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Abstract

Background and Objectives: Vegetable consumption has been linked in different studies to reducing
non-communicable diseases, particularly diabetes, cancer, respiratory disease, and cardiovascular disease.
This study selected five leafy vegetables, and their physicochemical characteristics, fatty acid compositions,
and functional quality indices were evaluated.

Materials and Methods: Foreign particles were removed from the samples (Cochorus olitorius, Celosia ar-
gentea, Crassocephalum crepidioides, Solanum macrocarpon, and Launaea taraxacifolia) by way of clean-
ing and were air-dried, and the extraction of the oil was done using the Soxhlet technique. Standard analytical
methods were used to determine the physicochemical parameters of the extracted oils, while the gas chroma-
tography technique was used to determine the fatty acid profiles.

Results and Conclusion: The physicochemical parameters of the extracted oils were in the range of 1.08—
1.31 meq O2/Kg for peroxide value, 0.14-0.17 mg KOH/g for acid value, 158.92—-180.21 mg KOH/g for sa-
ponification value, 80.49-102.21 mg I»/g for iodine value, 0.65-0.88% for unsaponifiable matter, 1.29-1.40

at 40 °C for refractive index, and 0.93—-1.10 at 15 °C for specific gravity. The predominant fatty acids in all
the studied samples were palmitic (29.32-37.44%), linoleic (19.73-22.54%), y-Linolenic (13.91-16.29%),
and a-Linolenic (16.74-19.64%) acids. PUFAs constitute over two-thirds of the total UFAs, with linoleic acid
having the highest abundance of UFA in all the samples. The calculated ratios of ® 6/w 3 (1.98-2.05), hypo-
cholesterolemic to hypercholesterolemic (h/H) (1.10-1.59), atherogenicity index (Al) (0.44—0.64), throm-
bogenicity index (TI) (0.40-0.58), the phospholipid composition of the vegetables had a range of 4.36 to
67.96 mg/100 g. The phytosterol concentrations were between 35.4 and 40.6 mg/100 g and were within the
acceptable limit of < 10 for edible oils. The evaluated parameters indicated the vegetable oil samples to be of
high nutritional quality with preventive potential against chronic degenerative diseases.

Keywords: Fatty acids, Nutritional quality, Phospholipids, Physicochemical parameters, Phytosterols, Vege-
tables

1. Introduction

Accessing a sufficient, nutritious, and healthy diet nutrition, affecting different societal strata, particu-
is increasingly challenging, resulting in food inse- larly in developing nations like Nigeria. Micronutri-
curity, splurging malnutrition burden, deficiency of ent deficiencies have become nutritional dilemmas
vital micronutrients, undernourishment, and over- involving over two billions people globally [1,2].
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It causes nutritional disorders like weakened im-
mune systems, congenital disabilities, and mental
and physical retardation. Leafy vegetables contain
several ingredients of great nutritional significance,
including vitamins, high dietary fibers, proteins/
essential amino acids, polyunsaturated fatty acids
(PUFAs), bioactive compounds, and micronutri-
ents [3]. Hence, there is a need for leafy vegetables
that are indigenous, like Cochorus olitorius, Celo-
sia argentea, Crassocephalum crepidioides, Sola-
num macrocarpon and Launaea taraxacifolia (Fig-
ure 1-5), which are essential and readily available
resources by which we can attain food security.
Adequate consumption of vegetables is positively
correlated with maintaining healthy blood pressure,
lowering cholesterol levels in the blood, decreasing
the vulnerability to cardiac disease, lowering the
risk of congenital disabilities, and maintaining the
health of the eyes, skin, teeth, and the gingiva in
addition to reducing the mortality rate from cardio-

vascular diseases [1,4,5].

Figure 2- Leaves and fruits of Solanum macrocarpon

Figure 3- Leaves of Crassocephalum crepidioides

Figure 5- Leaves of Launaea taraxacifolia

It should be noted that these plants are indeed ed-
ible and have been traditionally consumed in vari-
ous parts of Africa, including Nigeria, for their nu-
tritional and medicinal benefits. C. olitorius (jute
mallow) and S. macrocarpon (African eggplant)

are widely recognized as safe for human consump-
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tion and are regularly incorporated into local diets.
C. argentea (Lagos spinach), C. crepidioides (Fire-
weed), and L. taraxacifolia (wild lettuce) are also
consumed in specific regions. They are valued for
their nutritional profiles, which include vitamins,
minerals, and antioxidants.

