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ABSTRACT

Picralima nitida (Apocynaceae) is widely known for its efficacy in ameliorating the discomfort associated with different
diseases. The objective of this research is to investigate the phytochemicals, proximate composition, antioxidant, and
antioxidant capacity of unripe aqueous fruit pulp extract of P. nitida. The unripe fruit pulp of Pnitida was dried, ground to
powder, and soaked in distilled water. The aqueous extract obtained was analyzed for phytochemicals and found to contain
alkaloids, eugenols, flavonoids, phenolics, saponins, tannins, and terpenoids, according to phytochemical analysis.
Proximate composition showed a low fiber (0.43%), moisture content (13.09%), fat (14.51%), protein (8.17%), ash content
(10.30%), and moderate carbohydrate (53.50%). The antinutrients present in the aqueous extract are alkaloids (8.72 mg/g),
Saponins (8.65 mg/g), oxalate (75.95 mg/g) tannins (89.23 mg/g) and phytate (140 mg/g). Mineral analyses showed the
presence of Calcium (11.60 mg/g), sodium (21.00 mg/g), and potassium (161.84mg/g) having the highest concentrations.
Total phenol, total flavonoid, and vitamin C contents of the aqueous extracts of P.nitida fruit pulp had values of 39.24
mgGAE/g, 24.39 mgQE/g, and 17.02 mgAAE/g, respectively. Increased concentration of the extract led to increased
percentage inhibition of DPPH and hydroxyl radicals. These findings revealed the inherent properties of P. nitida fruit pulp
and its potential to be utilized therapeutically.
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INTRODUCTION MATERIALS AND METHODS
Medicinal plants have been used to manage and treat Plant Sample
different types of diseases with positive outcomes (P. nitida) fruit was purchased from New Benin Market in
(Yakubu et al., 2018). The acceptability of these plant Benin City, Edo state, Nigeria. The fruit was taken for
products is due to their effectiveness, availability, and identification in the Department of Plant Biology and
reduced cost. The presence of phytochemicals and other Biotechnology, University of Benin, Benin City, Edo State,
bioactive components which may be operating in concert and voucher number UBHp424 was obtained. The unripe
to bring about the intended result without having any fruits were rinsed with water and peeled. The pulp
negative consequences, is what gives plant extracts their obtained weighed 20 kg.
efficiency.

Preparation of the Crude Extracts.
P. nitida is a shrub widely distributed in Nigeria. The To achieve a constant weight at room temperature, the
different parts of the tree; seed, stem-bark, leaves, roots, pulp was dried for 56 days. The dried pulp was ground
and seeds have been employed by traditional medical into a fine powder (5.01 kg), and continuously stirred for
practitioners to treat and cure various ailments (Teugwa 72 hours while it soaked in distilled water (1:10 kg/L). The
et al., 2013). The fruit has a smooth, rounded oval shape slurry was then filtered via filter paper, cotton wool, and
and apex. It measures 8 to 10 cm in diameter and 11 to muslin cloth. The filtrate was freeze-dried using a
20 cm in length (lwu, 1993). When unripe, the fruit is Biobase BK-FD10 Freeze Dryer (China). A total yield of
glabrous and leafy green; however, when mature, it turns 637.69 (12.6%) was obtained. The freeze-dried extract
yellow to orange. The white, tender pulp contains the was stored in an airtight container in a refrigerator at 4°C.
seeds (Bruce et al, 2016). The fruit pulp is used in ethno-
medicine to treat diabetes, dysmenorrhoea, and malaria Screening for Phytochemicals
(Ezeamuzie et al.,1994). Francois et al. (1996), and Phytochemicals  (alkaloids, eugenols, flavonoids,
Olumese et al. (2023); reported the extracts obtained glycoside, phenolics, reducing sugar, saponins, steroids,
from fruit pulp are more effective than those obtained tannins and terpenoids) were qualitatively examined in
from the stem barks. The most common method of the aqueous extract using known standard procedures
utilizing fruit pulp in ethno-medicine is to obtain cold or (Edeoga et al. 2005).
hot aqueous or alcoholic crude extracts. However, there
is limited information on the constituents of the unripe Quantitative determination of antinutrients.
fruit pulp. The unripe P. nitida aqueous fruit pulp extract Determination of Total Tannins Content
is evaluated for phytochemical, proximate composition, Methanol (20 mL of 50%) and 0.20 mL of sample were
mineral, antioxidant, and radical scavenging abilities in combined, then they were stirred at 77 to 80 °C for an
this study. hour. The extract was mixed with 20 mL of distilled water,

