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Abstract: The leaves of Gongronema latifolium (utasi) generally consumed as vegetables and spices for
nutritional and medicinal purposes were analysed for chemical composition and nutritive value to ascertain the
suitability of the plant for human consumption. The plant samples were collected from a cultivated farm and a
wild forest in Etinan, Akwa Ibom State, Nigeria. The analyses were performed using standard analytical
methods for food analysis. Qualitatively, phytochemical analysis revealed the presence of alkaloids, flavonoids,
triterpenoids, glycosides, steroids and saponin in variable amounts in both the wild and the cultivated samples.
Quantitatively, the results for phytochemical analysis ranged from 0.53+0.02 % steroid in cultivated sample to
28.75+0.02% alkaloid in the wild sample. In the proximate analysis, the results ranged from 6.92+0.03% fibre
in the cultivated sample to 65.06+0.09 % moisture in the wild. The caloric value for the cultivated sample was
404.35+0.17 kcal while that of the wild sample was 395.36+0.29 kcal. Results for the antinutrient analysis,
ranged from 0.05+0.00mg/100g HCN in the cultivated sample to 180.40+4.42mg/100g oxalate in the wild
sample.  The vitamin contents ranged from 0.01+0.00mg/100g vitamin E in the wild sample to
42.14+0.03mg/100mg vitamin C in the cultivated sample. For the essential elements determination, the results
ranged from 2.82+0.01mg/100g Fe in the cultivated sample to 165.29+£0.02 mg/100g P in the cultivated sample,
while the trace metals levels ranged from 0.01+£0.00mg/100g Cd and Pb in both the cultivated and wild samples
to 3.44+0.03mg/100g Cu in the wild sample. Arsenic (As) levels in the two samples were below the detection
limit. Statistical test of significance using the student t-test showed significant difference (p<0.05) between the
cultivated and wild samples for most of the parameters analysed. There were high positive correlations at p =
0.05 among the parameters analysed in the two samples. In general, the results revealed that the plant samples
contain appreciable levels of phytochemicals, nutrients, essential elements and vitamins. The antinutrient or
toxicant levels in the plant samples were however low. Similarly, the trace metals levels in the plant were below
the levels that could cause phytotoxity in plants and toxicity in humans, hence, the suitability of the plant for
human consumption both for nutritional and medicinal purposes.
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. Introduction

According to the United Nation Food and Agricultural Organization, about 805 million out of the 7.5
billion people in the world suffered from chronic undernourishment in 2012 — 2014. The organization
maintained that almost all the hungry people (791million) lived in developing countries, representing 13.5
percent of the population of the developing countries [1]. Accordingly, there are about 11 million people
undernourished in developed countries [1]. Much attention is centered on exploitation and utilisation of plant
materials for food. The reliance on plants for food facilitates the supply of essential nutrients necessary for
healthy growth and maintenance of life. According to [2 - 4], vegetables are edible portion (the leafy
outgrowth) of plants usually used in soup or serving as an integral part of the main sources of our meals.
Gongronema latifolium is a typical plant consumed as vegetables in Nigeria. The plant is commonly referred to
as betel vine. It is a green leafy vegetable, a perennial herbaceous shrub with yellow flowers and stems with
characteristics milky exudates when cut. Gongronema latifolium is generally called utasi by the Ibibios and the
Efiks, utazi by the Igbos, arokeke by the Yorubas. It is found in the tropical rain forest and it is used as spice and
vegetable in traditional medicine [5, 6]. Research works from various authors revealed that G. latifolium
contains essential oil and saponnins among others [7, 8]. This plant has been identified to be nutritionally high in
protein and amino acid [9]. According to [8], the leaf extract of Gongronema latifolium has anti-inflammatory
among other properties. [10] noted that Gongronema latifolium and many other plants such as curry (Hyptis
suaveolens), tea bush (Ocimum bassillicum) and climbing black pepper (Piper guineanse) are used as spices.
Spices are plant chemicals which stimulate our taste buds. They are dried seed, fruit, root and bark or vegetable
substances used primarily for flavouring, colouring or preserving of food. They are commonly used as chicken
broth, oyster sauce, fish sauce, soup bases for instant noodles, many fast foods and restaurant dishes [11].
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Gongronema latifolium is classified along with some other plants as being therapeutic to a lot of ailments as
well as good sources of nutrients to the body. Most plants are useful for healing and curing of human diseases
because of the presence of phytochemicals [12]. According to [10], phytochemicals are bioactive non nutritive
plant chemicals that have protective or disease preventive properties. They are non essential nutrients and are
not required by human body for sustaining life. These chemicals are produced naturally by plants to protect
themselves. They are formed during plant’s normal metabolic processes [13]. Phytochemicals are classified
into primary and secondary components or metabolites. Chlorophyll, protein and common sugars fall under
primary component where as secondary components include terpeniods, alkaloid, flavanoids, coumarins,
glycosides, gums tannins, steroid, polysaccharides and phenols [14, 15]. Terpeniods exhibit various important
pharmacological activities such as anti inflammatory, anti cancer, anti-malaria, inhibition of cholesterols
synthesis, anti-viral and anti-bacterial activities. Alkaloids are used as aesthetic agents and are found in
medicinal plants [16]. Phytochemicals such as f- sistosterol. lupeoyl ester, glycosides, saponins are known to
be associated with Gongronema latifolium [17, 7]. G. latifolium is used for treatment of malaria, diabetes and
hypertension due to its antioxidant, anti- inflammatory and anti microbial among other properties [6, 18]. Diets
that are rich in fresh fruits and vegetables are known to be protective against chronic degenerative disease [19].

