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ABSTRACT: The antibacterial activity of compounds isolated from the stem bark and sawdust of Erythrophleum suaveolens were
evaluated. Extraction of the pulverized plants materials was carried out using hexane, ethyl acetate and methanol. Extracts were fractionated
using column chromatography and fractions were examined using Nuclear Magnetic Resonance spectroscopy. Antibacterial activities against
Acidobacterium capsulatum, Actinobacterium sp., Agrobacterium tumefaciens, Bacillus subtili, Ralstonia solanacearum, Enterococcus
faecium, Escherichia coli, Pseudomonas syringae, Pseudomonas aeruginosa and Proteus mirabilis were also carried out. A novel triterpene,
21-acetoxylupenone and betulin were identified in the fractions from the stem bark of E. suaveolens while cycloeucalenol and stigmasterol were
obtained from the sawdust extract fractions. Pseudomonas aeruginosa was resistant to all control antibiotics but was inhibited by 21acetoxylupenone and cycloeucalenol with 23 mm and 24 mm diameter of Zones of Inhibition. Acidobacterium capsulatum, Actinobacterium
sp., Agrobacterium tumefaciens, Ralstonia solanacearum, and Proteus mirabilis were completely inhibited at Minimum Bactericidal
Concentration (MBC) of 50 µg/mL, while Bacillus subtilis, Enterococcus faecium, Escherichia coli, Pseudomonas syringae, and Pseudomonas
aeruginosa were completely inhibited at MBC values of 100 µg/mL. Thus E. suaveolens stem bark and saw dust isolates can be used in the
control of plants diseases where these pathogens are the causative agents.
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The usefulness of wood cannot be overemphasized as
wood materials serve a lot of purpose in construction
and furniture. They could last for years without
deterioration when they are properly treated
(Government of Canada, 2016). However, they can be
degraded by insects, pests, bacteria and fungi. Several
methods have been used to control pest invasion on
wood using organic and inorganic chemicals but the
application of these synthetic chemicals in wood
preservation has lots of challenges such as persistence
of toxicants in the host, poison to organisms,
woodworkers and users, cost and undesirable effects
on non-target species (Obomanu et al., 2017). Due to
the problems and risks involved in the application of
synthetic chemicals in wood preservation (Bozkurt, et
al., 1993; Ongley, 1996), interest in botanicals as
alternative sources of wood preservatives has been
rekindled. Bio-pesticides are possible alternatives as
they are biodegradable, less toxic to the environment
and effective especially against bacteria (Arango et al.,
2005). Bacteria that inhabit wood are capable of
affecting wood permeability, destroying wood
structure, or together with other bacteria and soft-rot
fungi predispose wood to fungal attack (Clausen,
1996). Lignivorous bacteria cause irreversible

damage, as they crack and soften the wood until it is
completely decayed or decomposed. Erythrophleum
suaveolens (Guill. & Perr.) Brenan belongs to the
family
Leguminosae-Caesalpinioideae.
It
is
commonly known as ordeal tree; red water tree; sassy
bark or sasswood tree. In French it is known as bois
rouge; poison d’épreuve. An alcoholic extract of the
bark is used as a drink or stimulant while the leaf and
bark are used as medicines for arthritis, rheumatism,
and eye treatment, oral treatment for naso-pharyngeal
infections and as pain-killer (Aiyegoro et al. 2007).
Erythrophleguine has been reported from the
plant and it showed anti-fungal activities
(Onuorah, 2000). This report is on the effect of stem
bark and sawdust isolates on selected bacteria that
cause damage in wood and wood products

