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In vitro antioxidant properties of free and bound phenolic extract of Celosia argented, Corchorus
olitorius, Amaranthus hydridus and Jatropha tajorensis

“nnalegwu D. A., “*Evans E. C., *Gara T. Y. & ‘Muhammad F. M.

'Department of Biochemistry, Federal University of Technolagy, P.M.B. 65, Minna, Niger State, Migeria.
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ABSTRACT

Polyphenols have attractad a lot of interest recently due to their antioxidant property. The present study
is aimed at investigating the antioxidant properties of free and bound phenols of methanol leaf extracts
of Celosio argentea, Corchorus oliforius, Amaranthus hydridus and Jatropha tojorensis. Total flavonoids
and phenclic contents of the extracts was determined using spectrophotometric method while the
antioxidant activity of crude extract, free and bound phencls (FP and BP} was determined using 2 2-
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity. The flavonoid contents ranged between
355904489 mg/100g in C. olitorius to 292 .67£8.39 mg/100g in A. hydride while the phenolic contents
ranged from 264.43+4.47 mg/100g in 2. tajorensis to 431.9824.90 mg/100g in €. argentea. The DPPH
scavenging activity of the crude, free and bound phenolic extracts of the extratcs gave an [Csp of
383.52+1.05, 114.6643.24 and 279.06+4.51 pg/mL for crude, FP and BP for J. tojorensis respectively,
331.29+1.33, 109.74+43.86 and 195894512 pg/ml for crude, FP and BP of C argentea respectively,
379.46%£3.11, 180.34+2.12 and 227.50+4.34 pp/ml for crude, FP and BP of C. ofiterius respectively and
136.34£2.05, 135.47+1 88, 1939543 56 pg/mL for A. hydridus respectively which are significantly higher
{p=0.05) with the standard [Ascorbic acid) with an 1Cs, of 12.66+3.33 pg/mL. From the result obtained, it
is rational to attribute the wide usage of these vegetables in folkloric medicine to its high phenclic content.
Hence, information from this study could be exploited in the globkal fight against degenerative diseases,
whose eticlogy has been linked to oxidative stress.

Keywords: Polyphenols, antioxidants, Free phenols, Bound phenols, Degenerative diseases

INTRODUCTION

Polyphenols are a wide and complex group of
secondary plant metabolites essential for the
physiclogy of plants, having functions in growth,
structure, pigmentation, pollination, allelopathy,
and resistance for pathogens and predators
(Manach et al, 2004). Polyphenols have

attracted the interest of researchers because of
their antioxidant capacities. Thay have long been
recognized to possess  anti-allergic, anti-
inflammatory, antivical and anti-proliferative,
anticarcinogenic and antioxidant properties
{Atansuyl et ol, 2012). Reports have shown that

Innalegwu O. A, Evans E. C., Gara T. ¥. & Muhammad F. M. (2021). in witre anticaidant properties of free and bound phenolic
extract of Celosly orgentes, Corchorus ollforius, Amaranthus hydeidus and Jatrophe tajorensis. 2= Faculty of Matural Sciemces
Annual Conference. IBB University Lapai held between 30t August to 2™ September 2021. Pp 96-106
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there is an inverse relationship between the
intake of flavonoids and the risk of coronary
heart disease, lung cancer [Atansuyil et al., 2012)
and stomach cancer |Garcia-Closas et al,, 19589).

According to Mathan AND Ding (2010), free
radicals and other small reactive molecules are
important regulators of many physiclogical and
pathological processes. Increased levels of these
reactive molecules can cause oxidative damage
to biclogical macromolecules and disrupt the
cellular reduction—oxidation (redox) balance
(Dowling and Simmeons, 2009). Yoshihara et al,
2010 have reported that oxidative stress caused
by the accumulation of free radicals in the body
has been responsible for many illnesses including
cardiovascular diseases, cancer,
neurodegenerative disorders, and aging.

In view of the recognition of the potent

antioxidant  properties of  polyphenols,
researchers have been tailoring their efforts
towards identifying plants polyphenols with
potent antioxidant properties that could be
exploited for the management of degenerative

diseases.

Green leafy vegetables (GLVs) are micronutrient
dense nature's gift to mankind that provide
more vitamins per mouthful than any other food
(Anchalsingh, and Andnitisha, 2014). They are
said to be rich sources of calcium, iron, B-
carotene, vitamin C, dietary fibre and many trace
minerals (Anchalsingh, and Andnitisha, 2014). It
has been reported that some GLV contain
immense wvarieties of bicactive non-nutritive
health enhancing factors such as antioxidants,
phytochemicals and essential fatty acids
{Anchalsingh, and Andnitisha, 2014). This
according to ethnomedicinal usage is increasing
their recognition of the roles which their
phytonutrients content play in the prevention of
non-communicable diseases (Anchalsingh, and

Andnitisha, 2014; Doughari et ol., 2009). Various
studies reported the presence of abundant
phenolic  compounds  sueh  as  guercetin,
kaempfercl and acacetin in GLVs |Anchalsingh,
and Andnitisha, 2014).

