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Abstract 
Dacryodes edulis is a dioecious, small to medium-sized tree, reaching 20 to 25 m high. Different parts of 
the plant are used to treat many diseases including skin infections, digestive tract disorder and dysentery. 
The leaves were extracted exhaustively using methanol and then partitioned using n-hexane and pet 
ether. The fractions were evaluated for their phytochemical constituents and antibacterial potentials. 
Phytochemical analysis revealed the presence of carbohydrate, flavonoid, phenolics, anthraquinone, 
cardiac glycosides, steroids and proteins. The methanol and ethyl acetate fractions showed moderate to 
significant activities against all bacterial strains except that of Pseudomonas aeruginosa. The n-hexane 
fraction showed no activity in all the bacteria strains investigated. The highest and lowest antimicrobial 
activity was observed for the ethyl acetate and methanol fractions respectively when compared to the 
standard drug. The results revealed the leaf extracts of Dacryodes edulis showed notable antibacterial 
activity which can be used as medicine. 
 
Keywords: Dacryodes edulis, leaves fractions, phytochemical, antimicrobial activity, minimum 
inhibitory concentration, minimum bactericidal concentration 
 
Introduction 
As a result of the emergence of multi-drug resistant strains partly due to the indiscriminate use 
of antimicrobial drugs coupled with the problem of side effect associated with orthodox 
medication, there is a huge pressure on antibiotherapy [1]. To circumvent this problem, there is 
a global attention to search for new antimicrobial substances from plant origin [2, 3, 4, 5]. 
Medicinal plants have extensively been used in both developing and developed countries 
where it holds promising potentials as presently used in various traditional, complementary 
and alternate systems of treatment of human diseases [6, 7]. The World Health Organization 
(WHO) reports that 80% of the world populations rely mainly on traditional therapies for their 
primary health care need which involve the use of plant extracts or their active substances [8]. 
This is so because plants are rich in a wide variety of secondary metabolites such as tannins, 
terpenoids, alkaloids, flavonoids, etc, which have been found in vitro to have antimicrobial 
properties [6, 7]. Nigeria has a great variety of natural vegetation, which is used in trado-
medicine to cure various ailments [9]. Chemotherapeutic properties of substances are useful 
weapons in the hands of microbiologist in the fight against microbes most importantly in the 
treatment of infectious pathogenic diseases and in food spoilage, as their active components 
usually interfere with growth and metabolism of microorganisms in a negative manner [10, 11]. 
Dacryodes edulis belonging to the family Burseraceae is a small to medium-sized tree 
reaching 20-25 m high and has a long history in folk medicine [12]. The plant is a shade loving 
species, dioecious and found in the humid tropical zone of non-flooded forest [11, 13]. In 
addition to its fruit being edible either cooked or raw, it is a rich source of minerals, vitamins, 
oils, and protein [14, 15]. Different parts of the plant are used in different parts of Africa in the 
treatment of various ailments. A wide range of chemical constitutes such as terpenes, 
flavonoids, tannins, alkaloids and saponins have been isolated from the plant [16]. In Nigeria, 
the stem and root are also used as chewing sticks for oral hygiene, while the leaves are 
employed to cure skin diseases, such as rashes, scabies, ringworm and wound [17, 18]. The 
leave’s preparation is employed to digestive tract disorders, toothache, skin problems such as 
ringworm, scabies and rashes as well as earache [12, 19].  
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The stem-barks are used to cure dysentery and anemia [19]. 
The resin from the bark heals scars and other skin diseases in 
Nigeria [20]. Recently, it was reported that the leaves were 
made into plaster to treat snake bite in southwest Cameron [21] 
and the stem exudates of the plant contains tannin, saponin 
and alkaloids [22]. To the best of our knowledge, there has 
been no documented report on the antibacterial activity of the 
methanol, ethyl acetate and hexane fractions of the leaves of 
the plant native to Nigeria. It is in this regard that we saw the 
necessity to determine the chemical constituents of the leaves 
of D. edulis, ascertain its oral acute toxicity profile and 
investigate its antibacterial activity on selected clinical 
isolates. 
 
