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Abstract: The focus of this study was to analyse the nutritional and phytochemical profiles of Vernomia
amygdalina (bitter leaf), Talinum triangulare (water leaf) and Ocimum basilicum (basil) as probable
justification of their nutritional and medicinal applications. Standard procedures were used to analyse their
proximate, phytochemical, mineral and vitamin compositions. Their proximate compositions varied as follows;
protein (15.6-30.5%),  crude  fibre  (9.0-12.8%), ash (2.3-2.9%), nitrogen-free extractives (1.8-3.2%), Dry matter
(15.6-30.5%)  and  carbohydrate  (52.5-66.7%):  physico-chemical  compositions (pH values of 5.5-6.0 and
Titrable acidity of 2.3-4.0 mg/100g); phytochemicals consisting of saponin (0.40-2.40), oxalate (0.22-0.92),
flavonoid (0.04-0.19) and polyphenols (0.18-0.36) mg/100g. the major water soluble vitamin, being vitamin C was
(345-354 mg/100g) the  remaining  vitamins  were  relatively  lower  than  vitamin C being 0.15-0.980 mg/100g.
The major minerals are P, Ca, mg K, Na and Zn. Mineral compositions of the leaves were consistently higher
in Basil and bitter leaf than water leaf following this order Basil>Bitter leaf>water leaf. It could be concluded that
these three widely consumed tropical vegetables have both nutritional and medicinal benefits to justify their
wide consumption.
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INTRODUCTION translocated to the plant parts, predominantly to stem and

The term vegetable is generally described as the however, synthesized in the leaves.
edible plant part which may be regularly or culturally The leafy vegetables, to which bitter leaf (Vernomia
consumed raw or cooked as unsweetened spiced or amygdalina), basil (Ocimum basilicum) and water leaf
salted. In African countries various species of vegetables (Talinum triangulare) belong are usually prepared as part
are widely eaten boiled. Some others (mainly fruit of savory dishes and salted. Their extracts may also be
vegetables) are eaten raw. Different types of leafy administered as herbal remedy against some dietary
vegetables   have   been   part   of  human   diets  since disorders [2]. 
pre-history times. These vegetables are typically low in Bitter leaf (Vernomia amygdalina Del) is a shrub,
calories, low in fat, high in protein per calories, high in often vegetatively planted as hedge whose leaves are
dietary  fibre,  high  in  some mineral substances such as usually bitter. Vernomia amygdalina is commonly found
K, Ca, Mg, Na while others  may  be  present  in  traces. in West Africa namely Nigeria, Cameroon, Gabon and to
They are vey high in (disease fighting) phytochemicals a less extent in their neighbouring states [3]. Its bitterness
such as vitamin C, carotenoids, flavonoids and saponin is partly caused by saponins which can be poisonous [4].
[1]. The bitter leaf culinary properties manifest upon

The soil is the primary source of the major nutrients substantial removal of saponins, in a labour sapping
of human vegetable foods. Most of the nutrients are treatment. Traditionally upon harvesting, the tender
absorbed, normally from soil solutions by plant roots and leaves  are  squeezed with hands until the removal of large

leaves/fruits. The major organic components are,
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foams accompanied by addition of water. The use of vegetable soup. Naturally this vegetable contains organic
common  salt,  while  the  leaves  are  rubbed  hard, acid (citric acid) as well as nitrate and nitrite. The nitrate
hastens the  release  and  separation  of  the foams, and nitrite are known to be insignificantly reduced when
leaving the leaves dark greenish. Alternatively the leaves the vegetable is cooked [7].
may be minced, followed by boiling in water to which a
pinch of limestone had been added [5]. Following these Objective of the Study: The objective of this study was to
treatments, the end product could be cooked into a typical critically investigate the nutritional and health benefits
African vegetable soup. derivable from the consumption of basil, bitter leaf and

