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Phytochemical, Antimicrobial and Toxicity Assessment of

Dacryodes edulis (G. Don.) H. ). Lam Leaf Extracts.
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ABSTRACT

The leaf of Dacryodes edulis is traditionally used for dressing bruises and wounds; treating diarrhea, dysentery, toothache, gum
problems, and tonsillitis. Some of these uses have not been screened scientifically to know its efficacy and safety in consumption.
Therefore, this research focused on antimicrobial ability of D. edulis leaf on some selected microorganisms and its toxicity
evaluation. The leaf of D. edulis was extracted with methanol and successively partitioned with hexane, ethyl acetate, butanol,
and water. Each of the extracts was screened for phytochemical constituents using standard methods. They were also tested on
twelve microorganisms using standard techniques. Based on performance, acute toxicity test of extracts was conducted on male
Wistar rats following standard procedures. Their excised kidneys and livers were histologically examined. Both the leaf methanol
extract and fractions contained tannins, anthraquinones, steroids, terpenoids, saponins, alkaloids, phenolics, flavonoids,
carotenoids, and cardiac glycosides. The ethyl acetate fraction showed significant zones of inhibition for Klebsiella pneumoniae,
Bacillus cereus, Staphylococcus aureus, Serratia marcescens (29, 28, 25, 20 mm, respectively), while the water fraction had 20
mm for Pseudomonas aeruginosa. Some fractions of the leaf also inhibited Trichophyton metagrophytes, Cladosporium
herbarum and Trichoderma species. None of the rats died during the study and the histology of their livers and kidneys showed
no lesions at 2900 mg/kg dose. The phytochemical constituents and antibacterial effectiveness of D. edulis leaf extracts supported
some traditional uses, while non-toxicity of the leaf extracts showed their safety for use.
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INTRODUCTION unavailability of some modern drugs are making many people
in the developing nations to use alternative therapy. However,
some challenges of toxicity from herbal drug abuse cannot be
overlooked. There is therefore the need to investigate on D.
edulis for antimicrobial properties and toxicity.

Therapeutic plants are prospective sources of novel drugs and
as alternative remedies for different health problems (Sidhu
and Sharma, 2013). Phytochemicals are bioactive non-
essential nutrients of plants (Elnour et al . 2018). However,
the use of phytochemicals has been considered to be safer and
congenial to the biology of the human body (El Aziz et al.,
2019).

Dacryodes edulis (G. Don.) H. J. Lam commonly called
African plum or African pear belongs to the family
Burseraceae. It is an evergreen tree attaining a height of 18 —
40 m. It has a relatively short trunk and a deep, dense crown.
The bark is pale gray and rough with droplets of resin. The
leaves are compound with 5 — 8 pairs of leaflets. The upper
surface of the leaves is glossy. The fruit is an ellipsoidal drupe
which varies in length from 4 — 12 cm. The skin of the fruit is
dark blue or violet, whereas the flesh is pale to light green. The
bark, leaf, fruit and resin of D. edulis are reported as
antimalaria, anthelmintics, astringent, for treating wounds,
elephantiasis curative, skin treatment, and in clearing
pregnancy stretch marks (Burkill, 2004; Orwa et al ., 2009;
Omonhinmin, 2014). The problem of high cost and

MATERIALS AND METHODS

Collection and preparation of the plant: Dacryodes edulis
leaves were collected at Abadina, University of Ibadan,
authenticated with the voucher number UIH 22488 at the
University of Ibadan Herbarium (UIH), Ibadan. The leaves
were thoroughly washed with clean water, air dried for twelve
days and milled. The plant (1 kg) was macerated for forty-
eight hours with three litres of methanol (BDH, England). The
liquid extract was decanted, filtered with Whatman filter paper
No. 1; concentrated with rotary evaporator and freeze dried.
The methanol extract was then successively fractionated using
analytical grade solvents: n-hexane, ethyl acetate, butanol, and
distilled water. Each fraction was concentrated with rotary
evaporator and freeze dried for use.
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Phytochemical assays: The phytochemical assays were
carried out on each of the methanol extract and fractions of
hexane, ethyl acetate, butanol, aqueous, and pulverized D.
edulis leaves. Saponins, tannins, alkaloids, phenalics,
anthraquinones, flavonoids, steroids, terpenoids, cardiac
glycosides, and carotenoids were quantitatively screened
following Marcano and Hasenawa (1991), Harborne (1998),
and Mayuri (2012) methods.