Amaronth hybridus is a gluten-free pseudocereal
thrives in all temperate-tropical areas of the
world particularly in Mexico and South America
{Rastogi et al, 2013). Moreover, in certain
regions of the world, such as eastern Africa,
amaranth leaves are consumed as a vegetable
because it is a fast-growing plant available most
of the year [(Karamac et af, 2019). There has
been an increase renewed interest in this ancient
and highly nutritious food crop due to the
excellent nutriticnal value of seed and leaves
{Venskutonis ef al, 2013). Amaranth proteins
have a well-balanced amino acid composition
{Karamac et af, 2019), high bioavailability
{Venskutonis et el., 2013), and good functional
properties [Lopez et al., 2019). Dietary fiber,
vitamins and precursors of vitamins [ascorbic
acid, riboflavin, tocols, carotenoids), as well as
minerals (Ca, Fe, Mg, K, Cu, Zn, and Mn) are other
important nutrients present in seeds and leaves
of amaranth (Karamac ef ol, 2019). Their
contents are high compared to these in some
cereals and green leafy vegetables (Karamac ef
al., 201%).

Celosia argenteo L. is an herbaceous plant which
belongs to the family Amaranthacaceae and one
of the leading leaf vegetables in south-western
Migeria, where it is known as sokoydkotd' in
Yoruba language meaning make husbands fat
and happy (Kanu et al,, 2017). It is also known as
red soko ‘because it has red pigment on the
leaves which differentiates it from the green
soko'(Malomo et all, 2011). C. orgentea impact
the anthacyanin- red colour into soup, making it
less popular than green (Kanu et gl, 2017}, The
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entire plant is used in treatment of ulcers, piles,
bleeding nose, inflammation, gynecologic
disorders, mouth sores, eye diseases, glandular
swellings, eczema, constipation and as an
aphrodisiac (Rub et al., 2015). The seeds are used
in the treatment of blood diseases, diarrhea and
the roots are well known for their anti-diabetic
activity [Kanu et al., 2017). The in vitro and in
vivo antioxidant activity of the plant is reported
to be due to abundance of phenolics making
Celosia argentea as a potential source of cheap,
natural antioxidants (Rub et al,, 2015).

Jatropha tonjorensis is a perennial herb, a
member of the Euphorbiaceae family, commaonly
called ‘hospital too far’, catholic wvegetable,
Jatropha. It is used locally in soups as well as
medicinally in treating anaemia, skin disease,
malaria fever {Oduola et al., 2005; Omoregie and
Osagie, 2011). Meanwhile, J. tonjorensis has
received a lot of attention due to its potential
health benefits, availability and affordability
{Omoregie and Osagie, 2007; Omobuwajo et al_,
2011). [ tanjorensis have also been shown to
exhibit antibacterial activity {lwalewa et al.,
2005). In fact, earlier reports have shown that J.
tanjorensis is rich in antioxidant nutrients like
phospharus, selenium, zinc and vitamins Cand E
{Omobuwajo et al,, 2011).

Corchorus olitarius (malvaceae), is a plant native
to both tropical and subtropical regions
throughout the world with mallow leaves
commonly consumed as a leafy wvegetable
{Adedosu et of, 2015). The leaves are used in
ethnomedical practices to treat ache and pain,
dysentery, malaria, enteritis, fever, gonorrhea,
pectoral pains and tumors (Abdul Sadat et al,
2017). Hence this research is aim at investigating
the antioxidant activity of free and bound
phenols in methanaol extract of Celosio argentea,

Corchorus olitorius, Amaranthus hydridus and
Jotropha tajorensis.
Materials and Methods

Materials

Fresh leaves of Amoronthus hybridus, Celosio
argentea, Jlatropha tojorensis and Corchorus
olitorius were obtained from Kure market in
Minna, Miger State, Migeria. The leaves were
washed, and dried at room temperature for 7
days at the Biochemistry Laboratory of Federal
University of Technology, Minna, Niger State. All
chemicals and reagents used in this study are of
analytical grade and were obtained from
MNAHSON Chemicals, Minna, Miger State.

Plant Processing and Extraction

The dried leaves were pulverized into powder
using kitchen type blender to obtained a fine
powder. Fifty grams (50 g) each of the powdered
sample was extracted exhaustively with 20 mL of
methanal for 2 hours at 45°C using reflux
extractor. The extract was filtered using muslin
cloth and further filtration with filter paper to
obtain a fine filtrate (Kabiru et of, 2012). The
filtrate was dried at a reduced temperature of
40°%C using water bath to obtain a semi-solid
paste. The yield of the extract was calculated
using the formula below:

% Yield = % X100
evierreenenene. ECUARIORN (1)

Extraction of Free and Bound Phenols
{Polyphenols)

The extraction of the seluble free phenals (FP)
was carried as reported previously by Chu et al.,
2002 and reported by Atansuyi ef al,, 2012 with
minor modifications. Four grams (4 g) of the
methanol extract was solubilized in methanaol-
water (80:20, v/v), sonicated and homogenized
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at room temperature for 1 h 30 min. The solution
was filtered through Whatman filter paper, using
a Buchner funnel under vacuum. The filtrate was
then evaporated using a rotary evaporator under
vacuum at 40°C to obtain the FP extract. On the
other hand, bound phenols (BP) was extracted
according to the mathod of Krygier et al, 1982
as reported by Atansuyi et al., 2012 with slight
modifications. Briefly, residues recovered from
the extraction of FP was dried and hydrolyzed
with 4 M MaOH at room temperature under
shaking. The mixture was acidified to pH 2 with
concentrated HCI, extracted four times with
ethyl acetate, pooled together and evaporated
at 40°C to dryness under vacuum to yield BP
extract. The yield of extraction was calculated
using equation (1) above.