2.5 mL of Folin-Denis reagent, and 10 mL of 17% Sodium
carbonate before being quantitatively filtered using a
double-layered Whatman No. 1 filter paper. Twenty
minutes were given for color development. A series of
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standard tannic acid solutions were made in methanol,
and their absorbance as well as samples were read on a
UV/ Visible spectrophotometer (721S, China). The total
tannin content was evaluated using the calibration curve.

Determination of Total Saponins Content

The study used a modified vanillin-sulfuric acid
colorimetric procedure, the method described by Makkar
et al. (2007) to estimate total saponins content. 50 mL of
plant extract was combined with 250 mL of distilled water.
This was then mixed with about 250ml of vanillin reagent.
Then 2.5 mL of sulfuric acid at a 72% concentration was
added and well mixed. For ten minutes, this solution was
kept in a water bath at 60 °C. A UVMNisible
spectrophotometer (721S, China) was used to measure
the absorbance at 570 nm after it had been refrigerated
in ice-cold water for ten minutes. Standard saponin
solutions with concentrations between 0 and 25 ppm. The
values were expressed using PPM.

Determination of Total Alkaloids Content

The total alkaloid was calculated using Harborne's
method (1998). To a 250 mL beaker, 100 mL of 20%
acetic acid in ethanol and 5g of the extract was added.
The beaker was then capped and left for 2 hours. The
extract was concentrated in a water bath to a quarter of
its original volume. Concentrated ammonium hydroxide
was added to the extract. The precipitate was extracted
by filtering, rinsed with 1% ammonia solution, dried, and
weighed after allowing the entire solution to settle.
Duplicate analyses of each sample were performed.

Determination of Total Phytate Content

A modified version of the colorimetric methods of Raboy
et al. (2000) and Vaintraub and Lapteva (1988) were
used to measure the relative content of phytate in the
sample. 100 mg (£0.2 mg) of freeze-dried sample and 2
mL of 0.65M HCI were placed in a sample bottle. The
samples were centrifuged at 3000 rpm for 20 minutes
using a Centrifuge (90-2 electric low-speed centrifuge,
China) and shaken at room temperature for 12 hours.
The supernatant extract was analyzed alongside phytate
standard stock solution (10 mg were dissolved in 1 mL of
0.65 M HCI). 2m of Wade reagent, was added to the
solution and was then allowed to react at room
temperature for 15 minutes before being measured for
absorbance at 430 nm with a UV/\Visible
spectrophotometer (7215, China).

Determination of Total Oxalate Content

A sample solution was prepared using distilled water and
a dilution of 0.01 M KMnO4 in distilled water. The mixture
included 0.1 to 1 mg of oxalic acid, 2 N H2S0O4, and
0.003 M KMnO4. The absorbance was measured on a
Shimadzu UV 1900 spectrophotometer (Japan), and a
reagent blank was created. The calibration curve was
linear.

Proximate Analyses
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The proximate composition (Total ash, crude protein, fat,
fiber) of the freeze-dried P. nitida fruit pulp was analysed
using standard methods (AOAC, 2005).

Mineral Analyses

Minerals were determined using inductively coupled
plasma optical emission spectrometry (ICP-OES)
(Chinma et al., 2021). One gram (1 g) of each sample
was mineralized by mixing with nitric acid and
microwave-digested (CEM One Touch TM Technology,
CEM Technologies, USA). The resulting solution was
diluted with Milli-Q water (Millipore, Bedford, MA). Stock
and working standard solutions were prepared by using
NIST traceable CRMs of the test minerals. Extracts were
analysed on an ICP-OES equipment (Spectro ARCOS,
Spectro Analytical Instruments, Kleve, Germany). The
results were expressed as mg/100g.