Antimicrobial assays: Two typed strains of Gram-positive
bacteria: Staphylococcus aureus (NCIB 8588), Bacillus
cereus (NCIB 6349); four typed strains of Gram-negative
bacteria: Serratia marcescens (NCIB 1377), Klebsiella
pneumoniae (NCIB 418), Pseudomonas aeruginosa (NCIB
950), and Proteus vulgaris (NCIB 67); and six molds:
Trichophyton metagrophytes, Cladosporium herbarum,
Trichoderma species, Penicillium camemberti, Aspergillus
flavus and Rhizopus stolonifer were used for this study.
Thirty-eight grams of Muller Hinton Agar and 48 g of Malt
Extract Agar were separately dissolved in one litre of distilled
water following manufacturers’ instructions. They were
boiled and 20 mL was dispensed into each MacCartney bottle,
autoclaved at 121 0C, 15 psi (1 kg/cm3) pressure for fifteen
minutes and kept in a molten state. Agar well diffusion method
was employed for the antibacterial test (Arekemase et al.,
2011), while Ditch plate method was used for the antifungal
test (Sodha et al., 2015).

Toxicity experiment: Seventy (70) male Wistar rats were
procured from the Central Animal House, University of
Ibadan, grouped into five per cage and given food and water
ad libitum for seventy-two hours for acclimatization. Different
doses of 10, 100, 1000, 1600, 2900 and 5000 mg/kg ethyl
acetate and the aqueous fractions of D. edulis leaf using a

Table 1:
Phytochemical constituents of Dacryodes edulis leaf

dissolvent - 20 % Dimethyl sulphoxide (DMSO) were
prepared. The doses were orally administered to the animals
via cannulas and syringes. A group was given 20 % DMSO
only (control 1), while another group was not treated (control
I1). The animals were fasted and observed for twenty-four
hours before sacrificed by quick cervical dislocation. The rats’
livers and kidneys were excised, preserved in 10 % formalin,
sliced, stained and examined under microscope according to
Lorke (1983).

RESULTS

Phytochemical constituents of Dacryodes edulis leaf: All
the phytochemical constituents screened were present in the
leaf powder, methanol extract and all the fractions of D. edulis
. However, the quantity varied with sample. As an instance,
the hexane fraction had the highest saponins value in all, while
ethyl acetate fraction was best for tannins. Methanol extract
was highest in alkaloids, while hexane fraction for phenolics.
Butanol fraction had the highest steroids, anthraquinones,
terpenoids and carotenoids, as the pulverized leaf was highest
in flavonoids, while methanol extract was highest in cardiac
glycosides (Table 1).

Antibacterial activities of Dacryodes edulis leaf: The zones
of inhibition increase with increase in concentration of the
methanol extract and all the fractions. However, at the highest
concentration (100 mg/mL), the ethyl acetate fraction had the
highest zones of inhibition for K. pneumoniae, B. cereus, S.
aureus and S. marcescens (29, 28, 25 and 20 mm,
respectively). Moreover, ethyl acetate and hexane fractions
had the same inhibition for P. vulgaris (16 mm), while water
fraction was highest for P. aeruginosa (20 mm) (Table 2).