Vegetables supply the body with the needed nutrients. Fruits and vegetables such as carrots, mango,
papaya and melon contain large amounts of nutritionally active metabolites [20, 21]. Green leafy vegetables
such as ivy gourd have been successfully used in Thailand as a source of vitamin A. The biological activity of
vitamin A varies among different plant sources. The function of vitamin A is at two levels in the body. The first
is in the visual cycle in the retina of eye; the second is in all body tissues systemically to maintain growth and
soundness of the cells [22]. Vitamin A deficiency leads to night blindness mostly prevalent in children under 3
years of age [23]. Women of reproductive age are thought to be vulnerable to vitamin A deficiency during
pregnancy and lactation because they are often reported of having night blindness [24]. Vitamin C (Ascorbic
acid or ascorbate) is a water soluble vitamin, a six-carbon compound (CgHgOg) structurally related to glucose,
consisting of two inter-convertible compounds: L-ascorbic acid, which is a strong reducing agent and its
oxidized derivative, L-dehydroascorbic acid [25, 26]. It is found in many fruits and vegetables. As an
antioxidant, vitamin C is a free radical scavenger or neutralizer and protects the body against cancers, heart
diseases, stress and helps in maintaining a healthy immune system [26 - 28]. Lack or insufficiency of vitamin C
in the diet of humans will lead to the potentially lethal deficiency disease called scurvy [29, 26]. Scurvy is
characterized by weakness, small hemorrhages throughout the body that cause gums and skin to bleed and
loosening of the teeth [26]. Other antioxidants include vitamin E, the carotenoids and several minerals.
Antioxidants protect large molecule from being damaged. It is an established fact that free radicals, especially
super oxide, nitric oxide and other reactive species such as H,O, are continuously produced in vivo. Vitamin E
is an example of phenolic or aromatic amines antioxidants, such molecules readily donate hydrogen from the
hydroxyl (-OH) group on the ring structure to free radicals which then become unreactive. On donating the
hydrogen, the phenolic compound itself becomes a relatively unreactive free radical because of unpaired
election on the oxygen atom which is usually delocalized into aromatic ring structure thereby increasing its
stability [30]. Should our exposure to free radicals exceed the protective capacity of the antioxidants defense
system, a phenomenon often referred to as oxidative stress may occur which could lead to damage of the
biological molecule [31]. Vitamin E is the major lipid-soluble antioxidant in the cell antioxidant defense system.
Muscle and neurological problems are consequences of human vitamin E deficiency [32].

Leafy vegetables contribute immensely in the provision of mineral elements in the body system.
Calcium is essentially a nutrient that plays a vital role in neuromuscular functions, many enzyme-mediated
processes, blood clothing and providing rigidity to the skeleton by virtue of its phosphate salts. In population
with long-standing iron deficiency, a reduction of physical working capacity has been demonstrated by several
groups with improvement in working capacity after iron administration [33]. Soft tissue magnesium functions as
a co-factor of many enzymes involved in energy metabolism, protein synthesis, RNA and DNA synthesis, and
maintenance of electrical potential of nervous tissues and cell membrane [34]. Zinc plays central role in the
immune system, affecting a number of aspect of cellular and Humoral immunity [35].

Globally, there is high demand for evaluation of chemical composition and nutritive value of tropical
plants, many of which are medicinal. This necessitates more work on Gongronema latifolium as regarding the
nutritional and medicinal values as well as food processing and preservation. These would reduce the current
use of synthetic chemicals in drug manufacturing, food processing and other processes. In Etinan, Akwa Ibom
State, Gongronema latifolium are generally found growing in natural conditions in the wild forest and equally
cultivated in farms and consumed as vegetables and spices. The leaves extracts of the plant are known by the
local populace to have curative properties and hence the plant is used locally for curing most abdominal pains.
This study goes a long way to establish the chemical, nutritional, curative and or toxicological properties in the
wild and cultivated plant samples, thereby ascertaining the suitability of the plant for human consumption, both
nutritional and medicinal purposes or otherwise. This study will be useful for the nutritional and medicinal
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education of the public with a view to improving the nutritional and medicinal status of the population.

I1.  Materials And Methods
11.1. Sample Collection
Freshly harvested samples of Gongronema latifolium (utasi) were collected from Etinan, Akwa Ibom
State. The plant samples were randomly collected from a cultivated farm and a wild forest. Samples from each
area were pooled together to obtain two composite samples. The plant was authenticated by a Taxonomist in the
Department of Botany and Ecological studies, University of Uyo. The leaves of the plant were used for the
various aspects of analyses.

11.2. Phytochemical Analysis (Qualitative)
Qualitative tests were carried out on the extracts of air dried powdered samples of the plant (cultivated
and wild) using standard procedures as described by [36 — 38].

11.2.1.Test for Alkaloid

Extracts (2.0) g were dissolved individually in 2cm® of 10% hydrochloric acid and filtered. Filtrates
were (a) treated with 1cm® mayers reagent (potassium mercuric iodine) or 1cm® Hager’s reagent (saturated
picric acid solution). Formation of a yellow coloured precipitate indicates the presence of alkaloids and (b)
treated with Dragendrof’s reagent (solution of potassium, bismuth, iodine). Formation of red precipitate
indicates the presence of alkaloid.

11.2.2. Test for Flavonoids

A portion (0.2g) of each of the extract was heated with 10cm® of ethyl acetate over a steam bath for
three minutes, the mixture was filtered and 4cm® of the filtrate were shaken with 1cm® of dilute ammonia. A
yellow colouration indicates the presence of flavonoids.

11.2.3. Test for Saponins

A portion (0.5g) of each of the extract was added to 5 cm® of distilled water in a test tube and the
resulting solution shaken vigorously and observed for a stable persistent froth. The frothing was mixed with
3drops of olive oil and shaken vigorously. Formation of an emulsion indicates the presence of saponins.

11.2.4. Test for Tannins
Ten (10) cm?® of freshly prepared 10% potassium hydroxide was added to 0.5g of each of the extracts in
a beaker and shaken to dissolve. A dirty precipitate indicates the presence of tannins

11.2.5. Test for Steroids

A portion (0.5g) of each of the extracts was dissolved in 10cm® of chloroform and equal volume of
concentrated sulphuric acid added along sides of the test tubes. Reddish upper layer and yellowish sulphuric
acid layer with green fluorescence indicate the presence of steroids.

11.2.6. Test for Glycosides

Exactly 2cm® of acetic acid were added to 2cm® of each extracts. The mixture was cooled in a cold
water bath and 2cm? of concentrated H,SO, was added. Colour development from blue to bluish green indicates
the presence of glycosides.

11.2.7 Test for Triterpenoids

Accurate amount of 0.5g of each of the extract was dissolved in 1cm® of chloroform. About cm?® of
acetic anhydride was added, followed by the addition of 2cm® of concentrated H,SO,. Formation of reddish
violet colour indicates the presence of triterpenoids.

