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Abstract: There is increasing consumer demand for functional and bioactive ingredients in foods to promote human health 
and ensure nutrition security in the developing regions of the world. Locally produced staples can be improved with specific 
micronutrients using conventional breeding methods. Orange fleshed sweet potatoes are a new variety of sweet potatoes; bred 
to produce nutrient dense products which can curb micronutrient deficiencies.In order to address vitamin A, macronutrient, and 
micronutrient deficits in sub-Saharan Africa and Asia, OFSP (Orange fleshed sweet potato) leaves can be used. In this study, 
the nutritional composition and antinutritional composition, and in vitro antioxidant potentials of orange-fleshed sweet potato 
(OFSP) leaves compared to fluted pumpkin (Telfairia occidentalis) leaves were investigated. Fresh OFSP and pumpkin leaves 
were washed, dried, pulverized into powder and used for subsequent analysis. The OFSP contained higher (p ≤ 0.05) contents 
of protein, ash, dietary fiber, amino acids, minerals, β -carotene, vitamins C, D and E, lutein, total anthocyanin, phytochemicals, 
and antioxidant activities than fluted pumpkin leaves. The use of OFSP leaves could aid the reduction of micronutrient 
deficiencies and hidden hunger in poor urban and rural communities in developing countries including Nigeria. The high 
potassium content of OFSP leaves is advantageous to reduce hypertension and alleviate the scourge of cardiovascular diseases. 
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1. Introduction 

Large quantities of Green leafy vegetables (GLV) are 
available in Nigeria. They serve as cheap and important 
sources of nutrients because of the presence of minerals, 
vitamins, fiber, and proteins [1]. The nutrient dense 
characteristic of a diet can be improved by the inclusion of 
GLV. Health benefits associated with a diet rich in GLV, 
includes lower risks of cardiovascular diseases, stroke, and 
constipation [2]. The numerous phytochemicals, bioactive 

compounds and robust antioxidants found in fresh green 
vegetables have antiflammatory activities which can combat 
illnesses [3]. 

Low consumption of vegetables contributes to increased 
morbidity and mortality [4, 5]. Despite the large quantities of 
GLV in Nigeria, the prevalent diet consists of a large intake 
of starchy root staples (cassava, sweet potatoes, rice), cereals 
(maize, millet, and sorghum) and poor intake of animal 
proteins, fruits, vegetables, and pulses. Biofortification of 
staple crops with significant amounts of macro and 
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micronutrients is a global agenda to end malnutrition [6]. In 
some communities in Nigeria, sweet potatoes were 
biofortified to enhance the intake of micronutrients and 
improve their nutritional status [7]. 

Orange fleshed sweet potato plant is a non-woody creeping 
plant with smooth, light, green-colored leaves. The vines 
have purple pigmentation which climbs by tendrils [8]. The 
roots are adventitious, mostly located within the top 25cm of 
the soil [9]. Production of green leafy vegetables alongside 
the tuber crops takes a secondary place; but they serve as a 
carrier of a variety of compounds with positive influence on 
human health [10]. 

OFSP leaves are underutilized in Nigeria. Their inclusion 
in diet can ensure food security during scarcity. The presence 
of macro and micronutrients could protect vulnerable groups 
in the community against hidden hunger, anemia, and 
oxidative stress. 

In this study, the phytochemical, proximate, mineral, 
vitamin, antinutrient, amino acid, and in vitro antioxidant 
potentials of orange fleshed sweet potato (OFSP) leaves were 
assessed and compared to a commonly consumed 
GLV(Telfaria occidentalis, ‘fluted pumpkin leaves’) 

 
Figure 1. Orange-fleshed sweet Potato leaves I (Ipomoea batatas). 

 

Figure 2. ‘Fluted pumpkin leaves’ Telfaria occidentalis. 

2. Materials and Methods 

2.1. Plant Samples 

The National Root Crop Research Institute (NRCI), 
Umudike, Abia State, Nigeria, provided the fresh leaves of 
orange-fleshed sweet potatoes and pumpkin in November 
2022. They were verified at the University of Benin's 
Department of Plant Biology and Biotechnology in Benin 
City, Nigeria. At the department's Herbarium, a specimen 

with the number UBH-1493 was stored. 
The samples were cleaned with water to eliminate 

impurities before being air dried for 21 days at a temperature 
of about 25°C to maintain a constant weight. Using an 
electric mill, (Horus corn and wheat milling, China) the 
leaves were ground into a powder and filtered using a 
0.55mm silk cloth to obtain dried powdered leaves. 

