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ABSTRACT
Keywords:
C. vulgaris seeds, Citrullus vulgaris (guna) seeds have significant potential to meet the growing
Essentla_l amino acids, nutritional demands in Sub-Saharan Africa due to their rich nutrient
Fatty acids, composition. This study aimed to determine the proximate composition, amino
Plant-based nutrients acid, and fatty acid profiles of these seeds. Using AOAC methods, the analysis

revealed that C. vulgaris seeds contain 4.75% moisture, 3.12% ash, 23.74%
protein, 28.44% fats, 19.46% fiber, 20.99% carbohydrates, and 434.88
kcal/100g energy. The amino acid profile showed high levels of glutamic acid
(10.129/100g protein), aspartic acid (8.28g/100g protein), and leucine
(6.809/100g protein), with cysteine (0.50g/100g protein) being the lowest.
Essential amino acids like leucine (6.809/100g protein), lysine (3.89g/100g
protein), valine (3.85g/100g protein), phenylalanine (3.46g/100g protein), and
isoleucine (3.319/100g protein) were abundant, while tryptophan (1.17g/100g
protein) and methionine (1.31g/100g protein) were limiting. The seeds
contained 70.25g/100g protein of total amino acids, with 40.53% essential and
59.47% non-essential amino acids. The fatty acid profile indicated high oleic
acid (42.04%), linoleic acid (20.84%), palmitic acid (13.02%), and stearic acid
(10.95%). The total unsaturated fatty acids (63.30%) exceeded saturated fatty
acids (36.70%), and polyunsaturated fatty acids (PUFA) (20.84%) were lower
than monounsaturated fatty acids (MUFA) (42.46%). The study concludes that
the high protein, fat, and essential amino acid content of C. vulgaris seeds and
oil can improve dietary protein quality and energy density, thus helping to
alleviate protein-energy malnutrition and promoting healthy diets.
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INTRODUCTION

Malnutrition due to inadequate intake of balanced
diet is a global challenge. The shift towards plant-
based nutrient sources in meeting the growing
nutritional demand sustainably amidst limited
natural resources for the future promotes local
sourcing and consumption of local indigenous
edible seeds especially oilseeds and legumes,
which have been found to be rich in nutrients
(Sarwar et al., 2013). There are available
opportunities to diversify plant production to
widen the range of ingredients in diets promoting
nutrition, health and the environment (FReSH,
2020).

Globally, the projected demand for oilseeds and
oilseed products has translated into an increase in
oilseeds production. In general, soybean is highly
cultivated compared to other oilseeds, notably
with the former having an estimated increase of
411 Mt of production and later (rapeseeds,
sunflower seeds and ground nut combined) at
179Mt of production respectively (OECD/FAO,
2021). In Sub-Saharan Africa, other oilseeds
production is more cultivated compared to solely
soybeans (OECD/FAOQ, 2021).

The significance of oilseeds as source of plant
protein in meeting the protein-energy nutrients
demand for healthy diets cannot be
overemphasized. According to Millward (2011),
one-third of the consumed proteins in developed
countries comes from plant-protein sources while
plant-protein sources constitute almost 80% of
consumed proteins in the developing countries.
Oilseeds contain high protein content (25.33 -
39.82%) which can be used as protein sources
(Akinyele and Oloruntoba, 2013; Egbebi, 2014,
Kowalska et al., 2020). Studies have shown that
oilseeds are good sources of protein-energy and
amino acids nutrients for human and animal
nutrition (Adebisi et al., 2017, Jannathulla et al.,
2017; Ndahi et al., 2019). Correspondingly,
oilseeds products have been found to contain high
fat and protein contents (Adua et al., 2019 and
Adeyeye et al., 2020).
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Wu (2013) remarked that the source of essential
amino acids for humans is dietary protein.
Oilseeds are considerable sources of essential
amino acids. According to Kotecka-Majchrzak et
al. (2020), oilseeds are high in leucine and valine
contents in essential amino acids profile while the
limiting essential amino acids are tryptophan,
methionine (and cysteine).