Antioxidant and Radical Scavenging Capacity
Determination of Total Phenol Content

The 100 uL aqueous extracts were oxidized with 2.5 mL
of 10% Folin-Ciocalteau's reagent (v/v), and 2.0 mL of
7.5% sodium carbonate was used to neutralize the
reaction. The reaction mixture was incubated for 40
minutes at 45°C and the absorbance was measured at
765 nm, Using a Lab-Tech digital colorimeter (1312,
Indian). (Singleton et al., 1999). The total phenol
concentration was then determined as the equivalent of
10 mg of gallic acid per 100 mL.

Determination of Total Flavonoid Content

Total flavonoid was determined as described by Meda et
al. (2005). Aqueous extract (100ul) was combined with
0.5 mL of methanol, 50 pL of 10% AICIs, 50 pL of 1M
potassium acetate, and 1.4 mL of water. The mixture was
then let to sit at room temperature for 30 minutes. The
reaction mixture's absorbance was then assessed at 415
nm using a Lab-Tech digital colorimeter (1312, Indian).
Quercetin (10 mg/100 ml) was utilized as the reference.

Determination of Vitamin C

Vitamin C content of the aqueous extract was determined
using the method of Benderitter et al. (1998).75ul of the
extracts were added to DNPH (2 g dinitrophenyl
hydrazine, 230 mg thiourea, and 270 mg CuS04.5H20 in
100 ml of 5 M H2S04), followed by 100 pL of 13.3%
trichloroacetic acid (TCA) and water. After 3-hour
incubation period at 37 9C, the reaction mixture was
added to the medium with 0.5 ml of 65% sulphuric acid
(viv), and the Lab-Tech digital colorimeter (1312, Indian)
was used to detect the absorbance at 520 nm. Ascorbic
acid as the reference (10 mg/100 mL) as the standard.

DPPH Radical Scavenging

DPPH scavenging activity was determined by the
modified method described by Roy et al. (2018). DPPH
(0.039 g) is dissolved in 80% methanol and made up to
250 mL with 50% methanol. The samples were mixed
with distilled water, which served as the blank solution,
and 0.6ml of DPPH. Duplicate tests were run on each
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test. The samples are incubated for 15 minutes at room
temperature in the dark and are then read using a
UV/Visible spectrophotometer (721S, China) at a
wavelength of 516 nm.

Fenton Reaction

This test uses a spectrophotometer to measure the
antioxidant's capacity to scavenge OH radicals. After the
samples were incubated at 37 °C for 30 minutes, 500 pL
of TCA (2.8%) was added to each test tube and the
incubation time was increased to 20 minutes. The test is
read using a UV/Visible spectrophotometer (721S, China)
at a wavelength of 532 nm.

Statistical Analysis

Analyses were performed in triplicate. The mean +
standard error of the mean is used to express results.
Pearson’s correlation coefficient was calculated from the
results using Microsoft Excel 2003. The results were
statistically analyzed by Analysis of variance (ANOVA),
and Duncan's new multiple range tests. Statistical
significance was accepted at P< 0.05.

RESULTS AND DISCUSSIONS

RESULTS

Phytochemical Composition of the Aqueous Extract
of P, nitida Fruit Pulp

The freeze-dried samples were screened for the
presence of phytochemicals. The result of the qualitative
phytochemical analysis of P. nitida fruit is shown in Table
1. The phytochemical screening of the pulp of P. nitida
fruits showed that glycosides, saponins, phenolic
compounds, terpenoids, eugenols, alkaloids, flavonoids,
tannins, and reducing sugars were present. Saponin was
moderately present while others were present in low
concentration. Steroids were not detected.

Table 1: Qualitative screening of phytochemical
constituents of aqueous extracts of P. nitida fruit pulp.
AQUEOUS

PHYTOCHEMICALS EXTRACT

Alkaloids +

Eugenols +

Flavonoids +

Glycoside +

Phenolics +

Reducing sugar +

Saponin ++

Steroids -

Tannins +

Terpenoids +

= Absent, + = trace amount; ++ = moderate amount

Proximate Composition of P. nitida fruit pulp

The proximate analyses of the freeze-dried fruit pulp of P
nitida (Table 2) showed a low fiber (0.43%), moisture
content (13.09%), fat (14.51%), protein (8.17%), ash
content (10.30%) and moderate carbohydrate (53.50%)
of 100g of the total sample analyzed.
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Table 2: Proximate composition of the aqueous extracts
of P, nitida fruit pulp.

