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Abstract. We considered the extraction of plant materials from Senna occidentalis root, and its fractionation monitored 

by bioassay towards isolating its bioactive principles. Pulverized root sample of Senna occidentalis (fam. leguminaceae) 

was extracted with methanol using a maceration method. The crude methanol extract (MSo) 6.06 g was partitioned into 

petroleum ether and ethyl acetate to yield their respective fractions viz: petroleum ether fraction (1.20 g), ethyl acetate 

fraction (1.86 g) and methanol fraction (2.92 g). The crude methanol extract was analyzed using phytochemical screening, 

infrared spectroscopy, and gas chromatography/mass spectrometry while the fractions were examined for antimicrobial 

properties. Phytochemical screening indicated the presence of tannins, phenolics, alkaloids, flavonoids, saponins, cardiac 

glycosides, phlobatannin, and absence of steroids. The infrared spectrum revealed a broad absorption band at 3437.26 

cm-1 due to O-H symmetric stretch in polymeric alcohols, and absorption frequency of 1640.51cm-1 of moderate intensity 

due to C=O stretch. Enols are easily identified by the broad H-bonded O-H stretch absorption and low C=O stretch 

frequency as in β-keto enolic esters and phenol acetates, -CO-O-C=C-, (1690-1650 cm-1). Gas chromatography/mass 

spectrometry identified the presence of ten compounds including n-hexadecanoic acid (23.76%), linoleic acid (1.64%), 

E-9-tetradecenoic acid (4.88%), octadecanoic acid, 2-(2 hydroxyethoxy) ethyl ester (6.24%) and E-2-octadecadecen-1-ol 

(13.74%). Similar broad spectrum antimicrobial activities were manifested by methanol and ethyl acetate fractions. 

Escherichia coli and Bacillus cereus were the most susceptible with the highest zone of inhibition of 30 mm and 28 mm 

respectively at minimum inhibition concentration of 1.35 x103 μg/ml. The methanol fraction has the highest potency 

against the tested pathogens whereas the petroleum ether fraction exhibited activity only on gram negative pathogens. 

The antimicrobial activities observed in these fractions suggest the presence of active chemical components in the crude 

methanol root extract of Senna occidentalis thus provides a potential source of novel antimicrobial agents. Further work 

is  however, required to isolate and characterize these bioactive principles. 

Keywords: Senna occidentalis Linn.; gas chromatography/mass spectrometry; bioactive principles; fatty acids; 

antimicrobial activity. 

1. Introduction  

Medicinal plants have long provided sources of healing 

drugs to local populations in Africa. Novel substances 

useful in enriching therapeutics can be sourced more 

easily and be selected based on their ethno-medicinal 

uses. Senna occidentalis Linn. common name, “negro 

coffee” or “coffee Senna” is a slender shrub, an annual 

woody and ramified plant about 0.5 - to 2.0 m in height, 

native to tropical and subtropical regions of the world. 

The plant can be found in open pastures and in fields 

cultivated with cereals such as soybeans, corn, sorghum, 

and others [1]. The seeds of S. occidentalis can be 

roasted and used as substitute for coffee and sometimes 

used as adulterant for coffee despite the reported 

poisoning of cattle and human by the plant [2].  

In many African countries Senna occidentalis Linn. 

is useful for the treatment of skin diseases, sore throat, 

tetanus, wounds, worms, stomach ulcers, syphilis [3, 4]. 

The paste of the leaves is applied for the healing of 

wounds, sores, itch, cutaneous diseases, ringworm, skin 

diseases, throat infection, leprosy and an infusion of the 

plant bark is used in folklore for diabetes [5]. The   juice 

squeezed out from the paste of the crushed root is 
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effective in the treatment of ringworm (Personal 