Plant seeds such as oilseeds are potential sources
of fatty acids for human diets and their prospect
in production scalability (e Silva et al., 2018).
Oilseeds are known to contain a considerable
amount of oil. Vegetable oil from plant sources is
of interest due to the increased awareness of
healthy diets, global wealth and biofuel feedstock
supply (US FDA, 2013; Kijima et al., 2016).
Vegetable oils are important in human nutrition.
Fatty acids are the major constituents of these oils
playing critical roles in physiological functions
and serve as absorbent for fat-soluble nutrients
(Jafari et al. 2022). The Utilization of vegetable
oils depends on fatty acid constituents which
reflect its stability and application value
(nutritional and industrial) (Ramadan, 2015;
Aremu et al., 2015). Vegetable oil are known to
supply the essential fatty acids that are of
significant benefits in nutrition.

In recent years, oilseeds such as soybeans,
rapeseeds, sunflower seeds, ground nuts, cotton
seeds, melon seeds among others have been
increasingly studied as nutrient potential sources
for food application and industrial purposes
(McKevith, 2005; Aremu et al., 2015). They are
utilized in various processed forms such as whole
seeds, meals, vegetable oil, oleochemicals and
biofuels (Kojima et al., 2016; Igwenyi et al.,
2017). Currently, soybean, chia seeds, flaxseed,
rapeseeds among other oilseeds are used in food
application such as bakery products, cakes,
energy bars, dairy and egg substitutes, processed
meat products, salad dressings, sauces and
flavourings (FAO, 1992; Guo et al., 2010; Kajla
et al., 2015; Kotecka-Majchrzak et al., 2020).



Ndahi Tarhyel Ezekiel et al.

Citrullus vulgaris (guna) plant also referred to as
melon belongs to the family Cucurbit. Studies
have shown that this family are rich in nutrients
for nutritional uses (Abiodun and Adeleke 2010;
Adua et al., 2019; Akansha et al., 2018; Adeyeye
et al., 2020). C. vulgaris is called guna in Hausa,
egusiito in Yoruba, ugbogoro in Igbo and called
hela in the Babur/Burah language in southern
Borno state. Fresh guna seeds were documented
to contain moisture (11.44%), ash (2.64%),
protein (21.82%), fat (26.58%), fibre (18.21%),
carbohydrate (19.31%) and energy value
(403.74Kkcal/100g) contents (Ndahi et al., 2023).
In addition, C. vulgaris seeds as an oilseed have
been noted to be a good source of protein, fat,
minerals and phytochemicals (Penuel et al., 2013;
Ndahi et al., 2023). It is processed into valuable
edible products as oil, snacks, guna flour, guna
paste, guna cake etc. It has been studied that
expectant and breastfeeding mothers in some part
of Borno state, Nigeria, consume guna porridge,
which was meant to improve their nutrition
during breastfeeding as reported by Wakshama
(2016).

Various oilseeds have the potentials in meeting
the growing nutritional demands especially in
Sub-Saharan Africa, hence the need for nutrient
characterization of the local available oilseeds for
wide utilization. The objective of this study was
to determine the proximate composition, amino
acids and fatty acids profile of C. vulgaris (guna)
seeds.

(w1l-w2)x100
w0

% Moisture =

Where; Wp = weight of sample used
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MATERIALS AND METHODS

Sample Collection

Five (5) kilogrammes of C. vulgaris (guna) seeds
were bought from Biu LGA Central Market,
Borno state, Nigeria and identified at the
Department of Biological Sciences, University of
Maiduguri, Nigeria.

Sample Preparation

The guna seeds sample was sorted, cleaned and
ground using an electric blender (Sonik, model
SB-566 (made in china)). The ground sample
flour was packaged in an airtight plastic container
and stored in a cool and dry place prior to the
analyse.

Proximate Composition Determination

The proximate composition of the guna seeds
sample was carried out according to the methods
described by AOAC (2005). The sample was
analyzed for moisture, crude protein (%N x 6.25
conversion factor), crude fats, ash and fibre
contents. While the carbohydrate content was
obtained by difference.

Moisture Content Determination

A clean flat petri dish was dried in an oven and
cooled in a desiccator. Five (5) grammes of each
seed sample flours (wp) was introduced and
spread into the petri dish, weighed accurately
(w,) and transferred into the air oven at 80°C to
dry for about 3 hours. A pair of tongs was used to
transfer the dish into a desiccator, allowed to cool
and weighed to a constant weight (w). The
moisture content of the sample was calculated as
follows:

wi = weight of petri dish with the sample in grams before oven drying
w, = weight of petri dish with the sample in grams after oven drying