11.3. Quantitative Phytochemical Analysis
11.3.1. Determination of Saponins

The process of extraction of saponin in the samples was done from the method described by [39]. The
extraction process was carried out in two different solvents, acetone and methanol. Acetone was first used for
the removal of crude lipid and methanol was used for the extraction of saponin from the sample. Accurate
amounts of 2.0g of each sample were folded into a thimble and placed in a Soxhlet extractor and a reflux
condenser fitted on top and extraction performed with acetone in a round bottomed flask for 3 hours. The
apparatus was dismantled and another flask containing 100cm® of methanol (whose weight was taken when
empty) was fitted to the extractor and the extraction performed for another 3 hours. At the end of the second
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extraction, the methanol was recovered by distillation and the flask properly oven-dried, allowed to cool and the
weight taken. The saponin content (mg/100g) was then calculated from:
Saponin content (Mg/100g) =Wy X W1 X 100........ciiiiiiiiiiiiiice s Q)

W

S
Where: W, = weight of flask and extract; W; = weight of empty flask; Ws = weight of sample.

11.3.2. Determination of Glycosides

Glycosides in general, are substances derived from plants which upon hydrolysis, yield sugar and one
or more additional product. The method of analysis was as described by [39].

One (1)g of air-dried and milled of each sample was weighed into separate 250cm? round-bottom flask.
A total of 200cm? of distilled water was added into the flask and allowed to stand for two hours (for autolysis to
occur). Full distillation was carried out and 150-170 cm?® of distillate were collected in 250cm?® conical flask
containing 20cm® of 2.5% NaOH. Silicon oil or tannic acid (anti-foaming agent) was added before distillation.
An accurate volume of 8 cm®of 6M NH,OH and 2cm?® of 5% KI, were added to 100cm® of the distillate
containing glycoside. This was mixed and titrated with 0.02M silver nitrate (AgNOs), using a micro burette
against a black background. The end point was indicated with permanent turbidity. The amount of glycoside (%)
was obtained from the following calculation:
Glycoside (%) = [Titre (cm®) x 1.08 x extract (cm®) x100] + [Aliquot (cm®) x sample weight ()] ................ (2)

11.3.3. Determination of Alkaloid

Alkaloid determination in the samples was done according to the methods described by [40, 41]. Five
(5) g of each sample were taken in a 250cm® beaker and 100cm® of 100% acetic acid in ethanol were added
into each sample, covered and allowed to stand for four (4) hours. These were then filtered and the filtrates
concentrated on a water bath to a quarter (1/4) of the original volume. Concentrated ammonium hydroxide was
added drop-wise to the concentrated filtrates until the precipitate was complete. The whole solution was allowed
to settle and the precipitate was collected and washed with dilute ammonium hydroxide and then filtered. The
filter paper was dried with the residue and re-weighed. The amount (%) alkaloid in each sample was obtained
from:
% Alkaloid = [(W, - Wj) x 100] + [weight of sSample]......ccccooviiniiiniiinee e 3)
Where: W, - weight of empty filter paper; W, - weight of filter paper + alkaloid precipitate.

11.3.4. Determination of Flavonoid

Accurate amount of 2.5g of the plant samples were extracted repeatedly with 100cm® of 80% aqueous
methanol at room temperature and allowed to stand for 45minutes. The extracts were filtered through Whatman
filter paper No. 42. The filtrate was later transferred into a beaker/crucible and evaporated to dryness over a
water bath and weighed. The formula below was used to establish the amount of flavonoid (%) present.
% Flavonoid = [(W, - Wy) x 100] + [weight of Sample]........ccccoriiiiiniiieeeees e (@)

Where: W, = weight of the empty beaker; W, = weight of empty beaker + sample after drying.

11.3.5. Determination of Steroids

Steroid content of plant sample was determined using the method described by [37]. Two (2) cm® was
taken from a solution of 2.5g of powdered material prepared in 50 cm?® of distilled water after vigorously
shaking for one hour. The extract solution was washed with 3ml of 0.1M NaOH (pH = 9) and later mixed with
2cm? of chloroform and 3cm?® of ice cold acetic anhydride followed by adding two drops of concentrated H,SO,
cautiously. The absorbance of both sample and blank were measured spectrophotometrically at 420nm.

11.4. Antinutrient Analysis
11.4.1. Determination of Tannins

Tannins in the samples were determined by the methods of [42, 43] and the Follin-Dennis
Spectrophotometric method as described by [44]. Accurate amount of 0.5g of the powdered sample was taken in
a conical flask and 100cm?® of distilled water added. This was gently boiled for one hour and then filtered into a
100 cm® capacity volumetric flask. The filtrate was diluted to the 100 cm® mark and then cooled. For the
greenish-blue colour development, 50cm? aliquot were put into the flask. This was followed by the additions of
5cm? Folin — Dennis reagent and10cm?® of saturated sodium carbonate solution and then diluted to the 100cm®
mark with distilled water. After thorough mixing, the flask was allowed to stand in a water bath at 25°C for 20
minutes and the optical density measured at 700nm. Distilled water was used as blank regarding the calibration
curve. Standard tannic acid solutions were prepared from which a standard curve was made (absorbance versus
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concentration in mg/cm®). From this curve, the concentration of each sample was obtained and used for the
tannin content calculation as shown below:
Tannin content (MG/1000g) = C X Vexerreurrriiiiiiiiieiiiess s s s (5)
Wsx A
Where: C = concentration (mg) from standard curve; V., = volume of the extract (cm?);
A = aliquot (cm®) and W = weight of sample (mg)

11.4.2. Determination of Oxalates

Determination of oxalates in the samples was performed by the method described by [45]. In this
method, 1.0g of the dried powdered sample was extracted thrice by warming at 40 — 50°C and stirring with a
magnetic stirrer for 1 hour with 20cm?® of 0.3N HCI. The extract was diluted to 100cm?® with distilled water and
used for the total oxalate determination in which 5.0 cm?® of the extract was made alkaline with 1.0 cm?® of 5.0N
NH,O H. This was followed by the additions of 2 to 3 drops phenolphthalein indicator and 1.0 cm® of 5%
calcium chloride. The mixture was allowed to stand for 3 hours after which it was centrifuged at 3000
revolutions per minute (rpm) for 15 minutes. The supernatant was discarded and the precipitate washed thrice
with hot water with mixing and centrifuging each time. About 2.0 cm® of 3N H,SO, was added and the
precipitate dissolved by warming in a water bath at about 70 — 80°C. The resulting solution was then titrated at
room temperature with freshly prepared 0.01N potassium permanganate solution until the first pink colour
appeared throughout the solution which on standing, the pink colour disappeared. The solution was then warmed
at 70 - 80°C and titration continued until a second prink colour which persisted for at least 30 seconds appeared.
The total oxalate content (%) in the sample was then obtained from the following equation:
% Total oxalate = Weight of eXtract X 100 ......ccccceiieiieiiiiieie et e (6)

Weight of sample

11.4.3. Determination of Phytates

This was done using the method of [46]. A total of 100cm® of each sample were extracted with 3%
trichloroacetic acid (TCA). The extracts were treated with FeCl; solution and the iron contents of the
precipitates formed were determined using AAS. The phytic acid contents were then calculated using a 4:6 Fe/P
atomic ratio [47].