communication). The plant has been reported to contain 

anthraquinones and the roots contain emodine [3, 4, 6], 

while the seeds contain chrysarobin (1,8-dihydroxy-3-

methyl-9-anthrone) and N-methylmorpholine. Isolation 

of flavonoids and steroids from leaves, roots, and stems 

of S. alata was also documented [7, 8]. The  presence of 

three new flavones glycosides viz: 5,7-

dihydroxyflavone-5-O-d-xylopyranosyl-7-O-l-rhamno  

pyranosyl-(13)-O-l-arabinopyranoside, 3, 5, 7, 3', 4'-

pentahydroxy flavone-3-O-l-rhamnopyranosyl-7-O-d-

glucopyranosyl-(13)-O-d-xylopyranoside and 5, 7,3',4'-

tetrahydroxy-6-methoxyflavone-5-larabino pyranosyl-

(14)-O-l-rhamnopyranosyl-(13)-O-d-galactopyranoside  

was indicated in the seeds of  S. occidentalis [4, 9]. The 

crude extracts of the various plant parts of S. 

occidentalis: leaves, seeds and pods have manifested 

antifungal activity against Candida albicans, 

Aspergillus clavatus and A. niger [9-11]. Chrysophanol 

which was isolated from methanol extract of S. 

occidentalis and its anthraquinone derivative upon 

application promoted wound healing activity in 

excision, incision, and dead space models in rats [12]. 
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Crude extracts from leaves, seeds and pod manifested 

excellent antifungal and antibacterial activities even 

better than the standard drugs such as nystatin and 

greseofulvin [9, 13]. The presence of antifungal 

anthraquinones including aloe, emodin, rhein, and 

chrysophanol and anthraquinone glycosides 

(sennosides) have been documented in literature [8, 14, 

15].  

The use of the juice squeezed from the crushed root 

of S. occidentalis for the treatment of ringworm 

motivated the present study. The major strategies 

employed in obtaining quality bioactive constituents 

involve selection of appropriate solvent, extraction 

methods, phytochemical screening procedures, 

fractionation methods, and identification techniques [16, 

17]. The maceration process was employed in this study 

for the extraction of pulverized root sample of Senna 

occidentalis using methanol as solvent. This was 

followed by fractionation whereby the extract was 

partitioned into different solvents to give their soluble 

fractions; these were subjected to antimicrobial 

bioassay. Separation of the crude methanol extract was 

also achieved using gas chromatography and qualitative 

analyses of the constituents was determined via 

phytochemical screening, Fourier Transform Infrared 

spectroscopy (FT-IR) and mass spectrometry. The 

separation capabilities of gas chromatography were 

coupled with the capacity for qualitative and 

quantitative detection of mass spectrometry to provide 

accurate substance identification [18]. KBr pellet 

method was used as a carrier for the sample in the 

infrared spectrum because it is optically transparent with 

a transmittance of 100% in the range of IR measurement 

(4000-400 cm-1) so that no interference in the 

absorbance would occur [19]. 

We hereby report the extraction of different 

phytochemicals, the FT-IR and gas 

chromatography/mass spectrometry analyses of 

constituents from the root of S. occidentalis and the in 

vitro antimicrobial properties of the extracts which may 

be attributed to the bioactive principles in the root 

extracts thus validating the use of this plant in folk 

medicine.  

2. Experimental 

2.1. Materials and reagents 

The plant Senna occidentalis Linn. was collected on 21st 

of April 2015 from the pasture grazing field of Michael 

Okpara University of Agriculture, Umudike, Abia State 

Nigeria. The leaves, flowers and inflorescence of this 

plant were identified by comparison with voucher 

herbarium specimen and were assigned herbarium No. 

Brenam, 9170 by Mr. Ibe, K. Ndukwe of the Department 

of Forestry of the University. The roots of the plant were 

washed, air-dried pulverized and stored in polythene 

bags before use. 

Freshly prepared reagents such as Dragendorff and 

Mayer’s reagents for alkaloids, 3.5 % ferric chloride in 

7.0 ml glacial acetic acid (cardiac glycosides), 10% 

sulfuric acid were used for identification of different 

groups of phytochemical constituents. Most chemicals 

used were analytical grade viz: petroleum ether (40 - 60 

℃), ethyl acetate, methanol, these were redistilled 

before use.   