COMPOSITION AMOUNT (%)
Moisture Content 13.09£0.18
Ash Content 10.30£0.04
Crude Fat 14.51£0.35
Crude Fibre 0.47+0.03
Crude Protein 8.17+0.58
Carbohydrate 53.46 £0.73

Values are mean + SD of three determinations.

Mineral Composition

The mineral analysis showed the presence of
microelements/trace elements and macronutrients;
namely, calcium, magnesium, potassium, sodium, zinc,
manganese, copper, and Iron in the fruit pulp of p. nitida.

Table 3: Estimation of the metal composition of the
aqueous extracts of P. nitida fruit pulp.

CONCENTRATION

METALS (mg/100g)
Copper, Cu 0.14 £0.11
Manganese, Mn 1.20+£0.12
Magnesium, Mg 440+0.15

Iron, Fe 440+0.10

Zinc, Zn 4.80 £ 0.11
Calcium, Ca 11.60 £ 0.10
Sodium, Na 21.00+£0.15
Potassium, K 161.84+ 0.11

Values are mean + SD of three determinations.

Anti-Nutritional Composition of P. nitida Fruit Pulp
The results of the antinutritional components observed in
this study is shown in Table 4. Phytate (140+1.2) had the
highest content, while the saponins (8.647+0.23) was the
least in the assayed fruit pulp.

Table 4: Quantitative determination of antinutrients in P.
nitida fruit pulp

ANTINUTRIENTS  QUANTITY (mg/100 g)
Alkaloid 8.72+0.17

Oxalate 75.95 +£3.77

Saponin 8.64+ 0.23

Tannin 89.23+2.45

Phytate 140.00£1.2

The results obtained are presented as mean + standard
deviation of triplicate determination.

Antioxidant and Antioxidant Capacity

Total phenol, total flavonoid, vitamin C contents
(antioxidants) and the percentage inhibition of DPPH by
the aqueous extracts of P nitida fruit pulp are
represented in Table 5,6 and 7.
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Table 5: Quantitative Estimation of Antioxidants of the
Aqueous extracts of P, nitida fruit pulp.

PHYTOCHEMICAL CONCENTRATION
Total Phenol (mg GAE/g 39.24 £ 0.45
extract)

Total Flavonoid (mg QElg  24.39 £ 0.74
extract)

Vitamin C (mg AAE/g 17.02+£0.71
extract)

The results obtained are presented as mean + standard
deviation of triplicate determination.

The Radical Scavenging Abilities of Aqueous
Extracts of P. nitida Fruit Pulp

The aqueous extracts of P. nitida unripe fruit pulp
promoted an increased ability to scavenge DPPH and OH
radicals with increasing extract concentrations (Tables 6
and 7).

Table 6: Percentage Inhibition of DPPH radicals bythe
aqueous extract of P. nitida fruit pulp.
EXTRACT CONC.

0,
(ug/mL) % INHIBITION
166 24
333 35
500 45
666 55

The values are mean +SD of duplicate determinations.

Table 7: Percentage inhibition of hydroxyl radical by
aqueous extracts of P. nitida fruit pulp.

EXTRACT CONC. % INHIBITION
(kg/mL)

7 26

142 40

214 61

285 73

Values are mean +SD of triplicate determinations.