Materials and Methodology 
Collection and Identification of Plant Material 
Fresh D. edulis leaves were harvested between the periods of 
April to June 2017 from its tree located at No 5 trans-ekulu 
municipality, Enugu East local government area of Enugu 
State Nigeria. They were placed in sterile containers and 
transported to Pharmaceutical Microbiology Laboratory, 
Faculty of Pharmaceutical Sciences, Usmanu Danfodiyo 
University Sokoto Nigeria for analysis. Botanical 
identification and authentication of the sample was done by a 
plant Taxonomist of the Department of Botany, Faculty of 
Science, Usmanu Danfodiyo University Sokoto Nigeria.  
 
Preparation and Extraction of Dacryodes edulis leaves 
The fresh leaves were washed to remove earthy impurities and 
dried under shade for a period of 3 weeks for complete 
drying. The dried leaves were grounded to fine powder with 
the aid of a mechanical grinder. Methanol, n-hexane and ethyl 
acetate were the extracting solvents used in extracting the 
phytochemicals from D. edulis leaves. 300 grams each of the 
powdered leaves were extracted successively with 800 ml of 
the solvents in separate separating funnel for 24 hours to 
obtain the methanol extract (ME), n-hexane extract (HE) and 
the ethyl acetate extract (EA). After 24 hours of extraction, 
the suspensions were vigorously shaken and filtered with 
Whatmann No 1 filter paper. The filtrate was subsequently 
concentrated under reduced pressure at 45°C in rotator 
evaporator (Stuart RE 300) and dried at room temperature to 
constant weight. 
 
Phytochemical analysis 
Simple chemical tests to detect the presence of carbohydrates, 
proteins and secondary metabolites in the different extracts 
were done in accordance with standard methods [23, 24, 25].  
 
Animal treatment 
30 adult Swiss albino mice of both sexes were obtained from 
the animal house, Department of Pharmacology and 
Toxicology, Faculty of Pharmaceutical Science, Usmanu 
Danfodiyo University, Sokoto State Nigeria. The animals 
were housed in polypropylene cages with wood shavings and 
marked for easy identification. The animals were fed with 
standard laboratory animal food pellets. 
 
Acute Toxicity Studies 
Adult mice (15 – 23 g), nulliparous and non-pregnant of 
either sex were fasted overnight but with free access to water. 
The animals were randomly divided into five groups of 5 
animals each and the crude methanol extract was administered 
orally at doses of 500, 1000, 2000 and 4000 mg/kg body 
weight to groups I, II, III and IV respectively while the 

control group V, received distilled water by same route. The 
test substance was administered in a single dose by gavage 
using a locally designed rat oral needle for acute toxicity 
study. General symptoms of toxicity and mortality in each 
group were observed within 24 hours. Animals that survived 
after 24 hours were observed for another 14 days (no extract 
administration) for any sign of delayed toxicity [26].  
 
Collection of Bacterial strains  
The antibacterial effect was tested on a panel of bacterial 
isolates including two Gram positive: Staphylococcus aureus 
and Bacillus subtilis and two Gram negative Escherichia coli 
and pseudomonas aeroginosa bacteria. All isolates were 
obtained from the Pharmaceutical Microbiology Laboratory, 
Faculty of Pharmaceutical Sciences, Usmanu Danfodiyo 
University Sokoto Nigeria. 
 
Confirmation of test organisms 
Biochemical analysis methods as described by MacFaddin [27], 
Fobres and Sham [28] and Leboffe and Pierce [29] were carried 
out on each of the test bacteria isolates for confirmation. The 
Bergey’s Manual of Systematic Bacteriology [30] was used for 
species authentication. 
 
