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Abstract
Well established are the destructive effects of cellular oxidative damage due to oxidative stress on animal
and human health. The prophylactic use of plant-derived bioactive agents in the amelioration and
treatment of chronic diseases induced by free radical and oxidative stress is a promising therapeutic
approach. This present study investigates the phytochemical constituents, in vitro antioxidant and free
radical scavenging abilities of Crotalaria retusa leaves, Clerodendrum volubile leaves and cassava biogas
slurry. The total phenolic and flavonoid contents of the extracts were also determined. The
phytochemicals, phenolic and flavonoid contents and antioxidant potentials of the extracts, including
reducing power, inhibition of hydrogen peroxide, hydroxyl radical production, and DPPH radical
scavenging, were performed using standard assays. Our results show terpenoids, saponins, cardiac
glycosides, flavonoids and tannins in the various extracts. In vitro, antioxidant assay results also reveal
that the extracts' free radical scavenging abilities are significantly high compared with standard
antioxidants used: tannic and ascorbic acids. The results also show that the extracts demonstrated
elevated antioxidant activities positively correlated with the total flavonoid and phenolic contents. This
work demonstrated that the extracts possessed significant antioxidant activities over standard ones, thus,
suggesting the extracts as sources of natural antioxidants that could have considerable therapeutic
relevance in preventing and inhibiting the progression of diseases associated with oxidative stress.

Introduction
Oxidative stress is a devastating phenomenon that affects humans. An imbalance between the cellular
production of reactive oxygen species and cells' ability to scavenge them is the culprit of an array of
neurodegenerative, heart and several other age-related diseases [1]. The reactive oxygen and nitrogen
species, including superoxide (O2

−), hydroxyl (OH), peroxyl (RO2), and alkoxyl (RO−), nitric oxide (NO−),

peroxynitrite (ONOO−), nitrogen dioxide (NO2), cause oxidative damage of cellular components such as
lipids, proteins and nucleic acids leading to cellular death either via necrosis or apoptosis [2]. This
catastrophe is a natural consequence of the biological production of energy, the severity of which can
become more worsened due to depletion of cellular antioxidant defence systems [3].

All biological systems have evolved to possess inherent antioxidant defence mechanisms to counteract
and protect against oxidative damages. However, there is often a need for the consumption of dietary
antioxidants, especially during illnesses. Consequently, the use of naturally occurring phytochemicals,
which are known to trigger antioxidant responses, has been proposed as a practical therapeutic approach
for these chronic diseases [4].

Moreover, literature search also confirmed the efficacies of phytochemicals, antioxidants, and vitamins in
the amelioration and treatment of complications from excessive oxidative stress [5, 6].

Farombi et al. [7] described antioxidants as compounds that can delay or inhibit the oxidation of
biomolecules by inhibiting the initiation or propagation of oxidative chain reactions and which can thus
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prevent or repair the damage done to the body's cells by reactive oxygen species. Some of these
phytochemicals, such as flavonoids from medicinal plants, have been reported to be safe while showing
other pharmacological actions, in addition to their antioxidant properties, including anticarcinogenic,
antimutagenicity, antibacterial, antiviral, and anti-inflammatory effects [8].

The plant Crotalaria retusa L., commonly known as Devil Bean, is used traditionally as both food and
medicine. Its medicinal value was reported to prevent cough, dyspepsia, fever, cardiac disorders,
stomatitis, diarrhoea, scabies and impetigo. Locally, people use an infusion of the plant for bathing
children to treat skin infections and thrush [9].

Clerodendrum volubile P. Beauv. (Verbenaceae), also known as "magic leaf" or "white butterfly leaf", is
native to Nigeria's southern part. The leaf's traditional usage includes treatment of arthritis, rheumatism,
dropsy, swelling, oedema, gout, and pain [10]. Cassava (Manihot esculenta Crantz), popularly called
Mandioca and Tapioca, is a popular tropical staple of economic importance. The peel is a waste product
majorly used as animals' feeds [11]. The cassava tuber peel's biogas slurry was selected to see whether
the Slurry would contain promising biotransformation products.

Previous works have explored the prophylactic use of plant-derived bioactive agents to treat chronic
diseases such as diabetes mellitus, cancer and cardiovascular diseases. Amongst these classes of
bioactive agents, the focus was on the anti-inflammatory and antioxidant properties of polyphenols
found in various plants [12]. Based on this background, this study was designed to investigate the
phytochemical contents and antioxidant properties of ethanolic and hot water infusion extract of
Crotalaria retusa L., Clerodendrum volubile P. Beauv., and Cassava (Manihot esculenta Crantz) Biogas
Slurry.

