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Acetone and ethanol extracts of Albizia saman (ASL) and Tithonia diversifolia (TDL) leaves
used as fodder for ruminant were evaluated for their antibacterial properties against selected
pathogenic bacteria. Phytochemical screening was determined according to standard
procedures, while antibacterial activity was by agar well diffusion and broth micro dilution
methods. The levels of tannin (0.29 and 0.34 mg/100g); saponin (0.75 and 0.59 mg/100g);
oxalates (0.17 and 0.14mg/100g); and phytate (0.11 and 0.12 mg/100g) in the fodder plants
were below critical levels that may affect digestibility in ruminants. Acetone and ethanol
extracts from ASL and TDL showed maximum zones of inhibition against Staphylococcus
aureus (19.00 and 14.50 mm; 23.00 and 21.50 mm) and Pseudomonas aeruginosa (15.50 and
12.00 mm; 18.50 and 17.00 mm), respectively compared to Gentamycin (9.97 mm). Minimum
inhibitory concentration (MIC) values of acetone and ethanol extracts from ASL ranged from
0.10 to 0.28 mg/mL and 0.13 to 0.22 mg/mL, while TDL extracts ranged from 0.20 to 0.32
mg/mL and 0.20 to 0.31 mg/mL, respectively for all the tested organisms. Minimum
bactericidal concentration (MBC) values of ethanol extracts from both plant ranged from
0.5-0.80 mg/mL and 0.7-0.90 mg/mL compared to MBC values (0.02-0.04 mg/mL) of the
reference antibiotic (gentamycin) for all the tested bacteria species. In conclusion,
antibacterial properties exhibited by the plant extract implied that the bioactive compounds
are potential antibacterial agents against pathogenic bacteria of ruminant or foodborne
pathogens in vitro.
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Abstract

Introduction
In Nigeria, ruminants depend mainly on
natural grasses and legumes from marginal
or degraded rangelands for their daily
nutrient requirements for production or
maintenance. Despite the low nutritional
quality of the forages from natural pasture,
they still remain an essential component of
a successful ruminant production system.
The special feeding behaviour (grazing or
browsing nature) of ruminants and their
preference for leaves from herbaceous
plants, shrubs, and fodder trees enable them
access to varieties of plant species which
are of health importance. While extracts of
most fodder plants are rich in secondary
metabolites (e.g. phenolic compounds,

essential oils and saponins), they have also
been reported to have medicinal properties
(Savithramma ., 2011), either as
antimicrobial drugs with reference to
antibacterial agents or as alternatives to
antibiotic growth promoter (Salem .,
2012) in ruminant nutrition. It is no
gainsaying that the bulk of animal protein
consumed by most household in Nigeria is
obtained from ruminants owned by the
pastoral or sedentary livestock owners.
However, in an attempt at providing a
solution to the challenges of disease
outbreak or spread of pathogenic bacterial
infections among livestock, the use of
synthetic antibiotics then becomes a routine
practice. Although antibiotics have proven
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very effective in combating infectious
diseases, overuse has become a major factor
for the emergence of multiple drug-
resistant of microbial strains both in
livestock and among consumers of animal
products due to antibiotic residues
(Harbottle ., 2006; Franca ., 2012).
Hence, the negative consequences of
antibiotics and changing patterns of
antibacterial resistance necessitated an
investigative search for antibacterial agents
from fodder plants as alternative to the
costly conventional antibacterial agents
against selected pathogenic bacteria
causing diseases in ruminants. Ethno-
veterinary medicine has been an ancient
medical practice by most livestock farmers
in most African countries as an alternative
to conventional drugs because of its greater
accessibility, lower costs and apparent
effectiveness (Mwale ., 2005). In the
same vein, Alhaji and Babalobi (2015)
reported wide acceptance of Ethno-
veterinary Medicine by small holder
livestock keepers or Fulani pastoralists in
Nigeria. However, the acceptance of ethno-
veterinary practice as herbal remedies for
prevention, control or treatment of different
animal diseases in livestock health care
system is premised on the held belief that
they are more efficacious, in terms of broad
spectrum of activities (Alhaji and Babalobi,
2015).

