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Abstract

Herbs and spices are used in all cultures as natural foodstuffs and for medicinal purposes.
Siphonochilus aethiopicus, Monodora myristica and Crateva adansonii are some of the spices
which are not commonly used. They improve the taste of food, and through their anti-
oxidant, anti-microbial and anti-fungal properties, they could act as food preservatives.
There is an accumulation of evidence for the usage of these spices medicinally as anti-
inflammatory, anti-plasmodial, anti-sickling, anti-oxidant and chemopreventive agents.
There have also been investigations to identify the active constituents of these spices and
to verify their pharmacological actions. This article aims at reviewing the available data
on these investigations and the basis for usage in several diseases and conditions.
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1. Introduction

Aromatic herbs and spices are widely used in Nigeria for culinary and medicinal purposes.
While some are quite common and used worldwide, others like: wild ginger (Siphonochilus
aethiopicus (Schweinf) B.L Burtt), African nutmeg (Monodora myristica (Gaertn) Dunal) and
sacred garlic pear (Crateva adansonii DC) are not. Herbs and spices make important contribu-
tions towards the odour and flavour of foods due to the presence of volatile (essential) oils
and fixed oils. They confer new aromas to the foods, and their use for improving the taste of
foods is a cultural achievement of all races which also led to cultural exchanges very early in
history [1]. Moreover, there is an increasing interest in using the extracts of herbs and spices,
for food preservation [2] since as natural foodstuffs, they appeal to many consumers who
question the safety of synthetic food additives due to their carcinogenicity or other concerns
[3, 4]. Indeed, since prehistoric times, herbs were the basis for nearly all medicinal therapy
until synthetic drugs were developed, and even today, herbs are still found in 40% of pre-
scription drugs [5].
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Thus, in addition to imparting characteristic pleasant flavours, certain herbs and spices pro-
long the storage life of foods by preventing rancidity through their anti-oxidant activity or
through bacteriostatic or bactericidal activity [6]. Consequently, herbs and spices have medic-
inal values, anti-oxidant and anti-microbial properties [7], and some do contain potent phyto-
chemicals, which provide significant protection against cancer [8].

Wild ginger is an herb with perennial tuberous roots giving rise to annual leafy stems which
grows in sub-Saharan Africa especially in savannah regions or regions with dry season [9]. It
belongs to the family Zingiberaceae and has leafy shoots (pseudo-stem) which grow to about
35 cm high after flowering and is common throughout the West African region and elsewhere
in tropical Africa [9]. The rhizomes which have a terrific scent of violets and ginger are spindle
shaped and are about 5 cm by 1 cm, arranged radially on lateral roots that spread fairly read-
ily underground [9]. The Nigerian variety flowers between April and May after the early rains
and the flowers, which appear before the leaves, come up in considerable quantity followed
by the leaves and the pseudo-stem [10]. The flowers, just borne above ground level in inflo-
rescences separate from the leafy shoot, are purple with white corolla tube and a yellow flare
on the central petal and are 7-10 cm long [9]. The leafy shoot dries up between September and
December after which it falls off. The herb is found in the wild and could also be cultivated.

The South African variety is a deciduous aromatic plant, bisexual or female, up to 1 m high and
sprout annually from the underground stem in spring [11]. The leaves are glabrous and 30-400
x 50-90 mm in size, light green, lance shaped and borne on the end of stem-like leaf bases [11,
12]. Between October and February, it gives faintly scented flowers that are white to bright pink
with yellow markings on lip, white corolla tubes 30—40 mm long and tepal lobes 60-80 mm wide
[12]. The tremendously attractive flowers often appear before the leaves in spring, perhaps to
allow them to be more visible to pollinators [13]. They may also vary in colour from bright pink,
purple-pink, yellow to white with a yellow centre and are delicately scented. About 15 flowers
are produced per plant over the flowering season, each lasting a single day [14].

The roots, tubers and rhizomes of wild ginger are used for their aroma and medicinal prop-
erties in the West and South of Africa. While they are used as spice by the Igede people of
Benue State of Nigeria [15], others mainly use them in traditional medicine for colds, coughs,
influenza, hysteria, pain and malaria amongst other ailments [16, 17]. It is also used by Zulu
people as a protection against lightning and snakes [18]. Infusions of the rhizome and roots
are anti-inflammatory (prostaglandin synthetase inhibition), bronchodilatory, smooth muscle
relaxant, mild sedative, anti-candidal and used to treat headache, influenza, mild asthma,
sinusitis, sore throat, thrush, epilepsy, hysteria and relieve dysmenorrhoea [11] or adminis-
tered to horses as prophylactics against horse sickness [19]. It is in such popular demand and
coupled with the method of harvesting which involves removal of the entire rhizome that it
has become extinct in certain areas [20]. The plant does not set much seed and splitting rhi-
zomes is the best available option for plant propagation [14].