Ash Content Determination

Two grammes of guna seed sample flour was
poured into separate crucible that were initially
clean dried, cooled (in a desiccators) and weighed
(wy) and weighed (w,), respectively. It was

transferred using a pair of tongs into a Muffle
furnace at 650°C until fully ashed and weighed
(wsz) respectively. The ash content was calculated
as follows:
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(w3-w1) x100
(w2-w1)

% Ash =

Where

wi=weight of empty crucible

ISSN: 2811-2881

w,=weight of crucible + sample before ashing
ws=weight of crucible + sample after ashing

Protein Content Determination

Protein content determination was carried out
using the kjeldahl method. One (1) gram of the
sample was put into a digestion flask and 20ml of
concentrated sulphuric acid (H,SO,) and one
digestion tablet which act as a catalyst were
added and put on a digester. The temperature was
set at about 35°C and the samples allowed to
digest for 5 hours during which the sample
became colourless. The digester was allowed to
cool and made up to 100ml with distilled water.
The diluted sample (5ml) was introduced into a

distillation unit and 20mls of 40% sodium
hydroxide (NaOH) added and heated until it
began to boil. It then condensed in a condenser
and collected into 4% baric acid in which 4 drops
of mixed indicators (bromocresol green and
methyl red) have been incorporated. The
distillation process was completed when the
volume of the content of the conical flask reached
70mls and collected. The collected distillate was
titrated against 0.01N HC1 until a faint pink
colouration was achieved.

The Crude protein was calculated using the formular:

(A-B)xNxFx6.25x100
mg of sample

% Protein =

where A

= Acid used for titrating the sample (ml)

B = Acid used for titrating blank sample (ml)

N = Normality of acid used for titration

F =14.007
6.25 = Protein conversion factor

Fat Content Determination (Soxhlet method)
One (1) gram of guna seed sample flour was
weighed (wg) and put into a thimble separately
and covered with a loosed mass of cotton wool to
check spillage. Using Soxhlet extraction
apparatus, petroleum ether was added and
allowed to reflux in a cleaned weighed flask (w;)
for about 6hours.

(w2-w1)x100
w0

% Fat =

Where W = weight of sample used
w; = weight of flask

w, = weight of flask + fat

75

The petroleum ether in the extracted solution was
distilled off and the sample in the flask, dried in
the oven for one hour at 10°C and then cooled in
desiccators and weighed (w,). Increase in weight
of the flask was taken as the weight of the
extracted fat
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Crude Fibre Content Determination
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Two (29) (wp) of guna sample and 50mls of tri-chloroacetic acid reagent (TCA) were mixed in a flask and
refluxed for 40 minutes. It was filtered with a gilter paper washed with water and then rinsed with
petroleum ether. The filter paper (with the filter cake) were dried at 30°C — 60°C for 24 hours, cooled and
weighed (w;). The resultant was then ashed at 650°C, cooled in a desiccator and reweighed (w.,).

Formula:
% Fibre = (w1-w2)x 100
Where WO0= weight of sample used

W1= weight of sample plus filter paper after drying
W2= weight of sample plus filter paper after ashing

Carbohydrate Content Determination

The carbohydrate content was determined by taking the difference when all other components of proximate

were added and was subtracted from hundred. i.e.;

% Carbohydrate = 100 - (% Moisture +% Fat+%Protein+ %Ash+ %Fibre) ---------- 6

Energy Value Determination

The energy values (Kcal) of the sample were
calculated by applying AtWater factors 4, 9, and
4 for each gram of protein, lipid, and
carbohydrate, respectively (FAO, 2003) as shown
below:

Energy value (Kcal/100g) = (4 x %Carbohydrate)
+ (4 x %Protein) + (9 x %Fat).......... 7