Materials And Methods

Chemicals and Reagents
Folin–Ciocalteu's reagent, HCl, methanol, gallic acid, H2SO4, Na2CO3, aluminium chloride, potassium
acetate, potassium persulphate, sodium nitroprusside, hydrogen peroxide, sulphanilic acid, glacial acetic
acid, naphthyl ethylenediamine dichloride, NADH were all purchased from Merck, USA. DPPH (1,1-
diphenyl-1,2-picryl hydrazyl), TPTZ (2,4,6, -tripyridyl-s-triazine), Ferrozine, Deoxyribose Sigma (St Louis,
MO, USA). Trichloroacetic acid (TCA), L-Ascorbic acid, and all other chemicals and reagents used were of
analytical grade.

Plants Collection
Crotalaria retusa and Clerodendrum volubile leaves were collected within Oke-Baale Area, Osogbo, Osun
State, Nigeria in May 2019, while dry cassava peels obtained from Oyo town, Oyo State, Nigeria in
February 2019. Both leaves and the dry cassava peels were transferred to Osun State University
herbarium. A permit for the collection of the vegetal materials was obtained and in accordance with the
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national plant collection guidelines of the Forestry Research Institute of Nigeria (FRIN) - Herbal Garden,
Jericho Hills, Ibadan, Oyo State, Nigeria. The plants were identified by Dr Mahboob Jimoh at the
herbarium of the Department of Biological Sciences, Osun State University, Osogbo, Osun State, Nigeria,
with the voucher numbers: PBO/UNIOSUN/18/0027, PBO/UNIOSUN/18/0028, PBO/UNIOSUN/18/0029,
respectively and after that deposited at the herbarium of the Department of Biological Sciences, Osun
State University, Osogbo, Osun State, Nigeria.

Preparation of Extracts
The leaves of Crotalaria retusa L. and Clerodendrum volubile P. Beauv were air-dried at room temperature
for four (4) weeks and further pulverized to powder form. The powered form samples and the bio-slurry
(100g each of the powder form and 100 ml of bio-slurry) exhaustively extracted by cold-maceration
extraction method using 100 ml of 95% ethanol and hot water infusion method at 100 ℃ using 100 ml
distilled water for 48 hours. The resulting extract fractions passed through a mesh sieve (1 mm), filtered
using Whatman filter paper no. 1, and then concentrated using a rotary evaporator (LIDAi.DNA XMT –
J7000/RE52-3). After which, the various concentrations (250 µg/ml, 500 µg/ml and 1000 µg/ml)
prepared for the in vitro assays.

Phytochemical Analyses
The qualitative phytochemicals screening for the presence of alkaloids, resins, tannins, saponins,
flavonoids, glycosides, phenols, anthraquinones, cardiac glycosides, steroids, phlorotannins, and reducing
sugars in the extracts were done using standard methods.

Evaluation of Alkaloids
One ml of extracts was shaken with dilute HCl for two minutes and the filtrates treated with Mayer's
reagent (mercuric potassium iodide). The formation of a yellow precipitate indicated the presence of
alkaloids [13].

Evaluation of Steroid (Salkowski Test)
Concentrated H2SO4 was added to 1 ml of extract. The formation of wine-red colour indicates the
presence of sterols [13].

Evaluation of Glycosides
A small amount of extract was taken in 1 ml of water, and a few drops of aqueous sodium hydroxide
were added. The yellow colour was considered as an indication of the presence of glycosides [13].

Evaluation of Saponins (Froth Test)
Fifteen millilitres of distilled water were added to 100 mg of the crude extract and filtered into the test
tube. The mixture was shaken for 10 min until the formation of stable persistent froth. Formation of
stables five-minute persistent froth indicated the presence of saponins [14].
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Evaluation of Tannins (Ferric Chloride Test)
The ethanol was added to the crude extract (10 mg/ml), and the mixture was filtered. A two-millilitre
filtrate was transferred into the test tube, and few drops of 0.1% FeCl3 were added. The brownish-green
colouration of the test group was interpreted as the presence of tannins [15].