The seeds of Monodora myristica (Gaertn.) Dunal either fresh or roasted are used both as a spice
in cuisine and medicinally in different parts of Africa and in the Caribbean [21, 22]. It is largely
underutilized and has recently been used as popcorn flavouring in an attempt to increase its
utilization [23]. It is also responsible for the distinct flavour of the Nigerian delicacy “isi ewu”,
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and it is used in soups and peanut paste [23, 24]. Its aroma which is enhanced by mild roasting
is similar to nutmeg; thus, the plant is commonly known as African nutmeg, calabash nutmeg
or Jamaican nutmeg; and itis a large tropical tree which can reach 35 m height and 2 m in diam-
eter [25]. It is native to tropical West Africa and further east to Uganda, Kenya and Tanzania
where it grows naturally in evergreen forests but has been introduced to Jamaica, other parts
of the Caribbean and elsewhere [26]. Its large leaves (35 cm long and 18 cm wide) are purple
at first but turn a smooth deep green on the upper side with paler green underneath. They are
prominently veined, and the petiole is purplish. The exotic, conspicuous and scented flowers
hang down on long stalks and have three calyx lobes and three petals arranged in two whorls
[27]. The flowers are followed by large woody fruits filled with brown seeds embedded in an
aromatic pulp [25]. The medicinal uses of the seeds are to treat headaches, pains, toothaches,
haemorrhoids, stomach ache, relieve constipation and control passive uterine haemorrhage in
women immediately after child birth [24, 25, 28] and hypertension [25].

The leaves of sacred garlic pear (Crateva adansonii) which are eaten with soups or mixed with
cereal are also used medicinally in different parts of Africa and Asia [29, 30]. It belongs to
the family Capparaceae and is widely distributed as a small handsome tree of the galleried
forest and savannah woodland often found on river banks across Africa [29]. The species
is confined to Africa but bears very close affinity to the Asian Crateva religiosa G. Forst with
which it has been equated by some authorities [29]. It attains a height of 7 m or more with
an irregular trunk which is seldom straight and could be cultivated for ornamental purposes
due to its dense masses of white flowers borne at the ends of all the shoots [29]. Where it sur-
vives bush burning and repeated stripping of its leaves, the tree is often stunted. The wood is
strong-smelling when cut and is soft and yellow [29]. In Eastern Nigeria, C. adansonii is used
medicinally, its leaves being in high demand for the treatment of ear and parasitic infections
[31]. The leaves are applied externally to relieve joint pains; the fresh juice from the leaves
is used for the relief of ear ache, eye infection and anodyne in toothache [32]. The leaves are
also used in fumigations for treating jaundice and yellow fever, applied to the head as a mild
counter-irritant for easing headaches, and a steam bath of over the face is used as a remedy
for all troubles due to poor vision [29]. The bark is said to be rubefacient and tonic, widely
used as a remedy for stomach-troubles and used both internally and externally for treating
sterility. It is used in combination with Flacourtia flavescens as a treatment for leprosy [29].
Powdered and boiled in oil, it is used as an application for rheumatic condition, and a bark
paste is used as a poultice on swellings [29]. The powdered bark is used in rheumatism, itch,
epilepsy, stomach troubles and asthma [33]. The powdered leaves and bark are considered to
be rubefacient and are used especially on cysts. The root is used as a febrifuge and in several
treatments for syphilis. The dried, ground roots are used as an application to swollen parts of
the body, while the seeds have unspecified medicinal uses [29].