MATERIALS AND METHODS
Collection and preparation of plant materials:
Sawdust of E. suaveolens was collected from a timber
shed in Makurdi Benue State Nigeria. The stem bark
was collected from within the Federal University of
Agriculture Makurdi. The sawdust and stem bark were
air dried and the stem bark was ground to powder.
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Extraction of the stem bark and sawdust: Extraction of
the powdered sawdust and stem bark was carried out
by maceration using 600 g of sawdust and 1 kg of stem
bark in 1 litre of hexane, ethyl acetate and then
methanol for 24 hours each. The extracts were filtered,
allowed to dry and then weighed.
Column chromatography: A slurry of silica gel (50 g)
in hexane: ethyl acetate 95:5 was introduced into a
glass column and the hexane extract (pre-adsorbed on
silica gel) was loaded onto column bed. The preadsorbed hexane extract on silica gel was loaded onto
the column and eluted with gradient mixtures of ethyl
acetate in hexane. Fractions were collected and
examined by TLC based on which similar fractions
were combined. The combined fractions were allowed
to stand for any precipitation or crystal formation.
Nuclear Magnetic Resonance (NMR) spectroscopic
analysis: Fractions ES24, ESS25, ESS31 and ESS37
were analyzed using a Bruker-Avance 400 MHz)
spectrophotometer with deuterated chloroform as
solvent. The NMR data were analyzed using
Mestrenova 12 software. Characterization and
structure elucidation of the compounds was based on
their 1H, 13C and 2D NMR experiments.
Antibacterial Screening: Antibacterial screening was
carried out at Nigerian Institute for Leather Science
and Technology (NILEST), Zaria. The antibacterial
activities of ES24, ESS25 and ESS31 isolates were
examined
on
Acidobacterium
capsulatum,
Actinobacterium sp., Agrobacterium tumefaciens,
Bacillus
subtili,
Ralstonia
solanacearum,
Enterococcus
faecium,
Escherichia
coli,
Pseudomonas syringae, Pseudomonas aeruginosa and
Proteus mirabilis. Isolates were screened using a disk
diffusion method. Initial concentrations of compounds
were prepared by dissolving 0.002 g of the compounds
in 10 mL of DMSO to obtain a concentration of 200
µg/mL and used to determine antibacterial activities.
Media were prepared according to manufacturer’s
instructions and purified at 121oC for 15 minutes. The
media was emptied into germ-free Petri dishes and
was left to set. Mueller Hinton agar was seeded with a
0.1 mL standard inoculum of the test bacteria and
spread uniformly on the surface of the medium with
the aid of a disinfected swab. A 6 mm cork borer was
used to make a well at the middle of each injected
medium. In the well on the inoculated medium, a
solution of 0.1 mL of compound of 200 µg/ml of
concentration was introduced at 30oC for 1-7 days and
the media plates were observed for zones of inhibition
(ZOI) of bacteria growth. The zone was measured in
millimeters with a transparent ruler.
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Minimum Inhibition Concentration (MIC): A broth
dilution method was used to determine MIC of
compounds. Mueller Hinton agar broth was prepared
while 10 mL was dispensed into test tubes; the broth
was sterilized at 121 oC for 15 minutes and allowed to
cool. To produce turbid solution, Mc-Farland turbidity
scale number 0.5 was made ready. Normal saline was
prepared as 10 mL and emptied into sterilized test
tube. The test microbe was inoculated and nurtured at
30oC for 6 hours for the test bacteria. Dilution of the
test bacteria was carried out in the standard saline until
the turbidity synchronised with the scale of McFarland by visual assessment. At this point, the test
bacteria had a concentration of about 1.5x108 cfu/mL.
To obtain concentration levels of 200 µg/ml, 100
µg/ml, 50 µg/ml, 25 µg/mL and 12.5 µg/mL, two-fold
serial dilution of compounds was carried out in the
sterilized broth. Initial concentration was obtained by
dissolving 0.002g of the compound in 10 ml of the
sterile broth and 0.1 mL of the bacteria in the normal
saline was then introduced into the different
concentrations. The test bacteria were introduced into
the Mueller Hinton broth. Incubation was made at at
37 oC for 24 hours for the bacteria to observe turbidity
(growth). The least concentration of the compound in
the sterilized broth that indicates no turbidity was
recorded as the MIC.
Minimum Bactericidal Concentration (MBC): Mueller
Hinton agar was prepared and sterilized at 121oC for a
period of 15 minutes, emptied into sterilized Petri
dishes and left to cool and set. The contents of the MIC
tubes were then sub-cultured onto the prepared
medium. The bacteria were incubated at 37 oC for 24
hours, after which the plates of the media were
observed for colony growth. MBC were determined as
plates with lowest concentration of the compound
without colony growth.
Data Analysis: Analysis of Variance (ANOVA) was
used to determine significant effects of treatments on
ZOI. Follow up test was carried out using Duncan
Multiple Range Test (DMRT) where significant
differences existed.