Evaluation of Phenolic Compounds (Ferric Chloride Test)
The crude extracts were mixed with ethanol (10 mg/ml), and the solution was filtered. A two-millilitre
filtrate was pipetted into the test tube, followed by the addition of 5 ml distilled water. Four drops of 5%
FeCl3 were dripped into the filtrate. The formation of dark green precipitate showed the presence of
phenolic compounds [14].

Evaluation of reducing sugars
Two hundred milligrams of the extracts were shaken with distilled water and filtered. The filtrate was
boiled with drops of Fehling's solution A and B for two minutes. An orange precipitate on boiling with the
Fehling's solution indicated the presence of reducing sugars [14].

Evaluation of Terpenoids (chloroform test)
One hundred milligrams of the crude extract were dissolved in the chloroform 5 ml and filtered into the
test tube. 3 ml of H2SO4 was carefully added along the side of the test tube. The reddish-brown colour at
the interface of the two phases characterised the presence of terpenoids [15].

Bioactive Quantitative Assays
The quantitative analysis of the bioactive compounds present in the sample was determined by
spectrophotometry using tannic acid, catechin, and gallic acid as standards.

Determination of Total Phenolic Contents
The number of total phenolics in the extract was determined with Folin–Ciocalteu's reagent according to
the method of Singleton and Rossi, [16] with the slight modification described by Ajayi et al. [17]. Briefly, 1
ml of extract solution (5 mg/ml) was added in a 100 ml volumetric flask that contained about 60 ml
distilled water. Then 5.0 ml of Folin–Ciocalteu's reagent was added, and the content of the flask was
mixed thoroughly. After 1–8 min, 15.0 ml Na2CO3 (20 %) was added, and the volume was made up to 100
ml using distilled water. The mixture was allowed to stand for 2 hr with intermittent shaking. The
absorbance was measured at 760 nm using a UV-Vis spectrophotometer (Jenway 6100, Dunmow, Essex,
UK).

The total phenolic content was determined as milligrams of gallic acid equivalent (GAE) using the
equation (y = 0.0086x + 0.0105, R2 = 0.958) obtained from the standard gallic acid calibration graph.
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Determination of Total Flavonoids
The total flavonoid contents of the extracts were measured by Al2Cl3 colourimetric assay [18]. Briefly, to
0.5 ml of sample, 0.5 ml of 2% AlCl3 ethanol solution was added. After one hour at room temperature, the
absorbance was measured at 420 nm. The yellow colour indicated the presence of flavonoids. Extract
samples were evaluated at a final concentration of 1mg/ml. All determinations were carried out in
duplicates. The quantity of flavonoids in plant extract was determined in catechin equivalent (CE) using
the equation (y = 0.0135x + 0.0085, R2 = 0.941) obtained from the standard catechin calibration graph.

In-vitro Antioxidant Assays

Reducing Power Assay
The reducing power of various extracts was based on Fe (III) to Fe (II) transformation according to the
method of Oyaizu, [19]. The Fe (II) was monitored by measuring the formation of Perl's Prussian blue at
700 nm, using vitamin C and tannic acid as standards. The extractor standard (100 µg/ml) was mixed
with phosphate buffer (pH 6.6) and potassium ferricyanide. The mixture was incubated at 50°C for 20
min. Trichloroacetic acid (2.5 ml of 10%) was added to the mixture. A portion of the resulting mixture was
mixed with FeCl3 (0.5 ml of 0.1%) and the absorbance was measured at 700 nm in a spectrophotometer.
Higher absorbance of the reaction mixture indicated the reductive potential of the extract.

Hydrogen Peroxide Scavenging Assay
The ability of the extract to scavenge hydrogen peroxide was determined according to the method of
Ilhami et al. [20]. A solution of hydrogen peroxide (40 mM) was prepared in phosphate buffer (pH 7.4).
Different concentrations of plant extract were added to a hydrogen peroxide solution (0.6 ml, 40 mM).
The absorbance of hydrogen peroxide at 230 nm was determined after 10 min against a blank solution
containing phosphate buffer without hydrogen peroxide. The percentage inhibition of hydrogen peroxide
of extracts and standard compounds (Vitamin C and Tannic acid) was calculated using the following
formula:

% inhibition [H2O2] = [(A0-A1)/A0] x 100
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A0 was the absorbance of the control, and A1 was the absorbance in the sample of extract and
standards.

