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Abstract 
 

Purpose: Infectious diseases are leading cause of 

death globally and a primary cause of public health 

concern. The most worrisome aspect of microbial 

infection is the emergence of resistant strains of 

micro-organisms to commonly available 

antimicrobial agents. The emergences of resistant 

strains have added more pressure on the need to 

identify new agents that may be effective against 

resistant microbial strains. The focus of this study 

was to screen the crude extract and fractions of D. 

microcarpum stem bark for their antibacterial 

effects and isolate compounds with antibacterial 

activities. 

Methods: The stem bark of Detarium microcarpum 

was collected, authenticated, air dried, extracted into 

70% methanol. The extract was fractionated 

successively into n-hexane, dichloromethane and 

ethyl acetate. Concentrated extract and fractions 

were subjected to antibacterial assay using 

Microplate Alamar Blue Assay. Two compounds 

were isolated using column chromatographic 

techniques. The compounds were characterised 

using spectroscopic techniques and later subjected 

to antibacterial studies to determine their minimum 

inhibitory concentration (MIC).  

Results: The crude extract displayed weak 

antibacterial activity across the panel of test 

microorganisms while the fractions displayed 

antibacterial activity in order of decreasing polarity. 

Compounds isolated from dichloromethane and 

ethyl acetate fractions were identified as methyl 

gallate (compound 1) and catechin gallate 

(compound 2), respectively. Interestingly 

compounds 1 and 2 displayed anti-MRSA activity 

with compound 2 (MIC of 200 µg/mL) displayed 

anti-MRSA activity.  

Conclusion: Antibacterial and chromatographic 

analysis of D. microcarpum stem bark led to 

identification of compounds active against 

methicillin resistant Staphylococcus aureus. 

 

Keywords: Detarium microcarpum, Antibacterial 

activity Methyl gallate, Catechin gallate 
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Introduction 

Infectious diseases caused by bacteria are major 

source of public health concern and the Centre for 

Disease Control and Prevention (CDC) reported 

that at least 2 million people are diagnosed 

annually with serious bacterial infections and 

about 20,000 deaths are recorded annually 

primarily because of therapeutic failure [1]. Wide 

spread and indiscriminate use of antibiotics has 

led to the development of many antibiotic 

resistance microbial strains which include 

methicillin resistant Staphylococcus aureus 

(MRSA). Hence, many infectious diseases are 

becoming more difficult to manage with available 

conventional antibiotics [2]. Hence the need to 

search for new antimicrobial agents from various 

sources, particularly plants that have been used 
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traditionally in the treatment of several infectious 

diseases.  

Medicinal plants have been in use as an anti-

infective from time immemorial [3] and are now 

considered as an important source for 

pharmaceutical raw materials and medicinal 

principles [4]. Globally several research efforts 

are being focused on identifying new anti-

infective principles from natural source for the 

treatment of old scourges and emerging diseases 

caused by bacteria, fungi, viruses and 

plasmodium. 

 

Several antimicrobial compounds including 

hypericin, berberine, hasubanalactam, 

pyranocoumarins have been recently isolated 

from medicinal plants [5]. The microplate Alamar 

Blue assay (MABA) is a sensitive, rapid, 

inexpensive method that is capable of evaluating 

cellular viability and offers the potential for 

screening large numbers of antimicrobial 

compounds. MABA has offered several 

advantages of being simple, reproducible, cost-

effective and nontoxic. It is amenable to high 

throughput screening and MIC50 determination. 

The primary advantage of MABA is that growth 

can be evaluated fluorometrically or 

spectrophotometrically or visually [6].  

 

Detarium microcarpum belonging to 

Caesalpiniaceae family is indigenous to Africa. 

The seeds, leaves and barks are often used as food 

and in the treatment of numerous infectious 

diseases including diarrhoea, dysenteries, 

heamorrhoids, leprosy and syphilis [7]. The focus 

of this study was to screen the crude extract and 

fractions of D. microcarpum stem bark for their 

antibacterial effects using microplate Alamar 

Blue assay and isolate antimicrobial compounds 

from the selected fractions. 

Methods 

Materials 

Plant samples, hexane, dichloromethane, ethyl 

acetate, distilled methanol, butanol, distilled 

water, glass macerating jar, cotton wool, funnel, 

rotary evaporator, regulated water bath, 

evaporating dish, spatula. 

