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ABSTRACT 
 

Cassia sieberiana DC stem bark and leaves were investigated for their phytochemical and antimicrobial 
properties. Samples were extracted using ethyl acetate, methanol and water. Preliminary phytochemical screening 
of the extracts using standard procedures was followed by antimicrobial screening using disk diffusion and broth 
dilution techniques. Flavonoids, glycosides, resins and tannins were common to extracts of both stem bark and 
leaves. Anthraquinone, phlobatanins and saponins were peculiar to the stem bark extracts while cardiac glycosides 
and alkaloids were peculiar to the leaves. Extracts of the stem bark exhibited higher antibacterial activity when 
compared with the extracts from the leaf. Ethyl acetate extract of the stem bark exerted significant effect and 
recorded the lowest minimum bactericidal concentration (MBC) followed by the methanolic extract of the stem 
bark with the lowest minimum inhibitory concentration (MIC). None of the extracts was effective against Candida 
albicans and Klebsiella pneumonia. Only the ethyl-acetate extract of the stem had a higher antibacterial activity 
than its standard drug, chloramphenicol against the test isolate Staphylococcus aureus. 
Keywords: Phytochemical, antimicrobial, extracts, minimum bacterial concentration, minimum inhibitory 
concentration 
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INTRODUCTION 
 

There has been a revival of interest in herbal medicine due to increased awareness of 
the limited ability of synthetic pharmaceutical product to control major diseases and the need 
to discover molecular structures as lead compounds from the plant kingdom. The relatively low 
incidence of adverse reactions to plant preparations compared to modern conventional 
pharmaceuticals, coupled with their reduced cost, is encouraging both the consuming public 
and national health care institutions to consider plant medicines as alternatives to synthetic 
drugs [18]. 
 

Cassia is a genus of Fabaceae (Leguminosae) in the subfamily Caesalpiniodeae. Its 
species are the flowering plants of the class Magnoliosida (Dicots) [4]. There are many Cassia 
species worldwide which are used in herbal medicine system [13]. Dalziel [10] reported that 
Cassia sieberiana DC has the following as common English names: African laburnum, West 
African laburnum, drumstick tree. Some indigenous names Cassia sieberiana DC in Nigeria are 
as follows: Gamafada, Malga, Marga (Hausa), Marga (Kanuri), Malgahi, Jokkirdeval (Fulani), Ifo, 
Aridantooro (Yoruba), Kuhwa (Tiv) and Apagban (Edo) [19]. 

 
In Africa, Cassia sieberiana DC is well distributed along the Guinea-Sahel-Sudan 

savannah vegetation belts. According to Gledhill [12], it is a savannah tree found in the dry 
areas of the thickets and the forests. It is found along the savannah-semi-desert belts of 
Senegal and Gambia in the westernmost parts of Africa, stretching along the landlocked 
countries of Mali, Niger and Chad Republics to Sudanese region. Also it extends to the northern 
parts of the coastal countries stretching from Guinea to Cameroon. Below the equator, it can 
be found in parts of the DR Congo [28]. 
 

In Nigeria, it is found in the savannah regions (Guinea-Sudan-Sahel –in order of 
increasing abundance) belt regions of Nassarawa and Niger states to the far northern most 
states of Borno, Adamawa, Sokoto, Kano and Katsina. Also found in Agodi, Ibadan and Awka in 
South West and South East Nigeria respectively [14]. 
 

Cassia species have been of keen interest in phytochemical and pharmacological 
research due to their fantastic medicinal values [4]. Their laxative and purgative abilities have 
also been widely acknowledged [1, 10] likewise their anti inflammatory activities [8]. Cassia 
sieberiana is mildly antibacterial [17]. Caceres [5] found the leaves to be active against 5 
dermatophytes. Abo [1] reported the leaf and pod of Cassia sieberiana as active against 
Pseudomonas aeruginosa, Staphylococcus aureus, Bacillus cereus, Candida albicans and 
Aspergillus flavus and the leaf active against Escherichia coli, Aspergillus niger, Fusarium 
oxysporum and Proteus mirabilis. The reason Cassia sieberiana has so many medicinal uses is 
the hydrogen cyanide that is found throughout the tree, the tannins and astringents in the 
trunk-bark and root, and glycosides, saponins, and steroids in the trunk-bark, root, and seeds 
(Wikipedia). 
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Literature on the use of the plant in herbal medicine shows that the other parts of the 
plant like root, leaves and pods are used more than the stem bark. Scientific information on the 
antimicrobial activity of Cassia sieberiana stem bark seems inadequate. It is against this 
background that this study was designed to provide information on the antimicrobial activity of 
Cassia sieberiana stem bark against some clinical microbial isolates. 
 