Basil  belongs  to  the Ocimum, genus of the water leaf based on their phytochemical, physico-chemical
lamiaceae family, a tender low-growing herb. Basil can be and culinary properties.
propagated from the seeds or by cuttings. Two major
varieties of the herb find their way into culinary business MATERIAL AND METHODS
viz sweet or common basil (Ocimum basilicum) and dwarf
or bush basil (Ocimum minimum). Several most common Fresh basil, bitter and water leaves were obtained
varieties of basil are annuals, some others are perennial in from National Institute of Horticulture (NIHORT) Idi-Ishin,
warm tropical regions/climates e.g. the African variety, Jericho Ibadan, Nigeria. They were flumed in running
Ocimum gratissimum. The other varieties of sweet basil water to remove extraneous matters, including adhering
include purple-leaved and curly-leaved types which may soil particles prior to analysis.
either be green or purple. Sweet basil with very rich Analytical Procedures
fragrance lends support to its use as a flavouring or Proximate Analysis: The leafy materials were separately
seasoning agent for soup/stews, sauces, sausages, blended  in  a waring lender. Moisture, crude nitrogen,
salads,   vinegar,   mustard    and   pickled  vegetables. ash, crude fibre, fat and total carbohydrate were
The herb’s fragrance is more pungent when fresh but it is determined by AOAC methods [8] on each sample.
substantial retained even when dried [6]. Artificial drying, Moisture was determined for 1 hour in an air oven at
though   more   sophiscated,  produces  a  more 130°C. Crude protein was estimated by multiplying
acceptable product than the one resulting from sun percentage crude nitrogen by 6.25 and total carbohydrate
drying. The prolonged/delayed sun dehydration makes estimated by difference.
the herb  susceptible  to enzymatic browning. In China
and Taiwan fresh or dried basil leaves are added to soups. Determination   of   pH   and   Total  Titrable  Acidity:
In these countries chickens deep-fried with basil leaves Both parameters were determined by the method of
are delicacies [1]. Bartholomew et al. [9]. Ten gram weight, each of the leafy

Water  leaf, Talinum  triangulare  is  an erect, vegetables, was homogenized with 50ml distilled water
glabrous perennial herb with stem and leaves succulent and the pH of decanted suspension determined in
but roots swollen and fleshy. It is eaten as a vegetable triplicate using pH model 112. The total titrable acidity as
throughout the tropical regions, including many West and lactic acid was estimated using 20ml of the homogenate of
Central  Africa countries. It is well cultivated in Nigeria each leaf titrated against 0.IN NaOH to pH of 6.8 using
and Cameroon by seedling and cuttings. During raining phenolphthalein as an indicator. 
season the vegetable blooms on abandoned/bare farm
land and as undergrowths. Then the prices drop to a level Phytochemical Analysis: Ten (10g) grams weight of each
when   it  is  almost  worthless  collecting  it  for sale. leaf was blended with waring blender, mixed with 100ml
During the dry season water leaf is harvested from the distilled water and sieved with 45 Whatman filter paper or
wild when other more popular  leafy  vegetables  are muslin cloth (water leaf). Each fresh aqueous extract was
scarce and hence very expensive. The vegetable becomes subjected to phytochemical analysis (saponin, oxalate,
a common place ingredient even at backyard gardens flavonoid and  polyphenol)  as  described  by  Harbone
where it may be treated as an unwanted weed. [10, 11].

A lot of water is released when the vegetable is
cooked leaving very limited dry matter to be consumed. Determination of  Water    Soluble   Vitamins: All
The slimy vegetable leaves are therefore often sun dried vitamins  were  determined by Official Methods of
before cooking in order to retain appreciable dry matter as Analysis [8].
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Mineral    Composition   of   the   Leaves:   Each   leaf,
after blending with waring blender, was analysed
according to the methods described by AOAC [8] for
mineral composition.

RESULTS AND DISCUSSION

Table  1  shows the leafy vegetables to be very high
in  moisture  content  ranging  from  85.05%  (Basil),
84.90% Bitter leaf to 78.65% Water leaf. High moisture
content in the vegetables serves the physiological
purpose to ensure adequate hydration of body organs.
The trend of crude protein was Basil 15.58%, Bitter leaf
29.09% and Water leaf 30.52%. The vegetables, being a
good source of dietary protein, may serve as a food
supplement for malnourished communities [12]. Their high
crude protein provides complementary-supplementary
amino acids with animal protein or cereal protein that
characterizes human foods especially in the tropical
regions.

