               3” 77.24 77.2
               4” 71.45 71.4
               5” 87.13 78.1
               6” 68.66 68.6
               1’’’ 102.45 102.4
               2’’’ 72.02 72.0
               3’’’ 72.24 72.2
               4’’’ 73.80 73.9
               5’’’ 69.71 69.7
               6’’’ 17.88 17.9

1H-NMR & 13C-NMR spectrum of flavonoid (A. glauca)
 The 1HNMR spectrum Fig. 7a & Table 5a 
showed a two-doublet proton at the frequencies of 
6.21 and  6.40ppm, which correspond to the protons 
H-6 and H-8, respectively. Two doublets in the 
range of 6.2–6.8ppm are produced by the protons 
at flavanol's C-6 and C-8, which contain the typical 
5,7-dihydroxy substitution pattern. When compared 
to the signal for the H-8, the H-6 doublet consistently 
occurs at a greater field.24 At the positions H-1", 
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H-1", 4.52, 5.10, 6.89 and 7.68 four doublet proton 
occur. respectively, the H-5' and H-2' protons. At 7.61 
ppm, the H-6' proton, one double doublet proton is 
discovered.  It is thereby characterised as 3,3’,4’,5, 
7-pentahydroxy flavones-3-rutinoside (rutin).

 The study of the 13C-NMR data produced 
evidence that supported the rutin's structural identity, 
and the full assignment is shown in Fig. 7b and Table  
5b. The C-2 and C-4 carbons absorbs at 158.46ppm and 
179.42ppm, respectively. C-1 absorbs at 116.20ppm. 
The NMR (proton and carbon) peaks showed a 
resemblance with the rutin, which was also confirmed 
by previous literature.25,26,27 Thus, it can be confirmed 
that the isolated compound is found to be rutin. 

Fig. 7a. 1H-NMR spectrum of flavonoid

Fig. 7b. 13C-NMR spectrum of flavonoid

Mass spectrum analysis of flavonoids (C. aphylla 
and A. glauca)
 The mass spectrum of the isolated 
compound from C. aphylla  and A. glauca  is 
illustrated in Fig. 8a, 8b and Fig. 9a, 9b. A 
base peak [M]+ in the both the cases for the 
compound was observed at m/z 610.05 and 

Table 5a: 1H-NMR data and their assignment for 
isolated compound obtained from A. glauca extract

Extract Standard (Rutin)27 Assignment

1.12 1.12 d, 3H, CH3

3.36-3.54 3.38-3.56 m,8H,rutinoside protons and CH2O
3.62 3.62 dd,1H,CH-CH3 ramnose
3.84 3.82 d,1H,CH-CH2O glucose
4.53-4.55 4.51  d,1H,OCHO ramnose
5.08-5.16 5.10 d,1H,OCHO glucose
6.20-6.21 6.20 d,1H,Ar-H
6.40-6.41 6.39 d,1H,Ar-H
6.87-6.90 6.89 d,1H,Ar-H
7.59-7.67 7.61-7.67 m,2H,Ar-H

Table 5b: 13C-NMR data and their assignment for 
isolated compound obtained from A. glauca  extract

Location of Carbon Extract Standard (Rutin)25,26

               2 158.46 158.5
               3 135.70 135.6
               4 179.42 179.4
               5 162.64 162.5
               6 99.88 99.9
               7 166.10 166.0
               8 94.70 94.8
               9 159.36 159.3
              10 105.50 105.6
               1’ 123.20 123.1
               2’ 117.65 117.6
               3’ 145.70 145.8
               4’ 148.80 149.7
               5’ 116.20 116.1
               6’ 123.30 123.5

               1” 104.78 104.7

               2” 75.60 75.7

               3” 77.10 77.2

               4” 71.50 71.4

               5” 78.30 78.1
               6” 68.50 68.6
               1’’’ 102.30 102.4
               2’’’ 72.20 72.0
               3’’’ 72.10 72.2
               4’’’ 73.85 73.9
               5’’’ 69.68 69.7
               6’’’ 17.17 17.9

610.36 respectively, in the mass spectrum 
indicating the compounds as rutin. The molecular 
formula is inferred to be C27H30O16. This result 
agrees with the earlier report,28 which reported 
that mass spectrum peak 610 was found to 
be rutin isolated from C. aphylla extract. Rutin  
(3,3',4',5,7-pentahydroxy flavones-3-rutinoside) 
has been identified as the isolated compound based 
on chemical and spectral data. (MF:C27H30O16) from 
both the plants.
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Fig. 8a. Mass spectrum of isolated flavonoid (C. aphylla)

Fig. 8b. Structure of isolated compound (C. aphylla)

Fig. 9a. Mass spectrum of isolated flavonoid (A. gluca)

Fig. 9b. Structure of isolated compound (A. gluca)
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Antioxidant of isolated compound
 The DPPH radical is ideally adapted for 
detecting antioxidants in crude plant extracts or 
isolated compounds extracted from plant material.29 
An influential report of radical scavenging activity 
has been found in the isolated component from 

this plant. Compared to the ascorbic acid standard, 
the IC50 value demonstrates good activity as seen 
from Fig. 10a & b and Table 6. Due to their purity, 
non-toxicity, and widespread acceptance, natural 
antioxidants have a higher medical benefit than 
chemical preservatives.30  

Fig. 10a. In-vitro anti-oxidant DPPH assay for the isolated compound in Cadaba aphylla

Fig. 10b. In-vitro anti-oxidant DPPH assay for the isolated compound in Adenia glauca

Table 6: %inhibitions of the isolated compound by the DPPH assay of the C. aphylla and A. glauca

Sample   % Inhibitions   Linear equation R2 IC50 value
 20(µg/mL) 40(µg/mL) 60(µg/mL) 80(µg /mL) 100(µg/mL)   

Std(ascorbic acid) 32 ± 1.72 46 ± 2.97 61 ± 4.78 72 ± 5.85 93 ± 6.69 Y=0.74 x +16.4 0.9908 45.40
Cadaba aphylla 25 ± 1.46 39 ± 2.84 52 ± 3.92 66 ± 6.01 79 ± 6.21 Y= 0.675x+11.7 0.9998 57.29
Adenia glauca 22 ± 1.65 36 ± 3.01 55 ±4.83 64 ± 6.51 82 ± 6.98 Y= 0.74 x + 7.4 0.9917 57.56

CONCLUSION

 The extraction and characterisation of 
bioactive components found in plant sources still 
present challenges because they are composed 
of a complex mixture of primary and secondary 
metabolites. A bioactive component is extracted, 
separated and characterised from the roots of the 

C. aphylla and A. glauca plants as a result of the 
current work. By adopting separation techniques 
such as thin layer and column chromatography, 
bioactive principle was separated and isolated. 
The structural elucidation of the isolated compound 
was analyzed by UV-Visible, FTIR, NMR and MS 
spectral methods. Rutin, also known as 3,3',4',5, 
7-pentahydroxy flavones-3-rutinoside, is a flavonoid 
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with the chemical formula C27H30O16. The isolated 
compound possesses more therapeutical uses 
because of its antioxidant and anti-cancer properties. 
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