Parameters

Leaf extract and fractions

M H E B A J
Saponins (mg/100g) 571.67 £7.26c  1628.33 +18.78, 636.67 £9.28, 13.33 £ 1.67s 358.33+£7.26¢ 231.67 £7.26¢
Tannins (mg/100g) 76.67 £4.414 91.67 £1.67c 1111.67 £9.28, 168.33+£6.01p 13.33+1.67r 50.00 £ 2.87¢
Alkaloids (mg/100g) 961.67 £7.26a  416.67 £6.01+ 808.33+4.41c 630.00 £10.004 480.00 +10.41. 916.67 +10.14s
Phenolics (GAE/g) 26.67 £ 0.154 92.33+£0.15, 62.27 £ 0.15¢ 79.47 £0.12 25.33+£0.09¢ 8.57 +0.15¢
Anthraquinones (mg/100g) 435.00 £7.64c 235.00+10.41q 578.33+9.28, 831.67 £10.14a 165.00 £8.66. 116.67 +6.01¢
Flavonoids (mg/100g) 355.00 £8.664 183.33+£3.33+ 855.00+7.64c 1435.00 £ 10.41y 230.00 £ 7.64 1505.00 +10.41,
Steroids (mg/100g) 551.67 £6.01p  345.00 £8.66e 650.00 £ 7.64a 673.33%£7.26a  381.67 +£10.93¢ 418.33 £4.41.
Terpenoids (mg/100g) 47167 £4.41¢ 525.00 £7.64c 381.67 £6.0le 948.33+10.14a 670.00+7.64p 81.67 £4.41;
Cardiac glycosides 33.33+1.67a 20.00 £ 0.00p 13.33+1.67¢ 11.67 +1.674 20.00+x2.89% ND
(mg/1009)
Carotenoids (png/100g) 1083.33 £7.26¢ 1535.00 £8.66c 1718.33 +10.14y 2141.67 £6.01a 1726.67 £6.01p 720.00 + 2.89¢

n = 3; Values = Means £ S.E. Subscripts are level of significance (p < 0.05) for rows. M = Methanol extract of D. edulis , H =
Hexane fraction of D. edulis , E = Ethyl acetate fraction of D. edulis , B = Butanol fraction of D. edulis , A = Aqueous fraction of D.
edulis , J = pulverized leaf (control) of D. edulis . ND = Not detected. *1000 ug = Ilmg
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Table 2:
Antibacterial activities of Dacryodes edulis leaf extracts

Microorganism

M, E, H, W concentration (mg/mL)

3.125 6.25 125 25 50 100
Zones of inhibition (mm)
Staphylococcus aureus E (12) E (15) E (16) E (18) E (20) E (25)
(NCIB 8588) M (10) M (12) M (15) M (16) M (18) M (21)
Serratia marcescens - - E (9) E (11) E (15) E (20)
(NCIB 1377)
Bacillus cereus E (10) E (17) E (20) E (22) E (25) E (28)
(NCIB 6349) M (12) M (13) M (16) M (18) M (22)
H (10) H (12)
Klebsiella pneumoniae E (9) E (17) E (23) E (25) E (27) E (29)
(NCIB 418) M (11) M (13) M (15) M (17) M (21)
H (9) H (10)
Proteus vulgaris - - - E (9) E (14) E (16)
(NCIB 67) H (10) H (16)
Pseudomonas aeruginosa - - W (15) W (16) W (18) W (20)
(NCIB 950) E (10) E (12) E (17)

M = methanol extract, H = hexane fraction, E = ethyl acetate fraction, W = aqueous fraction, - = No inhibition, NCIB = National Collection

of Industrial Bacteria, Scotland.

Table 3:
Antifungal activities of Dacryodes edulis leaf extracts

Microorganism M, E, H, W concentration (mg/mL)

3.125 6.25 125 25 50 100
Zones of inhibition (mm)

Penicillium - - - - - -
camemberti
Trichophyton - - - E (19 E(26) E (54)
metagrophytes
Aspergillus flavus - - - - - -
Rhizopus - - - - - -
stolonifer
Trichoderma sp. - - - - - E (19)
Cladosporium - - - - - W (47)
herbarum - - - E(18 E (30) E (44)

M = methanol extract, H = hexane fraction, E = ethyl acetate fraction,
W = aqueous fraction, - = No inhibition, NCIB = National Collection
of Industrial Bacteria, Scotland.

Antifungal activities of Dacryodes edulis leaf: In all the
samples, activities were not observed at lower concentrations
below 25 mg/mL. The best zone of inhibition was found in
ethyl acetate fraction against T. metagrophytes, followed by
water fraction against C. herbarum at the same concentration.
However, methanol extract and hexane fraction were inactive
(Table 3).