2.2. Extraction and fractionation 

The powdered S. occidentalis root sample (30.0 g) was 

soaked (maceration method) in methanol (250.0 cm3) for 

seven days shaking occasionally to ensure saturation of 

the solvent. The solvent was renewed after occasional 

filtration steps to ensure exhaustive extraction of the 

plant materials. The pooled filtrate was concentrated in 

vacuo at 30 – 40 °C to give reddish brown solid mass of 

MSo (6.06 g). This was successively washed with the 

following solvents: petroleum ether (40-60 °C), ethyl 

acetate and methanol, these yielded 1.20 g, 1.86 g and 

2.92 g solid mass fractions labelled: Pex, Eax and Mex 

respectively. The crude methanol extract was subjected 

to phytochemical screening, FT-IR, and GC/MS 

spectroscopic analyses while the fractionated extracts 

were screened for antimicrobial potency. 

2.3. Characterization of the extracts 

Phytochemical screening. Qualitative analysis of the 

various phytochemical constituents present in the crude 

methanol extract (MSo) was adapted from published 

methods [20, 21].  

2.4. FT-IR spectroscopy 

Infra-red spectrum of MSo was recorded neatly on a 

Shimadzu FT-IR 8400S KBr discs by using KBr pellet 

method [22, 23].  

2.5. Separation and identification of constituents using 

gas chromatography /mass spectrometry (GCMS) 

A Shimadzu GCMS- QP2010 PLUS with an AOC-20i 

autosampler and non-polar 60 M RTX- 5 MS gas 

chromatograph made of a capillary gas chromatographic 

column: 60 m x 0.25 mm id x 0.25 mm film thickness 

with 5% diphenyl 95% dimethylsiloxane as packing 

material was employed for the separation and analyses 

of the crude methanol root extract. Helium was used as 

carrier gas. 1.0 µL sample solution was injected in the 

sample port in a split less mode with an injection port 

dwell time of 0.3 sec. The injector was thermostated at 

250 ℃ whereby the sample was volatilized. Column 

oven temperature ramping was initially set at 80 ℃ and 

held for 1.0 min, it was increased to 200 ℃, and finally 

to 280 ℃ with holding time of 4.00, 5.00 min. 

respectively at a rate of 10 ℃ min-1, total elution time 

was 28.0 min. As the separated components got into a 

mass selective detector a mass spectrum was obtained. 

Mass spectra were recorded over 40-600 m/z range with 

electron impact ionization energy of 70 eV. The mass 

spectra of separated compounds in the methanol root 

extract of S. occidentalis were identified by comparison 

with a library data search of mass spectra of 

authenticated compounds using standard reference 

National Bureau of Standards Library of Mass spectra 

(NIST) libraries [24]. Quantitative determinations were 

made by relating respective peak areas from GCMS to 

Total ion chromatogram (TIC) [25, 26].  

2.6. Antimicrobial screening 

Clinical isolates of Staphylococcus aureus (SA), 

Staphylococcus epidermidis (SE), Bacillus cereus (BC), 

Streptococcus pyogenes (SP), Escherichia coli (EC), 
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Klebsiella pneumonia (KP), Pseudomonas aeruginosa 

(PA), Proteus vulgaris (PV), Aspergillus niger (AN) and 

Candida albicans (CA) were obtained from Department 

of Medical Microbiology, Michael Okpara University of 

Agriculture, Umudike Medical Centre. All cultures were 

checked for purity and preserved in a slant of nutrient 

agar and Sabouraud Dextrose Agar for the bacteria and 

fungi respectively. 

The initial sensitivity tests of the microorganisms: 

SA, SE, BS, SP, EC, KP, PA and PV on the extracts Pex, 

Eax and Mex were evaluated according to the standard 

recommended method [27, 28]. This was carried out by 

inoculating a small portion of each of the bacteria 

cultures separately into 3 ml sterile saline solutions in 

sterile bottles with 0.5 McFarland standard. Within 15 

min after adjusting the turbidities of the inoculum’s 

suspensions, sterile cotton swabs were dipped into the 

solution of the bacteria cultures and used to inoculate the 

Mueller–Hinton Agar (MH Agar) plates. The inoculated 

plates were allowed to dry. Solutions of the extracts 

were prepared at very low concentration (2.7 mg/ml). 