, formerly called
(family: ), and

commonly called rain tree is a large size tree
widely distributed in the humid and sub-
humid tropics. The pods and leaves are
relished by ruminants (Babayemi .,
2010). When fed to dairy cows, it increased
weight gain and milk production (Roncallo

., 2009). (Mexican
sunflower) is a member of the family

. It is an annual forb found
growing aggressively on roadsides,
cultivated farmlands, fallow land and river
banks in Nigeria. The plant is highly
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adapted to moist soils, drought and heat
tolerant up to the early dry season. Though
largely considered as a weed, it is a plant
with a wide range of uses and regarded as
good ruminant fodder (Ekeocha, 2012).
Phytochemical screening of plant bioactive
compounds and medicinal properties has
been documented (Odeyemi ., 2014).
The potency of the bark decoction of these
plants against a range of parasites in
livestock (Liasu and Ogunkunle, 2007) and
lowering of blood sugar in animals have
also been reported.

and are
pathogenic bacteria disease infections
commonly found where intensive animal
husbandry is practiced. They transmit
diseases to livestock, causes production and
economic losses to farmers. As pathogens
of public health hazards, they are associated
with foodborne infection and intoxication
in human beings; for consumption of
unhealthy animal products. Considering the
above facts, this study was designed to
evaluate quantitatively the phytochemicals
and antibacterial properties of and

against

and

Leaves from tree and
were collected from a

cultivated farmland within the Institute of
Agricultural Research and Training, Moor
Plantation, Ibadan, Nigeria. The leaves
were harvested from a healthy and
uninfected plant at 8-10 weeks of regrowth
and washed thoroughly under a running tap
water to remove dust and other foreign
particles. Leaves were finally rinsed with
sterile distilled water and thereafter, air
dried under shade.

Phytochemical screening and identification

et al

Escherichia coli,
Staphylococcus aureus, Pseudomonas
aeruginosa, Salmonella typhi

A. saman
T. diversifolia Escherichia coli,
Staphylococcus aureus, Pseudomonas
aeruginosa, Salmonella typhi.

Albizia saman
Tithonia diversifolia

Materials and methods
Collection of plant materials

Phytochemical analysis
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of bioactive constituents in the plants under
study were carried out according to
standard procedures as described (Talukdar

., 2010) 100) grams each
of and leaves were
boiled with 200 ml of solvent (n-hexane)
for 1 hour. The extracts obtained were
filtered through Whatman filter paper No.1,
vacuum dried (on water bath at 40-50 C)
using a rotary evaporator and stored at 0-
4°C in air-tight containers for further use.
The procedure was repeated three times.

Phytochemicals in the crude extracts were
quantified according to the following
methods: tannin (Dawra, ., 1988),
phenols (Mc Donald ., 2001), alkaloid
(Harbone, 1973), saponin (Brunner, 1984),
trypsin inhibitor (Liener, 1979), oxalate
( F a s s e t , 1 9 9 6 ) , p h y t a t e s ( M a g a ,
1983),flavonoids (Chang ., 2002),
glycosides (Ferguson, 1956), steroids
(Edeoga, ., 2005), and terpenoids
(Ferguson,1956).

One hundred grams each of and
leaves were ground separately

into fine powder using a stainless steel
grinder. Two hundred (200) mL each of
100% ethanol and acetone was added to
each leaf sample and kept for 24 hours with
periodic shaking (Puri, 1999). Ethanol and
acetone fractions were separated by using
sterile muslin cloth and then filtered
through sterile Whatman filter paper (No.
2). The filtrates were later concentrated
using a Rotary evaporator, collected and
pooled. The procedure was repeated three
times.