To prevent chronic diseases (mainly cardiovascular
diseases (CVDs), oncological diseases, and endo-
crinological diseases, particularly diabetes) and en-
sure the availability and accessibility of important
micronutrients that are termed “essential” (such as
iodine, iron, calcium, zinc, and retinol), a minimum
daily intake of four hundred grams of vegetables
and fruits is recommended by the World Health Or-
ganization (WHO) that is required for a healthy liv-
ing [6]. Numerous studies have established a link
between vegetable consumption and a reduction in
non-communicable diseases, primarily diabetes,
cancer, chronic respiratory disease, and CVDs [7-
10]. The pooled relative risk (RR) for CVDs be-
tween the maximum and minimum intake of veg-
etable categories, for example, shows a decreased
CVDs risk with increasing vegetable intake [11].
Edible vegetable oils and leafy vegetables serve as a
nutritional source of essential fatty acids, omega-3
and omega-6 fatty acids (PUFAs), with multiple
physiological roles in humans, mainly as normal
body metabolism. For instance, omega-3 or n-3 fat-
ty acids, are crucial components of cell membranes,
and impact the membranes’ cell receptors function.
They are used as building blocks of hormones in
charge of inflammation, vaso-constriction, and -di-
lation of the wall of the arteries, and hemocoagula-
tion. Additionally, they cleave to receptors on the
cell to regulate the activity of the genes [12,13].
Furthermore, several studies have associated with
dietary consumption of omega-6, especially linole-
ic acid, with a lower risk of coronary heart disease
[14-18]. The omega-6 fatty acids (also known as
n-6 fatty acids) reduce what is known as the bad lip-
ids (triglycerides and low-density lipoprotein cho-
lesterol) while raising the good lipid or high-den-
sity lipoprotein cholesterol (HDL-C), resulting in

a generally advantageous decrease in the ratio of

total to HDL-C [14,19]. The n-6 series of PUFAs
are more prevalent in vegetable oils (such as those
made from grape, corn, and sunflower seeds) than
the n-3 series, which are primarily found in fish oils
(such as those from cod, salmon, sardine, and sole).
An optimum omega-6:omega-3 ratio indicates a
good nutritional quality, and is required for chronic
disease prevention and management.

This study aims to determine physicochemical
parameters, fatty acid, phospholipids, and sterol
compositions of the extracted oils of five select-
ed underutilized leafy vegetables (C. olitorius, C.
argentea, C. crepidioides, S. macrocarpon, and L.
taraxacifolia) grown in southwest Nigeria with a
view of assessing their health benefits and nutri-
tional quality.

2. Materials and Methods

2.1. Sample collection

The vegetables including C. olitorius, C. argentea,
C. crepidioides, S. macrocarpon, and L. taraxa-
cifolia were collected from the farming village of
Iworoko in Ekiti State, southwest Nigeria, in July
2022. The samples were taxonomically identified
in the Department of Plant Science and Biotechnol-
ogy, Federal University of Lafia, Nigeria.

2.2. Sample preparation and treatment

The vegetables underwent a rigorous cleaning
process with tap water to eliminate any sand and
extraneous particles. Then, they were sliced into
segments, left to air-dry at room temperature for a
fortnight until reaching a constant weight, and pul-
verized with a laboratory pestle and mortar. Each
powdered sample was individually sealed in a zip-
lock plastic pouch and stored in a refrigerator at
4 °C until ready for analysis.

2.3. Oil extraction

Every 5 g portion of the air-dried vegetable sample
underwent extraction for five hours using a Sox-
hlet apparatus, employing 250 ml of Analar-grade
petroleum ether (boiling range: 40-60 °C) sourced
from British Drug Houses, London. The extraction
flask was withdrawn from the heating mantle upon

Human, Health and Halal Metrics; 2024: 5(2)

35



Fat composition of leafy vegetables’ oil

Usman et al.

nearing depletion of the petroleum ether, then sub-
jected to oven drying at 105 °C for an hour, fol-
lowed by cooling in a desiccator prior to subse-

quent analysis [20,21].

2.4. Determination of physicochemical parame-
ters of the extracted oil

The physicochemical attributes of the extracted oi-
Is, encompassing refractive index, peroxide value,
acid value, iodine value, specific gravity, unsapon-
ifiable matter, and saponification value were as-
sessed by the methods outlined by AOCS [22-24].