2.1.1. Preparation of Aqueous Extracts 

The pulverized leaves (60 g) were macerated in 2.5 Litres 
of water; stirred and soaked for 72 hours. The mixture was 
filtered through a cloth mesh, and the Chinese FD -10 bench 
top micro freeze drier was used to freeze-dry the crude 
extracts. The freeze-dried extracts were kept at around 4°C in 
sealed containers. 1g of this extract was utilised for 
phytochemical analyses. 

2.1.2. Qualitative Analysis of Phytochemicals 

The aqueous extracts were used for the evaluation of the 
presence of phytochemicals (Alkaloids, flavonoids, tannins, 
terpenoids and saponins) to were profiled following the 
methods of [11]. 

2.1.3. Proximate Analysis 

The samples were analyzed using standard methods [12]. 
for moisture (method no. 925.09B), ash (method no. 923.03), 
fat (method no. 920.39C,), protein (method no. 992.23), 
soluble dietary fiber (SDF) and insoluble dietary fiber (IDF) 
(method no. 991.43) and total dietary fiber (calculated as sum 
of IDF and SDF) [12]. 

2.1.4. Antinutritional Factors 

Phytic acid and Tannins present in the green leafy 
vegetables were analyzed as described below. 

2.1.5. Phytic Acid 

One gram of the extract was mixed with 20 mL HCl to 
extract the Phytic acid in the sample. The filtrate was 
measured in a UV/Vis spectrophotometer (Genesys G10S, 
Thermo Fisher Scientific, Waltham, USA) at an absorbance 
of 500 nm, following the procedure described by [13]. The 
phytate value was measured from the phytic standard curve 
(y = 0.513x + 0.0438, R2 = 0.9978) and the results were 
reported in mg /100 g. 

2.1.6. Tannin 

The sample extract (0.5 g) was mixed with with methanol 
(5 mL of l%, v/v), to extract the Tannins. The filtrate was 
measured at an absorbance of 760 nm in a UV -Visible 
spectrophotometer (G10S, Thermo Fisher Scientific, 
Waltham, USA) [14]. Tannin content was measured from a 
standard curve of catechin (y = 0.0093 x + 0.0541, R2 = 
0.99504). The results were presented in CE /100 g. 

2.2. Determination of Vitamins, Minerals, Amino Acids, 

and Antioxidants 

2.2.1. Determination of β-carotene 

The extraction and estimation of β-carotene were 
performed using a standard procedure [15]. The pulverized 
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sample (500 mg) was mixed with 10 ml of 80% acetone and 
were centrifuged for 3–4 minutes at 10,000 rpm. The 
supernatant was removed and brought up to 20ml in a 
volumetric flask, and the absorbance was measured at 620nm 
using a Hitachi U1800 spectrophotometer instrument 
(Hitachi, Tokyo, Japan). The β-carotene content was 
calculated using the following formula: 

Amount of β-carotene = 7.6(Abs. at 480) - 1.49(Abs. at 
510) ×Final volume/ (1000 × weight of leaf taken) 

2.2.2. Determination of Vitamin C Content 

The vitamin C content of the polar extracts was 
determined using the method of [16]. Briefly, 500 µL of a 
reaction mixture containing 100 µL of 13.3% (TCA, 
Trichloroacetic acid) and water received 75 µL of 2,4-
dinitrophenylhydrazine, DNPH). At 37°C, the reaction 
mixtures were incubated for 3 hours. The medium was then 
added 0.5 ml of 65% H2SO4 (v/v), and their absorbance was 
measured at 520 nm. The vitamin C content of the samples 
was expressed as mg AA/100g. 

2.2.3. Determination of Vitamin D and E 

Vitamin D and E was profiled using a HPLC following a 
method described by [17]. while keeping the method of [18]. 
as the key reference with some modifications. Anhydrous 
sodium sulphate was used to dehydrate the vitamins after 
they had been extracted three times using partition 
chromatography and varying ether concentrations (50, 30, 
and 20 mL). Calibration curves were prepared for vitamins D 
and E. The vitamins were analysed with HPLC (Thermo 
Scientific™ Dionex™ UltiMate™ 3000 standard system, UK) 
while a C18 column (4.6 × 250 mm, 5 µm) (Agilent 
ZORBAX Eclipse Plus™, USA, 5 µm, 4.6 × 250 mm) was 
used with a linear gradient of methanol at a constant flow 
rate of 1 mL/min and UV detection recorded at 265 nm for 
vitamin D and 290nm for vitamin E. The results were 
reported as µg/100g. 