11.4.4. Determination of Hydrocyanic Acid

This was done using the alkaline titration method as described by [39]. A total of 100cm?® of each
sample extract was steam-distilled into a solution of NaOH. The distillate was treated with dilute KI solution.
This was then titrated against 0.02 M AgNO; solution until it changes from clear to a faint but permanent turbid
solution, indicating the endpoint. The hydrogen cyanide content in the samples was determined by taking 1cm?
of 0.02 M AgNO; as equivalent to 1.08 mg hydrogen cyanide (HCN).

11.5. Proximate Analysis
The methods of [39] were used for the determination of moisture, ash, crude protein, fibre,
carbohydrate, crude lipids, nitrogen and dry matter contents of the plant samples.

11.5.1. Determination of Moisture Content

Thermal drying method was used in the determination of moisture content of the samples. Dried
weights (2.0g) of each sample were taken in washed, dried and weighed crucible. Each sample was placed in an
oven and dried at 105°C for three hours. The sample was allowed to cool in a desiccator and then reweighed.
The percentage moisture content was calculated by computing or expressing the loss in weight on drying as a
fraction of the initial weight of sample used and multiplied by 100 as indicated below:
Moisture (% wet weight) = D —C X 100 ...ccioiiiieieeeee e 7

b-a

Where: a = weight of crucible

b = weight of crucible + sample before oven drying

¢ = weight of crucible + sample after oven drying

11.5.2. Determination of Crude Protein

Determination of crude protein in the samples was done by first of all determining the total organic
nitrogen (TON) using the macro-Kjeldhal method. This involved digestion, distillation and titration. Exactly
1.0g of each sample was taken in digestion flasks. Few granules of anti-bumps and about 3.0g of copper
catalyst mixture (96% anhydrous sodium sulphate, 3.5% copper sulphate and 0.5% selenium dioxide) were
added. The samples were then digested by adding 20cm?® concentrated sulphuric acid and heating on a heating
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mantle. Digestion was made to continue until a clear solution was obtained and the flasks were allowed to cool.
The digests were then filtered and made up to 100cm?® with distilled water. About 20cm? of the diluted digests
were taken in a round-bottomed flask for distillation. The distillation was done by setting the round-bottomed
flask connected to a receiving flask containing 20cm® of 2% boric acid with methyl red indicator on a heating
mantle. About 30cm® of 40% sodium hydroxide was then injected into the flask and the ammonia formed was
distilled by heating the flask. The distillation process was made to continue until the boric acid solution
completely changed from purple to greenish — yellow. The boric acid mixture (containing the ammonium borate
complex formed) was then titrated with 0.1N HCI to colourless end point and the sample titre noted. The blank
determination was also carried out in a similar manner accept for the omission of the sample and the blank titre
noted. The % TON was then calculated using the formula:
% TON = (Sample titre — Blank titre) X M X TVg X 100......ccoiiriiiiiiiiiie e, 8)
Weight of sample x V4

Where: M, = molarity of the acid; TVy4 = total volume to which digest was diluted

V4 = volume of digest distilled

The % crude protein was obtained by multiplying the % TON content by a factor, 6.25.

Hence, % Crude protein = % TON X faCtor (6.25)......cccccecveiiiiieieie s e 9)
The value, 6.25 is a general factor suitable for products in which the proportions of specific proteins are
not well defined.

11.5.3. Determination of Crude Lipid

Determination of crude lipid contents of the samples was done using Soxhlet type of the direct solvent
extraction method. The solvent used was petroleum ether (boiling range 40 - 60°C). Exactly 2.0g of the dried
samples were taken in a soxhlet extraction thimble. The thimble was then put into 20cm® capacity soxhlet
extractor. A washed, oven-dried 100cm® capacity round-bottomed flask was weighed and approximately 60cm?
of the 40-60°C boiling range petroleum ether added. The flask was then mounted on the heating mantle and
connected to the extractor with a condenser. The condenser and heating mantle were then activated and
extraction carried out for four hours. At the end of extraction, the solvent was evaporated and the flask dried in
the oven at 60°C. The flask was then cooled and reweighed. The amount of crude lipid (%) was calculated
using the formula:

% crude lipid =  weight gain in flask X 100.........cccoeieiiiiiie i (10a)
weight of sample

OR % crude lipid = _Wo = Wi X100 (10b)
Ws

Where: W, = weight of beaker + sample
W, = weight of empty beaker only; Ws = weight of sample

11.5.4. Determination of Ash Content

The ash contents of each sample were determined using the ignition method. The crucibles used were
thoroughly washed and pre-heated in a muffle furnace to about 600°C. Exactly 2.0g of each of the oven-dried
sample used in moisture determination were taken in pre-heated, cooled and weighed crucibles and then
reweighed. The crucibles were covered with lids and placed in a cold muffle furnace and heated at 600°C for
two hours to burn off all the organic matters. The crucibles were removed from the furnace, allowed to cool in a
desiccator and reweighed. The ash contents (%) were calculated using the formula:

Ash % = weight of ash X L100. i e (11a)
weight of sample
OR ASNYE = C—8 X L00.. ittt e (11b)
b-a

Where: a = weight of empty crucible
b = weigh of crucible + sample before ashing
¢ = weight of crucible + ash

11.5.5. Crude Fibre Determination

Two (2.0)g of each sample were taken in petroleum ether for two hours and then boiled under reflux
apparatus for 30 minutes with 200 cm?® of a solution containing 1.25% of H,SO, per 100 cm?® solution. After
series of filtering and washing with boiling water to remove the acid, the residues were transferred into beakers
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and boiled for another 30 minutes with 200 cm?® of solution containing 1.25g of NaOH per 100 cm®. The final
residues were filtered and washed with boiling water until they were neutral to litmus and finally washed twice
with ethanol and quantitatively transferred into pre-weighed crucibles and oven dried at 105°C. The sample
residues were then incinerated in a furnace at 550°C and allowed to stand at this temperature for 2 hours. The
crucibles were later removed and allowed to cool in a desiccator and then reweighed. The crude fibre content
of each sample was estimated according to the expression below:

% Crude fibre = weight 10ss on ignition () X 100........cccecuiiieiiiieierire e (12)

OR %Crude fibre = L=ty

original weight of sompls taken
Where: 1, = weight of empty crucible
1, = weight of crucible and its contents after incineration

11.5.6. Determination of total Carbohydrates

Total carbohydrates in each sample were estimated by the differences obtained after subtracting the
sum of the percentages of all the other proximate components from 100. That is, Total carbohydrates (%) = 100
— (% moisture + % crude protein + fibre + % crude lipid + % ash).