MATERIALS AND METHODS 
 

Collection of medicinal plant 
 
Stem barks and leaves of Cassia sieberiana DC were obtained from Likyati village in 

Nassarawa-Eggon local government area of Nassarawa state in June, 2011. The identity of the 
plant samples was confirmed by a botanist in the Department of Biological Sciences, University 
of Abuja. The samples were rinsed off their impurities with distilled water and air dried at room 
temperature for 21 days. Both the air dried stem barks and leaves were manually pulverized 
using a mortar to yield their powdery forms. These powders were packed in polythene bags and 
stored till usage. 

 
Preparation of crude extracts 

 
Three solvents namely; ethyl acetate, methanol and distilled water (aqueous) were 

employed in the successive extraction of the plant samples. 200g of the powdered stem barks 
and 150g of the powdered leaves were successively extracted by each different solvent in order 
of increasing polarity in accordance with the procedures of Adeshina [2]. 
 

The stem bark sample was first soaked in 400ml of the ethyl acetate solution in a jar. 
After 24 hours the crude extract was filtered out and concentrated on a water bath. 400ml of 
methanol was added to the stem bark sample in the jar, filtered off separately after 24 hours 
and concentrated. Lastly, the stem bark sample was extracted with 400ml of distilled water 
which was also filtered off and concentrated after 24 hours. For the powdered leaves, 150g of 
the sample was soaked initially with ethyl acetate, then methanol and distilled water all at 
300ml each. Each solvent after soaking for 24 hours was filtered off and concentrated 
separately. The extraction process yielded six extracts; three each (ethyl acetate extract, 
methanolic extract and aqueous extracts) for the stem barks and leaves. Each extract was 
carefully weighed and were stored in labeled sterile screw capped bottles. 
 
Phytochemical screening of the extracts 

 
Phytochemical screening was carried out on each of the extracts. Ten different 

prospective phytochemicals were screened for via the procedures of Trease and Evans [29]. 
 
 
 
Test microorganisms 
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The test organisms used in this study include three bacterial samples; Klebsiella 
pneumoniae, Pseudomonas aeruginosa and Staphylococcus aureus and a fungal sample, 
Candida albicans. Plates containing these organisms were collected from the Microbiology 
Laboratory of the University of Abuja Teaching Hospital (UATH). The bacterial isolates were 
then sub-cultured onto nutrient agar slants and the fungi, on Sabouraud dextrose agar slant. 
The isolates upon collection from the laboratory were subjected to some major biochemical 
tests to authenticate their identity.   
 
Determination of antimicrobial activity 
 

The antimicrobial activities of the plant extracts were determined by the disc-diffusion 
method. The culture suspensions were prepared and adjusted by comparing against 0.5 Mc 
Farland standards. 
 

For investigation of the antibacterial and anticandidal activity, 0.5g of the dried crude 
plant extract was weighed into a sterile test tube containing 1 ml of water and shaken to 
dissolve, thus yielding a concentration of 500mg/ml. This was the standard concentration used 
for the sensitivity test. Sterilized disks were impregnated by soaking paper disks in each of the 
extracts for 30 minutes after which they were removed separately using sterile forceps and 
placed in the oven at 20oC for the excess to drain off.  

 
An inoculum suspension of 0.1ml of each clinical isolate was spread uniformly to 

solidified Mueller- Hinton Agar for bacteria and Sabouraud Dextrose Agar for Candida albicans 
and the inoculums allowed to dry for 5min. Discs impregnated with each plant crude extract 
(500mg/ml) were placed on each seeded plate and allowed to stand on the bench for 1h for 
proper diffusion. The bacterial plates were incubated at 370C for 24h and the fungal plates, at 
250C for 48 h. The resulting inhibition zones were measured in millimeters (mm). A standard 
antibiotic disk (Chloramphenicol (30µg), for the Staphylococcus aureus and Pseudomonas 
aeruginosa, gentamycin (10µg) for Klebsiella pneumoniae and Ketoconazole (30 µg) for Candida 
albicans) appropriate for each organism was also included in each plate. 
 
Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) 
 

The Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration 
(MBC) were determined for the active plant extracts. By serial dilution, extract concentrations 
of the 500, 250,125, 62.5, 31.25 and 15.75mg/ml were obtained and labeled accordingly. 0.2ml 
of each extract concentration was introduced into 2ml of nutrient broth; 0.2ml of the 
standardized inoculums of the clinical isolates susceptible to the crude plant extracts was then 
inoculated into each of the broth tubes. Inoculated broth tubes were incubated immediately at 
370C for 24 hours.  MIC was considered the lowest concentration of the sample that prevented 
visible growth.  From the tubes recoded as having MIC, nutrient agar plates were streaked and 
incubated at 370C for 24 hours to determine the MBC. The lowest concentrations of inoculums 
that did not permit any visible growth on the plates after incubations were recorded as the 
MBCs. The test is to determine which of the extracts may be bacteriostatic or bactericidal.  
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RESULTS 
 

Percentage yield of extracts 
 
The percentage yield of each extract obtained after concentration are recorded on Table 1 

 
Table 1: Yield and percentage yield of extracts after concentration 

 

Plant          Solvent                     Mass of sample  Mass of sample  Percentage                       
                                                    extracted(ms)          obtained(me)             yield 

(me/ms)x100(g) 

Stem bark    Ethyl acetate           200                              8.00                             4.00 
 
                            Methanol         200                               3.80                            1.90 
 
                             Aqueous         200                               2.11                            1.06 

 
Leaves           Ethyl acetate           150                               1.77                            0.90 
 
                           Methanol            150                                1.92                           1.00 
 
                            Aqueous           150                                2.00                            2.00 

 
Phytochemical screening 

 
The results obtained from phytochemical screening of the extracts are tabulated on 

Table 2. For the stem bark, resins and tannins were present in all the three extracts while 
anthraquinones, glycosides and phlobatanins were peculiar to the ethyl acetate extracts (EAE). 
None of the stem bark extracts possessed alkaloids. The leaf extracts all possessed flavonoids 
while deficient in saponins, steroids, phlobatanins and anthraquinones. Overall, the EAE of the 
stem bark and the methanolic extract (ME) of the leaves had the most phytochemicals 
screened, seven and five respectively, while the aqueous extract of the leaves had the least, 
only flavonoids and saponins. 

 
Table 2: Phytochemical screening of extracts 

 

Phytochemical   EAE-SB     ME-SB      AE-SB         EAE-L        ME-L           AE-L 

Alkaloids                    _               _                 _                +                    _                _ 
Anthraquinones        +              _                 _                _                     _               _ 
Cardiac Glycosides    _              _                 _               +                     +               _ 
Flavonoids                  _               +                 +               +                     +              + 

  Glycosides                  +               _                 _               _                    +               _ 
  Resins                         +                +                 +               _                    +               _ 
  Saponins                     +                _                 _               _                    _               _ 
  Steroids                      +                +                 _               _                     _               _ 
  Phlobatanins              +               _                 _               _                    _               _ 
 Tannins                        +                +                  +               _                   +                _ 

 
Key: EAE=ethyl acetate extract, ME=methanolic extract, SB=stem bark, L=leaves, AE=aqueous extract,  
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(+) - present, (-)   -  absent 

 
Susceptibility/sensitivity tests 

 
Zones of inhibition produced by active extracts against susceptible organisms are 

recorded accordingly on Table 4. 
 

Table 4: Susceptibility test results of extracts against organisms showing zones of inhibition (measured in mm). 
 

EXTRACT    S. aureus          P. aeruginosa       K. pneumoniae      C. albicans 

                Extract      chl   Extract   gen      extract      chl            extract   ket 

 
EAE-SB          34         18           _           13           18          31              _          28 
ME-SB           20         19           _           11           20          31              _          27 
AE-SB            19         19           _           13           20          31              _          28 
EAE-L            20          19          _            12            _           30              _          28 
ME-L               _          19          _            13          14           31              _          27 
AE-L                _          18          _            13            _           31              _          28 
 
chl-chloramphenicol,   (-) No activity, gen-gentamycin, ket- ketoconazole 
 

Table 5: Minimum inhibitory concentration test results of extracts against organisms. 
 

Extract         Isolates                  Concentrations(mg/ml) 

                                                     500      250       125      62.5    31.25   15.75 

EAE-SB       S. aureus                     -          -               +         +        +           + 
EAE-SB       P. aeruginosa              -         +              +        +         +          + 
ME-SB         S. aureus                     -         -               -         +        +          + 
ME-SB         P. aeruginosa             -          -              +        +        +           + 
AE-SB         S. aureus                       +        +             +        +         +          +         
AE-SB             P. aeruginosa          -         +              +        +         +          + 
EAE-L         S. aureus                       +        +              +         +        +          + 
ME-L           P. aeruginosa               -         -             +         +        +         + 

 
(+) turbid, (-) non turbid 

 
Table 6: Minimum bactericidal concentration  (in mg/ml) of extracts on organisms. 