Toxicity of Dacryodes edulis in rats: None of the rats died
during the experiment, showing that the ethyl acetate and
aqueous fractions of D. edulis leaf were not toxic. The
photomicrographs of the livers and kidneys for D. edulis are
shown in Plates 1 — 4. There were no visible lesions on the
livers (except at 5000 mg/kg for ethyl acetate fraction) and
kidneys of the rats.
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Plate 1:

Liver histology (x400) of rats given ethyl acetate fraction of
Dacryodes edulis (De) leaf

A = rat given 10 mg/kg of De; B = rat given 100 mg/kg of De; C =
rat given 1000 mg/kg of De; D = rat given 20 % Dimethyl sulphoxide
(control I); E = rat given 1600 mg/kg of De; F = rat given 2900 mg/kg
of De; G = rat given 5000 mg/kg of De: showing mild vacuolar
degeneration of hepatocytes (arrows); H = rat without treatment
(control 11). All (except G) show no visible lesions
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Plate 2

Kidney histology (x400) of rats given ethyl acetate fraction of
Dacryodes edulis (De) leaf

A = rat given 10 mg/kg of De; B = rat given 100 mg/kg of De; C =
rat given 1000 mg/kg of De; D = rat given 20 % Dimethyl sulphoxide
(control 1); E = rat given 1600 mg/kg of De: showing pink staining
casts in the tubular lumen of the renal tubules (arrows); F = rat given
2900 mg/kg of De; G = rat given 5000 mg/kg of De; H = rat without
treatment (control 11). All show no visible lesions

DISCUSSION

Dacryodes edulis leaf extracts revealed the richness of
relevant phytochemical constituents. Its leaf has saponins,
tannins, alkaloids, anthraquinones and flavonoids, thus is
similar to Anyam et al. (2015) who reported the same
phytochemical compounds for the hexane, chloroform, ethyl
acetate and methanol extracts of boiled seed of D. edulis . In
recent times, there is an increase in demand of saponins owing
to their numerous biological, medicinal, and pharmaceutical
applications. These include hemolytic factor, anti-
inflammatory, antibacterial, antifungal, antiviral, insecticidal,
anticancer, cytotoxicity, molluscicidal; and lowering of
cholesterol in animals and man (ElI Aziz et al ., 2019).
Alkaloids  possess  anti-amyloid,  anti-inflammatory,
antioxidant properties; anti-depressive and anti-convulsing
efficacy (Ghulam et al ., 2018). Hence its high concentrations
in both methanol extract and leaf powder of D. edulis is of
great value.

In Ayurveda, tannin-rich plants are formulated for treating
diseases like leucorrhoea, rhinnorhoea and diarrhea. Tannins
are also applied in the dyeing, photography, brewery and wine
industries as well as astringent in medicinal preparations
(Belonwu et al ., 2014).
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Plate 3

Liver histology (x400) of rats given aqueous fraction of Dacryodes
edulis (De) leaf

A = rat given 10 mg/kg of De; B = rat given 100 mg/kg of De; C =
rat given 1000 mg/kg of De; D = rat given 20 % Dimethyl sulphoxide
(control I); E =rat given 1600 mg/kg of De; F = rat given 2900 mg/kg
of De; G = rat given 5000 mg/kg of De; H = rat without treatment
(control 11). All show no visible lesions.

Furthermore, Okanlawon et al . (2015) expatiated that tannins
prevent the development of microorganisms by precipitating
microbial protein and making nutritional protein unavailable
for them. Banso and Adeyemo (2007) added that since tannins
have considerable toxicity against bacteria and fungi, they
might assume pharmacological significance in future.
Oyesomi and Ajao (2011) explained that when tannins are
consumed, they reduce the permeability of the intestinal lining
and thus reduce the amount of toxins from the microorganisms
assimilated into the blood. This reduces the harmful effects the
toxins may have, as well as the body’s reaction to diarrhoea
and dehydration (Aderiye et al., 2015). Medicinal plants that
are rich in tannins are used as antiseptic. In this study, ethyl
acetate of D. edulis contained the highest tannins.