Susceptibility Test  
The susceptibility of the bacterial strains to the D. edulis 
leaves extract was investigated as described by Valgas et al., 
2007 [31] with slight modification. Overnight cultures of the 
bacterial strains were spread on sterile Mueller-Hinton agar. 
With the aid of a sterile 6 mm cork borer, six equally spaced 
wells were bored in the agar plate with the fifth well at the 
center of the plate. Concentrations of 15 mg/ml, 20 mg/ml, 25 
mg/ml and 30 mg/ml of the different fractions of D. edulis 
leaves were prepared by dissolving each extract in 10% 
tween-80. 50 μL of ME, HE and EA extracts each at the 
different concentrations were introduced into 4 of the 6 wells. 
The fifth well was filled with 50 μL of 10 % tween-40 while 
the central well (the sixth well) was filled with 20 μL of the 
standard antibiotic (ciprofloxacin 20 µg/mL) to serve as 
negative and positive controls respectively. The test was 
carried out in triplicate, incubated for 24 hours at 37 oC and 
examined for zones of inhibition. The diameter of the zone of 
inhibition was measured using a sliding caliper (mm) and the 
mean considered as the inhibition diameter. 
 
Determination of the inhibitory parameters 
Minimum inhibition concentration (MIC)  
The MIC of the different extracts was carried out on an 
extract that has shown growth inhibitory effect on a test 
organism. It was done using broth dilution method as 
described by [32] and modified by [43]. Mueller Hinton and 
Sabouraud dextrose broth were prepared according to the 
manufacturer’s instruction. About 10 mL of broth was 
dispensed into test tubes, separated and sterilized at 121 oC for 
15 mins and allowed to cool. Mc-farland’s turbidity standard 
scale number 0.5 was prepared to give a turbid solution. 
Normal saline was prepared and used to make a turbid 
suspension of the microbes and 10 mL was dispensed into test 
tubes and test microbes were inoculated and incubated for 6 
hrs at 37 oC. Dilution of the micro-organism in the normal 
saline was continuously done until the turbidity (1.5 x 106 

cfu/ml) matched that of Mc-Farland scale by visual 
comparison. Two fold serial dilution of the extract in sterile 
broth was done to obtain the following concentrations of 15 
mg/mL, 20 mg/mL, 25 mg/mL and 30 mg/mL. Having 
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obtained different concentration of the extracts in the broth, 
0.1mL of the standard inoculums of microbes was inoculated 
into the different concentrations. Incubation for the bacteria 
was made at 37 oC for 24 hrs. The lowest concentration of an 
extract in the broth which showed no turbidity was recorded 
as the minimum inhibition concentration (MIC). 
 
Minimum Bactericidal Concentration (MBC) 
The MBC was done to determine whether the test microbes 
were killed or only their growth was inhibited. Mueller 
Hinton and Sabouraud dextrose agar were prepared according 
to manufacturer’s instruction, sterilized at 121 oC for 15 mins 
and poured into sterile petri-dishes, and then plates were 

allowed to cool and solidify. The contents of the MIC in serial 
dilution were then sub-cultured on to the prepared plates and 
plates were then incubated at 37 oC for 24 hrs after which the 
plates were observed for colony growth. The MBC plates with 
the lowest concentration of the extracts without colony 
growth were recorded [32, 33]. 
 
Results and Discussion 
Preliminary phytochemical analysis  
The preliminary phytochemical screening for the secondary 
metabolites of the different fractions of D. edulis leaves is 
presented in Table 1.  

 
Table 1: Phytochemical screening result for the fractions of D. edulis leaf extract 

 

Phytochemicals Test 
Observation (colour/ppt) Inference 

CH3OH EtOAc n-hexane CH3OH EtOAc 
n-

hexane 

Saponin 

a Frothing No frothing No frothing No frothing - - - 
b Fehling’s No colour change No colour change No colour change - - - 

c Lieberman 
Burchard’s No colour change No colour change No colour change - - - 

Carbohydrate 
a Molisch violet ring formed violet ring formed violet ring formed + + + 
b Fehling’s brick red precipitate brick red precipitate brick red precipitate + + + 
c Tollen’s silver mirror silver mirror silver mirror + + + 

Alkaloid 
a Mayer’s Yellow solution Yellow solution Yellow solution - - - 
b Wagner’s Orange solution Yellow solution Yellow solution - - - 