2.5. Fatty acid profile

The oil obtained from each sample underwent con-
version to methyl ester following the procedure
outlined by Aremu et al. [25]. Specifically, 50 mg
of the extracted oil underwent saponification with
3.4 ml of 0.5 M KOH solution in methanol at 95 °C
for 5 min. Neutralization was done with 0.7 M HCI
by adding 3 ml of 14% boron trifluoride solution in
methanol. The final mixture was heated at 90 °C for
5 min to complete methylation. Fatty acid methyl
esters were analyzed using an HP 6890 gas chro-

~ C18:1w9+C18:2w6+C20:4w6+C18:3w3+C20:5w3+C22:5w3+C22:6w3

matograph (Bionics Scientific Technologies Ltd.,
India) equipped with a flame ionization detector,
with nitrogen as the carrier gas. Separation of fat-
ty acids was carried out using a polar (HP INNO
Wax) capillary column (30 m % 0.53 mm x 0.25
um), with an initial column temperature of 250 °C,
ramped at a rate of 5 °C/min until reaching 310 °C.
Injector and detector temperatures were set at 310
°C and 350 °C, respectively. Identification of fatty
acid methyl esters was done by comparing their
retention times with standard FAMEs, and quan-
titative analysis was conducted by calculating
the peak areas. A recovery rate of 0.96 was at-
tained by using heptadecanoic ester as a reference.

2.6. Functional quality of the oil samples

Health status of the oil samples was assessed based
on their fatty acid composition. It involved the
evaluation of three indexes including hypocholes-
terolemic/hypercholesterolemic ratio (h/H) (Equa-
tion 1) [26,27], atherogenicity index (Al) (Equa-
tion 2), and thrombogenicity index (TI) (Equation
3) [28,29].

h/H Equation 1
C14:0+C16:0 d
C12:0+4(C14:0)+C16:0 .
Al= ( ) Equation 2
EMUFA+Zw6+ Zm3
C14:0+C16:0+C18:0 .
TI= Equation 3

0.5(EMUFA)+0.5Cw6)+ 3(Zw3)+(Zw3/Zw6)

Where, C12:0 (lauric acid); C14:0 (myristic acid);
C16:0 (palmiticacid); C18:0 (stearicacid); C18:1@9
(oleic acid); C18:2w6 (linoleic acid); C18:3w3 (lin-
olenic acid); C20:4w6 (arachidonic acid); C20:5®3
EPA (eicosapentaenoic acid); C22:503 DPA (do-
cosapentaenoic acid); C22:6w3 DHA (docosahex-
aenoic acid); MUFA (monounsaturated fatty acids).

2.7. Phospholipid analysis

Determining the phospholipid content provides
insights into the emulsifying potency, nutritional
benefits, and functional applications of the vegeta-
ble samples under analysis. The method employed

to determine the phospholipid contents of the sam-

ples followed the procedure outlined by Aremu et
al. (2017) and Aremu et al. (2021) [21,30]. Initial-
ly, 0.01 g of the extracted oils was placed into a
test tube, and dried entirely by passing a stream of
nitrogen gas. Subsequently, 0.04 ml of chloroform
was added to the test tube, followed by addition
of 0.1 ml chromogenic solution. The mixture was
heated in a water bath at 100 °C for one minute,
and then cooled. Next, 5 ml of hexane was add-
ed to the test tube, and the contents were gently
agitated. The solvent and aqueous layers were al-
lowed to separate. The hexane layer was recovered

and concentrated to 1 ml for gas chromatograph
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analysis using a flame photometric detector. For
the gas chromatographic analysis, a capillary col-
umn (DB-5 or equivalent) with a length of 30 m,
an internal diameter of 0.25 mm, and a film thick-
ness of 0.25 um was utilized. Helium was used as
the carrier gas at a 1 ml/min flow rate. The oven
temperature program started at 250 °C, held for 2
min, then increased to 300 °C at a rate of 3 °C/
min, with a final hold at 300 °C for 20 min. The
injector temperature was set at 280 °C, and the
analysis was conducted in splitless mode, with an
injection volume of 1 ul. Detection was carried out
using a flame ionization detector (FID) set at 320
°C. The hydrogen flow rate for the FID was 30-
40 ml/min, and the airflow rate was 400-450 ml/
min. These optimized conditions ensured and accu-

rate separation and identification of phospholipids.

2.8. Phytosterol analysis

The analysis of phytosterols followed the procedure
outlined by AOAC [24]. A portion of the extracted
oil from each sample was weighed and placed into
a screw-capped test tube. Saponification was con-
ducted at 95 °C for 30 min using 3 ml of 10% KOH
in ethanol, with the addition of 0.2 ml of benzene to
ensure the miscibility of the mixture. Subsequently,
3 ml of deionized water was added, followed by
extraction of non-saponified materials using 2 ml
of hexane. Three successive extractions with 2 ml
of hexane were carried out for one hour, and addi-
tional 30 min was consided to ensure thorough ex-
traction of sterols. The hexane was concentrated to
1 ml for gas chromatograph analysis, and 1 pl was
injected into the injection port of the instrument.
The gas chromatograph condition was the same as
described in section 2.7. Sterol peaks were identi-
fied by comparing them with standard sterols under
the chromatographic conditions.