Accordingly, the calorific value (Kcal/100g) of each sample was calculated using the Atwater factors
of 4, 9 and 4 for protein, fat and carbohydrate, respectively, as reported by [12].

11.6. Determination of Mineral Elements Composition

The method adopted for the determination of mineral elements composition of the samples was as
described by [39]. The procedures included digestion of ashed samples, preparation of stock solution of each
element and the determination of the concentration of the element using their absorbance read from atomic
absorption spectrophotometer (AAS). The samples were dried in an oven set at 60°C. One (1)g of each dried
sample was ground into powdered form with a manual blender. The ground sample was taken in a crucible and
ashed in a furnace at 500°C for four hours. The resulting ash was leached with 5ml of 6M HCI and filtered. The
filtrate was made up to 30cm® with deionised water. This served as the digestion solution for the detection of
metals present in the samples using the AAS. The absorbance reading for the elements were recorded at
appropriate wave lengths and the concentration of each element determined by extrapolation from the
calibration curves earlier prepared from the standard solutions of the respective metals.

The levels of phosphorus in the samples were determined by colorimetric method using hydroquinone
as the reducing agent. In this method, 1.0 cm® of hydroquinone was added to a 0.5M HCI digested sample
solution. The mixture was agitated and allowed to stand for 30 minutes. The blue colour that developed was
determined quantitatively at 660nm using a spectrophotometer.

11.7. Determination of Vitamins
11.7.1. Determination of Vitamin A

The method adopted for the determination of vitamin A content in the samples was as described by
[39] using the colorimetric procedures with antimony trichloride (SbCls). Twenty (20) g of SbCl; was dissolved
in 100cm® of chloroform by warming slightly on heating mantle, cooled in ice water until excess of reagent
separated. The supernatant was used for colour development in all the tests. One (1)g of standard vitamin A
was dissolved in 100cm?® of chloroform. This solution contains 10mg/cm3 of vitamin A. Series of 1.0, 2.0, 3.0,
4.0 and 5.0cm® were taken from the stock solution and each made up to 10cm® with chloroform. Accurate
volume (2cm®) of the ShCI, solution was added to these standards and allowed to stand for the colour (blue)
development. Their absorbances were determined at 620 nm using chloroform/ShCl; as blank. One (1) g of
ground sample was then taken in a beaker and extracted with 10 cm® of chloroform. Using pasture pipette, the
chloroform layer was taken into another test tube. This was tested with the SbCl; reagent for the blue colour
development and the absorbance read at 620 nm. The vitamin A content of the sample was calculated as:

[Asa X Cgg X D.F] + [Aqg X Wtsa] = mg/l of vitamin A....oveevieiiceeeeeese e (13)

Where: Ag, = Absorbance of the sample; Cyq = Standard concentration; D.F = Dilution factor;
Wi, = Weight of the sample; Ayy = Absorbance of the standard

11.7.2. Determination of Vitamin C (Ascorbic acid)

Vitamin A content in the samples was determined according to the method described by [39]. Standard
stock solution of 50mg/100cm? ascorbic acid was first prepared by dissolving an exact amount of 50mg of
ascorbic acid in a small amount of 6g/100cm® trichloroacetic acid (TCA) and brought to a final volume of
100cm® with the TCA solution. This was followed by the preparation of 5mg/100cm? intermediate ascorbic acid
standard by taken an aliquot of 10cm? of the stock standard in a 100cm? standard volumetric flask and diluted to
a final volume of 100cm® with the 6g/100cm® TCA solution. In a series of 25cm® volumetric flasks, the
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following amount of the intermediate standard: 0.5, 2.0, 4.0, 6.0, 10.0, 15.0 and 20.0cm® were taken and
respective volume brought to a final volume of 25cm® with the 6g/100cm® TCA solution to yield working
standards with the concentrations of 0.10, 0.40, 0.80, 1.20, 2.00 and 3.00 and 4.00 mg/100cm®. An accurate
amount of 1g of each of the dried samples was extracted with 10 cm® of 6g/100cm?® trichloroacetic acid (TCA)
solution. Accurate volume of 1 cm? of the clear extract solutions was filtered into different test-tubes. Similarly,
1 cm? of the ascorbic acid standards were taken in different test-tubes and 1 cm® of the 6g/100ml TCA solution
was equally taken in a test-tube as a blank. Exact amount of 1 cm?® of dinitrophenyl-hydrazine —thiourea-copper
sulphate (DTCS) reagent was added to each of the test-tube, caped, mixed and incubated in a water bath at 37°C
for 3 hours. The test-tubes were removed from the water bath, chilled for 10minutes in an ice bath and 2 cm® of
cold 12M H,SO, were added to each of the test-tube and mixed slowly. The spectrophotometer was adjusted
with the blank to read zero absorbance at 520nm and then the absorbance of standards and test samples were
read. The results in mg/l of vitamin C were extrapolated from the standard plot and calculated as followed:
[Asa X Cgg X D.F] + [Agqg X Wte] = mg/l of vitamin C ....ocooviiiiiicee e 14)

Where: Ag, = Absorbance of the sample; Cyy = Standard concentration; D.F = Dilution factor;
Wt = Weight of the sample; Agy = Absorbance of the standard

I1.7.3. Determination of Vitamin E (a-tecopherol)

Vitamin E content in the samples was determined according to the method described by [39]. Water
extracts (0.3g) of the Gongronema latifolium samples were re-dissolved separately in 20cm® of water and
centrifuged at 15,000 r p m for 20 minutes to get the supernatants. Exactly 1.0cm? of each supernatant was taken
in different test tubes, 0.5cm®  of absolute ethanol added and 4.0cm® of petroleum ether were subsequently
added. These were followed by the addition of 2.0cm® of 4,7-diphenyl-1,10-phenathroline. The
spectrophotometer was adjusted with the blank to read zero absorbance at 520nm and the absorbance of the
samples read. The absorbance obtained was extrapolated from the standard curve for a-tecopherol to get the
amount of the vitamin (mg) present in the samples.