DISCUSSIONS

The result of the qualitative phytochemical analysis of P
nitida fruit reported in Table 1 is at par with previous
reports by (Moja et al, 2003) who studied flavonoids,
tannins, and alkaloids in many plants and found that
these chemical constituents were found in sufficient
amounts in the studied plants. It has been reported that a
plant's functional property depends on its secondary
metabolites (Murugan and Parimelazhagan, 2014).
Phenols, flavonoids, and flavonols are polyphenolic
chemicals found in plants that have significant antioxidant
activity (Oyedemi et al., 2012). The freeze-dried fruit pulp
of P. nitida, had crude fiber (0.43%) as the lowest value,
and carbohydrate content (53.50%) had the greatest
value. The moisture content of the freeze-dried extract of
P, nitida fruit pulp (13.09%) was higher than the value
(10.67%) reported by Nwaogu (2016) on the dried
powdered seeds. This could be because the pulps have
higher water absorption capacity than the seeds. The
moisture present in food is a good indicator to assess the
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sensitivity and stability of food to spoiling bacteria. Low
moisture content tends to obstruct or prevent microbial
contamination and chemical degradation (Hussain et al.,
2009). Ash content amount is useful in defining the
sample’s purity and authenticity. The ash content value
(10.30%). Foods with a high ash content have a high
mineral content. Minerals play a role in human
metabolism, bone health, and water balance. The
percentage of crude fibre in the present study was
0.43%. Fibre is one of the essential body nutrients. Its
presence in foods helps to lower risks of constipation,
high blood pressure, diabetes, cardiovascular disease,
cancer, and obesity. The crude fat content value was
14.51%. Fats provide storage and carry metabolic fuel,
insulate subcutaneous tissues from heat and electricity,
act as emulsifiers in the production of medications, and
serve as structural components of biomembranes. The
percentage crude protein value (8.17%) was slightly
higher than the 7.87% reported by Olumese et al. (2023)
in P. nitida fruits (bark and pulp). Crude protein is an
index of food’s calorific value (Uyo et al., 2013). Protein is
crucial for children's healthy growth and development, the
preservation and repair of damaged tissues, the
generation of immunoglobulin for the body's defence, the
production of metabolic enzymes, and the growth of lean
muscle mass.

The results of the mineral composition of the aqueous
extract revealed a significant variation of minerals.
Minerals are necessary for appropriate  body
development and maintenance (Haruna et al., 2015).
They aid in the maintenance and improvement of muscle,
heart, and brain functioning, as well as the formation and
maintenance of healthy bones and teeth (Jéquier and
Constant, 2010). To maintain osmotic equilibrium,
magnesium is necessary in plasma and extracellular
fluid. It also participates in a variety of biological events
such as oxidative phosphorylation, glycolysis, and protein
synthesis (Grober et al., 2015). Potassium has the
highest value in the samples. It is essential for optimal
cell activity, muscular contraction, and blood pressure
management. Calcium is necessary for bone and muscle
growth, synaptic nerve signal transmission, and blood
cloting (Ozcan and Akbulut, 2008). Calcium
supplementation is widely advised, especially for
youngsters and pregnant women (Insel et al., 2011). Zinc
is essential for proper body development, protein
synthesis, and wound healing. It is also a component of
numerous enzymes in the human body (Afolayan and
Jimoh, 2009). However, excessive zinc consumption is
hazardous to human health (Ogundola et al., 2018).
Sodium is important in the regulation of acid-base
balance, normal cell activity, metabolite transport, nerve
impulse transmission, and blood pressure regulation
(Unuofin et al., 2017). Iron is required for the synthesis of
hemoglobin, energy metabolism, and oxygen transport
(Gaeta and Hider, 2005). Manganese is required for all
biochemical activities as well as the preservation of nerve
and muscle electrical potentials. It also aids in the
delivery of oxygen from the lungs to the cells and the
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activation of enzyme processes involved in glucose, lipid,
and protein metabolism (Jacob et al., 2015). Copper is a
trace mineral that is essential for various enzymatic
activities, organ function, collagen production, energy
generation, and hemoglobin development (DiNicolantonio
et al, 2018). Saponins have been found to have
hypocholesterolemic and anticarcinogenic properties
(Koratkar and Rao, 1997). Plant alkaloids and their
synthetic counterparts are utilized as fundamental
therapeutic agents. The majority of plants used to treat
ailments have varying quantities of alkaloids (Okwu,
2004). The presence of these significant antinutrients in
P nitida fruit pulp may have endowed it with a variety of
medicinal qualities.