Determination of Amino Acid Profile

The Amino acid profile was determined as
described by AOAC (2005) with modifications.
The sample was dried at 70°C to constant weight,
defatted, hydrolyzed, evaporated in a rotary
evaporator and loaded into the Applied
Biosystems PTH Amino Acid Analyzer. The
sample was defatted using chloroform/methanol
mixture of ratio 2:1. About 4g of the sample was
put in extraction thimble and extracted for 15
hours in soxhlet extraction apparatus. Nitrogen
determination by micro Kjeldahl Method.
Hydrolysis was carried out using 7ml of 6N HCL
addition and oxygen expelled by passing nitrogen
into the ampoule (this was to avoid possible
oxidation of some amino acids during hydrolysis
e.g methionine and cystine) (note: Trytophan was
destroyed during acid hydrolysis, hence, the
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tryptophan in the known sample was hydrolyzed
with 4.2 M Sodium hydroxide (Maria et al, 2004)
and subsequent steps (evaporation and loading
into the analyzer) were taken separately for its
determination). The glass ampoule was then
sealed with Bunsen burner flame and put in an
oven preset at 105°C+ 5°C for 22 hours. The
ampoule was allowed to cool before broken open
at the tip and the content was filtered to remove
the humins. The filtrate was then evaporated to
dryness using rotary evaporator. The residue was
dissolved with 5ml to acetate buffer (pH 2.0) and
stored in plastic specimen bottles, which were
kept in the freezer. The amount loaded was 60
microlitre. This was dispensed into the cartridge
of the analyser (the analyzer is designed to
separate and analyze free acidic, neutral and basic
amino acids of the hydrolysate). An integrator
attached to the Analyzer calculated the peak area
proportional to the concentration of each of the
amino acids.

Oil Extraction

Solvent extraction method was used to extract the
oil from C. vulgaris seeds as described by Anwar
et al. (2008) with modifications. Four hundred
and fifty grammes (450 g) of ground guna seed
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was fed into the Soxhlet extractor fitted with a 1-
L round bottomed flask and a condenser. The
extraction was done using a 1000ml of n-hexane
on a water bath ( 40-60°C) for 6h. The oil was
obtained after the solvent was distilled off under
vacuum.

Fatty Acid Profile Determination

Half (0.5) ml of the C. vulgaris seeds oil sample
was dissolved in 10mL hexane and 1mL of
alcoholic potassium hydroxide was added. Fatty
acid methylation was prepared according to
IUPAC (1987) and analyzed wusing gas
chromatography/mass spectrometry (GC/MS).
One (1um) of the sample was analyzed using
Agilent GC (7890B), equipped with a 30 m x 250
pum x 0.25 pm Column; coupled with Agilent
MSD (5977A MSD). The carrier gas helium was
at a flow rate of 1 ml/min. The GC oven was
initially set at 70 °C and then ramped at the rate
of 20 °C/min to 110 °C and held for 1 min. The
temperature was then ramped at the rate of 5
°C/min to 230 °C and then held for another 5
min. Finally, the oven temperature was ramped to
280°C at the rate of 20°C/min and held for further
5 minutes. Equilibration time, MSD Transfer
Line, MS Source and MS Quad were set at 0.5
minutes, 250 °C, 230 °C and 150 °C respectively.
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The identification and characterization of
chemical compounds in the sample was based on
GC relative retention times with those of
authentic standards of FAMEs (Sigma Chemical
Co., St Louis, MO, USA). The FAMEs were
further identified and confirmed using their mass
spectroscopy spectra were computer-matched
with those of standards available in NIST mass
spectrum libraries. The percentage composition
of the sample constituents was expressed as a
percentage by peak area (Anwar et al., 2008).
Statistical Analysis

Data (in triplicates) generated from the analyses
for proximate composition and amino acid profile
were expressed as mean (z) standard deviation
while the fatty acid profile result was expressed
in percentage using MS Excel 2019 Software.
RESULTS

The proximate composition of the C.
vulgaris(guna) seeds sample was presented in
Table 1. C. vulgaris seeds contained moisture
(4.75%), ash (3.12%), protein (23.74%), fat
(28.44%), fibre (19.46%), carbohydrate (20.99%)
and energy value (434.88kcal/100g). The sample
had high fat content followed by protein and
carbohydrate contents. Together, the protein and
fat contents of the C.vulgaris seeds was more
than 50 percent of the total proximate contents

.Table 1: The Proximate Composition of C. vulgaris (guna) seeds

Parameters

C. vulgaris seeds

Moisture (%)
Ash (%)

Protein (%)

Fat (%)

Fibre (%)
Carbohydrate (%)