Each was dissolved in methanol which was also used as 

control.  

0.1 ml aliquot of each extract was introduced on the 

MH Agar plates and incubated for 24 hours at 37 °C for 

the bacteria organisms and for the fungi the incubation 

was at a temperature of 22 °C for 48 h.  

The test microorganism which showed activity was 

used to determine the minimum inhibitory concentration 

(MIC). This was carried out using broth micro dilution 

methods. Each well of the microtiter plate was filled 

with 100.0 μg/l (0.1 ml) of MH broth except the first 

well which received 100.0 μl of the extracts to be tested. 

Serial dilutions of each extract in the broth were used to 

obtain concentrations: 2.7x105, 1.35x105, 6.75x104, 

3.33x104, 1.69x104, 8.40x103, 4.2x103 and 2.1x103 

µg/ml. The inoculum size for the microtiter plates 

procedure was 2.1x106 cfu/ml. The plates were 

examined for changes in turbidity as an indicator of 

growth. The first well that appeared clear was taken to 

be MIC of the extracts. The minimum bactericidal 

/fungicidal concentration (MBC/MFC) were determined 

by sub-culturing the preparation that showed no growth 

in the MIC assay onto MH broth and further incubated 

at the temperature and time stated previously for bacteria 

and fungi respectively.   

3. Results and discussion 

Methanol extracted the largest amount of the plant 

material (9.73%), being a polar solvent, it extracted 

polar secondary metabolites [29]. The phytochemical 

analysis on the crude methanol extract from the root of 

Senna occidentalis Linn. revealed the presence of 

alkaloids, flavonoids, tannins, phenolics, saponins, 

anthocyanins, cardiac glycosides and phlobatannins, and 

the absence of steroids (Table 1). 

Table 1. Qualitative phytochemical screening of crude 

methanol root extract, MSo 

Phytochemicals Result 

Tannin + + 

Phenolics + + 

Phytochemicals Result 

Alkaloid + 

Flavonoid + + 

Saponin + 

Anthocyanin + + 

Cardiac glycoside + 

Phlobatannin + 

Steroid - 

Key: + = present in trace amount; ++ = present in reasonable amount; 

- = not present. 

Certain literatures [30–32] indicated the presence of 

steroids in the leaves, seeds, and stem of S. occidentalis. 

It was also documented that different parts of S. 

occidentalis contain different classes of secondary 

metabolites [4]. The presence of high number of 

alkaloids, triterpenes, flavonoids, tannins, and little 

amount of anthraquinone glycosides were reported as 

phytochemical compounds in the methanol root extract 

of S. occidentalis [33]. Also, aqueous ethanol root 

extract of S. occidentalis were identified to contain 

unsaturated steroids, steroids, tannins, unsaturated 

sterols, flavonoids and saponins [34]. Flavonoids and 

steroids were isolated from leaves, stems, and root of S. 

alata, while anthraquinones and its derivatives were 

indicated in the methanol extract and emodine was 

reported in the root of S. occidentalis [4, 7, 8]. The 

absence of steroids in this study may be due to the use 

of different plant parts or geographical location. These 

phytochemicals contain a range of structurally diverse 

chemical compounds which can be isolated and 

characterized. Usually, these metabolites contain active 

components that can be of therapeutic benefits in 

treatment of diseases thus provide lead compounds for 

production of medications [35]. Tannins are astringent, 

plants containing polyphenolic compounds that bind and 

precipitate proteins. Naturally, tannins play a role in 

protection of plants against predators [36]. Flavonoids 

are important phytochemicals that contribute to the 

reduced mortality rates observed in people consuming 

high levels of plant-based foods. Flavonoids prevent 

cancer at several sites including skin, colon, breast, 

prostrate, oral cavity, and liver [37]. Saponins are 

responsible for numerous pharmacological properties of 

Senna occidentalis. Their presence protects the plant 

against microbes and fungi and serves as antifeedants 

[38]. Cardiac glycosides in this plant are used in the 

treatment of heart diseases e.g., congestive heart failure 

[39]. 