 

Extract          Isolates                  Concentrations(Mg/Ml)                 Nature Of Activity 

                                                      500          250          125 
EAE-SB   S. aureus                          _             _              ND                  bactericidal 
EAE-SB P. aeruginosa                     _            ND           ND                 bactericidal 
ME-SB      S. aureus                          +            +              +                     bacteriostatic 
ME-SB   P. aeruginosa                      _             +           ND                   bactericidal 
AE-SB   P. aeruginosa                      +            ND         ND                   bacteriostatic 
ME-L   P. aeruginosa                         +             +           ND                  bacteriostatic 

 
( - )   No growth,(+)    Growth, (NA)  Not Determined                
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DISCUSSION 
 

The abundance of anthraquinones and tannins in the stem bark was upheld by the 
report of Tamboura [28] who posited that both compounds were the most abundant in the 
roots or stem bark extracts of the plant. Tannins have been certified to possess antibacterial 
properties [16]. The precise mechanisms this could occur include inhibition of extracellular 
microbial enzymes, deprivation of substrates vital for microbial growth or direct action on 
microbial metabolism as proposed by Scalbert [25]. Furthermore, tannins have been reported 
to be bacteriostatic or bactericidal against Staphylococcus aureus [7, 3]. 
 

On a general scale, the stem bark contained more phytochemicals as revealed by their 
extracts compared to the leaves. A total of eight different phytochemicals were present in the 
three stem bark extracts (anthraquinones, flavonoids, glycosides, resins, saponins, steroids, 
phlobatanins and tannins) while only six (alkaloids, cardiac glycosides, flavonoids, glycosides, 
resins and tannins) were present in the leaf extracts. This may account for the higher potency of 
the stem bark extracts against the test isolates as observed in the antimicrobial screening. 
 

Against Staphylococcus aureus, the ethyl acetate extract of the stem bark was most 
effective with an inhibition zone of 30mm and effectively killing the isolate at a concentration 
of 250mg/ml while the methanolic extract of the stem bark which produced a moderate zone 
of 20mm would require a concentration higher than the standard 500mg/ml to kill the 
organism despite halting their growth at 125mg/ml. Both aqueous extract of the stem bark and 
the ethyl acetate extract of the leaves produced unclear zones and could not inhibit growth 
even at maximum concentrations. 
 

Both ethyl acetate extract and methanolic extracts of the stem bark effectively killed the 
Pseudomonas aeruginosa isolate at the maximum test concentrations of 500mg/ml although 
the latter inhibited growth at 250mg/ml (making it more effective).  Both aqueous extract of 
the stem bark and methanolic extract of the leaves, which recorded 20mm and 14mm 
inhibition zones respectively, could not kill the organisms at 500mg/ml. Klebsiella pneumoniae 
and Candida albicans were resistant to all six extracts. 
 

Based on these results, it was inferred that the antimicrobial activities of the extracts 
against the isolates was dependent upon/controlled by two factors; concentration of the 
extract and more importantly, the phytochemical content of the extract. This partly explained 
why the Ethyl acetate extract of the stem bark with a total of seven of the ten phytochemicals 
screened for (anthraquinones, glycoside, resin, saponins, steroid, phlobatanins and tannin) and 
the Methanolic extract also of the stem bark with four out of the ten phytochemicals 
(flavonoids, resins, steroids and tannins) were the most active against the two susceptible 
organisms. In this regard, tannins, saponins, resins and steroids were the phytochemicals major 
importance. 
 

Many pharmacological activities have been reported on saponins such as antibiotic, anti 
fungal, antiviral and anti-inflammatory [20, 22]. The anti microbial effects of saponins have 
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been reported by Soetan [27], who reported its effectiveness against Staphylococcus aureus but 
not Escherichia coli and Candida albicans which he attributed to the protective effect of the 
microbial coats [26]. Resins have been reported to be highly effective against microorganisms 
by preventing to a large extent, their growth [15]. 
 

Resistance of Candida albicans to all the extracts could be due in part to its difference in 
cell wall composition. The cell wall of Candida albicans has been reported to be essential for 
both growth and virulence [6]. The presence of chitin compounds in the wall also makes it more 
rigid. The cell wall plays an important role in the establishment of the pathogenic process and 
serves as the outer structure that protects the fungus against antibiotics and the host defense 
mechanism [24]. Candida albicans is one of the most important opportunistic pathogenic fungi 
having been implicated in a significant number of oral and genital infections with the most 
important being candidiasis or thrush [23]. 
 

In the case of Klebsiella pneumoniae, resistance could be attributed to strain 
peculiarities or possession of plasmid. This is in accordance with the works of Daniyan [11], 
using the flower vegetable extract of Cassia occidentalis. Klebsiella pneumoniae have in recent 
years, become important pathogens in nosocomial infections and they are mostly seen in 
people with a weakened immune system with the most common infection being Klebsiella 
pneumonia. They cause destructive changes to human lungs inflammation and hemorrhage 
accompanied by necrosis [21]. 
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