11. 8. Data Analyses

The analyses were performed in triplicate and data collected were analysed using Excel and Graph pad
InStat-[DATA SET 1.1SD]. Differences between means were evaluated by student’s t-test. Statistical significant
difference was stated at p< 0.05.

I11.  Results And Discussions

The results obtained in this study are as presented in Tables 1a to 6. Table 1a showed the qualitative
phytochemicals composition of the plant samples. From the table, saponin, flavonoid, steroid, triterpenoid were
present in trace amounts in the two samples. Alkaloid and glycoside were present in moderate quantities. Table
1b showed the quantitative phytochemicals composition of the plant samples. From the table, saponin contents
were 11.93+0.09% in the cultivated sample and 9.89+0.67% in the wild samples. The saponin levels in the two
samples were significantly different at p< 0.05. Saponin reacts with the cholesterol rich membrane of cancer
cells, thereby limiting their growth and viability [49]. Saponins in medicinal plants are responsible for most
biological effects related to cell growth and division in human and have inhibitory effect on inflammation [50].
Saponins serve as antioxidants as they prevent degeneration of DNA and also help to reduce colon damage and
risk of cancer. Saponins are used as adjuvant in vaccines and their oral intake has been used to help in managing
retroviral infections [51]. Alkaloid level in the cultivated sample was 27.88 + 0.03% while that of the wild
sample was 28.25 + 0.02%. These values were significantly different at p< 0.05. Alkaloids containing
medicinal plants are reported to have been used by the early man as pain relievers and stimulants. Glycoside
level in the cultivated sample was 18.11 + 0.02% while that of the wild sample was 20.16 + 0.02%. These
values were significantly different (p<0.05). Glycoside is said to help in the treatment of congestive heart
failure. Flavonoid contents in the plant samples were 8.66+0.00% for the cultivated and 1.34+0.02% for the wild
samples. These values were significantly different at p<0.05. Flavonoid provides protection against
cardiovascular disease by contributing to the antioxidant defense system of the human body [52]. Flavonoid is
good in the management of oxidative stress [53]. Steroid level in the cultivated sample was 0.53+ 0.02% while
that of wild sample was 0.81+0.01%. These values were significantly different ( p<0.05). Steroids are of
importance in pharmacy due to their relationship with compounds such as sex hormones [53]. Tritepenoid
concentration in the cultivated sample was 1.02+0.02% while that of the wild was 1.84+0.02%. These values
were significantly different at p<0.05. Terpenoids act as antibiotics, protecting the plants from pathogenic micro
organisms. Terpenoids also reduce diastolic blood pressure and lowers the sugar level in the blood [53]. The
significant different (p < 0.05) observed between the phytochemicals in the cultivated and wild samples could be
attributed to same kinds of harsh environmental conditions in the forest as a result of both anthropogenic
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activities and factors such as rainful, humidity, pressure and temperature. However, the phytochemicals in the
cultivated and wild samples were found to be highly correlated with r = 0.96 at p = 0.05. This indicated that the
parameters may have been affected by the same anthropogenic and natural factors, meaning that as one factor
increases, the other factor also increases.

Table 1a: Qualitative Phytochemical Composition of the Cultivated and Wild Gongronema latifolium Samples

Phytochemicals

Gongronema latifolium Samples

Cultivated

Wild

Saponin

+

+

Alkaloid

++

++

Glycoside

++

++

Flavonoid

+

+

Steroid

+

+

Triterpenoid

+

+

++ = Moderately present,

+ = Present in trace amount

Table 1b: Quantitative Phytochemical Composition (%) of Gongronema latifolium Samples

Phytochemicals Gongronema latifolium Samples
Cultivated Wild
Saponin 11.93*+0.09 9.89° + 0.67
Alkaloid 27.88% +0.03 28.75"+0.02
Glycoside 18.11%+ 0.02 20.61 "+ 0.02
Flavonoid 8.66 °+ 0.00 1.34° £ 0.02
Steroid 0.53*+0.02 0.81°+0.01
Triterpenoid 1.02* £ 0.02 1.84° +0.02

Above values are means * standard deviations of triplicate analyses. Within row, means with different
letters are significantly different (p < 0.05).

Table 2 showed the antinutrient contents of the plant samples. Hydrocyanic acid levels in the samples
were 0.05+0.00mg/100g for the cultivated and 0.09+0.00mg/100g for the wild. The values for the hydrocyanic
acid in the two samples were significantly different at P<0.05. Cyanide ions inhibits several enzymes systems
and depress growth through interference with certain essential amino acid and utilization of associated nutrients
[54]. A high level of hydrocyanic acid has been implicated in celebral damage and lethargy in man [55].
Oxalate contents in the two samples were 145.20+4.40mg/100g for the cultivated and 180.40+4.40mg/100g for
the wild. These values were equally significantly different at p<0.05. Oxalate is known for its ability to bind
calcium present in food thereby rendering calcium unavailable for normal physiological and biochemical roles
such as maintenance of strong bones, teeth, cofactor in enzymatic reaction, nerve impulse transmission and as
clothing factor in blood [56]. Phytate contents in the two plant samples were 3.65+0.03mg/100g in the
cultivated and 3.56+0.03mg/100g in the wild. The values were significantly different at p<0.05. Phytate is
associated with nutritional disease such as rickets and osteomalacia in children and adults [10]. Phytic acid has a
negative effect on amino acid digestibility thereby posing problems to non-ruminant animals due to insufficient
amount of intrinsic factor, phytase necessary to hydrolyze the phytic acid complexes [57]. Tannin contents in
the two samples were 4.85+0.06mg/100g in the cultivated and 3.29+0.07mg/100g in the wild. The values were
significantly different at p<0.05. Tannins are water soluble phenolic compounds that chelate Fe and Zn and limit
their absorption [58]. In sensitive individual, a large intake of tannin may cause bowel irritation, Kidney
irritation, liver damage, stomach irritation and gastrointestinal pain [59]. Again, as noted for the phytochemicals,
the significant difference (p < 0.05) observed between the antinutrients in the cultivated and wild plant samples
could have been attributed to some kinds of environmental conditions in the forest as a result of both the
anthropogenic activities and natural factors. The antinutrients in the cultivated and wild samples were found to
be perfectly correlated with r = 1.00 at p = 0.05. This indicated that the parameters could have been influenced
by the same factors (both anthropogenic factors and natural factors such as rainfall, temperature and humidity).