3. Results and Discussion

3.1. Physicochemical properties of the oil samples
The physicochemical properties of the oils extract-
ed from C. olitorius, C. argentea, C. crepidioides,
S. macrocarpon, and L. taraxacifolia are present-

ed in Table 1. Acid value of the oils ranged from

0.14 in C. argentea and C. crepidioides to 0.17 mg
KOH/g in L. taraxacifolia. All the oils were char-
acterized by low peroxide values, so that C. crepid-
ioides had the highest peroxide value of 1.31 meq
O2/kg. The lowest peroxide value was observed in
L. taraxacifolia oil (1.08 meq O2/kg). The iodine
values were below 100 g /100 g, a threshold for
oils classification, except for C. crepidioides oil,
which displayed an iodine value of 102.21 g I2/100
g. L. taraxacifolia oil was found to have the least
iodine value (80.49 g 12/100 g), and the coefficient
of variation (CV) between the extracted oils was
10.89%. The mean saponification value for the oil
samples and the CV(%) were 172.08 mg KOH/g
and 4.98, respectively. C. argentea oil exhibited the
highest saponification value (180.20 mg KOH/g),
closely followed by C. crepidioides oil (179.10 mg
KOH/g), and the least saponification value was ob-
served in L. taraxacifolia oil (158.92 mg KOH/g).
The value for unsaponifiable matter ranged from
0.65 to 0.88% for S. macrocarpon and C. argentea
oils, respectively. The extracted oils’ refractive in-
dex and specific gravity ranged from 1.29-1.40 and
0.93-1.10, respectively. The acid value describes a
measure of free fatty acids, and it is a very signifi-
cant element in the determination of oil freshness
and quality, particularly in term of edibility. When
the acid value of oil is low, it indicates that the oil
has a higher stability per time, and will not get
quickly rancid and peroxidized over time, which
means the oil is fresh and of good quality. On the
contrary, when the acid value is high, it suggests
that the suitability of the oil for use in cooking (ed-
ibility) is in question. However, it is good to pro-
duce paints, shampoos, and liquid soap. The acid
values of all the oil samples (0.14-0.17 mg KOH/g)
were within the acceptable limit of < 10 for edible
oils [31]. Peroxide value is commonly used as a
lipid oxidation indicator. The increased formation
of reactive oxygen species and secondary oxidation
products (such as lipid peroxides and aldehydes) is
linked to adverse health effects, including the trig-
gering of inflammatory and cardiovascular diseas-
es. Furthermore, an oil with a high peroxide value
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signifies a shorter shelf life and is unsuitable for
human consumption [32]. A low peroxide value,
on the other hand, indicates the quality and pres-
ervation state of the oil. The extracted oil samples
with peroxide values 1.08-1.31 meq Oz/kg were
safe for consumption because WHO/FAO specified
a maximum permitted peroxide level of 10 meq O2/
kg. The iodine value of oil indicates its degree of
unsaturation. The extracted oils from C. argentea,
C. crepidioides, and S. macrocarpon demonstrated
high iodine value (95.5-102.21 g /100 g), com-
parable to Negash et al. [33] that reported iodine
value of 96.40 g 1o/100 g for Niger seed oil. Veg-
etable oils with high iodine values often contain
significant amounts of essential fatty acids like
omega 3 and omega 6. These fatty acids are vital

for human health as they are crucial to brain func-

Table 1- Physicochemical parameters of the oil samples

tion, inflammation management, and heart health.
In combination with acid values, saponification
values provide information concerning the quanti-
ty, type of glyceride, and mean weight of the acid in
an oil sample. The samples’ saponification value-
suggests that the extracted oils contained predomi-
nantly long-chain fatty acids (C18 and C16), which
have saponification values between 168 to 196 mg
KOH/g oil [34]. The unsaponifiable matters of the
extracted oils were within the typical range of 0.5—
2.5%. Unsaponifiable matter has a variable mixture
of alcohols, aldehydes, ketones, fat-soluble vita-
mins, hydrocarbons, pigments, and sterols, which
may be naturally occurring or formed during the
degradation or processing of the fat. Sometimes,
the unsaponification matter is used to characterize
and authenticate the products [35,36].