The test organisms (

and ) were
obtained from the stock culture of

et al
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A. saman T.
diversifolia

Escherichia coli,
Staphylococcus aureus, Pseudomonas
aeruginosa Salmonella typhi

°

Q u a n t i t a t i v e d e t e r m i n a t i o n o f
phytochemicals

Preparation of leaf extracts (acetone and
ethanol)

S o u r c e o f t e s t o r g a n i s m s a n d
Standardization of microorganisms

. One hundred (

Microbiology Laboratory, Institute of
Agricultural Research and Training, Moor
Plantation Ibadan, Nigeria. The Culture
was standardized as described (NCCLS,
2002). About 0.2 mL of an 18-hour old
culture of each bacterium was suspended
into sterile universal bottles containing 20
mL nutrient agar and incubated for 5 hours
at 37 C to obtain a logarithm growth phase.
Normal saline was gradually added to
compare its turbidity with McFarland
Standard of 0.5 which correspond to
approximately 1.0 × 10 CFU/mL as
r e c o mm e n d e d b y Wo r l d H ea l t h
Organization.

Antibacterial activity of the leaf extracts
was determined by the standard agar well
diffusion method against , ,

and Mueller Hinton
agar was prepared to obtain standard
bacterial stock suspension by mixing with
crude extract (30 mg) of acetone and
ethanol dissolved in 1 mL of Di-methyl
Sulphoxide (DMSO). Wells were made in
each Mueller Hinton agar plates using
sterile cork-borer (5.0 mm diameter).
Thereafter, 1mL of each plant extracts was
introduced into the different wells; and the
same volume of the respective medium was
mixed with Gentamycin (control) and filled
into the wells with micropipette. Three
replicates were made for each extract
against each of the test bacterium. The
plates were kept for 6 hours at room
temperature to allow for diffusion of the
extract into the medium, after which they
were incubated aerobically for 24h at 37°C.
After incubation, the antibacterial activity
of each plant extract and the control were
assessed by measuring the zone of
inhibition using a meter rule.

Minimum inhibitory concentration of leaf
extract was determined by broth dilution

º

8

Antibacterial activity

Determination of minimum inhibitory
concentration (MIC) and minimum
bactericidal concentration (MBC)

E. coli S. aureus
P. aeruginosa S. typhi.
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me th o d . Twe n ty pe r ce n t (2 0 %)
concentration of the extracts were
p r e p a r e d . Ab o u t 0 . 1 m L o f t h e
concentration of the extract was put in test
tubes and 2 mL of the nutrient broth was
added. About 0.1 mL of the standard test
organisms was also set up with
Gentamycin. The tubes containing bacteria
cultures were incubated at 37 C for 24
hours. The tube with the least concentration
of extract which inhibited growth of the
respective organism after incubation was
recorded as the MIC. Minimum
bactericidal concentration (MBC) was
determined from each of the test tubes in the
MIC determination. A loopful of broth was
collected from those tubes that did not show
any growth and inoculated onto a sterile
nutrient agar by streaking. Nutrient agar
plates were streaked with the respective test
organisms to serve as controls. All the
plates were incubated as previously stated
and the concentration with no visible
growth was inferred to be the MBC.

Data obtained for phytochemical
constituents were subjected to Statistical
Analyses using SPSS (Social Package for
the Social Sciences), and values were
presented as mean values along with their
standard error of means, and Student's t-test
was used to determine significant
differences ( < 0.05) among the
phytochemicals. P-values were regarded as
not significant. Descriptive statistics were
used for antibacterial properties (zones of
inhibition) of leaf extracts on all the test
organisms. Means, where significant, were
separated using Least Significant
Difference (LSD) tests at a level of 5%. All
analyses were done in triplicate.