 

Plant selection, collection and authentication 

The stem bark of Detarium microcarpum was 

collected from the main campus of University of 

Ilorin, Kwara State, Nigeria. The plants were 

identified and authenticated at the Herbarium 

Unit of Forest Herbarium Ibadan (FHI) in the 

Department of Forestry Conservation and 

Preservation of the Forestry Research Institute of 

Nigeria (FRIN). Voucher number (FHI) of 

111953 was issued. 

 

Extraction and fractionation 

Ten (10) kg of D. microcarpum was extracted into 

70% methanol. The crude extract was 

concentrated in vacuo and stored until needed for 

further use. One thousand (1000) g of extract was 

fractioned exhaustively and successively into n-

hexane, dichloromethane and ethyl acetate. The 

fractions obtained were concentrated in vacuo. 

The crude extract and fractions were subjected to 

antibacterial evaluation as shown below. 

 

Isolation of antibacterial compounds 

Thirty five grams (35 g) of dichloromethane 

fraction of D. microcarpum was 

chromatographed using a glass column (6 x 60 

cm) with silica gel (60-120 μm) as the adsorbent 

(1050 g) using gradient elution using two solvents 

combination system of n-hexane (Hex), 

dichloromethane (DCM) and methanol (MeOH) 

in order of increasing polarity as mobile phase 

(5:0//Hex:DCM, 4:1//Hex:DCM, 3:2//Hex:DCM,   

2.5:2.5//Hex:DCM, 2:3//Hex:DCM, 

1:4//Hex:DCM, 0:5//Hex:DCM, 

4:1//DCM:MeOH, 3:2//DCM:MeOH, 

2.5:2.5//DCM:MeOH and 2:3//DCM:MeOH). 

 

Column fractions obtained were pooled into 

seven sub-fractions (1-7) using their TLC profile. 

Sub-fraction 4 (273 mg)  was purified by 

dissolving it in methanol and purified by passing 

it through a column of sephadex LH-20 using 

100% methanol as the mobile phase, 265 mg of 

pure compound was obtained and labelled as 

Compound 1. 

 

Thereafter, forty grams (40 g) of ethyl acetate 

fraction of D. microcarpum was 

chromatographed using glass column (7 x 60 cm) 

with silica gel (60-120 μm) as the stationary phase 

and eluted using two solvents combination system 

of n-hexane, ethyl acetate and methanol in order 

of increasing polarity as mobile phase.  

 

The fraction was further fractionated into seven 

sub-fractions (1-7). Sub-fraction 3 (10 g) was 

further chromatographed using two solvents 

combination system of n-hexane, ethyl acetate 

and methanol in order of increasing polarity as 

mobile phase using silica gel (mesh size 60-120 
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µm) as the stationary phase and a column (3 x 50 

cm) as the stationary support. Fractions obtained 

were pooled to five fractions (A-D). Sub-fraction 

A (160 mg)  was purified by dissolving in 

methanol and passed though long sephadex LH-

20 column (1 x 50 cm) to obtain compound 2(31 

mg). Compounds isolated were characterized 

using combination of mass and NMR 

spectroscopic techniques. Spectroscopic data 

obtained were compared to those available in 

literature. Anti-MRSA activities of the isolated 

compounds were evaluated as shown below: 

 

Preliminary susceptibility test 

The antibacterial activity of the extract and 

fractions was done using antibacterial Microplate 

Alamar Blue assay [8]. 

Typed culture Gram negative (Escherichia coli 

ATCC 25922, Pseudomonas aeruginosa ATCC 

10145, Salmonella typhi ATCC 14028) and Gram 

positive (Bacillus subtilis ATCC 23857, 

methicillin resistant Staphylococcus aureus 

NCTC 13277) were used in the study. 

 

Susceptibility test for isolated compounds 

Test organisms were grown in Mueller Hinton 

medium and used to prepare inoculums. The 

inoculums were adjusted to 0.5 McFarland 

turbidity index. Stock solution of 60 mg/mL and 

20 mg/mL of crude extract and pure compound 

was prepared in 100% DMSO, respectively.  