Parameter CO CA CC SM LT Mean  SD CV (%)
Acid value (mg KOH/g) 0.16 0.14 0.14 0.15 0.17 0.15 0.01 6.67
Peroxide value (meq O-/Kg) 1.10 1.12 1.31 1.12 1.08 1.15 0.09 7.82
Iodine value (g 1,/100 g) 81.25 95.50 10221 97.84 8049 9146 9.96 10.89
Saponification value (mg KOH/g) 172.40  180.20 179.10 169.80 158.92 172.08 8.57 4.98
Unsaponifiable matter (%) 0.82 0.88 0.84 0.65 0.80 0.80 0.09 11.25
Specific gravity at 15 °C 1.05 1.08 0.95 0.93 1.10 1.02 0.08 7.84
Refractive index at 40 °C 1.36 1.40 1.39 1.29 1.33 1.35 0.05 3.70

CO: Cochorus olitorius; CA: Celosia argentea; CC: Crassocephalum crepidiodes; SM: Solanum macaropon; LT: Launaea
taraxacifoli; SD: standard deviation; CV: coefficient of variation.

3.2. Fatty acid composition of the oil samples

Tables 2 and 3 depict the extracted oils’ fatty acid
composition. The predominant fatty acids in all
the studied samples were palmitic acid (29.32—
37.44%), linoleic acid (19.73-22.54%), v-lino-
lenic acid (13.91-16.29%), and o-linolenic acid
(16.74-19.64%). The fatty acid composition of the
oils extracted from C. olitorius, C. argentea, C.
crepidioides, S. macrocarpon, and L. taraxacifolia
was compaed with the common vegetable oils of
sunflower oil, soybean oil, and canola oil. It was
observed that our vegetable oils have palmitic acid
(C16:0) ranging from 29.32 to 37.44%. Sunflower
oil typically contains around 5 to 7%, soybean oil
about 10%, and canola oil approximately 4%. The
higher palmitic acid content in the studied samples

indicates a more significant presence of saturated
fatty acids, which might influence the oils’ stability
and shelf life. Moreover, linoleic acid, an essential
polyunsaturated fatty acid, is present in the stud-
ied samples at levels between 19.73 and 22.54%.
Sunflower oil is known for its high linoleic acid
content, typically around 48 to 74%, while soybean
oil contains about 50%, and canola oil has about 19
to 26%. The studied oils have a moderate linoleic
acid content, which may contribute to their poten-
tial health benefits, particularly in reducing choles-
terol levels. Furthermore, the oils show y-linolenic
acid content ranging from 13.91 to 16.29%, and
a-linolenic acid content from 16.74 to 19.64%. In
contrast, common vegetable oils like sunflower,

soybean, and canola oil typically contain very low
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levels of y-linolenic acid, with a-linolenic acid con-
tent being higher in canola oil (around 8 to 10%),
and soybean oil (approximately 7 to 10%). The
higher levels of both y- and a-linolenic acids in the
studied samples are significant, as these fatty acids
are known for their anti-inflammatory and cardio-
vascular health benefits.

L. taraxacifoli and S. macaroon had the highest
composition of saturated fatty acids (SFAs). SFAs
may have ties to obesity, heart disease, and other
ailments, but in the soap-making industry, SFAs
have multiple benefits such as giving soap hard-
ness, which makes the soap last longer. People
with sensitive skin have problems with soaps made
from tallow, leading them to seek out soaps made
from gentler vegetable sources. Polyunsaturated
fatty acids constitute over two-thirds of the total
unsaturated fatty acids, with linoleic acid being the
most abundant unsaturated fatty acid (UFA) among
the all oil samples (Tables 2 and 3). PUFAs are
reported to control the regulation of the signaling
pathway of antioxidants and cause the modulation
of inflammatory-related processes. Furthermore,
they are also responsible for influencing the lipid
metabolism of the liver and other organ responses
physiologically, including the central organ of cir-
culation [37]. Linolenic acid is classified into a-lin-
olenic acid (C18:3 n3) and y-linolenic acid (C18:3

n6), which had two different structures. They are

the second and third most abundant UFA in all the
oil samples. Linoleic acid, the parent omega 6 fat-
ty acid, promotes skin integrity, cell membrane
integrity, the immune system, and the production
of eicosanoids. a-linolenic acid, the most com-
mon omega 3 fatty acid found in leafy vegetables
and vegetable oils, is associated with the valuable
effects of minimizing atherogenic lipids and lipo-
proteins, hypertension, and inflammatory markers,
thereby providing the most plausible reason to its
physiological benefits in preventing diseases asso-
ciated with cardiovascular system [13,38]. Obser-
vational evidence indicates that higher a-linolenic
acid intake is beneficial for maintaining cognitive
function and memory with aging [39,40]. Over
the years, anthropological and zoological studies
have confirmed the anti-inflammatory properties
of y-linolenic acid, a PUFA in the omega 6 series.
Evening primrose and hempseed oils containing
8-12 and 6—8% y-linolenic acid, respectively, treat
inflammatory conditions [41]. Since each investi-
gated vegetable oil in this study contains more than
13% y-linolenic acid (Table 2), the oil samples can
treat inflammation. Petroselinic acid, a rare isomer
of oleic acid (positionally), and an essential pre-
cursor that is renewable was discovered in each oil
sample (< 2.23%), implying that the oil samples
could be used for other industrial purposes.