RESULTS AND DISCUSSION
The yields of E. suaveolens stem bark and sawdust
extracts are given in Table 1. Extract yields were
highest with methanol followed by ethyl acetate and
then hexane. The stem bark gave higher percentage
yield of extracts.
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Characterization of ES24 as 21-acetoxylupenone:
ES24 was obtained as white needles. Its proton nuclear
magnetic resonance (1H-NMR) gave the following
data (Figure 1): 1H NMR (500 MHz, chloroform-d) δ
4.85 (dd, J = 8.5, 5.3 Hz, 1H), 2.47 (ddd, J = 19.7,
10.8, 5.9 Hz, 2H), 2.38 (ddd, J = 15.5, 7.7, 4.4 Hz, 1H),
1.99 (d, J = 1.7 Hz, 3H), 1.85 (dtd, J = 28.2, 12.6, 4.4
Hz, 2H), 1.68 (s, 5H), 1.63 – 1.59 (m, 1H), 1.47 (d, J
= 14.4 Hz, 3H), 1.42 (d, J = 6.8 Hz, 2H), 1.39 – 1.22
(m, 4H), 1.06 (d, J = 6.3 Hz, 6H), 1.01 (s, 4H), 0.94 (s,
6H), 0.92 (s, 3H). ES24 was characterized as 21acetoxylupenone (Figure 2).
S/No.

Solvent

1

Ethyl
acetate

2

3
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Characterization of ES28 as Betulin: ES28 was
obtained as white needles. Its proton nuclear magnetic
resonance (1H-NMR) gave the following data (Figure
3): 1H NMR (500 MHz, Chloroform-d) δ 4.73 (s, 1H),
4.60 (s, 1H), 3.19 (dd, J = 11.4, 4.9 Hz, 1H), 2.34 (t, J
= 7.6 Hz, 4H), 1.07 (s, 4H), 1.02 (d, J = 4.7 Hz, 5H),
0.97 (s, 4H), 0.96 (s, 3H), 0.93 (d, J = 3.4 Hz, 6H),
0.88 (s, 3H), 0.82 (s, 3H), 0.75 (s, 3H). ES28 was
characterized as betulin (Figure 4).

Table 1: Percentage Yield of E. suaveolens stem bark and sawdust extracts under various solvents
Extract
Weight of plant
Weight of dry
Percentage yield
material (g)
extract (g)
of extract (%)
E. suaveolens stem
1000
3.60
0.36
bark extract
E. suaveolens sawdust
600
6.40
1.06

Methanol

N-Hexane

Appearance
Dark Brown
Dark Brown

E. suaveolens stem
bark extract
E. suaveolens sawdust

1000

51.90

5.19

Dark Brown

600

20.50

3.42

Purple

E. suaveolens stem
bark extract
E. suaveolens sawdust

1000

1.60

0.16

Dark Yellow

600

0.70

0.12

Golden
Yellow

11.4, 4.7 Hz, 1H), 1.84 – 1.77 (m, 1H), 1.72 (ddd, J =
15.2, 8.2, 4.4 Hz, 1H), 1.51 (td, J = 9.0, 8.6, 3.9 Hz,
1H), 1.48 – 1.34 (m, 4H), 1.29 – 1.22 (m,

Fig 1: Proton NMR spectrum of ES24

Fig 3: Proton NMR spectrum of ES28

Fig 2: Structure of ES24 (21-acetoxylupenone)

Characterization of ESS25 as Cycloeucalenol:
ESS25was obtained as white needles. Its proton
nuclear magnetic resonance (1H-NMR) gave the
following data (Figure 5): 1H NMR (500 MHz,
Chloroform-d) δ 4.52 (d, J = 26.0 Hz, 1H), 3.09 – 2.99
(m, 0H), 2.07 (h, J = 6.5 Hz, 0H), 1.95 (ddd, J = 15.5,

Fig 4: Structure of ES28 (Betulin)
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1H), 1.16 – 1.07 (m, 4H), 1.01 (dddd, J = 19.0, 15.5,
7.4, 4.1 Hz, 1H), 0.86 (dd, J = 6.9, 2.8 Hz, 3H), 0.81
(d, J = 7.3 Hz, 3H), 0.73 (d, J = 4.8 Hz, 3H), 0.41 (dd,
J = 12.1, 2.8 Hz, 1H), 0.22 (d, J = 4.1 Hz, 1H). ESS25
was characterized as Cycloeucalenol (Figure 6).
Characterization of ESS37 as a mixture of sitosterol,
stigmasterol and cycloeucalenol: Fraction ESS37
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The characteristic signals for these compounds
were all present in the spectrum. Table 2
summarizes the compounds obtained from the
plant extracts.

was observed from its proton NMR spectrum
(Fig. 7) to be a mixture of sitosterol, stigmasterol
and cycloeucalenol.