The infrared spectrum of MSo revealed a broad 

absorption band at 3437.26 cm-1 due to O-H symmetric 

stretch in polymeric alcohols [40, 41]. The observed 

band at 2939.61 cm-1 may be due to C-H stretch in 

methylesters, CH2, C-H stretch and O-CH3. This is in 

close comparison with 2915.64 cm-1, 2921.69 cm-1, FT-

IR absorptions reported in the analysis of water / 

methanol extracts of whole plant and leaves respectively 

of Senna occidentalis. Similarly documented was 

2929.70 cm-1 sharp band in FT-IR analysis of 

ethylacetate fraction of Senna occidentalis root. Also, an 

absorption band of moderate intensity observed at 

1640.51 cm-1could be due to C=O stretch in aldehydes, 

carboxylic acids, and esters. This can be compared with 
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1628.80 cm-1 reported in the FT-IR analysis of 

ethylacetate fraction of Senna occidentalis root [42, 43]. 

The slight variation in the FT-IR data with those of the 

earlier study may be due to the use of different solvents 

for extraction or different parts of the plant studied. Also 

in close comparison with vapor phase IR absorption 

band is 2930.00 cm-1 of linoleic acid, an omega 6 fatty 

acid [44]. Enols are easily identified by the broad H-

bonded O-H stretch absorption and low C=O stretch 

frequency as in β-keto enolic esters and phenol acetates, 

-CO-O-C=C- (1690-1650 cm-1). The narrow limits of 

C=O stretch frequencies for these compounds is 

noteworthy [40, 45], the absorption frequency of –C=C- 

stretch in alkenes is usually observed in this region. The 

absorption bands at 1267.27 cm-1 and 1055.10 cm-1 are 

due to asymmetric and symmetric stretch vibrations of –

C-O-C- respectively, usually the asymmetric stretch is 

stronger than the symmetric stretch and α, β -unsaturated 

carboxylate esters show two –C-O stretch bands [31] 

which is like –C-O- stretch (1252 cm-1) in esters of 

polyols such as hydroxyl- flavonoids [46].  

The identity of chemical compounds present in the 

crude methanol extract was also ascertained using the 

gas chromatography-mass spectrometric technique. The 

Total Ion Chromatogram (TIC) of MSo presented the 

elution of ten prominent peaks as shown in Figure 1. On 

spectrum comparison of the peak areas with the database 

in the GC-MS NIST library, ten compounds were 

identified. Their mass spectrum is shown in Figure 2. 

 

Figure 1. GC-chromatogram of methanol root extract (MSo) 

of S. occidentalis 

The total percentage of the identified compounds of 

about 56.7% and some of the important features of these 

compounds are summarized in Table 2. Compounds 

were identified not only by comparing the Rt to a 

standard as in GC but also by its mass spectrum. An 

unknown compound in most cases can be identified 

based on its mass spectrum. Chromatographic peak 

areas are proportional to the total quantities of 

substances passing through the detector and are used for 

most quantitative chromatographic estimations [28, 29]. 

Table 2. Compounds identified in GC/MS analysis of MSo 

GC 

peak # 

Molecular 

– ion  

(m/z) 

RT  

(min) 
Compound identified 

MS fragmentation pattern 

(m/z) 

Peak 

area 

(%) 

1 228 14.231 
Tetradecanoic acid, C14H28 O2 

(Mol.wt. 228) 

228, 185, 129, 115, 87, 73, 

60, 41, 27 
1.12 

2 228 16.858 
Tridecanoic acid methyl ester, C14H28O2 

(Mol. wt. 228) 
228, 143, 87, 74, 57,41, 39 1.38 

3 256 18.067 
n-Hexadecanoic acid, C16H32O2 

(Mol. wt. 256) 

256, 129, 115, 85, 73, 60, 

43, 41. 
23.76 

4 

163 

 

 

150 

19.892 

 

 

19.892 

9,12-Octadecadienoic acid methyl ester (E, E), 

C19H34O2 (Mol. wt. 294) 