Tannins 
a FeCl3 Yellow solution Yellow solution Yellow solution - - - 
b Lead subacetate Colourless Colourless Colourless - - - 
c Gelatin No ppt No ppt No ppt - - - 

Flavonoid 

a FeCl3 test Deep green solution Deep green solution Deep green solution + + + 

b Alkaline reagent yellow precipitate 
formed 

yellow precipitate 
formed 

yellow precipitate 
formed + + + 

c Lead acetate milky precipitate 
formed 

milky precipitate 
formed 

milky precipitate 
formed + + + 

d Aluminium 
chloride Yellow solution Yellow solution Yellow solution + + + 

Phenolics 
a Ferric chloride intense coloration 

formed No colour formed No colour formed + - - 

b Folin Ciocalteu’s purple colour 
formed No colour formed No colour formed + - - 

Anthraquinone 
a Borntrager’s Pink to red colour 

formed 
Pink to red colour 

formed 
Pink to red colour 

formed + + + 

b Ferric chloride Red colour formed Pinkish red colour 
formed 

Pinkish red colour 
formed + + + 

Protein 
a Xanthoproteic yellow precipitate 

formed 
yellow precipitate 

formed 
yellow precipitate 

formed + + + 

b Ninhydrin purple colour 
formed 

purple colour 
formed 

purple colour 
formed + + + 

Cardiac glycosides a Keller-killiani violet ring formed violet ring formed violet ring formed + + + 

Steroids/triterpenoid a Lieberman 
Burchard’s Brown ring formed Brown colour 

formed Brown ring formed + + + 

Key: CH3OH = methanol; EtOAc = ethyl acetate extract. - = absent, + = present. 
 

The results indicated the presence of several phytochemicals 
which are responsible for the diverse tradomedical application 
of the plant (Table 1). The disparity in reports on the 
phytocemical composition of the leaves of D. edulis could be 
attributed to the variation in the harvesting period, differences 
in soil composition, nature of processing and probably due to 
differences in the genetic variability between the plants used [34]. 

Antibacterial activity  
The in vitro susceptibility pattern and inhibition parameters at 
different concentrations of the methanol, ethyl acetate and n-
hexane fractions of D. edulis challenged with the tested 
organisms are indicated below (Table 2 and 3).  
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Table 2: Microbial sensitivity test and diameter zone of inhibition (mm) of the methanol, ethyl acetate and n-hexane extracts of D. edulis and the 

ciprofloxacin standard. 
 

Bacteria Isolates 
Concentration 

(mg/mL) 

Zone of Inhibition in mm of the fractions 
of D. edulis 10% Tween-40 

(50 µL) 
Ciprofloxacin standard 

(20 µg/mL) 
methanol ethyl acetate n-hexane 

Bacillus subtilis 

15 S/1.0 S/3.0 R 

R S/11.6 20 S/1.3 S/3.5 R 
25 S/1.5 S/4.0 R 
30 S/3.0 S/4.5 R 

Pseudomonas 
aeruginosa 

15 R R R 

R S/14.5 20 R R R 
25 R R R 
30 R R R 

Staphylococcus 
aureus 

15 R S/1.0 R 

R S/8.7 20 S/1.0 S/2.5 R 
25 S/2.0 S/3.0 R 
30 S/3.0 S/4.0 R 

Escherichia coli 

15 R S/1.0 R 

R S/8.0 20 R S/2.5 R 
25 R S/3.0 R 
30 R S/4.0 R 

Key: S = sensitivity R = resistance 
 

Table 3: Inhibition parameters of the methanol, ethyl acetate and n-hexane extracts of D. edulis and the ciprofloxacin standard. 
 