Antinutrients are potentially hazardous to human health
because they reduce protein digestibility and mineral
bioavailability. Saponin and alkaloid levels were low in the
fruit pulp, but tannin and oxalate were high in quantity.
However, the existence of moderate levels of these
antinutrients should not be an issue if adequately
processed, because processing reduces antinutrient
levels to allowable limits (Ndidi et al., 2014). Phenolics
are antioxidants that are beneficial to human health as
they possess antioxidant capacities and are able to
combat damage carried out by free radicals. Vitamin C
content 17.02 = 0.71 mg AAE/g extract was low,
suggesting this vitamin is not present in appreciable
amounts. Oxidative stress has been implicated in the
pathogenesis of several diseases based on the roles of
free radicals in the cascade of biochemical changes
(Krishna-Kumar et al, 2012). Antioxidants inhibit
oxidation and chemical reactions that can produce free
radicals. However, a negative shift in favour of free
radicals may result in oxidative stress that catalyses the
proliferation of diseases. Natural antioxidants can
prevent, or reverse abnormal health effects associated
with antioxidants and oxidative stress (Sakha et al.,
2018). In this study, aqueous extract of P. nitida exhibited
noteworthy scavenging effects of DPPH (2, 2 diphenyl-1-
picrylhydrazyl) and OH radicals, hence offering scientific
support for their application in various conventional
medical conditions.

CONCLUSION

The findings of this study suggest that the phenolic and
flavonoid phytochemical components present in the
unripe fruit pulp of P. nitida and the ability to scavenge
free radicals may be responsible for its therapeutic
capabilities to treat a variety of illnesses and diseases
like cardiovascular disease, diabetes, inflammation, etc
the plant exerts its curative effects through other
phytochemical components like Saponins; which are
hypocholesterolemic. The high concentration of K+ may
help lower blood pressure, renal stones, osteoporosis,
and stroke prevention.

ACKNOWLEDGMENTS
The Department of Medical Biochemistry at the University
of Benin is gratefully acknowledged by the authors for

41

providing the equipment required to carry out this work.
No organization provided cash or grants for this study.

REFERENCES

Afolayan, A. J., and Jimoh, F. O. (2009). Nutritional quality of
some wild leafy vegetables in South Africa.
International ~ Journal of Food Sciences and
Nutrition, 60(5): 424-431

AOAC (2005). Methods of Analysis of Association of Official
Analytical Chemists. 16th Edn. AOAC, Washington,
DC, USA, Pp. 600-792.

Benderitter, M., Maupoil, V., Vergely, C., Dalloz, F., Briot, F.
and Rochette, L. (1998). Studies by electron
paramagnetic resonance of the importance of iron in
the hydroxyl scavenging properties of ascorbic acid
in plasma: Effects of iron chelators. Fundamentals
Clinical Pharmacology, 12: 510-516.

Bruce, S. O., Onyegbule, F. A. and Ihekwereme C. P. (2016).
Evaluation of The Hepato-Protective and Anti-
Bacterial Activities of Ethanol Extract of Picralima
nitida Seed and Pod. Journal of Phytomedicine and
Therapeutics, 15(2) 1 - 22.

Chinma, C. E., Abu, J. O., Asikwe, B. N., Sunday, T. and
Adebo, O. A. (2021). Effect of germination on the
physicochemical, nutritional, functional, thermal
properties and in vitro digestibility of Bambara
groundnut  flours. LWT-Food Science and

Technology, 140: 110-749.

DiNicolantonio, J. J., Mangan, D. and O'Keefe, J. H. (2018).
Copper deficiency may be a leading cause of
ischaemic heart disease. Open Heart, 5: 784.

Edeoga, H. O., Okwu, D. E. and Mbaebie, B. O.
(2005). Phytochemical ~ constituents of  some
Nigerian medicinal plant. African Journal of
Biotechnology, 4: 685-688.

Ezeamuzie, I.C., Ojinnaka, M.C., Uzogara, E.O. and QOji,
S.E. (1994). Antiinflammatory, antipyretic and anti-
malarial activities of a West African medicinal plant-
Picralima nitida. African Journal of Medicine and
Medical Sciences, 23(1): 85-90.

Frangois, G., Assi, L. A., Holenz, J. and Bringmann, G.
(1996). Constituents of Picralima nitida display
pronounced inhibitory activities against asexual
erythrocytic forms of Plasmodium falciparum in vitro.
Journal of Ethnopharmacology, 54: 113-117.