Fig 7: Proton NMR spectrum of ESS37 (A mixture of sitosterol,
stigmasterol and cycloeucalenol).
Fig 5: Proton NMR spectrum of ESS25

Betulin and 21-acetoxylupenone were identified and
characterized from Erythrophleum suaveolens stem
bark isolates (ES28 and ES24), respectively, while
Cycloeucalenol and unidentified lupane type
triterpene and stigmasterol were from the sawdust
(Table 2).

Fig 6: Structure of ESS25 (Cycloeucalenol)
Table 2. Summary of Identified and Characterized Compounds from Erythrophleum suaveolens
Class of compound
Plant Species
Plant part
Isolate
Identified Compound
Stem bark
ES24
21-acetoxylupenone
Triterpene
Stem bark
ES28
Betulin (C30H50O2)
Triterpene
Erythrophleum
suaveolens
Sawdust
ESS25
Cycloeucalenol (C30H50O)
Triterpene
Sawdust
ESS37
Sitosterol, stigmasterol and cycloeucalenol
Triterpenes

Sensitivity and Mean ZOI of standard antibiotics
against test Bacteria: Acidobacterium capsulatum,
Actinobacterium sp. and Pseudomonas syringae were
sensitive to Sparfloxacin at ZOI of 32 mm, 30 mm and
31 mm, respectively but were resistant to
Ciproflaxacin, and Cefuroxime (Table 3). Escherichia
coli and Proteus mirabilis were sensitive to the three
antibiotics at range of ZOI of 29 – 39 mm. However,
Pseudomonas aeruginosa was resistant to the three
antibiotics. ZOI of the three antibiotics ranged
between 26 mm and 39 mm which proved that they
were very active against the test bacteria.

Antibacterial activities and mean ZOI of E.
suaveolens isolates (ES24, ESS25, and ESS31) against
test bacteria: In Table 3, ES24 isolate and ESS31
fraction were very active against
Acidobacterium capsulatum, Bacillus subtilis and
Ralstonia solanacearum at ZOI of 28 mm and 23 mm,
25 mm and 27 mm, as well as 27 mm and 26 mm
respectively. Similarly, ES24 isolate and ESS31
fraction were very active against Ralstonia
solanacearum, Enterococcus faecium and Proteus
mirabilis at ZOIs of from 28 mm to 24 mm. However,
Pseudomonas syringae was sensitive to the isolates of
ES24 and ESS25, and fraction of ESS31 at ZOI of
between 24 and 25mm.
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Minimum Inhibition Concentration (MIC) of E.
suaveolens isolates (ES24 and ESS25) and fraction
(ESS31) against test bacteria: At MIC of 25 µg/mL
(Table 4) ES24 isolate completely inhibited the growth
of Actinobacterium sp. and Proteus mirabilis; ES28
isolate prevented the growth Acidobacterium
capsulatum, Agrobacterium tumefaciens and
Ralstonia solanacearum, respectively; while ESS 31
hindered the growth of Pseudomonas aeruginosa. At
MIC of 50 µg/mL ES24 inhibited the growth the
growth of Agrobacterium tumefaciens, Enterococcus
faecium, Pseudomonas syringae and Pseudomonas
aeruginosa.
Minimum Bactericidal Concentration (MBC) of E.
suaveolens isolates (ES24 and ESS25) and and
fraction (ESS31) against test bacteria:
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The most potent MBC was 50 µg/mL at which ES24
and ESS25 isolates and ESS31 fraction completely
inhibited Actinobacterium sp. and Proteus mirabilis;
Acidobacterium
capsulatum,
Agrobacterium
tumefaciens and Ralstonia solanacearum; and
Bacillus subtilis, respectively (Table 5). At MBC 100
µg/mL Agrobacterium tumefaciens, Pseudomonas
syringae and Pseudomonas aeruginosa pathogens
were inhibited by ES24 while, Bacillus subtilis,
Pseudomonas syringae and Pseudomonas aeruginosa
were inhibited by ESS25. Similarly, Ralstonia
solanacearum Enterococcus faecium, Enterococcus
faecium and Pseudomonas syringae growths were
completely prevented by ESS31 fraction.