Hydroxyl Radical Scavenging Assay
Hydroxyl radical scavenging activity of the extracts was determined by the method of Klein et al. [21] with
a slight modification. 0.5 ml of extract or standard (Vitamin C and Tannic acid) at different concentration
was taken in test tubes. 1 ml of Fe-EDTA solution (0.13% ferrous ammonium sulphate and 0.26% EDTA),
0.5 ml of 0.018% EDTA solution, 1 ml of 0.85% DMSO solution and 0.5 ml of 22% ascorbic acid were
added into the test tubes. The test tubes were capped tightly and warm at 85°C for 15 minutes into the
water bath. After incubation, the test tubes were uncapped, and a 0.5 ml ice-cold TCA (17.5%) was added
to each test tube immediately. 3 ml of Nash reagent (7.5 g of ammonium acetate, 300 µl glacial acetic
acid and 200 µl acetylacetone were mixed and made up to 100 ml) was added to all the tubes and
incubated at RT for 15 minutes. Absorbance was taken in UV-spectrophotometer at 412 nm wavelength.
Percentage hydroxyl radical scavenging (% HRSA) activity was calculated using the following equation:

%HRSA = {(A0-A1)/A0} × 100
Where A0 is the absorbance of the control, and A1 is the absorbance of the extracts/standard.

DPPH – Radical Scavenging Assay
The radical scavenging activity of plant extracts was measured as described by Mensor et al. [22]. The
stable 2, 2 diphenyl-1-picryldydrazyl (DPPH) radical was used to determine the free radical scavenging
activities of the extracts. A portion (1 ml) each of the different concentrations (40-2000 µg/ml) of the
extracts or standard (Vitamin C and Tannic acid) in test tubes was added to 1 ml of 1 mM DPPH in
methanol. The mixtures were vortexed and then incubated in a dark chamber for 30 min, after which the
absorbances were measured at 517 nm against a DPPH control containing only 1 ml of methanol in
place of the extract. All calculations were carried out in triplicates. The inhibition of DPPH was calculated
as a percentage using the expression:

% I = [(Acontrol - Asample)/ Acontrol] × 100
Where % I is the inhibition of the DPPH free radicals in percentage; A control is the absorbance of the
control reaction containing all reagents except the test compound, and A sample is the absorbance of the
test compound.

Statistical Analysis
The results were analysed using SPSS Version 12. Data were expressed as mean ± standard error of the
mean (mean ± SD). The student's t-test was employed to compare two sets of data while p < 0.05 was
considered statistically significant.
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Results
The presence of steroids, flavonoids, saponins, glycosides, tannins/phenols was confirmed in one or both
extracts of CR. Alkaloids, steroids, flavonoids, saponins, reducing sugars and terpenoids were found in
one or both extracts of CL, while alkaloids, flavonoids, saponins, glycosides and terpenoids were detected
in one or both extracts of CSW (Table 1).

 
Table 1

Phytochemical Screening of the Extracts
Phytochemicals Specific Test CR-EE CR-I CL-EE CL-I CSW-EE CSW-I

Alkaloids Mayer's test - - + + + +

Steroid Sulphuric acid test

Salkowski test

-

-

+

+

-

-

+

+

+

+

+

+

Flavonoids Sulphuric acid test + + + + + +

Saponins Froth test + + + + +* +

Glycosides General test + + - - +* +

Tannins / Phenol Ferric chloride test + - - - - -

Reducing Sugar Benedict test - - - + - -

Terpenoids Chloroform test - - - + + -

+ = present, - = absent, CR-I – Crotalaria retusa infusion, CR-EE – Crotalaria retusa ethanolic extract,
CL-EE – Clerodendrum volubile ethanolic extract, CL-I – Clerodendrum volubile infusion, CSW-EE –
cassava biogas slurry ethanolic extract, CSW-I – cassava biogas slurry infusion.

The total phenolic content was very high in the hot water infusion extract of CSW followed by the
ethanolic extract of CL and the hot water infusion of CR (Fig. 1), while the total flavonoid content was
very highest in the ethanolic extracts of CR, CL, and the hot water infusion of CR, respectively (Fig. 2). The
ferric reducing antioxidant power of the infusion extract of CRL was low at 200 µg/ml, but high for both
extracts of all three samples at 500 µg/ml (Fig. 3).

Both extracts of CR possess high H2O2-scavenging potential compared to the others whose activities
remained low at 250 µg/ml, 500 µg/ml and 1000 µg/ml (Fig. 4). Only the ethanolic extracts of CR and
CSW possess high hydroxyl radical scavenging power; whereas the infusion extract of CL and the
ethanolic extract of CSW showed high DPPH radical scavenging ability compared to tannic acid (Fig. 5).