The  percentage  crude  fibre  varies  from  12.84
(Bitter leaf), 10.00 (Basil) to 8.90 (water leaf). Basil had the
highest percentage of carbohydrate (66.65) followed by
Water leaf (55.94) and Bitter leaf (52.53). In a descending
order the percentage of Nitrogen free extractives (NFE)
was Bitter leaf (3.18) > Basil (2.12) > Water leaf (1.78). 

Human dietary fibre (DF) intake comes from plant cell
walls in vegetables, fruits and seeds. The dietary fibre
contains the sum of indigestible carbohydrates such as
cellulose, lignin, hemicelluloses, pentose, gums and
pectin. Although most of the DF constituents may resist
digestive enzymes along the gastrointestinal tract [13] a
proportion of them may be degraded by microorganisms
of human colon [14, 15]. In grazing mammals, on the other
hand pouches found in their alimentary canal, house
microorganisms which secrete cellulases that degrade
non-starchy to low molecular carbohydrates such as
glucose units preparatory to their metabolism.

The  results  in  Table 2 showed the following
physico-chemical characteristics of the three leafy
vegetables. In an ascending order the pH value ranged
from  5.5  (Bitter leaf), 5.8 (Water leaf) to 6.0 (Basil).
Titrable acidity varied from 4.1 (Basil), 2.7 (Water leaf) to
2.3 (Bitter leaf). Saponin, oxalate and flavonoid were
highest in Bitter leaf (2.4, 0.92, 0.19 mg/100g), followed by
Basil (0.98, 0.41, 0.15 mg/100g) and Water leaf (0.4, 0.22,
0.04 mg/100g respectively). The value of polyphenols
ranged from 0.36 mg/100g (Water leaf), 0.3 mg/100g (Basil)
to 0.18 mg/100g (Bitter leaf).

Table 1: Proximate Composition of Basil, bitter and water leaves
Composition (%) Basil Bitter leaf Water leaf
Dry matter 14.95±1.5 15.10±1.6 21.35±1.8
Crude Protein 15.58±0.9 29.09±1.4 30.52±1.7
N-free extractives 2.12±0.3 3.18±0.5 1.78±0.4
Ash 2.65±0.5 2.30±0.3 2.86±0.4
Crude fibre 10.00±0.8 12.84±0.6 8.90±0.4
Carbohydrate 66.65±2.2 52.53±1.3 55.94±1.6
(non-starch)
Duplicate determinations ± standard deviation (SD)

Table 2: pH, Titrable Acidity (mg/100g) and Phytochemicals compositions
of Basil, bitter and water leaves

Composition Basil Bitter leaf Water leaf
pH value 6.00±0.40 5.47±0.50 5.87±0.06
Titrable acidity mg/100g 4.10±0.50 2.25±0.40 2.70±0.50
Saponin “0.98±0.062. 40±0.10 0.40±0.03
Oxalate “0.41±0.02 0.92±0.06 0.22±0.01
Flavonoid “0.15±0.01 0.19±0.01 0.04±0.01
Polyphenols “0.30±0.02 0.18±0.01 0.36±0.01
Duplicate determinations ± standard deviation (SD)

Table 3: Water-soluble Vitamin content of Basil, bitter and water leaves
Composition (mg/100g) Basil Bitter leaf Water leaf
Vitamin C 354.00±22 345.00±18 347.00±20

-Carotene (Provitamin A) 0.29±0.02 0.48±0.03 0.26±0.02
Niacin 0.21±0.01 0.18±0.01 0.98±0.40
Thiamine 0.15±0.01 0.18±0.01 0.21±0.01
Duplicate determinations ± standard deviation (SD)

Water leaf shows the least values except for
polyphenol. The flavonoid extract of Ocimum
gratissimum, an African basil, has been found to be
inhibitory on some pathogens and toxic on bean radicles
and maize coleoptiles [16]. Other alkaloids found in the
three leaves may play a role in reducing hyperglycaemia
and other complications of diabetes [17, 18].

The   presence   of   oxalate,  an   anti-nutritional
factor may be one of the draw backs to the vegetables.
More than 90% of this compound in talinum has been
reported to be in soluble form and can induce oxaluria
(stones in urinary tract). Blanching or cooking has been
found to be effective in removing 50% of the soluble
oxalic content making a case for absence of this condition
despite wide and regular consumption of vegetables [19].
Hence blanching is considered a unit operation that must
be adopted for considerable removal of anti-nutritional
compounds in vegetable to fulfill normal culinary purpose.