This review identifies lesser known aromatic plants in Nigeria and current reports on their
utilization, constituents and properties. The aim is to provide an insight into the health-pro-
moting potentials of biologically active constituents of: wild ginger (Siphonochilus aethiopicus
(Schweinf) B.L Burtt), African nutmeg (Monodora myristica (Gaertn) Dunal) and sacred garlic
pear (Crateva adansonii DC). This is because diets rich in plant foods can provide biologically
active phytochemicals that promote health [34].
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2. Constituent phytochemicals

The sensory perception of wild ginger depends on a variety of odorants including esters,
monoterpenes, sesquiterpenes, aldehydes, pyrazines and thiophenes which are important
for the mild and pleasant aroma both in the fresh and in roasted spice as against the hot/
pungent flavours of ginger and other Zingiberaceae [35]. Aroma extracts dilution analysis
(AEDA) employing the gas chromatography/olfactometry (GC/O) technique was reported for
the organoleptic evaluation of these odorants and their odour quality together with quan-
tification from GC-FID/GC-MS profiles [35]. Thus, the sweet/fruity ester flavours, methyl-
2-/-3-methyl butanoates and derivatives of the apple flavour were reported to be the most
important odorants perceived at the highest dilution of the aroma extract of the fresh spice
[35]. These were followed by the monoterpene -phellandrene which has a terpenish/woody
odour and is also important for the aroma of ginger and dill [35-37]. Another sweet/fruity fla-
vour propyl-2-methylbutanoate also an apple flavour follows before the roasty/earthy smell-
ing 2-isopropyl-3-methoxypyrazine and 2-isobutyl-3-methoxypyrazine which are known to
have a hot/paprika taste and are also present in paprika pepper and chillies [35-38]. The
sesquiterpene curzerenone (sweet/coconut-like) is perceived at the next significant dilution
together with the roasty/potato-like methional [35]. In the roasted sample, terpenish/woody
B-phellandrene is the most important odorant followed by the roasty/earthy smelling pyr-
azines before the sweet/fruity flavoured butanoates. The pungent smelling principle 2-acetyl
thiophene, which is absent in the fresh sample, is next followed by the sesquiterpene curzere-
none (sweet/coconut-like) together with the roasty/potato-like methional [35].

Principal component analysis using GC shows that the constituents of wild ginger are mostly
sesquiterpenes as against monoterpenoids or diterpenoids [16, 35, 39]. Five eudesmane ses-
quiterpenoids as shown in Figure 1: 4acH-3,5a,8a-trimethyl-4,4a,8a,9-tetrahydronaphtho[2,
3b]-furan-8-one; 2-hydroxy-4aaH-3,5a,8a-trimethyl-4,4a,8a,9-tetrahydro-naphtho[2, 3b]-
furan-8(5H)-one; 4aaH-3,5,8ap-trimethyl-4,4a,8a,9-tetrahydronaphtho-([2, 3b]-dihydrofu-
ran-2-one)-8-one; 9ap-hydroxy-4aaH-3,5a,8ap-trimethyl-4,4a,8a,9-tetrahydronaphtho-([2,
3b]-dihydrofuran-2-one)-8-one and 4aaH-3,5a,8ap-trimethyl-4,4a,8a-trihydronaphtho-([2,
3b]-dihydrofuran-2-one)-8-one were isolated as the constituents of the South African vari-
ety [16, 17]. However, the elemane sesquiterpenoids: curzerenone and epi-curzerenone, the
germacrane sesquiterpenoids: furanodiene (8,12-epoxy-1(10)E,4Z,7,11-germacratetraene);
isofuranodiene (8,12-epoxy-1(10)E,4Z,7,11-germacratetraene) and furanodienone (8,12-
epoxy-1(10)E,4Z,7,11-germacratetraen-6-one) together with the labdane diterpenoids:
8(17),12E-labdadiene-15,16-dial, 15-hydroxy-8(17),12E-labdadiene-16-al, and 16-0x0-8(17),
12E-labdadiene-15-oic acid (zerumin A) as also shown in Figure 1 were isolated from the
Nigerian variety [35, 39].

A vyield of 45-6g kg™ essential oils containing 75% monoterpene hydrocarbons; the major
compounds being: a-phellandrene (50-4%), a-pinene (5-5%) and myrcene (4-35%) has been
reported for the African nutmeg [40]. Few sesquiterpene hydrocarbons (3%) and oxygenated
compounds such as germacrene-D-4-ol (9-5%) were also reported as against another report
of 25.48% germacrene-D-4-o0l [41]. Meanwhile, an essential oil yield of 6.2% (dry weight basis)
has also been reported [42]. Prenylated indole alkaloids are considered a chemotaxonomic
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Figure 1. Isolated constituents of Siphonochilus aethiopicus.

marker of the genus, and 5-formyl indole and 5-(3-oxo-but-1-enyl) indole as shown in Figure 2
have been reported from Monodora myristica and other species of Monodora [21, 43, 44].