The results of the concentration of
phytochemicals (mg/100g) obtained from

°

Statistical analysis

Phytochemicals and concentrations of
leaf extract from plants

p

Results and discussion

the leaves of and
are shown in Table 1. Alkaloids, tannin,
saponin, phenol, flavonoids, and glycosides
concentrations were 14.85 and 12.46
mg/100g, 0.29 and 0.34 mg/100g, 0.75 and
0.59 mg/100g, 0.25 and 0.22 mg/100g, 0.26
and 0.32 mg/100g, 0.39 and 0.35 mg/100g,
respectively. Higher content of alkaloids
(14.85 and 12.45 mg/100g) was obtained in
both plants. The phytochemicals from this
study are similar to the type of bioactive
compounds in plants reported (Edeoga

., 2005) to play important roles as
antimicrobial agents. High concentration of
alkaloids obtained in this study is similar to
the alkaloid concentration reported
(Abukakar ., 2008; Mariital .,
2011) for and

leaf extracts, respectively.
The levels of tannin (0.29 and 0.34
mg/100g) in this study were below the 5%
critical level reported for browse plants that
may affect digestibility in ruminant
(Cooper and Owen-Smith, 1985).Although
tannin gives rise to astringent sensation in
the mouth and tends to reduce feed intake,
the range (0.29 and 0.34 mg/100g) in this
study is of no adverse effect on intake and
digestibility in ruminants. Saponin, though
a phytochemical with bitter principles,
reduces the palatability of livestock feeds
but exhibits hypocholesterolaemic activity
and anti-inflammatory properties (Lewis
and Elvin-Lewis, 1977).The levels of
saponin (0.75 and 0.59 mg/100g) obtained
were low to cause any detrimental effect on
ruminant compared to the 3% forage
saponin reported to have caused the death of
grazing cattle (Oluremi ., 2007).
The values of oxalate (0.17 and 0.14
mg/100g) in this study were low compared
to the range of oxalate (0.3 to 0.8 mg/100g)
reported (Ajayi ., 2009) for under-
utilized grain legume foliages in Nigeria.
Similarly, the values of phytate (0.11 and
0.12 mg/100g) were also low to pose any
threat to ruminants compared to the range

A. saman T. diversifolia

et
al

et al et al
Tamarindus indica Morinda

citrifolia

et al

et al
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(12.4-24.6 mg/100g) reported (Ajayi .,
2009). Hence, the concentration of oxalate
and phytate obtained from this study is

et al suggestive of the bioavailability of
calcium, magnesium, iron, and zinc to the
animals.

Table 1: Phytochemical constituents of Albizia saman and Tithonia diversifolia leaf extracts
Phytochemicals
(mg/100g)

Albizia saman
Mean ± SEM

Tithonia diversifolia
Mean ± SEM

Pr> t Remark

Tannin 0.286 ± 0.001 0.343 ± 0.001 0.0006 *
Phenol 0.255 ± 0.002 0.217 ± 0.001 0.0023 *
Alkaloid 14.85 ± 0.010 12.46 ± 0.010 0.0001 *
Saponin 0.747 ± 0.002 0.585 ± 0.001 0.0001 *
Trypsin inhibitor(μ/mg) 0.171 ± 0.001 0.160 ± 0.000 0.0082 *
Oxalate 0.165 ± 0.001 0.137 ± 0.001 0.0025 *
Phytate 0.113 ± 0.0005 0.124 ± 0.0005 0.0041 *
Flavonoids 0.260 ± 0.000 0.322 ± 0.001 0.0003 *
Glycosides 0.386 ± 0.001 0.347 ± 0.001 0.0008 *
Steroids 0.131 ± 0.0005 0.125 ± 0.001 0.0389 *
Terpenoids 0.116 ± 0.000 0.110 ± 0.000 0.0061 *

Notes: * Means are not significant, SEM = Standard error of mean.