2.2.4. Determination of Folic Acid 

Folic acid content was determined according to a standard 
procedure (method 86–90.01), [18]. with a modification in 
sample extraction. Briefly, 5mL of 1N NaOH was used to 
hydrolyze the sample (0.5 g) for 1 hour at 50°C. 0.1N 
hydrochloric acid was used to bring the mixture's pH to 6.8. 
The extracts were filtered into vials for HPLC analysis 
(solvent flow rate was set at 0.8 ml/min with an increasing 
rate of solvent B (acetonitrile) over solvent A (30 mM 
phosphate buffer - pH 2.2) after being centrifuged at 2000 g 
for 15 min. The HPLC was equipped with a UV detector 
(Waters 2489 UV/ Visible Detector and Empower software, 
Milford, USA). The results were reported as µ / g. 

2.2.5. Mineral Composition 

Minerals were determined using inductively coupled 
plasma optical emission spectrometry (ICP-OES) as 
previously reported by [19]. Briefly, 1g 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). Utilizing NIST 
traceable CRMs of the test minerals, stock and working 
standard solutions were prepared. The ICP-OES equipment 
(Spectro ARCOS, Spectro Analytical Instruments, Kleve, 
Germany) was used to analyse the extracts. The results were 
expressed as mg/100g. 

2.2.6. Determination of Amino Acid 

The amino acids of samples were determined using the 
Pico-tag method as reported by [20]. Briefly, 100 mg of 
sample was treated with 5 mL of 6 M HCl at 110°C for 24h 
to achieve complete hydrolysis, followed by precolumn 
derivatization and analysis by reversed-phase high-
performance liquid chromatograph (Perkin Elmer, Glen 
Waverley, Australia) coupled with a photodiode array 
detector (MD-2010, JASCO, Tokyo, Japan) at 254 nm and 
expressed as mg/g protein. 

2.2.7. Determination of Total Phenol, Flavonoids, and 

Antioxidant Activities 

Total phenol 
The total phenol content (TPC) was determined according 

to the method of [21]. A suitable dilution of the methanol 
extract of the sample was 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 TPC was 
measured at 765 nm using a UV-visible spectrophotometer. 
as accordance with a calibration curve (y = 1.1319 x + 
0.0563, R2 = 0.9955), and expressed as mg/GAE/g. The 
reaction mixture was incubated for 40 minutes at 45 degrees 
Celsius, and the spectrophotometer was used to detect the 
absorbance at 765 nm. The gallic acid equivalent (GAE) of 
the total phenol concentration was then determined. 

Total flavonoid content 
The total flavonoid content of the methanol extracts of the 

samples was determined using a slightly modified method 
reported by [22]. Briefly, 1.4 ml water, 50 µL 1M potassium 
acetate, 50 µL 10% AlCl3, and 0.5 ml of diluted sample 
extract were combined and left at room temperature for 30 
minutes, to obtain the flavonoid in the reaction. The reaction 
mixture's absorbance was measured at 415 nm after being 
tested in a UV-Visible spectrophotometer, and the results 
were expressed as mg QE/100g. 

Determination of total anthocyanin 
Total anthocyanins content (TAC) was determined 

following the method described by [23]. The sample was 
diluted and stored in the dark for 2h. Thereafter, total 
anthocyanins content was calculated using the formula: TAC 
(mg/g) = OD535×V×N÷98.2÷m×100. The result was 
expressed as mg/g. 

Determination of Lutein 
Lutein content was determined by the method of [24]. 

Samples were extracted in a 25 mL solution of acetone while 
being continuously shaken at room temperature (28 ± 1°C) in 
the dark. Butylated-hydroxy-toluene (0.3g) was added to stop 
carotenoids from oxidizing. The residues were extracted 
three times with 25 mL acetone for 4 hours respectively. All 
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extracts were combined and dried under vacuum and used for 
HPLC analysis. The results are presented as mg/g. 

Antioxidant activities 
Determination of DPPH 
The free radical scavenging ability of extracts of the 

samples against DPPH (1,1-diphenyl-2 picrylhydrazyl) free 
radical were evaluated as described by [25]. To the sample 
extract, methanolic solution (0.4 mM) containing DPPH 
radicals was added and was kept in the dark for 30 minutes. 
Trolox was used as a standard. The absorbance was measured 
at 516 nm. The ability of the DPPH to scavenge free radicals 
was expressed as a percentage of the control. 