The volatile oils of the sacred garlic pear whole plant reportedly show 43.5 and 41.1%
oxygenated monoterpenes and aliphatic compounds, respectively. The major constituents are
linalool (30.2%) and nonanal (17.2%), and it contains no sesquiterpene hydrocarbons [45]. The
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Figure 2. Isolated constituents of Monodora myristica.

leaves are also known to have a disagreeable smell when crushed [29]. The triterpenes: oleanolic
acid and 4-epi-hederagenin were isolated from the 1:1 C,H :MeOH extract of its seed as shown
in Figure 3 [46]. Then, the hexane extract of the leaf yielded the antibiotic aurantiamide acetate
while the ethyl acetate extract afforded ethyl pyropheophorbide A, purpurin-18 ethyl ester and
pyropheophorbide A as also shown in Figure 3 [31]. Additionally, the triterpene lupeol was also
isolated from a 1:1 dichloromethane/methanol fraction of the leaf as illustrated in Figure 3 [47].

It has been reported that the leaf and rhizome extracts of S. aethiopicus possess anti-microbial
and anti-fungal properties [48]. However, the activities of the leaf extracts are much lower than
those of the rhizome extracts which inhibited Bacillus subtilis, Micrococcus kristinae, Bacillus
cereus, Staphylococcus aureus, Staphylococcus epidermidis and Klebsiella pneumoniae and showed
anti-fungal properties against Aspergillus flavus, Aspergillus glaucus, Candida albicans, Candida
tropicalis, Trichophyton mentagrophytes and Trichophyton rubrum [48, 49]. This is despite the simi-
lar chemical composition of the essential oils of the leaf and rhizome [20]. Again, the anti-fungal
activities of some of the isolated constituents of the rhizomes and tubers: epi-curzerenone and
furanodienone against Candida albicans, and 8(17),12E-labdadiene-15,16-dial against Candida
tropicalis and Candida guilliermondii have been reported [50, 51]. Moderate activity of the crude
rhizome extract and isolated diterpenes: 8(17),12E-labdadiene-15,16-dial and 15-hydroxy-
8(17),12E-labdadiene-16-al against Mycobacterium tuberculosis has also been reported [39].

The in vitro anti-proliferative properties of the essential oils of wild ginger against MCF-7
cancer cells were reported [52]; indeed, it has been suggested that the presence of antiseptic
monoterpenoids contributes to its bioactivity [11]. In vitro cytotoxicity determinations of the
crude rhizome extract and isolated constituents using five cell lines: SH-SY5Y, Jurkat, L929,
Hep G2 and Hs 27 were also carried out [39]. Epi-curzerenone and furanodienone were inac-
tive against the five different cell lines tested, while two of the diterpenes reportedly showed
specific cytotoxic effects. 8(17),12E-Labdadiene-15,16-dial had moderate effect on the normal
cell line Hs 27 and was cytotoxic to SH-SY5Y, the cancerous Jurkat and L929. However, only
Jurkat and SH-SY5Y were affected by 15-hydroxy-8(17),12E-labdadiene-16-al [39].

The in vitro and in vivo anti-inflammatory properties of S. aethiopicus have also been reported
[53]. The rhizome extract and the isolated furanoterpenoid, 4acH-3,5a,8a3-trimethyl-4,4a,8a,9-
tetrahydronaphtho[2, 3b]-furan-8-one, showed in vitro inhibition of glucocorticoid and his-
tamine H1 receptor binding and phosphodiesterase IV activity [53]. OVA-sensitized and
challenged mice showed significantly reduced lung inflammation and the percentage of eosino-
phils in bronchoalveolar lavage fluid after administration of S. aethiopicus extracts but airway
hyper reactivity was not influenced supporting anecdotal accounts of effectiveness against
asthma, sinusitis, colds and flu [53]. Another report on the anti-inflammatory properties of the
extracts of various parts of S. aethiopicus showed that the in vitro cyclooxegenase-1 (COX-1)
inhibition of the stem and leaf extracts was reportedly higher than that of the rhizome [54]. High
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Figure 3. Isolated constituents from Crateva adansonii bioactivity.

inhibition of cyclooxygenase and hence the prostaglandin pathway which should prevent uter-
ine contraction and relieve dysmenorrhoea was again reported for the leaves and tubers of wild
ginger [55]. However, in vitro reduction of pre-contracted uterine muscle was not observed [55].