Table 3 showed the proximate composition of the plant samples. From the table, the moisture contents
were 61.80+0.03% in the cultivated sample and 65.06+0.09% in the wild sample. These values were
significantly different at p<0.05. The vegetable samples analysed had high levels of moisture contents which
were closer to the ones obtained in Occimum gratissimum (84.0%), Telfairia occidentalis (79.92%) and Justica
shinipen (78.75%), Amaranthus virirdis (77.62%) as reportd by [60] and [61], respectively. The results were in
agreement with the report that the moisture contents of fruits and vegetables are as high as 85% [62]. Low lipid
levels were recorded in the vegetable samples. The cultivated sample had a lipid level of 13.93+£0.03% while the
wild sample had 12.69+0.06%. These values were however higher than those of Talinum triangure (5.90%) and
Amaranthus hybridus (4.80%) reported by [63] and those of Justica schinipen (3.32 £0.02%) and Amaranthus
viridis (2.27 £0.02%) reported by [61]. The low lipid levels in the vegetable samples are in agreement with the
reports that leafy vegetables are poor sources of lipid. The consumption of such leafy vegetables in large amount
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is described as a good dietary habit and may be recommendable to people suffering from obesity [61]. A diet
providing 1 — 2% of its caloric of energy as fats is said to be sufficient to human beings as excess fat
consumption is implicated in certain cardiovascular disorders such as atherosclerosis, cancer and aging. High
protein levels were recorded in the vegetable samples analysed. Protein contents of the cultivated and wild
samples were 24.37+0.41% and 21.93+0.73% respectively. These values were significantly different at p< 0.05.
Plant proteins are sources of food nutrients especially for the less privileged population in the developing
countries including. Most proteins are involved in the manufacturing of DNA, some are involved in structural
support and others in bodily movement or in defence against germs. Carbohydrate contents were found to be
higher in the two samples. The wild sample had a value of 48.35 +£0.70% while the cultivated sample had a value
of 45.21+0.045%. These values were significantly different at p<0.05. Carbohydrate is necessary for the
maintenance of life in plants and animals. It serves as stored form of energy as glycogen in liver and muscles.
Fibre contents of the vegetable samples were 6.92+0.03% for the cultivated and 6.93+0.02% for the wild. The
two values were not significantly different at p > 0.05. Fibre aids in speeding up the excretion of waste and toxin
from the body, thus preventing them from sitting in the intestine or bowel for too long which could lead to
several diseases [64]. It had been noted that adequate intake of dietary fibre can lower the serum cholesterol
level and the risk of having constipation, hypertension, colon and breast cancer. Ash contents of the samples
were 9.51+0.02% for the cultivated and 10.09+0.02% for the wild. The values were significantly different at
p<0.05. Ash contents account for mineral contents present in plant. As noted earlier, the significant difference
(p < 0.05) observed between the proximate composition except fibre in the cultivated and wild samples could be
attributed to some kinds of harsh environmental conditions in the forest as a result of both anthropogenic
activities and natural factors.

The proximate composition in the cultivated and wild samples were found to be perfectly correlated
with r = 1.00 at p = 0.05. An indication that the parameters are being influenced by the same factors (both
anthropogenic and natural factors).

Table 2: Antinutrient Composition (mg/100g) of the Plant Samples

Antinutrients Gongronema latifolium Samples
Cultivated Wild
Hydrocyanic acid (HCN) 0.05% +0.00 0.09° +0.00
Oxalate 145.20° + 4.40 180.40° + 4.42
Phytate 3.65° +0.03 3.56"+ 0.03
Tannin 4.85°+ 0.06 3.29°+0.07

Above values are means + standard deviations of triplicate analyses. Within row, means with different
letters are significantly different (p<0.05).

Table 3: Proximate Composition (%) of the Plant Samples

Proximate Composition Gongronema latifolium Samples
Cultivated Wild
Moisture 61.80% + 0.03 65.06° + 0.09
Ash 9.51% £ 0.02 10.09° £ 0.02
Fibre 6.92% + 0.03 6.93% +0.02
Protein 24.37°+0.41 21.93"+0.73
Carbohydrate 45.21°+0.45 48.35°+0.70
Caloric value 404.35°+0.17 395.36"+0.29

Above values are means + standard deviations of triplicate analyses. Within row, means with different
letters are significantly different (p < 0.05).

Table 4 showed the essential elements composition of the plant samples. From the table, calcium
contents were 56.38+0.04 mg/100g in the cultivated sample and 57.95+0.03mg/100g in the wild. These values
were significantly different at p<0.05. Calcium is important for blood clotting and muscle contraction. It is
essential for nerve impulse conduction and activation of some enzymes which generate neurotransmitters. It also
plays important role in building strong bones and teeth [65]. Sodium contents in the vegetable samples were
87.09+0.03mg/100g in the cultivated and 45.27+£0.03mg/100g in the wild. The values were significantly
different at p<0.05. Sodium plays important role in blood pressure regulation [66]. Potassium contents were
74.174£0.04mg/100g in the cultivated and 81.57+£0.04mg/199g in the wild samples. Potassium helps in protein
synthesis, it stimulates the movement of the intestinal tract. Potassium is necessary for the function of all living
cell. Diet high in potassium can reduce the risk of hypertension and possibly stroke [66]. Phosphorus contents
were 165.29+0.02mg/100g in the cultivated and 156.70+£0.03 in the wild samples. The two values were
significantly different at p<0.05. Phosphorus like calcium is required for growth, maintenance of bones, teeth
and muscles. Magnesium contents in the vegetable samples were 10.80+0.02mg/100g in the cultivated and
6.74mg/100g in the wild. These values were significantly different at p<0.05. Magnesium is important in
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calcium metabolism in bones and also in prevention of circulatory diseases such as ischemia heart disease [67].
Soft tissue magnesium function as a co factor of many enzymes involve in energy metabolism, protein
synthesis, RNA and DNA synthesis and maintenance of electrical potential of nervous tissue and cell
membranes. Iron  contents in the two samples were 2.82 +0.01mg/100g in the cultivated sample and
3.04+0.04mg/100g for the wild sample. Iron is vital for almost all living organisms participating in variety of
metabolism processes including oxygen transport, DNA synthesis and electrons transport. Adequate iron level in
the body is very important in decreasing the incidence of anemia. Again, the significance difference (p < 0.05)
observed between the essential elements composition in the cultivated and wild samples could be attributed to
some kinds of harsh environmental conditions in the forest as a result of both the anthropogenic and natural
factors.