Determination of ABTS 
The ABTS radical cation decolorization (ABTS+) method 

as described by [26] with a slight modification. Briefly, 
0.1ml of diluted sample extracts was added to ABTS+ radical 
(7.0 mM ABTS with 2.45 mM potassium persulfate at 2:1 
(v/v), thoroughly mixed, and then left at room temperature 
for 6 minutes. The absorbance was determined at 734 nm. 
The positive control was ascorbic acid. The following 
equation was used to determine the scavenging activity: 
ABTS radical scavenging activity (%) = (1-A1/Ao) 100. The 
ability of the ABTS to scavenge radicals was expressed as a 
percentage of the control. 

2.2.8. Data Analysis 

The results were compiled using a Microsoft Excel 
spreadsheet (version 10) before being subjected to 
descriptive analysis. The results were expressed as mean ± 
standard deviation. Statistical Package for Social Sciences, 
SPSS®, Version 21.0 was used. 

3. Results and Discussions 

Phytochemical screening 
Phytochemical screening of the aqueous extracts of leaves 

is represented in Table 1. Saponins, alkaloids, tannins, 
flavonoids, terpenoids and phenols were present. Alkaloids 
were not present in the leaves. 

Table 1. Qualitative Phytochemical Screening of OFSP aqueous leaves 

extract. 

Phytochemical OFSP leaves Pumpkin leaves 

Alkaloids -ve -ve 
Flavonoids +ve +ve 
Phenols +ve +ve 
Saponins +ve +ve 
Tannins +ve +ve 
Terpenoids +ve +ve 

*Interpretation: + Trace, +ve Indicates the presence of phytochemicals. 

Phytochemicals, proximate and antinutrient analyses 
The phytochemicals found in OFSP leaves may exhibit 

beneficial pharmacological activities. Phytochemicals have a 
vast range of activities. Saponins have been shown to have 
anticholesterolemic, antidiabetic and anticancer activity; 
Tannins are bioactive substances, their presence in the 
extracts can be anti-carcinogenic [27]. Flavonoids, phenols, 

tannins and terpenoids are a large group of polyphenolic and 
aromatic compounds that could exert positive benefits 
through their antioxidant activity and protection against 
oxidative stress [22]. 

Table 2 represents the proximate composition of OFSP and 
pumpkin leaves. The moisture content of OFSP and pumpkin 
leaves were 11.25±0.34g/100g and 12.13±0.55g/100g, 
respectively. The crude protein results showed that OFSP and 
pumpkin had 5.84±0.07g/100g, and 3.29±0.40g/100g 
respectively. The fat content in OFSP and pumpkin leaves 
were 0.63±0.03g/100g and 0.56±0.03g/100g, respectively. 
The OFSP and pumpkin leaves contained ash content of 
3.39±0.01g/100g and 2.89±0.01g/100g, respectively. The 
OFSP leaves contained higher concentration of insoluble, 
soluble, and total dietary Fiber than pumpkin leaves. The 
proximate composition of OFSP and Pumpkin leaves varied 
significantly (p ≤ 0.5). However, there were no significant 
differences (p ≤ 0.5) in the Antinutritional factors. 

Table 2. Proximate composition and antinutritional factors of orange 

fleshed sweet potato and fluted pumpkin leaves. 

Parameters Pumpkin leaves OFSP leaves 

Moisture (g/100 g) 12.13±0.55a 11.25±0.34a 
Protein (g/100 g) 3.29±0.40b 5.84±0.07a 
Fat (g/100 g) 0.56±0.03b 0.63±0.03a 
Ash (g/100 g) 2.89±0.01b 3.39±0.01a 
Crude fiber (g/100g) 2.36±0.11b 2.51±0.13a 
Insoluble dietary fiber (g/100 g) 2.41±0.01a 2.17±0.01b 
Soluble dietary fiber (g/100 g) 1.97±0.01a 1.88±0.01b 
Total dietary fiber (g/100 g) 4.38±0.03a 4.05±0.01b 
Antinutritional factors   
Phytic acid (mg/100g) 0.03±0.00a 0.01±0.01a 
Tannins (mg/100g 0.18±0.04a 0.11±0.01a 

Mean± standard deviation of triplicates. 
Means with no common letters within a row significantly differ (p ≤ 0.05). 
All values are on dry weight basis. 