Discussion
Antioxidants and free radical assays have been the most promising approaches to ascertain medicinal
plants' biological activities and pharmacological properties [1]. This study confirmes the presence of
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some in vitro antioxidants and free radical scavenging activities of ethanolic and hot water infusion of
Crotalaria retusa leaves, Clerodendrum volubile leaves, and Cassava (Manihot esculenta Crantz), Biogas
Slurry. The preliminary phytochemical analysis of the various extracts used for this study revealed that
the extracts contain bioactive compounds such as alkaloids, steroid, flavonoids, saponins, glycosides,
tannins / phenol, reducing sugar, and terpenoids.

Flavonoids have been documented to take part in regulating cellular metabolism and detoxification
activities against most oxidising molecules due to their present of phenolic hydroxylic groups [23, 24],
which have been implicated in the pathogenesis of several diseases. Reports have shown an inverse
relationship between stroke, lung cancer and stomach cancer, intake of flavonoids, and coronary heart
disease risk [25]. Phenols and polyphenolic compounds, such as flavonoids possess significant
antioxidant activities and are ubiquitously present in plant-based foods. Thus, the results of total
phenolic and flavonoids contents in Figs. 1 and 2 suggested that they may be the major contributors to
the in vitro antioxidant and free radical scavenging activities demonstrated by various extracts used in
the study.

The result in Fig. 3 revealed the reducing power of different concentrations of extracts from ethanolic and
water infusion of Crotalaria retusa, Clerodendrum volubile, Cassava (Manihot esculenta Crantz) Biogas
Slurry compared with vitamin C and tannic acid. The yellow colouration of the testing mixture changes to
green depending on the reducing power of the test specimen. The presence of the reducing agents in the
sample solution causes the reduction of the Fe3+/ ferricyanide complex to the ferrous form [26]. Thus, the
ferrous ion can be monitored by absorbance measurement at 700 nm. The reducing properties have been
documented to exert antioxidant action by donating a hydrogen atom to break the free radical chain [27].
Increasing absorbance at 700 nm indicates an increase in reducing ability. The various extracts used in
the study shows significant reducing power when compared with vitamin C and tannic acid used as
standard antioxidants.

The carcinogenic and mutagenic ability of free radicals is due to the direct interactions of hydroxyl
radicals with DNA molecules which play a critical role in the carcinogenesis pathway (cancer formation).
Hydroxyl radicals can cause damage to almost every biological cell and can be generated during
biotransformation reaction in the body. Superoxide radical is converted by superoxide dismutase to
hydrogen peroxide, which can subsequently produce highly reactive hydroxyl radicals in the presence of
divalent metal ions, such as iron and copper [28]. Results in Fig. 5 showed that the various extracts used
in the present study have significant hydroxyl radical scavenging abilities compared with vitamin C and
tannic acid. The hydroxyl radical detoxification may be used in the presence of polyphenols and
flavonoids in the extracts.

Hydrogen peroxide scavenging activity of the various concentrations of extracts used in this study was
presented in Fig. 4 compared with the standard antioxidants: ascorbic acid and tannic acid. Hydrogen
peroxide is a very weak oxidant but can become very toxic when rapidly decomposed into oxygen and
water. This may produce hydroxyl radicals (OH) that can initiate lipid peroxidation cause DNA damage
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[29]. Hydrogen peroxide can also inhibit the activities of some enzymes by oxidising their essential thiol (-
SH) groups. The various extracts used in this study efficiently scavenged hydrogen peroxide, which may
be attributed to phenolic groups that could donate electrons to hydrogen peroxide, thereby neutralising it
into water.

Hydrogen donating ability is one of the indices to ascertain the antioxidant properties of phytochemicals.
Radical scavenging activities are critical to prevent the damaging role of free radical in different diseases.
DPPH is known to abstract labile hydrogen, and the ability to scavenge the DPPH radical is related to the
inhibition of lipid peroxidation [30]. The figure shows that the various extracts used in this study have
significant free radical scavenging activities compared with standard antioxidants: tannic acid and
ascorbic acid. All the extracts show higher scavenging ability over vitamin C. This indicates that they
could better free radical scavenging ability and inhibit lipid peroxidation more efficiently than vitamin C.