The essential elements in the cultivated and wild samples were found to be highly correlated with r =
0.95 at p = 0.05. This indicated that the parameters could have been influenced by the same factors (both
anthropogenic and natural factors such as rainfall, temperature and humidity).

Table 4: Essential Elements Composition (mg/100) of Gongronema latifolium Samples

Elements Gongronema latifolium Samples
Cultivated wild
Calcium 56.38° + 0.04 57.95" +0.03
Sodium 87.09* + 0.03 45.27° £0.03
Potassium 74.17° + 0.04 81.57° + 0.04
Phosphorous 165.29° + 0.02 156.70° + 0.03
Magnesium 10.80° + 0.02 6.74° +0.01
Iron 2.82°+0.01 3.04"+0.04

Above values are means + standard deviations of triplicate analysis. Within row, means with different
letters are significantly different (p < 0.05).

Table 5 showed the trace metal levels in the plant samples. From the table, copper (Cu) levels were
3.44+0.03mg/100g and 1.76mg100g in the cultivated and wild samples, respectively. The two values were
significantly different at p<0.05. Cu is an essential element in mammalian nutrition as a component of
metalloenzymes in which it acts as an electron donor and acceptor. Cadmium (Cd) levels in the two samples
were 0.01+0.00mg/100g for the cultivated and 0.01+0.01mg/100g for the wild. These values were not
significantly different at p<0.05. Lead (Pb) level in both the cultivated and wild samples was as low as
0.01+0.00mg/100g. Pb causes cancer, damage the brain and kidney and ultimately death. Cobalt (Co) level in
both samples was 0.02+0.00mg/100g. Co has a large significance in animal nutrition and is observed to be a
component of vitamin By, (Cobalamine). Nickel (Ni) levels in the vegetable samples were 0.04+0.00mg/100g
for the cultivated and 0.03+0.00 for the wild. The two values were significantly different at p<0.05. Manganese
(Mn) stood at 0.14+0.00mg/100g in the cultivated and 0.18+0.03mg/100g in the wild samples. These values
were significantly different at p<0.05. Mn deficiency can produce severe skeletal and reproductive abnormalities
in mammals. Arsenic (Ar) levels in the two samples were below detection limit. Ar can impaired important
biochemical process posing threat to life. The significance difference (p < 0.05) observed between the trace
metals levels in the cultivated and wild samples could also be attributed to some kinds of harsh environmental
conditions in the forest as a result of both the anthropogenic activities and natural factors. The trace metals in
the cultivated and wild samples were found to be perfectly correlated with r =1.00 at p = 0.05. This indicated
that the metals could have been influenced by the same anthropogenic activities and natural factors such as
rainfall, temperature and humidity, meaning that as one factor increases, the other factor also increases. The
trace metal levels in the plant samples analysed were however, below the levels that could cause phytotoxity in
plants and toxicity in humans.

Table 5: Trace metal Levels (mg/100) in the Gongronema latifolium Samples

Trace metals Gongronema latifolium samples
Cultivated Wwild

Cu 3.44°+0.03 1.76°+0.03

Cd 0.01% + 0.00 0.01% + 0.00

Pb 0.01%* + 0.00 0.01*+ 0.00

As BDL BDL

Co 0.02°* + 0.00 0.02* + 0.00

Ni 0.04* + 0.00 0.03° £ 0.00

Mn 0.142+0.00 0.18°+£0.03

Above values are means + standard deviations of triplicate analysis. Within row, means with different
letters are significantly different (p<0.05). BDL = Below detection limit.
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Table 6 showed the vitamin contents of the plant samples. Vitamin A contents in the samples were
1.50£0.02mg/1000g for the cultivated and 1.53+0.02mg/100g for the wild. The two values were not
significantly different (p<0.05). Vitamin A is needed in small amount by humans for the normal functioning of
the visual system, growth, development and maintenance of epithelial cellular integrity, immune function and
reproduction. Deficiency causes night blindness. Vitamin C contents in the samples were 42.14+0.03mg/100g
for the cultivated and 36.90+0.04mg/100g for the wild. The values were significantly different (p<0.05).
Vitamin C is an electron donor (reducing agent or antioxidant). Deficiency of vitamin C leads to scurvy [29, 26].
Vitamin C scavenges reactive nitrogen oxide spices to prevent nitrosation of target molecules [26 — 28]. Vitamin
E contents in the plant samples were 0.03+£0.00mg/100g for the cultivated and 0.01+0.00mg/100g for the wild.
The two values were significantly different (p<0.05).Vitamin E is an antioxidant which is potentially able to
quench free radicals. The vitamins composition in the cultivated and wild samples were found to be perfectly
correlated with r = 1.00 at p = 0.05. This again, indicated that the parameters in the vegetable samples could
have been influenced by the same anthropogenic activities and natural factors such as rainfall, temperature and
humidity.

Table 6: Vitamins Composition (mg/100g) of Gongronema latifolium Samples

Vitamins Gongronema latifolium Samples
Cultivated Wild

A 1.50* + 0.02 1.53% +0.02

C 42.14* £ 0.03 6.90° £ 0.04

E 0.03%£0.00 0.01° +0.00

Above values are means + standard deviations of triplicate analysis. Within row, means with different
letters are significantly different (P<0.05).

IV.  Conclusions

Based on the analyses and results, we arrived at the following conclusions:

1. The cultivated and wild Gongronema latifolium obtained in Etinan, Akwa Ibom State contain appreciable
levels of phytochemicals, nutrients, essential elements and vitamins. These qualify the plant to be listed
among the groups of plants with high nutritive and medicinal properties.

2. The plant samples contain low levels of antinutrients or toxicants.

The plant samples equally contain low levels of trace metals.

4. The levels of antinutrients or toxicants and trace metals in this vegetable were below the levels that could
cause phytotoxity in plants and toxicity in humans. Hence, the suitability of the plant for human
consumption both for nutritional and medicinal purposes.

w
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