The amount of moisture present in the OFSP leaves were 
lower than the values reported by [28]. The amount of 
moisture determines the texture of the leaves and the 
maintenance of the shelf life. The reduced moisture content 
obtained in OFSP leaves could be that the sampling period 
was characterized by intense sunlight and dryness. The 
protein values of OFSP leaves were significantly higher than 
pumpkin leaves. Different amino acids combine to form 
Proteins, which are utilized for diverse purposes in the body. 
It is needed to form blood cells, muscles, skin, hair 
connective tissues, bone marrow and vital organs [29]. 
Protein deficiency can cause growth retardation and reduced 
intelligence. The fat content obtained for OFSP is generally 
low. Their intake will reduce weight increase and risk of 
obesity and other cardiovascular diseases. The quantity of 
ash content is directly related to the mineral composition. 
The values obtained for OFSP were higher than that reported 
in fluted pumpkin leaves (Akinwunmi et al. 2016). This 
suggests that the leaves of OFSP are rich in organic matter. 

The soluble, insoluble, and total dietary fiber of OFSP 
leaves were significantly (p ≤ 0.5) lower than those obtained 
for the pumpkin leaves. Adequate fiber in the diet has been 
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shown to lower serum cholesterol levels and prevent 
constipation by increasing bulk and promoting motility and 
peristalsis in the GIT. High fiber content in the diet can also 
reduce the risk of diabetes, hypertension, and breast 
cancer.[30]. The values obtained for phytic acid and tannins 
were low. The phytic acid content of OFSP and pumpkin 
leaves were 0.01±0.01 mg/100g and 0.03±0.00 mg/100g, 
respectively. The tannin of OFSP and pumpkin leaves were 
0.11 ±0.01 mg/100g and 0.18±0.04 mg/100g, respectively. 

Phytates taken in by diet should be 25mg/100g or less to 
prevent mineral deficiencies [31]. This is useful because 
phytic acid functions as an anti-nutrient by forming insoluble 
complexes with minerals, which prevents them from being 
absorbed through the gut walls; thus, reduces the 
bioavailability of minerals. Antinutrients can negatively 
interfere with the digestibility of proteins and starches. 

Micronutrients Carotenoids and vitamins 
Beta-carotene, lutein values were 44.18±0.13mg/100g, 

27.05 ±0.01mg/100g in OFSP leaves. However, Vitamin C, 
D and E levels were 21.84±0.26 mg AA /100g, 1.68 
±0.03µg/100g and 3.27 ±0.05µg/100g. The total 
anthocyanins content and folic acid present in OFSP leaves 
was 0.35±0.01mg/g and 0.02±0.01µ/g, respectively. The 
values obtained were significantly higher than those obtained 
for pumpkin leaves. 

Table 3. Vitamin composition of samples. 

Parameters Pumpkin leaves OFSP leaves 

β-carotenoids (mg/100g) 38.47±0.16b 44.18±0.13a 
Lutein (mg/100g) 22.30±0.10b 27.05±0.08a 
Vitamin C (mg AA/100 g) 19.52±0.23b 21.84±0.26a 
Vitamin D (µg /100g) 1.17±0.03b 1.68±0.03a 
Vitamin E (µg /100 g) 2.54±0.01c 3.27±0.05a 
Total anthocyanin (mg/g) 0.25±0.01b 0.35±0.01a 
Folic acid (µ/g) 0.03±0.01a 0.02±0.01a 

Mean± standard deviation of triplicates. 

Means with different superscripts within a row are 
significantly different (p ≤ 0.05). 

Beta-carotene and lutein, perform a protective role from 
age-related degeneration in the eyes. Lutein, zeaxanthin, and 
carotenoids are present in the eye lens and macular region of 
the retina. [32]. Millions of children around the world have 
an increased risk of blindness, and other illnesses because of 
inadequate dietary intake of vitamin A [33]. In addition, 
Beta-carotene (a provitamin of vitamin A), carotenoids and 
xanthophylls are powerful antioxidants that can mop off free 
radicals and reduce oxidative stress. The Recommended daily 
allowance (RDA) for beta-carotene is 15-180 mg a day. The 
result from this study, shows that OFSP has a significant 
amount of lutein and beta carotene that can meet the daily 
requirements to maintain good health. Increased consumption 
of carotenoid rich vegetables produces better outcomes than 
the use of dietary supplements. [34]. The skin, skeleton 
tissues and respiratory organs all depend on carotenoid, 
which is a precursor of vitamin A [35]. 

