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Abstract

Investigations were carried out to evaluate the therapeutic properties of the seeds and leaves of Moringa oleifera Lam as herbal medi-
cines. Ethanol extracts showed anti-fungal activities in vitro against dermatophytes such as Trichophyton rubrum, Trichophyton mentagro-
phytes, Epidermophyton Xoccosum, and Microsporum canis. GC–MS analysis of the chemical composition of the essential oil from leaves
showed a total of 44 compounds. Isolated extracts could be of use for the future development of anti-skin disease agents.
©  2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Many skin diseases such as tinea and ringworm caused
by dermatophytes exist in tropical and semitropical areas.
In general, these fungi live in the dead, top layer of skin
cells in moist areas of the body, such as between the toes,
the groin, and under the breasts. These fungal infections
cause only a minor irritation. Other types of fungal infec-
tions could be more serious. They can penetrate into the
cells and cause itching, swelling, blistering and scaling. In
some cases, fungal infections can cause reactions elsewhere
in the body. For example, a person may develop a rash
on the Wnger or hand after coming into contact with an
infected foot. The dermatophytes, Trichophyton, Epidermo-
phyton and Microsporum canis are commonly involved in
such infections. However, their clinical diVerentiation is
diYcult. The clinical care is required by a physician or other
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healthcare professional in the treatment of these diseases
(Beentje, 1994).

Moringa oleifera is a shrub and small deciduous tree of
2.5–10 m in height. When matured, the fruit becomes brown
and has 10–50 seeds inside (Vlahof et al., 2002). The plant
was reported to contain various amino acids, fatty acids,
vitamins, and nutrients (Nesamani, 1999) and its constitu-
ents such as leaf, Xower, fruit and bark have been anecdot-
ally used as herbal medicines in treatments for inXammation,
paralysis and hypertension. Many reports described M. oleif-
era as highly potent anti-inXammatory (Ezeamuzle et al.,
1996), hepatoprotective (Pari and Kumar, 2002), anti-
hypertensive (Faizi et al., 1995) and anti-tumor (Murakami
et al., 1998). Also, its seed has strong coagulative and anti-
microbial properties (Eilert et al., 1981). The seed oil has
physical and chemical properties equivalent to that of olive
oil and contains a large quantity of tocopherols (Tsaknis
et al., 1999). The leaf extracts in rats were found to regulate
thyroid status and cholesterol levels (Tahiliani and Kar,
2000; Ghasi et al., 2000). In recent years, many people
in Taiwan or China have been using the seed of Moringa
as an herbal medicine to treat athlete’s foot and tinea
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and found that it is eVective. For the Wrst time, in this
communication we provide the evidence that extracts of
M. oleifera have anti-fungal properties.

2. Methods

2.1. Materials and fungal strains

M. oleifera was grown and collected from Taichung,
Taiwan. All materials were lyophilized and powdered
before experiments. The dermatophytes used in this study
were obtained from the Food Industry Research and
Development Institute (FIRDI) in Taiwan. Trichophyton
rubrum (BCRC 32805), Trichophyton mentagrophytes
(BCRC 32066), Epidermophyton Xoccosum (BCRC 30531)
and Microsporum canis (BCRC 30541) were maintained by
monthly sub-culturing on Sabouraud dextrose agar (SDA)
at 28 °C.

2.2. Anti-fungal assays

Anti-fungal assays were followed as per the National
Committee for Clinical Laboratory Standards, USA. Sam-
ples (crude extracts and sub-fractions) were stocked in sol-
vent DMSO (<1%). The sample solution was further
diluted to 1:10 with RPMI1640 medium prior to test. Each
sample was then 1:2 diluted and divided into 10 tubes. The
four strains were grown to 104 CFU per ml and then co-
incubated with crude extract or essential oil samples for
72 h at 28 °C. The anti-fungal agent, ketoconazole, was used
as the positive control. For the conventional micro-dilution
procedure, the growth in each sample well was compared
with that of growth control with the aid of a reading mir-
ror. Each micro-dilution well was then given a “numerical
score” shown as following: 4 meant no reduction in growth;
3 indicated a slight reduction in growth or approximately
75% the growth of the growth control (drug-free medium);
2 implied a prominent reduction in growth or approxi-
mately 50% the growth of the growth control; 1 was a slight
growth or an approximately only 25% growth relative to
the growth control and 0 showed optically clear or absence
of growth. The minimal inhibitory concentration (MIC)
was then determined for each test sample.