Linolelaidic acid methyl ester, 

11,14-Eicosadienoic acid methyl ester (E, E), 

C21 H38 O2, linoleic acid (Mol. wt. 322) 

163, 109, 95,81, 67, 55, 41, 

39 

 

150, 123, 109, 93, 81, 67, 

55, 41, 39 

1.64 

5 
194 

 

19.892 

 

7-Hexadecenoic acid methyl ester (Z-11), 

C17H32O2 (Mol. wt. 268) 

194, 152, 137, 123, 98, 87, 

74, 69, 55, 41 
2.48 

6 

236 

 

226 

20.900 

 

20.900 

 

Hexadecenoic acid (Z-11), C16H30O 

(Mol.wt. 254) 

E-9-Tetradecenoicacid, C16H30O2
 

(Mol. wt. 226) 

236, 192, 152, 138, 123, 97, 

83, 69, 55, 41 

226, 208, 166, 124, 98, 83, 

69, 55, 41 

4.88 

7 284 21.100 

Octadecanoic acid 2-(2-hydroxyethoxy) ethyl 

ester, C22H44O4 

(Mol. wt. 372) 

284, 241, 213, 185, 129, 85, 

73, 60, 43, 41 

 

6.24 

8 237 24.292 
E-2-Octadecadecen-1-ol, C18H36O 

(Mol. wt. 268) 

237, 137, 109, 96, 82, 69, 

55, 41 
13.74 

9 180 26.408 
E-2-Octadecadecen-1-ol, C18H36O 

(Mol. wt. 198) 

180, 111, 96, 82, 57, 55, 43, 

41 
1.46 

 

Volatile saturated and unsaturated fatty acids (FAs), 

their methyl esters and alcohols were the major 

compounds viz: saturated n-hexadecanoic acid 

predominates C16H32O2 (23.76%). Other major 

compounds identified were: hexadecenoic acid (Z-11), 

C16H30O2 and E-9-tetradecenoic acid C16H30O2 (4.88%), 

octadecanoic acid 2-(2-hydroxyethoxy)ethylester  

(aquacera) C22H44O4 (6.4%) and E-2-octadecadecen-1-

ol, C18H36O (13.74%). The presence of these compounds 

is consistent with the observed functional groups in the 

FT-IR spectrum of the methanol extract. Arshad Javaid 

et al. [47] reported the presence of 9,12- octadecadienoic 

acid methyl ester (E, E) in the GCMS analysis of Senna 

occidentalis root extract which might be the cause of its 

antifungal activity against Macrophomia phaseolina a 

destructive soil fungus and 11-octadecanoic acid has 

been indicated as the major constituent in both root and 

leaf extracts of Senna occidentalis [48]. Hexadecenoic 
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acid (Z-11), E-9-tetradecenoic acid, and 9,12-

octadecadienoic acid have been identified in Gracilaria 

spp [49] and have been isolated from seed extracts of 

Buchhoolzia cariacea Engler [50]. n-Hexadecanoic and 

11,14-eicosadienoic acid methylester (E, E), C21H38O2 

linoleic acid were identified in leaves extract of different 

Senna species [51]. There is no previous report of the 

presence of tetradecanoic acid, E-9-tetradecenoic acid, 

linolelaidic acid methyl ester and E-2-octadecadecen-1-

ol in any Senna spp. Conjugated FAs is still undergoing 

research, some examples such as linoleic acid an 

essential FA needed for healthy body growth for 

mammals cannot be synthesized by them and as such 

must be added in their diets. They have antitumor 

activity and are beneficial in the fight against 

hypertension, obesity, and diabetes [52]. Antioxidant 

and anti-atherosclerosis properties of n-hexadecenoic 

acid have been reported [53, 54]. Octadecanoic acid 2-

(2-hydroxyethoxy)ethylester is used as plasticizer, 

lubricant, binding, and thickening agent in cosmetic and 

textile industries [55]. Several therapies such as 

antieczemic, antihistaminic and anti-arthritic have been 

documented in literature with respect to the activities of 

9,12-octadecadienoic acid [56]. 