Gaeta, A., and Hilder, R. C. (2005). The Crucial Role of
Metal lons in Neurodegeneration: The Basis for a
Promising Therapeutic Strategy. British Journal of
Pharmacology, 146: 1041-1059.

Gréber, U., Schmidt, J., and Kisters, K. (2015). Magnesium
in prevention and therapy. Nutrients, 7: 8199-8226.

Harborne, J.B. (1998). Phytochemical methods: A guide to
modern techniques of plant analysis. Third edition.
Chapman and Hall, London

Haruna, S. S., Ahmed, O. and Titilayo, J. O. (2015).
Nutritional and anti-nutritional ~ composition  of
Lantana camara leaf. Journal of Investigational
Biochemistry, 4: 58-60.

Hussain, K.., Ismail, Z., Sadikun, A. and Ibrahim, P. (2009).
Proximate and qualitative analysis of different parts
of Piper sarmentosum, and quantification of total
amides in various extracts. Pharmacognosy
Research, 1: 113-119.



llenowa et al. Phytochemical, Proximate Composition, Mineral, Antioxidant...

Insel, P, Ross, D., McMahon, K. and Bernstein, M. (2011).
Nutrition, Sudbury Massachusetts. 4 Edn. USA:
Jones and Barlett Publishers.

Iwu, M. M. (1993). Handbook of African Medicinal plants.
CRC press Inc, USA, Pp. 219-221

Jacob, A. G., Etong, D. I. and Tijjani, A. (2015). Proximate,
mineral and antinutritional composition of melon
(Citrullus lantus) seeds. British Journal of Research,
2(5): 142-151.

Jéquier, E. and Constant, F. (2010). Water as an essential
nutrient: The physiological basis of hydration.
European Journal of Clinical Nutrition, 64: 115.

Koralkar, R. and Rao, A. V. (1997). Effect of soya bean
saponins on azoxymethane induced preneoplastic
lesionin the colon of mice. Nature Cancer, 27: 206-
209.

Krishna-Kumar, H.N., Navyashree, S.N., Rakshitha, H.R.
and Chauhan, J.B., (2012). Studies on the free
radical scavenging activity of Syagrusroman
zoffiana. International Journal of Pharmaceutical
and Biomedical Research, 3(2): 81-84.

Makkar, H. P., Siddhuraju, P. and Becker, K. (2007).
Methods in molecular biology: plant secondary
metabolites, Totowa: Human Press, Pp. 93-100.

Meda, A., Lamien, C. E., Romito, M., Millogo, J. and
Nacoulma, O.G. (2005). Determination of the total
phenolic, flavonoid and proline contents in Burkina
Faso honey, as well as their radical scavenging
activity. Food Chemistry, 91: 571- 577.

Moja, F., kamalinejad, M., Ghaderi, N. and Vahidipour, H. R.
(2003). Phytochemical Screening of Some Species
of Iranian Plants. Iranian Journal of Pharmaceutical
Resource, 1: 77-82.

Murugan, R. and Parimelazhagan, T. (2014). Comparative
evaluation of different extraction methods for
antioxidant and anti-inflammatory properties from
Osbeckiaparvifolia. — an in vitro approach. Journal
of King Saud University — Science, 26(4): 267-275.

Ndidi, U. S. Ndidi, C. U., Olagunju, A., Muhammad, A., Billy,
F.G. and Okpe, O. (2014). “Proximate, Antinutrients
and mineral composition of raw and processed
(boiled and roasted) Sphenostylisstenocarpa seeds
from Southern Kaduna, Northwest, Nigeria.
Nutrition, 1: 9.

Nwaogu, L.A. (2016). Chemical Profile of Picralima nitida
Seeds used in Ethnomedicine in West Africa. Futo
Journals. 2(2): 110-122.

Ogundola, A. F., Bvenura, C. and Afolayan, A. J. (2018).
Nutrient, antinutrient compositions and heavy metal
uptake and accumulation in S. nigrum cultivated on
different soil types. Scientific World Journal, 1: 1-20.

Okwu, D. E. (2004). Phytochemical and Vitamin Content of
Indigenous Spices of South Eastern Nigeria. Journal
Sustainable Agriculture and Environment, 6(1):30—
37.