Table 3 shows the values of the constituent water
soluble vitamins of the leafy vegetables. Vitamin C
content of Basil (354 mg/100g) was the highest followed
by Water leaf (347 mg/100g) and Bitter leaf (345 mg/100g).
Beta  carotene  was  observed  to  be  highest  in  Bitter
(0.48  mg/100g)  leaf  followed  by Basil (0.29 mg/100g) and
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Table 4: Mineral Composition of Basil, bitter and water leaves
Composition (mg/100g) Basil Bitter leaf Water leaf
P 774.00 681.50 196.50
Ca 321.40 248.90 74.60
Mg 301.40 289.90 70.40
K 523.80 418.90 156.60
Na 314.80 299.80 80.60
Zn 55.70 44.60 10.50
Fe 1.48 1.40 0.65
Cu 0.67 0.56 0.12

Water leaf (0.26 mg/100g). In descending order niacin
content of Water leaf (0.98 mg/100g) > Basil (0.21
mg/100g) > Bitter leaf (0.18 mg/100g). The value of
thiamine varied from 0.21 mg/100g (Water leaf), 0.18
mg/100g (Bitter leaf) to 0.15 mg/100g (Basil). 

All vitamins, except the ascorbic acid (vitamin C) are
apparently very low in the leaves. Vitamin C therefore
constitutes the main vitamin, varying from 345-354
mg/100g  while  others,  present in traces; -carotene
(0.20-0.48), niacin (0.18-0.98) and thiamine (0.18-0.21
mg/100g) seem to be complementary to vitamin C in
function as antioxidants. The benefit of eating whole
fruits, vegetables and whole grain fruits, in contrast to
antioxidant  supplement  is  that  they  contain  a  variety
of natural antioxidants. A combination of multiple
antioxidants has greater health benefit than when an
antioxidant is taken individually. Ascorbic acid has been
known to be effective against free radicals to checkmate
the incidence of cancer, cataract and arthritis. -carotene
is normally  converted  to  vitamin  A in human body.
Food sources of -carotene are the best way to get
vitamin A fixed and are therefore extremely safe in this
form.

Lack of niacin and thiamine may result in pellagra in
diets devoid of plant seeds (cereals, beans) known to be
vey rich in thiamine and niacin. Niacin and thiamine can
be augmented relatively cheaply by increased
consumption  of  peas,   beans,   milk   and   eggs.  Milk
and  egg  are  almost  devoid of niacin and thiamine.
Animal protein sources egg and milk confer pellagra
preventive action principally due to their tryptophan
content [20].

Table 4 shows the mineral composition of the
vegetables in this order Basil > Bitter leaf > Water leaf,
with P, Ca, Mg, K and Na, present in high concentrations.
Mineral composition (P, Ca, Mg, K, Na, Zn, Fe, Cu) of
Basil was the highest (774, 321, 301, 523, 314, 55, 1.5, 0.7
mg/100g), followed by Bitter leaf (681, 248, 289, 418, 299,
44, 1.4, 0.6 mg/100g) and Water leaf (196, 74, 70, 156, 80,
10, 0.7, 0.1 mg/100g respectively).

Mineral compositions of diets have nutritional
implication as far as body physiology may be concerned.
High Ca content in vegetables may serve as booster for
bone development in children or bone strengthening in
the adult/aged against rickettsia and osteoporosis
respectively. A diet, higher in K than Na has been shown
to be beneficial to diabetics who are prone to
complications such as hypertension. This complication
may be aggravated by consumption of diets high in Na
[2]. Magnesium has been found to be effective in
alleviating coronary heart disease, stroke and to assist in
cell repairs [21]. Zinc has also been linked with alleviating
hyperglycaemia in  diabetics  [22].  Copper  is a cofactor
for many vital enzymes including cytochrome c-oxidase
and  superoxide  dismutase. A combination of all these
help the body to reduce the harmful effects of reactive
oxygen species and serve a protective role against
disease conditions that may caused by reactive oxygen
species

CONCLUSION

It could be concluded that these three widely
consumed tropical vegetables have both nutritional and
medicinal benefits to justify their wide consumption. 
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