Crude extracts were tested at 3000μg/mL against 

all five strains of bacteria, while the pure 

compounds were tested at different concentration 

(500, 250, 125 and 62.5 μg/mL) against 

methicillin resistant S. aureus (NCTC 13277) and 

E. coli (ATCC 25922).  

A 100 µL of Mueller Hinton Broth (MHB) 

containing 1x106 CFU/mL bacterial inoculum 

was added, such that total volume of solution 

become 200 µL and incubated briefly for 24 h at 

37 oC without shaking. 

After 24 h the parafilm was removed, and the 

turbidity of the wells were checked to identify 

clear wells. After visual inspection, 5 µL from 

each well were plated in well and incubated 

overnight. After that, 20 µL of Alamar Blue dye 

was added in each well and further incubated for 

2 h at 37 oC in shaking incubator at 80 rpm. 

Thereafter, the absorbance was recorded at 570 

and 600 nm by ELISA reader (Thermo Scientific, 

USA). 

The values obtained were processed using the 

formula below to determine the % growth 

inhibition due to extract and compounds. Those 

wells with the lowest concentration having clear 

wells on visual inspection and wells having blue 

dye colour with more than 60% inhibition was 

considered as the minimum inhibitory 

concentration (MIC).   

Standard antibacterial drug (Ofloxacin) at 25 was 

used as positive control while 2.5% DMSO was 

used as the negative control. The experiment was 

done in three wells/plates in three different days. 

Percent reduction of Alamar blue was calculated 

using the formula below: 

Percentage Inhibition= [
(ɛ𝑂𝑋)𝜆2𝐴𝜆1− (ɛ𝑂𝑋)𝜆1𝐴𝜆2

(ɛ𝑟𝑒𝑑)𝜆1𝐴′𝜆2− (ɛ𝑟𝑒𝑑)𝜆2𝐴′𝜆1
𝑋100] 

Where: 

εOX = molar extinction coefficient of Alamar blue 

oxidized form (blue) 

εred = molar extinction coefficient of Alamar blue 

oxidized form (pink) 

A = Absorbance of test wells, 

A’ = Absorbance of negative control well 

λ1 = 570 nm 

λ2= 600 nm 

 

Results 

Antibacterial effects of crude extract and 

fractions of D. microcarpum 

Different fractions of D. microcarpum were 

tested against 5 different strains of bacteria using 

Microplate Alamar Blue assay and % inhibition is 

reported in Table-1. None of the extracst showed 

potent antibacterial activity against tested 

bacteria. Only DCM fraction showed 51% against 

B. subtilis, where the other fractions are inactive. 

 

Tables 1:  Antibacterial Activity of D. microcarpum stem bark crude extract and fractions 

Samaple 
Percent (%) Inhibition at 3000 µg/mL 

E.coli B. subtilis S. aureus P. aeruginosa S. typhi 
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Extract - - - - 10 

Hx  11 - 13 16 11 

DCM - 51 2 19 - 

EtOAc - 13 - 10 - 

AQ - - - 11 - 

Standard Drug* 83 92 90 91 89 

Key: HX= n-hexane fraction, DCM= Dichloromethane fraction, EtOAc= Ethyl acetate fraction 

AQ= Aqueous phase, - = no inhibition, *= at 25µg/mL 

 

Isolation and structural elucidation of bioactive 

compounds 

Preparative chromatographic analysis of 

dichloromethane and ethyl acetate fractions led to 

isolation of one compounds each from the 

dichloromethane and ethyl acetate fractions. The 

compounds were identified as methyl gallate and 

catechin gallate respectively as shown in Figure 

1.  

 

Compound 1 was isolated as a white crystalline 

solid and identified as methyl gallate with the 

following spectroscopic data; 1H NMR (in 

CD3OD): 7.03 (2H, s) and 3.81 (3H, s),  

 
13C NMR (in CD3OD): 121.45 (C-1), 110.04 (C-

2), 146.54 (C-3), 140.30 (C-4), 145.51 (C-5), 

110.04 (C-6), 169.02 (C-7), 52.24 (C-8). MS m/z: 

184 (M+). 

 

Compound 2 was isolated as a colourless 

crystalline solid and identified as catechin gallate 

with the following spectroscopic data;1H NMR 

(in C5D5N): 5.44 (1H, bs), 6.10 (1H, bs), 3.64 

(1H, dd, J4a,b = 4.8; J4a, 3 = 17.2), 3.46 (1H, dd, J4b,a 

= 4.8; J4b, 3 = 17.2), 6.65 (1H, d J6,8 = 2), 6.66 (1H, 

d J8,6 = 2), 7.13 (1H, d, J3’,2’ = 8), 7.67 (1H, d, J6’,2’ 

= 2), 7.84 (1H, s), 7.84 (2H, s). 