2.3. Extraction of essential oil

Steam distillation and analyses were conducted as previ-
ously described (Brophy et al., 1991) for essential oil
collection. About 16.9 g (yieldD 0.24%) of a clear brown
essential oil was Wnally obtained from 7.04 kg of washed
and air-dried M. oleifera leaves. A total amount of 500 mg
of essential oil was then chromatographically separated
over a silica gel column (230–400 mesh, Merck) and eluted
by one liter n-hexane and one liter diethyl ether to yield
a essential oil hydrogenated fraction (named as EHF,
yieldD 15.75%) and an oxygenated fraction (named as
EOF, yieldD 84.25%), respectively. The EOF fraction was
used in the following experiments.

2.4. Extractions of seed and leaf

About 1 kg of M. oleifera seeds that had been powdered
was extracted with one liter of 70% EtOH (repeated
5 times) and incubated for 15 days at room temperature.
The yield was about 64 g per 1000 g (yieldD6.4%) of seed
weight. Ten grams of seed extract was then re-suspended in
250 ml of 70% EtOH and then diluted with 750 ml dd H2O.
The solution was extracted for three times serially with
n-hexane, ethyl acetate and then n-butanol. These organic
solvent extracts were then completely dried under reduced
pressure. The dried sub-fractions: seed hexane fraction
(SHF), seed ethyl acetate fraction (SEF), seed butanol frac-
tion (SBF) and seed water fraction (SWF) were obtained.

Washed, air-dried M. oleifera leaf powder (1 kg) was
extracted using a similar procedure as described above for
seed extraction. A total of 52 g crude extract (collected from
the extraction, repeated 5 times, each time with one liter of
70% EtOH, yieldD 5.6%) was obtained. Ten grams of leaf
extract was re-suspended in 1000 ml 70% EtOH and decol-
orized with charcoal. After Wltration and lyophilization, the
decolorized crude extract was suspended again in 100% dd
H2O (500 ml) and stirred for 10 min. The solution was cen-
trifuged and the supernatant collected. Subsequently, the
supernatant was completely dried under reduced pressure
to give two fractions: (1) a water dissoluble fraction LWF;
(2) a water indissoluble fraction of which precipitate was
collected and dried. This indissoluble fraction was named
LEF.

2.5. Chemical characterization of essential oil

The total neutral essential oil from M. oleifera leaves
was analyzed by an Agilent 6890N Network GC (Gas chro-
matograph) system with an Agilent 5973 Network mass
selective detector. The machine was equipped with a HP-
5MS (Mass spectroscopy) column (30£ 0.25 mm (5%-phe-
nyl) – methylpolysiloxane capillary column, Wlm thickness £
0.25 �m), 250 °C temperature injector and 240 °C tempera-
ture transfer line. The oven temperature was programmed
as follows: initial temperature; 50 °C for 15 min, increase
2 °C/min up to 150 °C, 10 min at 150 °C, and then increase
2 °C/min up to 220 °C, 20 min at 220 °C. The carrier gas was
H2. The amount of sample injected was 5 �l (split ratio 1:20)
and the ionization energy was 70 eV. Qualitative identiWca-
tion of the diVerent constituents was performed by compar-
ison of their relative retention times and mass spectra with
those of authentic reference compounds or by comparison
of their retention indices and mass spectra with those
shown in the literature (Adams, 1995). For this purpose,
probability merge search software and the NIST MS spec-
tra search program were used. The relative amounts (RA)
of individual components of the essential oil were expressed
as percentages of the peak area relative to the total peak
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c RA indicates relative area (peak area relative to the total peak area).
Table 1
Minimum inhibitory concentration (MIC) of Morninga oleifera extracts against speciWc fungi

a Essential oil before partition.
b 70% EtOH crude extract.
c EOF:SEF D 1:1 (w/w).
d �g/ml.