Energy value (kcal/100g)_

4.75+0.05

3.12£0.03

23.74 £ 0.09

28.44 +£0.05

19.46 £ 0.02

20.99 £ 0.09

434.88 + 0.11
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The amino acid profile of C. vulgaris seeds was
presented in Table 2. It was observed that
glutamic acid (10.12g/100g protein) recorded the
highest content followed by aspartic (8.289/100g
protein), leucine (6.80g/100g protein) and
arginine (6.33g/100g protein) contents while
cystine (0.50g/100g protein) recorded the least
amino acid in C. vulgaris seeds. Among the
essential amino acids, leucine (6.80g/100g
protein) was the highest followed by lysine
(3.89g/100g protein), valine (3.85g/100g protein),
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phenylalanine (3.469/100g protein), isoleucine
(3.319/100g protein), threonine (2.43g/100g
protein) and histidine (2.25g/100g protein) while
tryptophan (1.17¢g/100g protein) was the first
limiting essential amino acid followed by
methionine (1.31g/100g protein) in C. vulagris
seeds. The total amino acids (TAA), percent total
essential amino acids (TEAA%) and percent
total non-essential amino acids (TNEAA%) of C.
vulgaris seeds were observed to be 70.25¢g/100g
protein, 40.53% and 59.47% respectively.

Table 2: The Amino Acids Profile of C. vulgaris (guna) seeds

Amino Acids Composition

C. vulgaris (guna) seeds

Reference Protein (g/100g

(9/100g protein) protein)*
Essential Amino Acids (EAA)
Leucine (Leu) 6.80 £ 0.02 5.90
Lysine (Lys) 3.89 £ 0.02 4.50
Isoleucine (Isleu) 3.31+£0.01 3.00
Phenylalanine (Phe) 3.46+£0.01 -
Tryptophan (Tryp) 1.17 £0.02 0.60
Valine (Val) 3.85+0.05 3.90
Methionine (Met) 1.31+0.04 2.20 (Met + Cyst)
Threonine (Threo) 2.43 +0.06 2.30
Histidine (His) 2.25+0.02 1.50
Total 28.47
Non-Essential Amino Acids (NEAA)
Arginine (Arg) 6.33 £ 0.06
Alanine (Ala) 3.34+£0.05
Cystine (Cyst) 0.51£0.02
Proline (Pro) 3.05+£0.01
Tyrosine (Tyro) 3.30+0.01
Glycine (Gly) 3.16 £0.03
Serine (Ser) 4.39 £ 0.02
Aspartic acid (Asp) 8.28 £ 0.04
Glutamic acid (Glu) 10.12 +0.01
Total 41.78
Summary of Amino Acids
TAA 70.25
TEAA (%) 40.53
TNEAA (%) 59.47
First Limiting EAA Tryptophan
Second Limiting EAA Methionine

TAA: Total Amino Acids, TEAA: Total Essential Amino Acids, TNEAA: Total Non-essential Amino Acids

! Adopted from WHO/FAO/UNU, 2007
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The fatty acid composition of C. vulgaris seeds
oil was shown in Table 3. Among the saturated
fatty acids, palmitic acids (13.02%) had the
highest content followed by stearic acid
(10.95%), myristic acid (4.45%), capric acid
(3.02%), lauric acid (2.58%), caprylic acid
(2.12%) and trace amount of tridecanoic acid
(0.56%) content. C. vulgaris seeds oil contained
oleic acid (41.34%) as the highest unsaturated
fatty acid followed by linoleic acid (20.84%) and
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trace amount of palmitoleic aicd (0.70%) and
malvalic aicd (0.42%). It was observed that oleic
acid had the highest fatty acid content followed
by linoleic acid, palmitic acid and stearic acid
contents in C. vulgaris seeds oil. The study
showed that C. vulgaris seeds oil contains total
saturated fatty acids (TSFA) (36.70%), total
unsaturated fatty acids (63.30%),
monounsaturated fatty acids (42.46%) and
polyunsaturated fatty acids (20.84%).

Table 3: The Fatty Acids Profile of C. vulgaris (guna) Seeds Oil

Fatty Acids Composition Chemical Formula C. vulgaris Seeds Oil
(%0)
Saturated Fatty Acids
Caprylic acid C8:.0 2.12
Capric acid C10:0 3.02
Lauric acid C12:0 2.58
Tridecanoic acid C13:.0 0.56
Myristic acid C14:0 4.45
Palmitic acid C16:0 13.02
Stearic acid C18:0 10.95
Unsaturated Fatty Acids
Palmitoleic acid Cil6:1 0.70
Oleic acid ci18:1 41.34
Malvalic acid 0.42
Linoleic acid C18:2 20.84
Summary of Fatty Acids
TSFA 36.70
TUSFA 63.30
MUFA 42.46
PUFA 20.84

TSFA: Total saturated fatty acids, TUSFA: Total unsaturated fatty acids, MUFA: Monounsaturated fatty acids, PUFA:

Polyunsaturated fatty acids

DISCUSSION

Moisture content is a significant parameter in
predicting the storage stability of food products.
The low moisture content noted of C. vulgaris
seeds (4.75%) implies that they will be shelf-
stable under good storage conditions. The
moisture content of C. vulgaris seeds falls within
the range reported for groundnut cultivars (4.14 -
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5.46%) in Nigeria (Olayinka et al., 2022) and was
close to that reported for C. vulgaris (4.45%) by
Akinyele and Oloruntoba (2013) and flaxseeds
(4.71%) by Khan and Saini (2016) andHowever,
higher moisture content of fresh C. vulgaris seeds
(11.44%) was recently reported (Ndahi et al.,
2023). Again, Egbebi, (2014) who studied three
different species of melon seeds also reported a
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lower moisture content (1.44 — 1.55%). This
variation in moisture content could be due to the
varietal, method of drying process and analytical
processes (Kiin-Kabari and Akusu 2014; Sa et
al., 2021).

The amount of ash content signifies the amount
of mineral in a sample. In this study, the ash
content of C. vulgaris seeds was 3.21%. This is
similar to previous study where the ash content
obtained for C. vulgaris was 3.15% (Egbebi,
2014) and also similar to another study although
in groundnut where the ash content was observed
to be 3.20% (Oguntoyinbo et al., 2023).
Conversely, higher ash content was noted for
soybean (4.61%) by Datti et al. (2019). Hence, C.
vulgaris seeds could be a good source of minerals
owing to their ash content.

Proteins are macromolecules of significant
nutritive value and play a range of structural and
function role in the body including hormone,
blood coagulation, enzymes, tissue building, etc
(Loveday, 2019; Jose, 2022). The protein content
in a food source is important in alleviating
protein-energy malnutrition through diets. The
protein content of C. vulgaris seed (23.74%) in
this study falls within the range of selected
soybean genotypes (16.06 - 41.92%) in Nigeria
(Nwosu et al., 2019). However, in a previous
study by Penuel et al. (2013), a higher protein
content was reported for C. vulgaris (36.58%)
and groundnut cultivars ranging from 25.27 -
30.22% (Olayinka et al., 2022). The high protein
content noted in this study agreed that C. vulgaris
could be used as a protein source as suggested by
Adua et al. (2019). In addition, It has been
studied that expectant and breastfeeding mothers
in some part of Borno state, Nigeria, consume C.
vulgaris (guna) seeds porridge, which was meant
to improve their nutrition during breastfeeding as
reported by Wakshama (2016).

Fats in food is significant in nutritional aspects
and organoleptic attributes. They are high caloric
macromolecules, serve as nutrient absorbents
(fat-soluble nutrients) and play important roles in
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physiological processes. The fat content of C.
vulgaris seeds (28.44%) falls within the range of
21.12 -30.45% reported for soybeans (Nwosu et
al., 2019). It is noteworthy to state that C.
vulgaris seeds as an oilseed is a good source of
oil. However, the different observations reported
for C. wvulgaris as 26.85% (Akinyele and
Oluruntoba 2013) and 49.00% (Penuel et al.,
2013) could be due to ecological and processing
methods. The high fat content of C. vulgaris
seeds suggest that it is a good source of oil and an
energy dense seed for consumption.

The fibre content of C. vulgaris seed was noted as
19.46%. This result was higher compared to that
of flaxseed (9.34 - 9.63%) (Khan and Saini
2016), C. lanatus (14.92 - 15.81%) (Jackson et
al., 2013) and soybean (6.84%) (Datti et al.,
2019). The higher fibre content observed was due
to the utilization of the undehulled whole seeds.
The carbohydrate content of C. vulgaris seeds
(20.19%) obtained in this study was higher
compared to that of soybean (16.31%) (Etiosa et
al., 2018) and groundnut cultivars (9.89 -15.76%)
(Olayinka et al., 2022). Conversely, the
carbohydrate content of flaxseed (26.72 -
29.06%) (Khan and Saini 2016).