Table 2- Fatty acid composition (%) of the oil samples

Fatty Acid Cco CA CC SM LT Mean SD  CV(%)
Palmitic acid (C16:0) 2932 3340 29.66 37.44 35.54 33.07 3.57 10.80
Palmitoleic acid (C16:1; Cis-9) 1.62 .52 057 144 113 126 043 34.13
Stearic acid (C18:0) 452 440 387 4.00 448 425 030 7.06
Petroselinic acid (C18:1; Cis-6) 223 211 209 198 209 210 0.09 429
Oleic acid (C18:1; cis-9) 5.21 513 490 4.61 520 501 026 5.19
Vaccenic acid (C18:1; trans-11) 0.01 0.01 0.03 0.01 0.01 0.02 0.01 50.00
Linoleic acid (C18:2; cis-9,12) 2229 20.71 2254 19.73 20.02 21.06 129 6.13
Linolelaidic acid (C18:2; trans-9,12) 0.01 0.01 0.02 0.01 0.00 0.01 0.01 100.00
y-Linolenic acid (C18:3; cis-6,9,12) 15.72 1487 1629 1391 1454 15.07 094 6.24
a-Linolenic acid (C18:3; cis-9,12,15) 1891 17.71 19.64 16.74 16.87 17.97 127 7.08
Arachidic acid (C20:0) 002 001 004 0.01 0.01 0.02 0.01 50.00
Gondoic acid (C20:1; cis-11) 0.03 002 007 0.02 002 0.03 0.02 66.67
Dihomo-y-linolenic acid (C20:3; cis-8,11,14) ~ 0.02  0.01 005 0.02 0.01 0.02 0.01 50.00
Icosatrienoic acid (C20:3; cis-11,14,17) 0.01 0.01  0.02 0.01 0.01 0.01 0.01 100.00
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Arachidonic acid (C20:4; cis-5,8,11,14) 0.02
Eicosapentaenoic acid (C20:5; cis-5,8,11,14,17) 0.01
Behenic acid (C22:0) 0.01
Erucic acid (C22:1; cis-13) 0.02
Docosadienoic acid (C22:2; cis-13,16) 0.01
Cervonic acid (C22:6; cis-4,7,10,13,16,19) 0.01
Total 100

0.01 004 001 001 0.02 0.01 50.00
0.01 003 001 001 0.01 0.01 100.00
0.02 004 001 001 0.02 0.01 50.00
0.02 005 002 002 0.02 0.02 100.00
0.01 003 001 001 0.01 0.01 100.00
0.01 002 001 001 0.01 0.01 100.00
100 100 100 100

CO: Cochorus olitorius; CA: Celosia argentea; CC: Crassocephalum crepidiodes; SM: Solanum macaropon; LT: Launaea
taraxacifoli; SD: standard deviation; CV: coefficient of variation.

Table 3- Fatty acid distribution of the oil samples

Parameter (%) CcO CA CC SM LT
TSFA 33.87 37.82 33.61 41.46 40.04
MUFA 9.13 8.81 7.76 8.08 8.47
PUFA 57.00 53.34 58.67 50.45 51.48
TUFA 66.13 62.15 66.43 58.53 59.95
TEFA 56.99 53.34 58.65 50.37 51.48
TNEFA 43.01 46.66 41.35 49.63 48.52
O/L 0.23 0.25 0.22 0.23 0.26
PUFA/SFA 1.68 1.41 1.75 1.22 1.29

CO: Cochorus olitorius; CA: Celosia argentea; CC: Crassocephalum crepidiodes; SM: Solanum macaropon; LT: Launaca
taraxacifoli; TSFA: total saturated fatty acid; MUFA: monounsaturated fatty acid; TUFA: total unsaturated fatty acids;
TEFA.: total essential fatty acid; TNEFA: total non-essential fatty acid; O/L: Oleic/Linoleic acids ratio; PUFA: polyun-
saturated fatty acid; P/S: polyunsaturated fatty acid/saturated fatty acid ratio.