Antibacterial activity of acetone and
ethanol extracts of A. saman T.
diversifolia

and

The results of antibacterial activities of
acetone and ethanol extracts of
and compared to the
reference antibiotic (gentamycin) against
the test bacterium as recorded from the
zones of inhibition (mm) are shown in
Figures 1-4. Acetone and ethanol extracts
of and (Figure 1)
displayed significant (p<0.05) antibacterial
activity with zones of inhibition (5.5-8.0
mm) against compared to
gentamycin (9.96 mm). Leaf extracts of

and exhibited
maximum activity (p<0.05) with zones of
inhibition, ranged from 14.50 to 23.00 mm
against (Figure 2), ditto

with the zones of inhibition of
15.50 and 12.00 mm, and 18.50 and 17.00
mm, respectively compared to gentamycin
(9.97 mm) as shown (Figure 3).
Gentamycin showed good activity (p<0.05)
against (9.98 mm) (Figure 4) than
leaf extracts of and ,
with the zones of inhibition ranged between
3.40 and 5.45 mm, respectively.
From the present study, gentamycin

A. saman
T. diversifolia

A. saman T. diversifolia

E. coli
A.

saman T. diversifolia

S. aureus P.
aeruginosa

S. typhi
A. saman T. diversifolia

(reference antibiotic) was more active
against and as recorded from
the zones of inhibition (9.96 and 9.98 mm),
compared to leaf extract of and

This finding is similar to the
report of Abukakar . (2008). However,
acetone and ethanol extracts from both
plants still demonstrated considerable
antibacterial activity against all the test
organisms, considering the zones of
inhibition of microbial growth as reported
(Jegasser ., 2011; Odeyemi ., 2014)
for leaf extracts of and

In addition, the strong
antibacterial activity against and

in this study agrees with the
reports of Mariital . (2011) for

and leaf extracts.
The large zones of inhibition of ethanol and
acetone extracts against (14.50-
23.00 mm) and (12.00-18.50
mm) recorded in this study is an indication
of the high effectiveness of the plants. The
antibacterial activities could be attributed to
the high concentration and activities of
a l k a l o i d s c o m b i n e d w i t h o t h e r
phytochemicals in the plant extracts.
Essawi and Srour (2000) reported that
optimal effectiveness of a medicinal plant is

E. coli S. typhi

A. saman T.
diversifolia.

et al

et al et al
A. saman T.

diversifolia.
S. aureus

P. aeruginosa
et al S.

multiflorus A. nilotica

S. aureus
P. aeruginosa
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due to combined action of different
compounds present in the plant, but not due
to one main active constituent.
Flavonoids, form complexes with
extracellular and soluble proteins and
bacterial cell walls (Stewart and Beswick,
1979). Alkaloids have been reported to
produce strong antimicrobial effects
(Mariital ., 2011), while steroids
directly damage cell membranes with loss

in vitro

et al

of cytoplasmic constituents (Smith and
Shay, 1965). In addition, the degree of
polarity of solvents of extraction into cell
wall fractions of the plant could also be a
reason for the varying significant
differences observed in antibacterial
activity between acetone and ethanol
extracts, because antimicrobial bioactive
compounds can partition exclusively in
particular solvents (Cowan, 1999).
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MIC and MBC of leaf extracts
Tables 2 and 3 showed the MIC and MBC of

and for ,
, and The

Minimum Inhibitory Concentration values
for acetone extracts in and

ranged from 0.10 to 0.28 mg/mL
and 0.20 to 0.32 mg/mL, while values of

A. saman T. diversifolia E coli S.
aureus P. aeruginosa S. typhi.

A. saman T.
diversifolia

ethanol extracts ranged from 0.13 to 0.22
mg/mL and 0.20 to 0.31 mg/mL,
respectively. Leaf extracts from both plants
exhibited strong inhibitory activities for all
the test organisms, and this compared
favourably with the reference antibiotic
(gentamycin) with MIC values of 0.02-0.04
mg/mL).