Hexane fraction had the best phenolic compounds,
followed by butanol and ethyl acetate fractions. Many
phenolic compounds possess antioxidant, antibacterial,
viricide, anticancer, and anti-atherosclerosis (Elnour et al .
2018). Phenolics also exhibit anti-diabetic, anti-obesity,
immunomodulatory, cardioprotective, hepatoprotective, and
neuroprotective effects through antioxidant and anti-

inflammatory  activities (Priyanka et al ., 2019).
Anthraquinones  have  diuretic, antimicrobial, anti-
inflammatory and, anticancer properties (Chien et al ., 2015).
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They are also useful as laxative, anti-tumor, antimicrobial,
antiviral and antiparasitic (Fouillaud et al ., 2018).

Plate 4:

Kidney histology (x400) of rats given aqueous fraction of Dacryodes
edulis (De) leaf

A = rat given 10 mg/kg of De; B = rat given 100 mg/kg of De; C =
rat given 1000 mg/kg of De; D = rat given 20 % Dimethyl sulphoxide
(control 1); E =rat given 1600 mg/kg of De; F = rat given 2900 mg/kg
of De; G = rat given 5000 mg/kg of De; H = rat without treatment
(control 11). All show no visible lesions.

Flavonoids have anti-oxidative, anti-inflammatory, anti-
mutagenic, anti-viral, anti-diabetic, anti-carcinogenic, anti-
aging, and cardioprotective properties, and are nowadays
regarded as a vital constituent in nutraceutical,
pharmaceutical, medicinal and cosmetic applications (Panche
etal ., 2016; Tian-yang et al ., 2018). The leaf of D. edulis is
richest in flavonoids of powder leaf and butanol fraction, thus
supports Tee et al . (2014) who reported that its fruits and
leaves have flavonols.

Terpenes are useful in food, cosmetics, pharmaceutical
and biotechnology industries (Thimmappa et al ., 2014).
Moreso, there is renewed interest in both triterpenoid and
steroidal saponins because of their wide chemical diversity (Yi
et al ., 2019). In this study, butanol fraction of D. edulis leaf
had the highest terpenoids, and same for carotenoids followed
by aqueous and ethyl acetate fractions. Carotenoids are linked
with antioxidant properties and some of them have activity of
pro-vitamin A (Alan and Marina, 2014). The most significant
use of the cardiac glycosides is its effects in treatment of
cardiac failure (Nagy, 2017). Steroids are used in treating
prostate cancer (Lubik et al ., 2016). The methanol extract,
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fractions and the pulverized leaf of D. edulis are very low in
cardiac glycosides but fairly rich in steroids.

According to Abdullahi et al . (2008), high values of
saponins, tannins, flavonoids and terpenoids in D. edulis leaf
extracts have been reported to have antidiarrhoeal property in
experimental animal models. Additionally, D. edulis leaf
extracts demonstrated significant antimicrobial potency that
might be linked to its high content in tannins as evident in its
ethyl acetate fraction, thus supported the report of Ajibesin et
al . (2011).

The methanol extract of D. edulis leaf was not active
against S. aureus; contrarily, Okwu and Ighodaro (2009)
reported activity of the oil from ethanol stem bark extract of
D. edulis against S. aureus. This might be because of the
different plant parts used. However, the ethyl acetate fraction
of D. edulis leaf showed activities against S. aureus, K.
pneumoniae and P. aeruginosa, thus supporting the report of
Anyam et al . (2015) in which the ethyl acetate fraction of D.
edulis seed was active against the same set of microbes.

This study has shown the safety of D. edulis . However,
there was a mild lesion in the livers of rats dosed with 5000
mg/kg ethyl acetate fraction of D. edulis leaf.

In conclusion, the leaf of Dacryodes edulis was very rich
in phytochemical constituents that supported some of the
tradomedical claims. The solvent of extraction determined the
phytochemical that could be optimally extracted. Ethyl acetate
fraction was the most potent fraction against all the bacteria
and three of the six molds experimented, thus might be a lead
in formulating herbal drugs to combat diseases caused by such
susceptible microorganisms. Ethyl acetate and aqueous
fractions of D. edulis leaf were safe at 2900 and 5000 mg/kg
doses, respectively.
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