Cunbha et al. [26] showed an increased vulnerability
of heightened cholesterol levels in the blood if a
man consumes a PUFA/SFA ratio of less than 0.45
ladened oils. The value of the PUFA/SFA ratios of
all the oil samples in our study was significantly
higher than 0.45. The oleic/linoleic (O/L) acids
ratio has been associated with high stability and
potentiality of the oil for deep frying [42,43]. Due
to the low values of O/L level in all the samples
(0.22-2.26), the oil samples may not be suitable for
frying purposes. Recent human research suggests
that the intake levels of omega 6 and omega 3 fatty
acids and the ratio between them are crucial in obe-
sity. This effect is linked to the metabolites of ara-
chidonic acid, eicosanoids, and the increased activ-
ity of the cannabinoid system. However, it must be
noted that an increased intake of docosahexaenoic
acid (DHA) and eicosapentaenoic acid (EPA) can
cause a reversed pathway [44]. The management
and prevention of obesity require a healthy, bal-
anced ratio of omega 6/omega 3, which is also es-
sential for good health. The ® 6/® 3 ratios of all

vegetable oil samples were below the acceptable
limit of 4 set by the UK Department of Health [45].
A high value of h/H of the oil directly correlates
with enhancing cholesterol metabolism and im-
proving the good lipid of HDL profile. As a result,
the more the value in terms of number, the better
it is for human intake [27]. Furthermore, previous
research has indicated that oils with Al and TI val-
ues less than one can be included in a healthy diet
[26,28]. Therefore, according to the findings pre-
sented in Table 4, these vegetable oils can be con-
sidered in a healthy diet.

The best ingredients to balance the SFAs in a soap
recipe are UFAs. These vegetables have emollients
and moisturizing properties, can offset the dry-
ing qualities of SFAs, and create a hard soap and
conditioning. Palmitic acid content (37.44%) in
S. macrocarpon oil was the highest in all the sam-
ples. C. crepidioides oil contained the lowest lev-
el of saturated fatty acids (SFA) (33.61%), while
S. macrocarpon oil was the highest in SFA, with
41.46%. This was in contrast to the PUFA con-
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tent, where C. crepidioides and S. macrocarpon
oils were observed to have the highest and lowest
PUFAs of 58.67% and 50.45%, respectively. The
concentrations of MUFA in the oil samples ranged
from 7.76 to 9.13%, with oleic acid accounting for
at least 4.61% of the fatty acids in each sample.
The fatty acid profiles revealed that each vegetable
oil sample’s total essential fatty acid content was

Table 4- Functional quality of the oil samples

greater than 50%. The oleic to linoleic (O/L) and
PUFA to SFA ratios ranged from 0.22 to 0.26 and
1.22 to 1.75, respectively. The results of the cal-
culated ratios of omega 6 to omega 3 fatty acids
(0 6/w 3), h/H, Al, and TI were found in the range
of 1.98-2.05, 1.10-1.59, 0.44-0.64, and 0.4-0.58,
respectively (Table 4).

Quality parameter CO CA CC SM LT

® 6/ 3 2.01 2.01 1.98 2.02 2.05
h/H 1.58 1.30 1.59 1.10 1.19
Al 0.44 0.54 0.45 0.64 0.59
TI 0.42 0.50 0.40 0.58 0.57

CO: Cochorus olitorius; CA: Celosia argentea; CC: Crassocephalum crepidiodes; SM: Solanum macaropon; LT: Launaea
taraxacifoli; h/H: hypocholesterolemic/hypercholesterolemic ratio; Al: atherogenicity index; TI: thrombogenicity index.

3.3. Phospholipid composition of the oil samples
The results of the phospholipid composition in our
samples are shown in Table 5. The phospholipid
composition (mg/100 g) ranged from 4.36 to 67.96
mg/100 g. The most prominent phospholipid in the
samples was 67.96 mg/100 g phosphatidylcholine
in L. taraxacifoli, followed by 57.73 mg/100 g in
C. crepidiodes, 54.15 mg/100 g in C. argentea, and
53.15mg/100 g in S. macaropon. Lastly, the lowest

was 50.81 mg/100 g for C. olitorius leaves. Of
the phospholipids available in plants and animals,
phosphatidylcholine was among the copious as it
can take up to almost 40 to 45% of the whole and
is responsible for its contribution to the construc-
tion of the membrane bilayer. Phosphatidyletha-
nolamine had the second-highest composition after
phosphatidylcholine, with C. crepidiodes being the
highest and L. taraxacifoli being the lowest.