Table 2: Minimum inhibitory concentration of A. saman and T. diversifolia leaf extracts

Note: DMSO = dimethyl-sulphoxide (dissolvent)

Fodder Plant Extract Minimum inhibitory concentration (mg/mL)
Test organisms

E. coli S. aureus P. aeruginosa S. typhi
Albiziasaman Acetone 0.15 0.10 0.28 0.20

Ethanol 0.17 0.13 0.20 0.22
Tithoniadiversifolia Acetone 0.25 0.20 0.32 0.28

Ethanol 0.20 0.24 0.27 0.31
Gentamycin 0.04 0.03 0.03 0.02
DMSO 9.0 9.0 9.0 9.0

Ajayi, Omotoso and Babayemi
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Table 3: Minimum bactericidal concentration of A. saman and T. diversifolia leaf extracts

Note: DMSO = dimethyl-sulphoxide (dissolvent)

Fodder plant Extract Minimum bactericidal concentration (mg/mL)
Test organisms

E. coli S. aureus P. aeurginosa S. typhi
Albiziasaman Acetone 0.80 0.55 0.82 0.80

Ethanol 0.80 0.50 0.70 0.60
Tithoniadivers
ifolia

Acetone 1.10 0.90 1.12 0.98

Ethanol 0.90 0.70 0.80 0.70
Gentamycin 0.04 0.03 0.03 0.02
DMSO 9.0 9.0 9.0 9.0

Since the lowest MIC value required to
inhibit growth of bacteria is an indicator of
the efficacy of the plant extracts, therefore,
results from this study indicated that all the
MIC values from leaf extracts were within
the reference range of MIC (0.05-0.50
mg/mL) inferred to be the strongest
antibacterial activity (Diaz 2010).
Ethanol extracts of and

had varying bactericidal effect
against all the tested organisms; in which

, has MBC of 0.50 and 0.70 mg/mL,
(0.60 and 0.70 mg/mL),
(0.70 and 0.80 mg/mL), and

(0.80 and 0.90 mg/mL) respectively,
while acetone extracts of and

has MBC of 0.55 and 0.90
mg/mLagainst respectively.
Irrespective of the solvents of extraction,
the MIC and MBC values of and

demonstrated an outstanding
activity against the test organisms.
Nevertheless, the ability of both plant
extracts to inhibit growth of ,

and implied that
and leaves has

antibacterial properties both for gram
negative and gram positive bacteria,which
is similar with the findings of other authors
(Jegasser 2011; Linthoingambi and
Mutum, 2013). Therefore, the results from
our study suggest that secondary
metabolites in and
contained broad spectrum antibiotic

et al.,
A. saman T.

diversifolia
S.

aureus
S. typhi P.
aeruginosa E.
coli

A. saman T.
diversifolia

S. aureus,

A. saman
T. diversifolia

S. aureus P.
aeruginosa, S. typhi E. coli
A. saman T. diversifolia

et al.,

A. saman T. diversifolia

compounds (Doughari, 2006) as reported
for .
Furthermore, the variations in antibacterial
activities observed in this study against

and
considering microbial growth inhibition,
may be attributed to the nature of plant
m a t e r i a l s , d i f f e r e n t c h e m i c a l
characteristics of the bioactive compounds
and polarity of solvents of extraction. In
addition, species of bacteria and nature of
their cell walls, as well as the interactions of
plant bioactive compounds with membrane
sterols in relation to pore formation on
membranes (Rahman ., 2010). Gram-
negative bacteria have a more complex cell
wall and an outer phospholipid membrane
carrying the structural lipopolysaccharide
components which make their cell wall
impermeable to antimicrobial substances,
while Gram-positive bacteria on the other
hand, have only the outer peptidoglycan
layer which is not an effective permeability
membrane.

The study revealed that acetone and ethanol
extracts of and
leave demons trated considerable
antibacterial activity against all the test
organisms. Leaf extracts of both plants
exhibited a higher degree of potency
against and

compared to the

Tamarindus indica

E.
coli, S. aureus, P. aeruginosa S. typhi

et al

A. saman T. diversifolia

Staphylococcus aureus
Pseudomonas aeruginosa

Conclusion
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reference antibiotic (gentamycin).Hence,
extracts from any of the fodder plant
contain antibacterial bioactive compounds
that could potentially be used in livestock
health care to control specific bacterial
diseases of ruminant or foodborne
pathogens in areas where intensive
ruminant production is practiced.

The authors declare that there are no
competing interests.
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