The antimicrobial potency of the root extracts was 

evaluated against different human and animal 

pathogens. The results of sensitivity test/zones of 

inhibition as well as minimum inhibitory concentrations 

(MIC) and minimum bactericidal concentration (MBC) 

/ minimum fungicidal concentration (MFC) are 

summarized in Tables 3 and 4. Mex and Eax root 

extracts showed similar broad spectrum in vitro 

antimicrobial activity on all the tested microorganisms. 

Both gram-positive and gram-negative bacteria as well 

as different species of fungi were inhibited. 

Table 3. Susceptibility test / diameter of zones of inhibition 

(mm) of the root extracts of Senna occidentalis on tested 

microorganisms. 

Test organism 

Sensitivity test 
Diameter of zones of 

inhibition (mm) 

Mex EAcx PEx 
Con 

trol 
Mex EAcx Pex 

Escherichia coli S S R R 30 20 ND 

Klebsiella 

pneumoniae  
S S R R 15 12 ND 

Pseudomonas 

aeruginosa   
S S R R 14 11 ND 

Proteus vulgaris  S S R R 16 14 ND 

Staphylococcus 

aureus  
S S S R 25 20 15 

Staphylococcus 

epidermidis 
S S S R 20 18 12 

Bacillus cereus  S S S R 28 25 20 

Streptococcus 

pyogenes  
S S S R 25 22 15 

Aspergillus niger   S S R R 21 16 ND 

Candida 

albicans 
S S R R 15 13 ND 

Key: S = Susceptible; R = Resistant; ND = Not determined. 

These extracts must contain similar chemical 

components. E. coli and B. cereus were the most 

susceptible with the highest zone of inhibition of 30 mm 

and 28 mm respectively at a minimum concentration of 

1.35 x103 μg/ml as shown by the methanol extract. The 

lowest zones of inhibition of 14 mm (MIC 1.35 x103 

μg/ml) and 11 mm (MIC 0.68 x 103 μg/ml) were 

exhibited by Mex and Eax extracts respectively against 

P. aeruginosa. Each extract was used at very low 

concentration (2.7 mg/ml). E. coli, K. pneumonia, P. 

aeruginosa, P. vulgaris, A. niger and C. albicans were 

resistant to Pex. All the extracts manifested activity 

against S. aureus, S. epidermidis, B. cereus and S. 

pyogenes with significant zones of inhibition being 

exhibited by B. cerus. Petroleum ether did not extract 

compounds which could inhibit the growth of E. coli, K. 

pneumonia, P. aeruginosa, P. vulgaris, A. niger and C. 

albicans. The lowest MIC and MBC / MFC value of 

0.68 μg/ml exhibited by Mex and Eax is noteworthy. It 

corresponds to the most active extracts. MBC / MIC (≤ 

4) is the minimum amount of plant extract needed to kill 

the bacteria spp. or fungi [57]. 

Table 4. The MIC and MBC / MFC of the Senna occidentalis 

root extracts against selected pathogens (x103 μg/ml) 

Test organism 

Mex EAcx PEx 

MIC 
MBC/ 

MFC 
MIC 

MBC/ 

MFC 
MIC 

MBC/ 

MFC 

Escherichia coli 1.35 2.7 0.68 1.36 ND ND 

Klebsiella 

pneumoniae 
1.35 2.7 0.34 0.68 ND ND 

Pseudomonas 

aeruginosa 
1.35 2.7 0.68 1.36 ND ND 

Proteus vulgaris 1.35 2.7 1.35 2.7 ND ND 

Staphylococcus 

aureus 
1.35 2.7 1.35 2.7 1.35 2.7 

Staphylococcus 

epidermidis 
1.35 2.7 0.68 1.36 1.35 2.7 

Bacillus cereus 1.35 2.7 1.35 2.7 0.68 1.36 

Streptococcus 

pyogenes. 
1.35 2.7 1.35 2.7 0.34 0.68 

Aspergillus niger 0.68 2.7 1.35 1.36 ND ND 

Candida albicans 0.68 2.7 1.35 1.36 ND ND 

Key: ND: Not determined. 