Bacteria 
Isolates 

Inhibitory parameters 
(mg/mL) 

D. edulis fractions 
10% Tween-40 

(50 µL) 
Ciprofloxacin standard (20 

µg/mL) methanol 
ethyl 

acetate 
n-

hexane 

B.subtilis 
MIC 18 16 ND ND 0.42 
MBC 14 15 ND ND 0.42 

MBC/MIC 0.78 0.94 ND ND 1.0 

P. aeruginosa 
MIC ND ND ND ND 0.42 
MBC ND ND ND ND 0.42 

MBC/MIC ND ND ND ND 1.0 

S. aureus 
MIC 29 16 ND ND 0.42 
MBC 21 13 ND ND 0.42 

MBC/MIC 0.72 0.81 ND ND 1.0 

E. coli 
MIC ND 19 ND ND 0.42 
MBC ND 17 ND ND 0.42 

MBC/MIC ND 0.89 ND ND 1.0 
B. subtilis = Bacillus subtilis; P. aeruginosa = Pseudomonas aeruginosa; S. aureus = Staphylococcus aureus; E. coli= Escherichia coli; Cipro 
= Ciprofloxacin; MBC= Minimum Bactericidal Concentration; MIC= Minimum Inhibitory Concentration; ND = Not Determined. 

 
While the methanol and ethyl acetate fractions showed 
varying degree of activity against some of the bacteria 
isolates, the n – hexane fractions showed no activity against 
all the bacteria isolates employed. Similarly, all the fractions 
of D. edulis (methanol, ethyl acetate and n-hexane extracts) 
showed no activity when challenged with P. aeruginosa at the 
tested doses. The susceptibility of the tested isolates increased 
with increasing concentrations of the extracts as observed in 
the zones of inhibition obtained. Using diameter of zone of 
inhibition of the extracts as criteria for inhibitory strength, the 
best and least activities were exhibited by the ethyl acetate 
and n-hexane fractions respectively (Tables 2 and 3). The 
antimicrobial activities demonstrated by the methanol and 
ethyl acetate fractions of the plant may be attributed to the 
presence of anthraquinone, steroid/triterpenes and flavonoids 
identified in all the fractions. Studies have shown that while 
terpenoids exhibit properties like anti-inflammatory [35], 
antibacterial [36], antifungal [37], antiviral [38], and antitumor [39], 
natural anthraquinones possess astringent, purgative, anti-
inflammatory, antiviral, moderate anti-tumour and 
bacteriocidal effects [40]. The ratio of MBC/MIC revealed that 
the methanol and ethyl acetate fractions of D. edulis leaves 
was not bactericidal on all the clinical isolates investigated 

(MBC/MIC < 1) whereas the standard drug ciprofloxacin was 
bactericidal (MBC/MIC=1) on all the clinical isolates 
investigated. The standard drug ciprofloxacin exhibited a 
100% or near 100% activity. The disparity between the 
activities of the extracts and the standard antimicrobial drug 
may be due to the mixtures of bioactive compounds present in 
the extracts compared to the pure compound contained in the 
standard antibiotics [41]. The researchers therefore agree with 
the statement of Agbo and Mboto [42] who stated that African 
medicinal plants not only supply nutrients to the body but also 
serve medicinal purposes. This then opens the frontiers for 
prospective industrialists to explore the use of this plant in 
their constant search for new antimicrobial agents. 
 
Acute Toxicity Studies 
Table 4 shows that the LD50 was above 4000 mg/kg in the 
treated mice. The administered graded doses of the methanol 
extract of D. edulis did not result in lethality over the 24 hour 
period. No death and latent toxicity was observed in the 
animals after keeping them for extra 14 days. Hence, the acute 
toxicological results showed that the plant is relatively safe 
but further toxicity evaluations using mammalian tissues and 
organs will be necessary in the future.  
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Table 4: Acute toxicity profile of D. edulis methanol leaf extract. 

 

Dose (mg/kg) Mortality Ratio % Mortality 
500 0/5 0 

1000 0/5 0 
2000 0/5 0 
4000 0/5 0 

 
Conclusion 
The results of this research shows that the consumption of D. 
edulis not only provide nourishment to the body but also help 
in combating infections as seen in the results from the 
antimicrobial activity and that the oral administered extract of 
D. edulis is relatively safe at the highest tested dose of 4 g/kg 
in mice. This finding is of immense importance for the 
development of new chemotherapeutic agent to address 
unresolved therapeutic needs of the populace. This validates 
its use in traditional medicine for treating infections. 
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