Table 3: Mean Zone of Inhibition of E. suaveolens isolates (ES24, ESS25, and ESS31) and standard antibiotics against test bacteria

Key: S = Sensitive, R = Resistance; ES = E.suaveolens stem back; ESS = E. suaveolens, sawdust; ABA = Antibacterial Activities,
ZOI = Zone of Inhibition ZOI < 10 mm is inactive; 10 -13 mm is partially active; 14 -19 mm is active, and >19 mm is very active.
± - Standard error; Values without common letters are significantly different at P = 0.05
Table 4: Minimum Inhibition Concentration (MIC) of E. suavelens isolates (ES24, ESS25, and ESS31) against test bacteria

Key: ES = Erythrophleum suaveolens stem back; ESS = Erythrophleum suaveolens sawdust; R = Resistance; - = No turbidity (no growth)
δ = Minimum inhibitory Concentration (MIC); + = Turbid (Light growth); # = Moderate turbidity; ≠≠≠ = High turbidity; ## = Very High
turbidity
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Table 5: Minimum Bactericidal Concentration (MBC) of E. suaveolens isolates (ES24, ESS25 and ESS31) against test bacteria

Key: ES = Erythrophleum suaveolens stem back; ESS = Erythrophleum suaveolens sawdust; R = Resistance; - = No turbidity (no growth)
δ = Minimum inhibition concentration (MIC); + = Turbid (Light growth); # = Moderate turbidity; ≠≠≠ = High turbidity; ## = Very High
turbidity

The triterpene 21-acetoxylupenone is isolated and
characterized for the first time, while cycloeucalenol
is isolated from E. suaveolens for the first time. Cox et
al., (1956) first reported cycloeucalenol in Eucalyptus
microcorys and thereafter in Erythrophloeum
guineense. ES24 and ESS25 isolates of E. suaveolens
were very active against Pseudomonas aeruginosa
which showed resistance to controls (of three
antibiotics) at ZOI of 23 mm and 24 mm, respectively.
Atibioke (2016) reported ZOI of 18 - 28 mm from
Uapaca pilosa isolates against bacteria. In this study,
the antibacterial activity of E. suaveolens stem bark
isolate against gram positive and gram negative
bacteria was evidenced. Ngoupayo et al. (2015)
reported that Minimum Bactericidal Concentration is
the minimum concentration corresponding to the
lowest concentration of a substance capable of killing
more than 99.9% of bacterial inoculum or, initial (less
than 0.1% of survivors) after 18 to 24 hours of
incubation at a temperature of 37 °C. At MBC of 50
µg/mL Acidobacterium capsulatum, Actinobacterium
sp.,
Agrobacterium
tumefaciens,
Ralstonia
solanacearum, and Proteus mirabilis were killed.
Similarly, Bacillus subtilis, Enterococcus faecium,
Escherichia coli, Pseudomonas syringae, and
Pseudomonas aeruginosa were killed at MBC of 100
µg/mL. The finding implies that E. suaveolens stem
bark and sawdust isolates (ES24 and ESS25) and
sawdust fraction (ESS31) can be used in the treatment
of lignin decay caused by Actinobacterium (Brown
and Chang 2014); wood decay colonization caused by
Agrobacterium tumefaciens; crown gall disease
caused by Acidobacterium capsulatum (Kersters et al.,
2006). The isolated compounds might also be applied
in the control of bacterial wilt disease caused by
Ralstonia solanacearum (Kirby, 2006); bark canker,
fire blight and soft rot diseases caused by
Pseudomonas syringae (Kersters et al., 2006); and fire
blight and apple ring rot caused by Bacilli subtilis (Liu
et al., 2009; Broggini et al., 2005). Also, E. suaveolens

isolates can control bacteria soft disease (a destructive
disease of fruits, vegetables, and ornamentals) and root
infections of plant causing plant mortality caused by
Pseudomonas aeruginosa as reported by Walker,
(2004).
Conclusion: The results obtained from this work have
revealed that E. suaveolens stem bark and sawdust
isolates and fraction possess potential antibacterial
properties and can be used in the control and treatment
of plant and animal diseases caused by bacteria.
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