MBC values were twice their MIC values while the 

MFC values were about four times the MIC values for 

Mex and about the same value for the Eax. This suggests 

that twice the concentration of the Mex and Eax extracts 

were needed to completely kill the bacteria rather than 

to merely inhibit their growth whereas four times the 

concentration of Mex and about the same concentration 

of Eax is required to kill the fungi (Table 4). Emodin 

isolated from ethanol root extract of S. occidentalis has 

been reported to manifest activity against Bacillus 

subtilis and Staphylococcus aureus with MIC value 7.8 

x 10-3 and 3.9 x 10-3 mg/ml respectively and was not 

active against K. pneumonia and E. coli gram negative 

bacteria at the tested concentration wide range of 

infections including wound sepsis, burns and skin 

abscesses. E. coli is indicated in gastroenteritis and 

urinary tract infections while S. pyogenes causes 

tonsillitis, wound sepsis, and scarlet fever. B. cereus, a 

widely distributed environmental pathogen, is a 

common cause of gastrointestinal tract infections e.g., 

diarrhea, nausea and vomiting associated with food 

poisoning as well as other non-gastrointestinal tract 

infections such as severe eye infections, respiratory 

tract, wounds, and urinary tract infections also in 

anthrax-like pneumonia. B. cereus has been reported to 

show resistance to β-lactam antibiotics such as 

penicillin. However, antimicrobials that could be used 

for effective management of B. cereus infections include 

ciprofloxacin and vancomycin [59]. The result agrees 

with the reported activities demonstrated by ethanol 

leaves extract of C. occidentalis [30, 60]. A few 



Amako et al. / Ovidius University Annals of Chemistry 34 (2023) 63-71 

68 

literature attributed the presence of flavonoids and 

terpenoids as defensive agents against any pathogen 

[57]. Crude extracts of various parts: leaves, seeds, and 

pods manifested antifungal activity against Candida 

albicans, Aspergillus clavatus and A. niger [10]. The 

significant activities manifested by these extracts may 

be attributed to the presence of secondary metabolites in 

the crude methanol extract (Table 1).  

In folk medicine the paste of the leaves of C. 

occidentalis is externally applied to wounds, sores, itch, 

cutaneous diseases, ringworm, and skin diseases. The 

paste of the leaves together with calcium hydroxide is 

applied to abscesses for quick rupture and clearing of 

pus. An infusion of the plant bark is used in folklore for 

diabetes, throat infection [5, 31]. In Cameroon S. alata 

is used for treatment of gastro-intestinal disorders, 

gonorrhea, and skin diseases. Previous studies reported 

the isolation of different anthraquinones such as rhein, 

emodin and chrysophanol which exhibited antifungal 

properties and anthraquinone glycosides with laxative 

properties [57, 59]. Different parts of S. occidentalis viz: 

leaves, seeds, stems have been investigated. There are 

very few reports on the chemical profile and therapeutic 

effects of extracts from S. occidentalis roots. 

4. Conclusions 

The findings made in the present study have enabled the 

detection of useful constituents viz: alkaloids, 

flavonoids, tannins, phenolic, saponins, anthocyanin, 

cardiac glycosides and phlobatannins, and absence of 

steroids as determined by phytochemical screening. The 

absence of steroids may be peculiar to the part of the 

plant studied or geographical location of the plant. 

Major compounds identified by GC/MS were volatile 

saturated and unsaturated fatty acids, their methyl esters, 

and alcohols. n-Hexadecanoic acid C16H32O2 

predominates, also identified was octadecanoic acid 2-

(2-hydroxyethoxy) ethylester, C22H44O4. The presence 

of tetradecanoic acid C14H28O2, E-9-tetradecenoic acid 

C16H30O2; linolelaidic acid methyl ester and E-2-

octadecadecen-1-ol. C18H36O in Senna species is hereby 

reported for the first time. The significant broad 

spectrum antimicrobial potency of the extracts of root of 

S. occidentalis can be attributed to the presence of these 

identified bioactive principles. This justifies the use of 

the extracts of the root of S. occidentalis in 

ethnomedicine. The identified compounds if isolated, 

purified and characterized shall provide useful 

candidates for drug discovery studies. 
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