In this study, the energy value of C. vulgaris
seeds was 434.88 kcal/100g (Table 1). This value
is slightly below the caloric content of soybean
ranging from 459.97 - 496.37 kcal/100g (Nwosu
et al., 2019) and above that of C. vulgaris (411.94
kcal/100g) (Adebisi et al., 2017). The high
energy content was due to the high protein, fat
and carbohydrate contents of the seeds. C.
vulgaris seeds supplementation in animal diets
has been shown to positively increase the protein
and energy density of the diets as well as improve
the milk yield and composition of lactating ewes
(Ndahi et al., 2019). Hence, as the search for
nutrient sources increases, it is important to point
out that the observed high-caloric nutrients in C.
vulgaris seeds could be significant in improving
the nutrient density of diets where protein-energy
malnutrition is a menace.
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The quality of a protein source is viewed in its
amino acid profile. Hertzler et al. (2020) argued
that consuming protein from plant sources can
help to increase the intake of essential amino
acids which are significant in healthy diets. The
high content of glutamic acid, aspartic acid,
leucine and arginine in C. vulgaris seeds of this
study agreed with the reported studies of the
amino acids profile of C. vulgaris seeds, pumpkin
seed meal, chia seeds meal and sesame seed meal
where the highest amino acid contents were
glutamic acid content was the highest amino acid
followed by aspartic acid, although, arginine was
noted to be higher than leucine (Penuel et al.,
2014; Sa et al., 2022). Among the essential amino
acids (EAA) in this study, leucine, lysine and
valine contents were found higher compared to
the others. Similarly, the contents of leucine,
lysine and isoleucine were the highest among the
EAA profile as reported for flaxseeds and chia
seeds (Nitrayova et al., 2014) and Hura crepitans
seed and Vigna unguiculata (Adebisi et al.,
2020). However, different results were observed
for sesame seeds and soybeans (Adebisi et al.,
2017). According to Kotecka-Majehrzak et al.
(2020),  sulphur-containing  amino  acids
(methionine and cystine) and hydrophobic
tryptophan are the least amounts in oilseeds
which is in line with this study where the first two
limiting EAA are tryptophan and methionine.

The data (Table 2) showed that the leucine
(6.809/100g protein) content was higher
compared to the leucine content for C. vulgaris
(5.669/100g protein) as reported by Penuel et al.,
(2014), In addition, the tryptophan (1.17g/100g
protein) content found in this study was
comparable to the tryptophan content for C.
vulgaris (1.10g/100g protein) whereas the other
essential amino acids in this study where found to
be lower than their respective reported values by
Penuel et al., (2014. Notably, the leucine, lysine,
isoleucine and valine contents of C. vulgaris
seeds of this study fall within the range observed
for groundnut cultivars recording 6.69 - 7.53,
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3.49 -452, 3.11 - 4.29 and 2.62 - 3.93 ¢g/100g
protein respectively (Olayinka et al., 2022).
Moreover, the methionine and tryptophan
contents of C. wvulgaris seeds of this study
recorded higher values compared to groundnut
cultivars (0.10 - 0.97 and 0.11 - 0.959/100g
protein respectively) while the phenylalanine,
threonine, and histidine contents in this study
were lower than the observed range 4.16 - 5.88,
253 - 275 and 247 - 2.89g/100g protein
respectively (Olayinka et al., 2022).

The TEAA% (40.53%)of C. vulgaris seeds
obtained in this study was close to that reported
although for groundnut cultivars (39.07%)
(Olayinka et al., 2022) and higher compared to
chia seeds (37.88%) and flaxseeds (33.76%)
(Nitravoya et al., 2014).

From Table 2, the study observed that leucine,
isoleucine, threonine, tryptophan, and histidine of
C. vulgaris seeds recording 6.80, 3.31, 2.43, 1.17,
2.25 ¢/100g protein were above the reference
protein as 5.9, 3.0, 2.3, 0.6 and 1.5 g/100g protein
respectively for maintenance of amino acid
pattern, while valine (3.859/100g protein) in this
study was close to the reference protein content
for val (3.99/100g protein) (WHO/FAO/UNU,
2007). However, the lysine and methionine +
cystine contents as 3.89 and 1.81g/100g protein
were lower compared to the reference protein as
4.5 and 2.2 g/100g protein respectively. Although
the sulphur-containing amino acids and
tryptophan are the limiting amino acids in C.
vulgaris seeds in this study, their contents
together with lysine are not too low compared to
the reference protein. Thus, this result implies
that C. wvulgaris seeds could be wused to
complement other food sources as it has a higher
value of limiting amino acids.

As building constituents of lipids, fatty acids
function as a source of energy, nutrient absorbent
(fat-soluble vitamins), in the biosynthesis of other
compounds, among others, which are
fundamental  for  nutrition, health and
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reproduction (Kaur et al., 2014; Jafari et. al.,
2022).