261
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Additionally, the in vitro anti-plasmodial activity for the ethanolic extracts and isolated eudes-
mane sesquiterpenoids of S. aethiopicus rhizomes against the chloroquine-sensitive and chlo-
roquine resistant strains of Plasmodium falciparum has also been reported [17]. The substitution
of the OH group in the sesquiterpene structure with hydrogen resulted in a threefold increase
in activity against the chloroquine-resistant strain and an introduction of a double bond fur-
ther improved the activity [17]. It is suggested that the anti-plasmodial activity is due to the
furan moiety [17, 56]. Further in vitro anti-protozoal property of S. aethiopicus was reported
against Trypanosoma brucei brucei (5427) blood stream forms by the crude rhizome extract, and
it increased with the pure components: 8(17),12E-labdadiene-15,16-dial, epi-curzerenone and
furanodienone [39].

The crude seed extract of Monodora myristica and isolated 5-formyl indole and 5-(3-oxo-but-1-
enyl)indole reportedly showed no in vitro cytotoxicity against normal PNT2A cells and no anti-
trypanosomal activity against Trypanosoma brucei brucei (5427) blood stream forms [43]. There
was also no in vitro cytotoxicity when the crude seed extract was tested against five different
cancerous cell lines [57]. Similarly, no lethality against brine shrimp (Artemia salina) and low
anti-microbial activity against the Mycobacterium species: M. madagascariense and M. indicus pranii
were reported for the stem bark extract of Monodora carolinae and constituent 5-formyl indole [58].
However, some of these prenylated indole alkaloids reportedly show interesting in vitro anti-
plasmodial properties against the multi-drug-resistant strain K1 of Plasmodium falciparum [59].

Again, there are reports on the in vitro anti-oxidant properties and protective potential
against free radicals of M. myristica seeds which suggest usage in the management of dis-
eases associated with oxidative stress [28, 59, 60]. In vivo studies on the aqueous extracts of
the seed and fruit also suggest that anti-oxidant bio-constituents play an important role in the
prevention of liver toxicity possibly by inhibiting bioaccumulation of free radicals in animal
models and could also reverse liver toxicity induced by high cholesterol diets and exert hypo-
cholesterolemic effects [25, 61].

Also, the crude seed extracts of M. myristica reportedly exhibit profound in vitro anti-sickling
properties suggesting that the spice/extracts could be used in combination with other foods in
the management and prophylactic control of sickle cell crisis [62].

In vitro anti-microbial properties have been reported for C. adansonii leaf extracts against
Pseudomonas aeruginosa, Escherichia coli, Salmonella typhii, Staphylococcus aureus, Klebsiella pneu-
moniae, Bacillus subtilis, Shigella sonei, Pasteurella pestis, Yersinia enterocolitica and anti-fungal
properties against two fungi: Aspergillus niger and Candida albicans [63-65]. It has also been
suggested that the traditional use of the leaves against several inflammatory diseases such as
rheumatism, arthritis and gout is due to xanthine oxidase inhibition [32].

In vitro anti-oxidant properties and in vivo analgesic properties have also been reported for
the methanolic extracts of the stem bark [66]. The methanolic extracts of the leaves and con-
stituent lupeol were also reported to show in vitro anti-oxidant properties [47].

Additionally, there is a report on the in vitro anti-trypanosomal activity of the leaf extracts
and isolated aurantiamide acetate, ethyl pyropheophorbide A, purpurin-18 ethyl ester and
pyropheophorbide A against the African trypanosome Trypanosoma brucei brucei (5427) blood
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stream forms [31]. In silico testing of these ligands with the potential biomolecular targets of
T. brucei: riboflavin kinase, trypanothione reductase, sterol-14a-demethylase, rohedsain and
glutathione synthetase revealed multi-functional scaffolds validating the possibility of anti-
trypanosomal activity [31].

3. Conclusion

Overall, organoleptic studies encourage the increased utilization of wild ginger, African nutmeg
and sacred garlic pear to flavour foods. Moreover, a significant number of in vitro and labora-
tory animal studies support and explain the folk medicinal usage of these herbs and spices.
These spices have anti-microbial, anti-oxidant, anti-inflammatory and in some instances anti-
plasmodial and anti-cancer actions. As several metabolic diseases and age-related degenerative
disorders are closely associated with oxidative processes in the body, further clinical studies on
the use of these spices or their constituents as sources of anti-oxidants and anti-inflammatory
agents are needed.
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