Conclusion
The in vitro free radical scavenging activities reveal that all three extracts have significant radicals
scavenging properties on hydrogen peroxide, hydroxyl radicals, and DPPH. The flavonoids and phenolic
contents corroborated the high reducing power of the various extracts. Altogether, this work demonstrated
that the extracts possessed significant antioxidant activities over well-characterised standard
antioxidants, thus, suggesting the extracts as sources of natural antioxidants that could have high
therapeutic relevance in preventing or inhibiting the progression of diseases associated with oxidative
stress.

Abbreviations
HCl – hydrochloric acid, H2SO4

 – sulphuric acid, Na2CO3 – sodium bicarbonate, NADH - DPPH - 1,1-
diphenyl-1,2-picryl hydrazyl, TPTZ - 2,4,6,-tripyridyl-s-triazine, TCA - Trichloroacetic acid, VIT C: Vitamin C,
TN AC: Tannic acid, CR-I: Crotalaria retusa infusion, CR-EE: Crotalaria retusa ethanolic extract, CL – EE:
 Clerodendrum volubile  ethanolic extract, CL- I: Clerodendrum volubile  infusion, CSW – EE: Cassava
Biogas Slurry ethanolic extract, CSW – I: Cassava Biogas Slurry infusion.
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Figures

Figure 1

Total Phenol content of the ethanolic and hot water infusion of Crotalaria retusa, Clerodendrum volubile,
cassava biogas slurry extract. Each value represents a mean ± SD (n = 2). CR-EE – Crotalaria Retusa
ethanolic extract, CL-EE – Clerodendrum volubile ethanolic extract, CL-I – Clerodendrum volubile infusion,
CSW-EE – cassava biogas slurry ethanolic extract, CSW-I – cassava biogas slurry infusion.
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Figure 2

Total Flavonoids content of the ethanolic and hot water infusion of Crotalaria retusa, Clerodendrum
volubile, cassava biogas slurry extract. Each value represents a mean ± SD (n = 2). CR-EE – Crotalaria
Retusa ethanolic extract, CL-EE – Clerodendrum volubile ethanolic extract, CL-I – Clerodendrum volubile
infusion, CSW-EE – cassava biogas slurry ethanolic extract, CSW-I – cassava biogas slurry infusion.
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Figure 3

Free Radical Reducing Power of the ethanolic and hot water infusion of Crotalaria retusa, Clerodendrum
volubile, cassava biogas slurry extract. Each value represents a mean ± SD (n=2). "*" and "#" indicate a
significant difference in the effects of each sample compared to vitamin C and tannic acid at P < 0.05,
respectively. CR-EE – Crotalaria Retusa ethanolic extract, CL-EE – Clerodendrum volubile ethanolic
extract, CL-I – Clerodendrum volubile infusion, CSW-EE – cassava biogas slurry ethanolic extract, CSW-I –
cassava biogas slurry infusion.
Both extracts of CR possess high H2O2-scavenging potential compared
to the others whose activities remained low at 250 µg/ml, 500 µg/ml and 1000 µg/ml (Figure 4). Only the
ethanolic extracts of CR and CSW possess high hydroxyl radical scavenging power; whereas the infusion
extract of CL and the ethanolic extract of CSW showed high DPPH radical scavenging ability compared to
tannic acid (Figure 5).
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Figure 4

Hydrogen peroxide scavenging activities of the ethanolic and hot water infusion of Crotalaria retusa,
Clerodendrum volubile, cassava biogas slurry extract. Each value represents a mean ± SD (n=2). "*" and
"#" indicate a significant difference in the effects of each sample compared to vitamin C and Tannic acid
at P < 0.05, respectively. CR-EE – Crotalaria Retusa ethanolic extract, CL-EE – Clerodendrum volubile
ethanolic extract, CL-I – Clerodendrum volubile infusion, CSW-EE – cassava biogas slurry ethanolic
extract, CSW-I – cassava biogas slurry infusion.

Figure 5
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The Radical Scavenging activities of the ethanolic and hot water infusion of Crotalaria retusa,
Clerodendrum volubile, cassava biogas slurry extract. Each value represents a mean ± SD (n=2). "*" and
"#" indicate a significant difference in the effects of each sample compared to vitamin C and Tannic acid
at P < 0.05, respectively. CR-EE – Crotalaria Retusa ethanolic extract, CL-EE – Clerodendrum volubile
ethanolic extract, CL-I – Clerodendrum volubile infusion, CSW-EE – cassava biogas slurry ethanolic
extract, CSW-I – cassava biogas slurry infusion.