Antioxidant vitamins (Vitamin C and E) can mop off free 
radicals generated in the cells and protect the cells from 

oxidative damage. The OFSP leaves are good sources of the 
antioxidant vitamins; while they are poor sources of vitamin 
D, E and Folic acid. The values obtained from this present 
study are low. Our results and those reported in recent times 
also showed that pumpkin leaves are good sources of 
antioxidants and antioxidant activity. 

Folic acid is a B vitamin, water-soluble compound, 
important for the prevention of anemia and normal neural 
tube development; low maternal folate status could result in 
neural tubes defects (NTDs) in newborns [36]. Some 
Nigerian green leafy vegetables were reported to be good 
sources of folate in the raw form; ranging from 21.5 µg/100 g 
in Solanum macrocarpon leaves to 183.4 µg/100 g in 
Corchorus olitorius[37]. 

Amino acid composition 

Amino acid profile is an indication of the quality of protein 
contained in a food sample. Amino acids profile of OFSP and 
pumpkin leaves are represented in Table 3. The results 
revealed that the total essential amino acids (TEAAs) of 
pumpkin and OFSP leaves were 63.50 and 70.60 mg/g, 
respectively. Leucine was the predominant essential amino 
acids recorded in both samples. The total essential amino 
acids (TEAA) were higher in the OFSP leaves than the 
values of fluted pumpkin leaves. OFSP leaves had a higher 
total amino acid (TAA) with 115.66mg/g sample. The 
sulphur containing amino acids (methionine and cysteine) 
were limiting essential amino acids; with 0.88±0.01mg/g and 
0.65 ±0.00 for OFSP and pumpkin leaves, respectively and 
cysteine with values of 0.59±0.01mg/g and 0.44 8±0.00mg/g 
respectively. The highest concentration of essential amino 
acids were leucine, lysine, valine, and phenylalanine. This 
result agrees with those reported by [38] in leaves of 
Melanthera scandens. 

Table 4. Table Amino acid composition (mg/g) of OFSP and pumpkin leaves. 

Parameter Pumpkin leaves OFSP leaves 

Essential amino acid   
Histidine 4.55±0.01b 5.90±0.01a 
Isoleucine 7.86±0.01b 8.77±0.02a 
Leucine 11.40±0.01b 12.20±0.01a 
Lysine 10.05±0.01b 11.97±0.01a 
Methionine 0.65±0.00b 0.88±0.01a 
Phenylalanine 10.73±0.01b 11.14±0.01a 
Threonine 7.21±0.02b 8.11±0.01a 
Valine 11.05±0.01b 11.63±0.01a 
TEAA Non-essential 63.50 70.60 
Alanine 9.41±0.01b 10.31±0.01a 
Arginine 11.05±0.00b 12.11±0.01a 
Aspartic acid 28.51±0.07b 29.63±0.05a 
Cysteine 0.44±0.00b 0.59±0.01a 
Glutamic acid 30.68±0.06b 31.53±0.04a 
Glycine 0.34±0.01b 10.84±0.02a 
Proline 9.20±0.01a 8.36±0.02b 
Serine 6.53±0.02b 7.10±0.01a 
Tyrosine 4.20±0.01b 5.19±0.01a 
TNEAA 100.36 115.66 
TAA 163.86 186.26 

Mean ± standard deviation of triplicates. 
Values with different superscripts in a row are significantly different (p ≤ 
0.05). 
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The quality of dietary proteins is dependent on the 
presence and amount of the essential amino acid. High 
quality dietary proteins will promote growth in children and 
repair tissues. The body can incorporate essential amino 
acids into new proteins as the cells need them.Non-essential 
amino acids are produced from other precursors in the cell. 
Total non-essential amino acids (TNEAAs) recorded in 
pumpkin and OFSP leaves were 100.36 mg/g and 115.66 
mg/g, respectively. Glutamic acid was the predominant 
essential amino acids recorded in both samples. The amount 
of non-essential amino acids: glutamic and aspartic acids 
were high for OFSP leaves [39] made similar observations in 
the amino acid profile of three GLV consumed in Nigeria. 
Alanine is an important source of energy for muscle tissue 
while glycine aids the release of energy and facilitates the 
synthesis of hormones needed for a strong immune system. 
Arginine strengthens immune responses to bacteria and 
viruses, promotes wound healing and growth hormones 
needed for growth optimization and tissue repair. 