Samples (mg/ml) Essential oil Seed Leaf EOF + SEFc Kitoconazoled

Crudea EOF Extractb SEF SBF SWF Extractb LEF LWF

Trichophyton rubrum 1.6 0.8 2.5 0.625 2.5 >10 >10 >10 >10 0.8 1.000
Trichophyton mentagrophytes 0.8 0.4 2.5 1.250 2.5 >10 >10 >10 >10 1.6 0.250
Epidermophyton Xoccosum 0.2 0.1 2.5 0.625 2.5 >10 >10 >10 >10 0.8 0.125
Microsporum canis 0.4 0.2 2.5 0.156 2.5 >10 >10 >10 >10 1.6 1.000
Table 2
Constituents of the essential oil of Morninga oleifera

a RT indicates the retention time on the column in minutes.
b RI indicates the retention indices calculated on the HP-5MS column.

No. Component RTa RIb %RAc

1 Toluene 3.76 765 0.03
2 5-tert-Butyl-1,3-cyclopentadiene 5.90 788 0.07
3 Benzaldehyde 13.16 889 0.55
4 5-Methyl-2-furaldehyde 13.69 896 0.27
5 Benzeneacetaldehyde 22.22 1028 2.16
6 Linaloloxide 25.00 1071 0.24
7 2-Ethyl-3,6-dimethylpyrazine 25.67 1080 0.12
8 Undecane 27.79 1100 0.12
9 �-Isophoron 29.06 1132 0.10

10 Benzylnitrile 30.94 1161 1.10
11 2,6,6-Trimethyl-2-cyclohexane-1,4-dione 31.28 1166 0.05
12 2,2,4-Trimethyl-pentadiol 32.03 1177 0.09
13 2,3-Epoxycarane 34.41 1213 0.16
14 p-Menth-1-en-8-ol 35.04 1223 0.08
15 2,6,6-Trimethylcyclohexa-1,3-dienecarbaldehyde 35.63 1232 0.23
16 Indole 42.68 1340 1.20
17 Tridecane 43.62 1300 0.16
18 �-Ionone 45.37 1381 0.03
19 1,1,6-Trimethyl-1,2-dihydronaphthalene 46.52 1398 0.41
20 �-Ionene 46.78 1401 0.09
21 �-Damascenone 48.90 1435 0.28
22 �-Ionone 48.93 1436 0.13
23 Ledene oxide 49.22 1440 0.60
24 2-tert-Butyl-1,4-dimethoxybenzene 51.66 1477 0.39
25 (E)-6,10-dimethylundeca-5,9-dien-2-one 53.42 1503 0.26
26 4,6-Dimethyl-dodecane 54.02 1513 0.29
27 3,3,5,6-Tetramethyl-1-indanone 56.69 1555 0.23
28 Dihydro-actiridioide 57.60 1568 1.21
29 2,3,6-Trimethyl-naphthalene 59.36 1594 0.37
30 Megastigmatrienone 59.66 1599 0.57
31 1-[2,3,6-Trimethyl-phenyl]-2-butanone 61.04 1621 3.44
32 1-[2,3,6-Trimethyl-phenyl]-3-buten-2-one 62.70 1647 0.75
33 Isolongifolene 63.29 1656 0.56
34 Hexahydrofarnesylactone 79.93 1910 1.30
35 Farnesylacetone 85.00 1988 0.08
36 Methyl palmitate 85.77 1999 0.08
37 n-Hexadecanoic acid 88.62 2044 1.08
38 [6E,10E]-7,11,15-trimethyl-methylene-1,6,10,14-hexadeca-tetraene 91.71 2090 0.11
39 (E)-phytol 96.55 2165 7.66
40 Docosane 100.69 2200 0.28
41 1-Docosene 109.23 2359 0.41
42 Teracosane 109.51 2400 1.45
43 Pentacosane 114.52 2500 17.41
44 Hexacosane 128.24 2600 11.20
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area. Retention indices (RI) of the components were deter-
mined relative to the retention times (RT) of a series of n-
alkanes with linear interpolation on the HP-5MS column.