 

 13C NMR NMR (in C5D5N): 78.29 (C-2), 69.27 

(C-3), 26.94 (C-4), 157.34 (C-5), 96.93 (C-6), 

158.50 (C-7), 95.75 (C-8), 158.68 (C-9), 99.04 

(C-10), 130.65 (C-1’), 118.98 (C-2’), 146.98 (C-

3’), 147.44 (C-4’), 116.18 (C-4’), 115.63 (C-5’), 

121.14 (C-1”), 110.27 (C-2”), 1.47.44 (C-3”), 

140.95 (C-4”), 147.44 (C-5”), 110.27 (C-6”), 

166.69 (C-7”). Ms M/Z: 443.1 (M++1). 

 
 

Figure 1: Structures of Isolated compounds 

The compounds were tested against multidrug 

resistant Gram-positive S. aureus (NCTC 13277) 

and E. coli (ATCC 25922) using Alamar Blue 

assay (Table 2). Interestingly the compounds1 

and 2 displayed anti-MRSA activity. However, 

Compound 2(MIC of 200 µg/mL) displayed an 

anti-MRSA effect that is over two times better 

when compared to compound 1 (MIC of 500 

µg/mL). These two compounds having anti-

MRSA activity were active at higher 

concentration, therefore, it was anticipated that 

these compounds might be present in smaller 

quantity in crude extract due to which extract was 

found to be inactive. 

 
Table 2: Antibacterial activity of compounds isolated from D. microcarpum stem bark 
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Test Samples 

Staphylococcus aureus 

(NCTC 13277) 

Escherichia coli 

(ATCC 25922) 

% inhibition at 500 

µg/mL 
MIC (µg/mL) 

% inhibition at 500 

µg/mL 

MIC 

(µg/mL) 

Compound 1 82.20 ± 0.99 500 No Inhibition NT 

Compound 2 86.03 ± 0.84 200 No Inhibition NT 

Ofloxacin 85.13 ± 0.26 25 85.45 ± 0.18 50 

Key: MIC= Minimum Inhibitory Concentration, NT: Not Tested 
 

Discussion 

Bacterial infection are major cause of death 

globally and several plant used traditionally are 

now been scientifically evaluated for 

antimicrobial activities with the aim of 

identifying the antibacterial principles present in 

the plants. Several parts of D. microcarpum have 

been used locally for the treatment of several 

infectious diseases particularly of bacterial 

origins such as venereal diseases, urogenital 

infections, diarrhoea, dysentery, leprosy, sore 

throat and wounds infections. Generally, the plant 

extract is used to prevent and cure infections of 

several origin and several literature have reported 

antimicrobial activities of extracts of D. 

microcarpum [9] however, there are no sufficient 

data on the bioactive compounds responsible for 

the antibacterial activity of the plant. The 

fractions of the crude extract displayed weak 

antibacterial activity but the compound 1and 2 

isolated from dichloromethane and ethyl acetate 

fractions, respectively displayed anti-MRSA 

activity. 

 

An earlier report of antimicrobial activity of the 

D. microcarpum stem bark led to isolation of 

some constituents such as lupeol, lup-20(20)-en-

2α,3ß-diol, ß-sitosterol, stigmasterol and 

campesterol [10]. However, this is the first report 

of isolation of methyl gallate from D. 

microcarpum.Though catechingallate (86.03 ± 

0.84 % inhibition) and methyl gallate (82.20 ± 

0.99 % inhibition) displayed similar anti-MRSA 

activity at 500 μg/mL and it was observed that 

catechin gallate (MIC of 200 μg/mL) displayed 

better anti-MRSA activity as compared to methyl 

gallate (MIC of 500 μg/mL). Methyl gallate and 

catechin gallate have been previously report to 

display anti-MRSA activity [11,12]. 

Conclusion 

The extract of D. microcarpum displayed weak 

antibacterial activities against E. coli, P. 

aeruginosa, S. typhi, B. subtilis and S. aureus. 

However, the extract contains catechin gallate 

with anti-MRSA properties. This is the first report 

of the isolation of methyl gallate from D. 

microcarpum. 
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