Plant oil has been known to contain more
unsaturated fatty acids and saturated fatty acids
(lvanova et al., 2016) which is in agreement to
the findings of thuis study. C. vulgaris seeds oil
had oleic acid (41.34%) as the highest fatty acid
content followed by linoleic acid (20.84%),
palmitic acid (13.02%) and stearic acid (10.95%)
contents. Similar observations were reported for
rapeseed oil and peanut oil samples recording
oleic acids (59.0% and 51.0%) as the highest fatty
acid followed by linoleic acids (21.0% and
27.0%) and palmitic acids (4.7% and 10.1%)
respectively, whereas that of soybean oil and corn
oil samples noted linoleic acids (55.3% and
55.7%) as the highest fatty acid followed by oleic
acids (21.0% and 30.5%) and palmitic acids
(10.0% and 10.7%) respectively was different
(Jafari et al., 2022).

The TUSFA (63.30%) content of C. vulgaris
seeds oil was higher than the TSFA (36.7%)
content (Table 3). This result is in line with the
fatty acids composition of groundnuts, flaxseeds,
chia seeds, walnut, and canola oils samples
(Nitravoya et al., 2014; lvanova et al., 2016;
Olayinka et al., 2022; Katunzi-Kilewela et al.,
2022). Saturated fatty acids elevates cholesterol
level where as unsaturated fatty acids functions
include; cholesterol level reduction, blood
viscosity reduction, brain cell activity and
improving memory, cell membrane fluidity, etc
(Freitas and Campos, 2019; Mannard and Dulloo,
2021). The result of this study implies that the
consumption of C. vulgaris seed oil could be of
health benefit due to its high contents of TUSFA.
PUFA are essential fatty acids that cannot be
synthesized by the body hence, vegetable oils are
important source of dietary fatty acids. The
consumption of these fatty acids are significant in
the mental development and growth of children,
increasing beneficial cholesterol, liver fat
rediction, anti-inflammatory, dementia
prevention, bone health, ect (Nguyen et al., 2018;
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Chen and Liu 2020; Jafari et al., 2022). The main
component of the PUFA noted in C. vulgaris
seeds oil is linoleic acid. Similarly, lvanova et al.
(2016) also reporter that the major component of
PUFA in walnut, pumpkin, salad mix, and
sunflower oil is linoleic acid. In this study, the
PUFA (20.84%) content of C. vulgaris seed oil is
lower compared to the MUFA (42.46%) content.
This result was lower compared to the findings of
PUFA contents reported for nuts' oil (49 - 55%)
(Jafari et al., 2022), linseeds oil (57 - 76%) (Juric
et al., 2022) and some oil samples ranging from
54.3 - 79.1% (Orsarova et al., 2015) and was
higher than coconut oil (1.6%) (Jafari et al.,
2022). C. vulgaris seed oil could be used as a
dietary source of essential fatty acids for health
and nutrition due to its noted quantity of PUFA.
CONCLUSION

C. vulgaris seeds as an oilseed contained high
caloric nutrients and ash content. In the EAA
composition, histidine (2.25 g/100g protein),
leucine (6.80 g/100g protein), isoleucine (3.31
0/100g protein), threonine (2.43 g/100g protein),
valine (3.85 g/100g protein) and tryptophan (1.17
0/100g protein) contents were close and/or above
the reference protein for maintenance of amino
acids pattern in nutrition. Although, lysine (3.89
0/100g protein) and methionine+cystine (1.82
g/100g protein) were lower compared to the
reference protein, the noted values were higher
compared to some reported plant protein sources
such as some groundnut cultivars in Nigeria,
sandbox seeds, black eyed pea and red kidney
bean. Notably, C. vulgaris seeds oil has higher
unsaturated fatty acids (63.30%) than saturated
fatty acids (36.70%) where oleic acid (41.34%)
and linoleic acid (20.84%) were the major
components of unsaturated fatty acid and
polyunsaturated fatty acid respectively. Thus, the
high protein and fat contents and considerable
essential amino acid and fatty acids compositions
of C. vulgaris seeds and its oil revealed that it has
the potential to improve the protein quantity and
quality and energy density of diets which is
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paramount  in  allieviating  protein-energy
malnutrition and for therapeutic purposes towards
promoting healthy diets.
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