3. Results and discussion

The MICs of various fractions and sub-fractions of M.
oleifera extracts are shown in Table 1. Results showed that
both essential oil (crude and sub-fraction of EOF) and seed
extracts (sub-fractions SEF and SBF) have anti-fungal
eVect on T. rubrum, T. mentagrophytes, E. Xoccosum and M.
canis. However, both leaf crude extract and sub-fractions
had little eVect on dermatophytes. The crude essential oils
showed diVerent MICs on diVerent fungi (ranging from
0.2 mg/ml (E. Xoccosum) to 1.6 mg/ml (T. rubrum)). The
EOF fraction showed equal ratios of 1/2 MICs (ranging
from 0.1 mg/ml (E. Xoccosum) to 0.8 mg/ml (T. rubrum)
as compared with those for the crude essential oil and had
the lowest MIC (0.1 mg/ml) on E. Xoccosum, which was
classiWed as anthropophilic dermatophyte. This fungus is
restricted to human hosts and produces a mild, chronic
inXammation. It is a worldwide disease and usually infects
humans via glabrous skin, groin, hands, feet or nails.
Although the MIC of ketoconazole (0.125 �g/ml) was lower
than that of EOF (100 �g/ml), ketoconazole has been only
used as an anti-fungus agent for the optical application.
For EOF extract, the main advantage could be that it could
be developed for both oral and optical applications. Fur-
thermore, the complex form like EOF extract is usually less
toxic than the pure compound like ketoconazole. Since M.
oleifera, leaf has been orally tested by local people in Asia
and Africa for many years and, therefore, the development
of EOF fraction as an anti-dermatophyte agent via oral
treatment might have a huge proWt in the future. The
cheaper source obtained from this plant for making the
EOF fraction would be another advantage. Components of
the leaf essential oil were analyzed by using GC–MS. The
results revealed a total of 44 compounds (Table 2). In gen-
eral, pentacosane (no. 43; 17.41%), hexacosane (no. 44;
11.20%), (E)-phytol (no. 39; 7.66%) and 1-[2,3,6-trimethyl-
phenyl]-2-butanone (no. 31; 3.44%) were the major compo-
nents in the leaf essential oil.

The MIC (0.156 mg/ml) of seed extract SEF showed the
strongest anti-fungal activity against M. canis, a zoophilic
dermatophyte causing marked inXammatory reactions in
humans. Infected areas usually include human beard, hair,
glabrous skin and hand. Since EOF had a similarly low
MIC (0.2 mg/ml) to M. canis, both SEF and EOF extracts
could be individually developed as a treatment agent for M.
canis infections. The combination of SEF and EOF, how-
ever, had less eVect than either fraction individually used
(Table 1). These non-additive observations could be due to
the diVerent anti-fugal compounds included in these two
fractions.

It is vitally important to know about the cell lysis mech-
anisms of M. oleifera extracts on fungal cells so that further
development of disease treatment can be conducted accord-
ingly. A study of the morphological change of the cell
induced by these extracts would therefore be the prelimi-
nary in understanding the lysis mechanism. M. oleifera seed
crude extract was used as an example to study the shape
change of T. rubrum cells using transmission electron
microscopy (Chen et al., 2003). The TEM images of fungal
cells, which were treated with 70% EtOH crude extract of
M. oleifera seed for 24 h, showed that the cytoplasmic mem-
brane of the fungal cell was ruptured and the intracellular
components were seriously damaged after treatment with
seed crude extract (results not shown). However, the intra-
cellular components did not leak out. Based on previous
studies of the cell lysis pathways of anti-microbial peptides
on bacteria using TEM and immuno-gold TEM (Chan
et al., 1998; Chen et al., 2003), this indicated that extracted
compounds interacted with the lipid bilayers in membranes
leading to the separation of the two membranes (outer and
inner membranes). Subsequently, water dips into the cell,
which causes cell to swell more and leads cell to death.
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