Table 5- Phospholipid composition of the oil samples

Phospholipid (mg/100 g) A B C D E Mean SD CV (%)
Phosphatidylethanolamine 21.75 2048 2793 22.81 27.43 24.08 3.39 14.09
Phosphatidylcholine 50.81 5422  57.73 53.15 67.96 56.77 6.73 11.85
Phosphatidylserine 1.14 1.71 1.92 1.33 2.09 1.64 0.40 24.28
Phosphatidyglycerol 13.03 16.14  14.78 14.01 13.53 14.30 1.22 8.51
Lysophosphatidylethanolamine ~ 1.13 1.44 2.05 1.10 2.07 1.56 0.48 30.64
Lysophosphatidylcholine 1.52 1.88 2.14 2.15 1.84 1.91 0.26 13.56
Phosphatidylinositol 14.20 16.07  21.07 18.08 16.33 17.15 2.59 15.08
Phosphatidic acid 4.36 5.62 8.80 4.87 7.18 6.17 1.82 29.48

A: Cochorus olitorius; B: Celosia argentea; C: Crassocephalum crepidiodes; D: Solanum macaropon; E: Launaea tarax-

acifoli; SD: standard deviation; CV: coefficient of variance.

3.4. Phytosterol composition of the oil samples

The most abundant phytosterol in the samples was
sitosterol found in S. macaropon and C. crepidi-
odes (Table 6). It was followed by campesterol for

C. argentea and C. crepidiodes. Savenasterol con-

centration ranged from 4.47 to 3.3 mg/100 g for C.
argentea and S. macaropon, respectively. The lev-
el of cholesterol was in a minimal amount in each
sample, with the highest recorded as 1.92 x10™,
According to Aremu et al. [46], the average dai-

Human, Health and Halal Metrics; 2024: 5(2)

41



Fat composition of leafy vegetables’ oil

Usman et al.

ly intake of sterols differs from person to person,
but usually, it is between 160 to 400 mg/100 g of
food. Therefore, consumption of our studied oils

can provide the individuals with a part of recom-

phytosterols can lower blood cholesterol, and also
fight and prevent inflammation, oncological diseas-
es, atherogenicity, and oxidation activities. There-

fore, they are very important in the pharmaceutical

mended daily phytosterol in the diet. Importantly, industry [47].

Table 6- Phytosterol composition of the oil samples

Phytosterol (mg/100 g) A B C D E Mean SD CV (%)
Cholesterol 4.16E% 2.72E0% 2.09E% 3.69E% 1.92E04 292E% 982E0 33,63
Cholestanol 472E%  8.04E0 6.73E%  561E%  632E% 6.28E0 1.24E%  19.75
Ergosterol 1.83E0% 1.83E® 1.83E® 1.83E0 1.78E-03 1.82E0 224E% 1.23
Campesterol 5.02 6.1 6.01 6.29 5.39 5.76 0.53 9.2
Stigmasterol 2.87 3.28 4.34 3.18 3.59 3.45 0.56 16.23
Savenasterol 3.98 3.79 4.47 33 4.26 3.96 0.45 11.36
Sitosterol 23.55 24.61 25.79 25.53 23.61 24.62 1.05 4.26

A: Cochorus olitorius; B: Celosia argentea; C: Crassocephalum crepidiodes; D: Solanum macaropon; E: Launaea tarax-
acifoli; SD: standard deviation; CV: coefficient of variance.

4. Conclusion

In nature, leafy vegetables are considered to be the
wealthiest plant food. A significant amount of fats
(both saturated and unsaturated) has been discov-
ered in them. It makes the leafy vegetables very
significant contributor to human health in a positive
way. The lipid profile of the plants studied in this re-
search will add to the existing body of knowledge,
which helps advanced higher research in food indus-
try and industrial chemistry. Fatty acid profile of
five leafy vegetables (C. olitorius, C. argentea, C.
crepidioides, S. macrocarpon, and L. taraxacifolia)
and their functional quality indices were evaluated
in this study. About a score, individual fatty acids
were identified in all the vegetable oil samples. The
profile revealed that unsaturated fatty acids, partic-
ularly PUFA (linoleic, a-linolenic, and y-linolenic
acids), were predominant in all oil samples. The
extracted vegetable oil samples displayed satisfac-
tory nutritional quality due to the predominance of
PUFA associated with preventing long-term and
degenerative diseases. Al and TI indexes and h/H
ratio suggested that the oil may have a protective
action on the cardiovascular system. The omega 6/
omega 3 ratios of all oil samples were within the
optimum recommended ranges which indicate that

the oils are nutritionally beneficial in terms of good

health and preventing and managing obesity. The
phospholipids of phosphatidylcholine and phos-
phatidylethanolamine were also found in the oil
samples, which in turn comprise 45-55% and 15-
25% of the biological membrane, and play a signif-
icant role in anatomical and physiological function
and integrity.
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