Our findings shows that OFSP leaves were significantly 
higher (P≤ 0.5) in proteins, ash, vitamins, and amino acids 
than pumpkin leaves. Fluted pumpkin leaves were however 
reported to be superior in nutritional values (amino acids, 
proteins and energy values) to other GLV (spinach Leaf 
(Amaranthus hybridus), bitter leaf (Vernonia amygdalina) 
and water leaf (T. triangulare) analysed [40]. Therefore, 
OFSP leaves are good sources of essential amino acids and 
could serve as an alternative source of cheap, quality protein. 

Mineral composition 

The mineral content of OFSP and pumpkin leaves are 
represented in Table 5. This is supported by the higher ash 
content represented in Table 2. The leafy vegetables contain 
varying amounts of minerals. OFSP leaves had significantly 
higher (p ≤ 0.5) values than those obtained for pumpkin 
leaves. However, sodium was significantly lower in the 
OFSP leaves. 

Table 5. Mineral composition of orange fleshed sweet potato and fluted 

pumpkin leaves. 

Parameters Pumpkin leaves OFSP leaves 

Calcium (mg/100g) 1316.43±12.18b 1448.70±19.43a 
Manganese (mg/100g) 15.30±0.75b 17.81±0.93a 
Magnesium (mg/100g) 496.82±13.29b 583.52±12.36a 
Sodium (mg/100g) 12.10±0.22a 7.05±0.09b 
Iron (mg/100g) 18.04±0.20b 20.89±0.10a 
Potassium (mg/100g) 2120.40±24.73b 2516.77±18.34a 
Phosphorus (mg/100g) 130.63±1.15b 157.90±1.13a 
Selenium ((g/100 g)) 6.13±0.08b 9.72±0.06a 
Zinc (mg/100g) 2.86±0.01b 3.85±0.11a 

Mean± standard deviation of triplicates. 
Means with no common letters within a row significantly differ (p ≤ 0.05). 
All values are on dry weight basis. 

The values in the OFSP leaves, indicate they are nutrient 
minerals dense. The presence of micronutrients minerals in 
diet are essential to sustain numerous physiological roles that 
leads to optimal healthy functions. They function as cofactors 
in enzymatic reactions. Minerals have been reported to have 
very good stability during food processing [41]. They 

provide the alkaline minerals that will counteract the excess 
acid foods. 

Potassium, magnesium, and calcium (macro elements) are 
present in adequate amounts, the Dietary Reference Intake 
(DRI) of 4,700 mg of potassium [42] cannot be met by any of 
the vegetables at 100g per day serving. Studies have shown 
that diets high in potassium can reduce the risk of 
hypertension and possibly stroke by a mechanism 
independent of blood pressure [43,44]. The leafy vegetables 
contain chlorophyll which make them rich sources of 
magnesium. The vegetables studied have enough to meet the 
recommended daily values of 300 mg [45] at a serving of 
100g per day. Magnesium interacts with phosphate in 
stabilizing nucleic acids. Also, more than 300 enzymes 
require magnesium ions as cofactors for their catalytic 
activities [46]. The vegetables, as presented in Table 5, are 
also rich in calcium. 100g per day serving with any of the 
vegetables will meet the calcium recommended adequate 
intake of 1200 mg/day [47]. The high Calcium levels 
observed in this study agrees with those reported by [48]. 
The values can meet the RDA of 800 to 1200 mg/day for 
calcium in adults. Calcium is needed for the development of 
bones and sustainability of strong bones, muscle contraction 
and formation of blood clots. 

OFSP leaves contained high amounts of zinc, which is 
known to play a significant role in the normal functioning of 
the immune system, protein metabolism and enhance the 
ability to promote healthy skin and hair. [48]. It also 
improves reproductive function. Zinc deficiency led to 
retarded growth and delayed sexual maturity due to its 
function in the metabolism of nucleic acids and protein 
production. 

Studies on a Nigerian population shows that Zinc 
deficiency affects 20% of children less than five years; 28.1% 
of mothers and 43.9% of pregnant women [49]. Important 
intracellular and extracellular cations are sodium and 
potassium, respectively. Sodium is involved in the regulation 
of acid-base balance, action potential for signal transduction 
and maintaining plasma volume.[49]. The magnesium 
content of OFSP leaves (583.52mg/100g) obtained in this 
study meets the recommended daily allowance (RDA) of 
400mg/day for men 19-30 years old and 310mg/day for 
women 19-39 years old [49]. 