Olumese, F. E., Aihie, P. A. and Oriakhi, K. (2023).
Nutritional composition, phytochemical analysis and

Antioxidant capacity of Ethanol extract of Picralima
nitida fruit (bark and pulp). Journal of Applied
Sciences and Environmental Management, 27 (5):
1039-1046

Oyaizu, M. (1986). Studies on products of browning
reaction: antioxidative activity of products of
browning reaction prepared from glucosamine. The

42

Japanese Journal of Nutrition and Dietetics, 44:
307-315.

Oyedemi, S. O., Oyedemi, B. O., Arowosegbe, S. and
Afolayan, A. J. (2012). Phytochemical analysis and
medicinal potentials of hydro alcoholic extract from
Curtisia dentata (Burm.f) CA Sm stem bark.
International Journal of Molecular Sciences, 13(5):
6189-61203.

Ozcan, M. M. and Akbulut, M. (2008). Estimation of
minerals, nitrate and nitrite contents of medicinal
and aromatic plants used as spices, condiments and
herbal tea. Food Chemistry, 106(2): 852-858.

Raboy, V., Gerbasi, P. F., Young, K. A., Stoneberg, S. D.,
Pickett, S. G., Bauman, A. T., Murthy, P. P. N,,
Sheridan, W. F. and Ertl, D. S. (2000). Origin and
seed phenotype of maize low phytic acid 1-1 and
low phytic acid 2-1. Plant Physiology, 124: 355-
368.

Roy, A. M., Krishnan, L. and Bharadvaja, N. (2018)
Qualitative and Quantitative Phytochemical Analysis
of Centella asiatica. Natural Products Chemistry and
Research Open Access Journal, 6:323

Sakha, H., Hora, R., Shrestha, S., Acharya, S., Dhakal, D.,
Thapaliya, S. and Prajapati, K. (2018). Antimicrobial
activity of ethanolic extract of medicinal plants
against human pathogenic bacteria. Tribhuvan
University Journal of Microbiology, 5: 1-6.

Singleton, V. L., Orthofor, R. and Lamuela Raventos, R.M.
(1999).  Analysis of total phenols and other
oxidation substrates and antioxidants by means of
Folin-Ciocaltau reagent. Methods. Enzymology, 299:
152-178.

Teugwa, C. M., Mejiato, P. C., Zofou, D., Tchinda, B.T. and
Boyom, F. F. (2013). 'Antioxidant and antidiabetic
profiles of two African medicinal plants: Picralima
nitida (Apocynaceae) and Sonchus
oleraceus (Asteraceae)'. BMC Complementary and
Alternative Medicine. 13: 175.

Unuofin, J. O., Otunola, G. A. and Afolayan, A. J. (2017).
Nutritional evaluation of Kedrostis africana (L.)
Cogn: An edible wild plant of South Africa. Asian
Pacific Journal of Tropical Biomedicine, 7(5): 443-
449

Uyoh, E. A,, Ita, E. E. and Nwofia, G. E. (2013). Evaluation
of the chemical composition of Tetrapleura

tetraptera (Schum and Thonn.) Taub. Accessions
from Cross River State, Nigeria. International
Journal of Medicine and Aromatic Plants, 3(3): 386-
394,

Vaintraub, I. A. and Lapteva, N. A. (1988). Colorimetric
determination of phytate in unpurified extracts of
seeds and the products of their processing.
Analytical Biochemistry, 175(1): 227-230.

Yakubu, O. F., Adebayo, A. H., Famakinwa, T. O., Adegbite,
0.S., Ishola, T. A., Imonikhe, L. O., Adeyemi, O. A,
Awotoye, O. A. and Iweala, E. E. J. (2018).
Antimicrobial and  toxicological ~ studies of
Ricinodendron heudelotii (Baill.). Asian Journal of
Pharmaceutical and Clinical Research, 11: 299-
305.


https://pubmed.ncbi.nlm.nih.gov/?term=Vaintraub+IA&cauthor_id=3245569
https://pubmed.ncbi.nlm.nih.gov/?term=Lapteva+NA&cauthor_id=3245569