Red blood cell and hemoglobin synthesis require iron. 
Deficiency of Iron in diet leads to anaemia. The RDI for iron 
is 18 mg; Children (7-10 years) and adult males require 10 
mg of iron; adult females require 15 mg and pregnant and 
lactating mothers require 13 mg [50]. This present study 
shows that OFSP leaves have higher amounts of iron to meet 
the RDI and prevent deficiency diseases. 

Nutritionally essential selenium is a constituent of more 
than two dozen selenoproteins that play critical roles in 
reproduction, thyroid hormone metabolism, DNA synthesis, 
and protection of cells and tissues from oxidative damage, 
diseases and infection. [51]. Selenium is a cofactor in 
glutathione peroxidase, which functions to mop off hydrogen 
peroxide thereby acting as antioxidants and anti-
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inflammatory agents. The RDA of children and adults for 
selenium ranges from 15-70 µg. This study shows that OFSP 
leaves are excellent sources of selenium, with values of 
9.72g/100g.Iron, zinc and β-carotene (vitamin A) act 
synergistically to ensure haematopoiesis and prevent anaemia. 

Total phenolic and invitro antioxidant activities 
The total phenolic (TPC) and flavonoid content, and 

antioxidant capacities (ABTS and DPPH) of the GLV (OFSP 
and fluted pumpkin leaves) are shown in Table 6. In the leafy 
vegetables studied, the total phenolic and flavonoids content 
ranged from 53.19 to 67.51 mg/GAE/g and 34.54 to 62.34 
CE /100g QE/g respectively. Antioxidant activities of the 
vegetables ranged for DPPH activity from 53.80 % to 62.34% 
for DPPH activity, ABTS radical scavenging ability % 66.35 
to 71.60.The values obtained with the OFSP leaves were 
significantly higher (p ≤ 0.05) than those obtained in 
pumpkin leaves. 

Table 6. Total phenolic content and antioxidant activities of orange fleshed 

sweet potato and fluted pumpkin leaves. 

Parameters Pumpkin OFSP 

TPC (mg/ GAE/g) 53.19 ±0.03b 67.51 ±0.20a 
Total flavonoid (mg CE/100 g) 34.54 ±1.10b 49.26 ±1.94a 
DPPH (%) 53.80 ±0.71b 62.34 ±0.59a 
ABTS radical scavenging ability (%) 66.35 ±0.51b 71.60 ±0.44a 

Mean± standard deviation of triplicates. 
Means with no common letters within a row significantly differ (p ≤ 0.05). 
All values are on dry weight basis 

Polyphenols (catechin and quercetins) and flavonoids 
are secondary plant metabolites in green leafy vegetables. 
The polyphenolic extracts from plants were evaluated and 
shown to exhibit health promoting effects which includes 
high radical-scavenging activity, antimutagenicity, 
potential chemo preventive properties, and antidiabetic 
effects [52]. Polyphenols can be converted by the gut 
microbiome to bioactive compounds with therapeutic 
effects [52]. The radical scavenging abilities of the OFSP 
and pumpkin leaves measured by DPPH and ABTS 
confirms that the orange sweet potato leaves are a source 
of antioxidants. Similar findings were reported by [40] in 
pumpkin leaves. 

Flavonoids are compounds present in plants that are 
anti-inflammatory, antioxidant, and anti-carcinogenic 
activities [53]. Large intake of flavonoids has been 
associated with health benefits which includes protection 
against cardiovascular diseases, stroke, and cancer. The 
leafy vegetables had higher ABTS values relative to the 
DPPH scavenging activity. There could be other 
compounds in the vegetables responsible for the 
difference obtained. 

4. Conclusion 

The OFSP crop are produced by genetic modification and 
biofortification. This could be the reason for the superior 
plant products that are nutrient-dense and may be consumed 
as food products. The investigated leafy greens are good 

sources of vitamins, minerals (macro and micronutrients), 
proteins, amino acids, and crude Fiber. The presence of 
significant amounts of polyphenols and flavonoids in the 
vegetables studied is beneficial to the maintenance of good 
health. The green leafy vegetables have strong antioxidant 
properties and, when ingested often and in large amounts, 
would aid in the prevention of degenerative illnesses, 
hypertension, and oxidative stress in adults and the elderly 
population. It will help lessen malnutrition among growing 
children and adolescents in underprivileged communities. 
They should therefore be used as part of a strategy to reduce 
malnutrition, hidden hunger; and to curtail food insecurity. 
However, future studies are still required to identify and 
quantify specific phenolic compounds and profile the health 
promoting constituents present in the samples as well as their 
bioavailability. 
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