Determination of total phenol content

The total phenol content of the extracts was
determined according to Singleton et ol., (1999
using gallic acid as standard. Zero-point five
milliliter (0.5 mL) of 1 mg/mL of crude methanol
extract, FP and BP were oxidized with 2.5 ml of
10% Folin-Ciocalteau’s reagent (w/v) and
neutralized by 2.0 ml of 7.5% sodium carbonate.
The reaction mixture was incubated for 40 min
at 45°C and the absorbamce was measured at 765
nm. The amount of phenol present in the
extracts was expressed as gallic acid equivalents
{GAE).

Determination of total flavenald content

The total flavonoid content of the extracts were
determined as reported by Meda et al. (2005)
with slight modification. Zero-point five milliliter
(0.5 mL) of 1 mg/mL of crude methanaol extract,
FP and BP were mixed each with 0.5 mL
methanol, 50 pl of 10% AIC:, 50 uwl of 1 M

potassium acetate and 1.4 mLwater and allowed
to incubate at room temperature for 30 min.
Thereafter, the absorbance of the reaction
mixture was subsequently measured at 415 nm
and the total flavenoid was caleulated using
guercetin as  standard, and expressed as
guercetin equivalent (QE).

Antioxidant assay using 2,2-diphenyl-1-
picrylhydrazyl (DPPH) free radical scavenging
ability

The free radical seavenging ability of the axtracts
against DPPH radical was evaluated as described
by Gyamfi et al. {1989). Briefly, an appropriate
dilution (50— 250 pg/mL) of the crude, FF and BP
{1 ml} was mixed with 1 mL of 0.4 mM
methanolic solution containing DPPH radicals.
The mixture was left in the dark for 30 min and
the absorbance was measured at 516 nm. The
DFPH  free radical scavenging ability was
subseguently calculated with respect to the
reference  (which contains all the reagents
without the test sample).

RESULTS AND DISCUSSION
Results

Table 1: Percentage yield of crude methanol
extract of the vegetables

Extracts % yield
C. argentea 20.40
C. afitarius 18.00
A. hybridus 15.00
1. tojorensis 18.40
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Table 2: Total flavenoids and phenolics contents (mg/100g) of plant extracts.

Samples Phenaols Flavonoids

C. argentea 431.98+4.90° 159.75+1.41"°
C. olitorius 269.68211.34° 35.90:4.89°
A. hybridus 407.05£3.41"° 292 678,39
A tajorensis 264 4324 47 165.40£7.06"

Values are expressed in mean * standard error of mean of triplicate determination
Values are present in mean * standard error of mean. Values with same superscript on the same column

have no significant difference at p<0.05

Table 3: |Cs of methanol, free and bound phenolic extracts of the four selected vegetables

Extracts MeOH Extracts Free Phenols Bound Phenols
C. argentea 331.2941.3% 109.74£3 86% 195.895.15°
L. oliteius 379.4643.11° 180.34£3.12% 227 504 .34°
A, hybridus 136.34+2.05° 135471 88° 193.95£3.56°
J. tajorensis 3B3.5241.06¢ 114.66+3 247 279.0644.51"°
Ascorbic acid 12.66+3.33

Key: MeOH = Methanol
Values are present in mean £ standard error of mean. Values with same superscript on the same row have
no significant difference at p<0.05
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Figure 1: DPPH radical scavenging activity of free phenol {FB} and bound phenol (BP) of methanol extract

of C. argentea.
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Figure 2: DPPH scavenging activity of free phenol (FB) and bound phenol (BP) of methanol extract of C

alitarius
1200 5
- 160 1 " Ed ©— A. hydridus
E - * 0 FP
E 80 1 A a g BP
= r ¥— Ascorhic acid
w 60 4 p o e %
B ~
g x 8
£ 40 9 '
z o— B
E_' 20 B
&
[I‘ T T T T T 1
0 50 100 150 200 250 300

Concentration {pg/mL)

Figure 3: DPPH scavenging activity of free phenol (FB) and bound phenal {BP) of methanol extract of A
hybridus
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Figure 4: DPPH scavenging activity of free phenol (FB) and bound phenal [BP) of methanol extract of J.
tajorensis

DISCUSSION

Globally, interest in natural product that could
ameliorate the menace of oxidative stress has
been on the rise due to cost and unavailability of
comventional synthetic drugs (Manach et al,
2004). Hence, efforts are now being tailored at
discovering plants with potent antioxidant
properties which could be harnessed and
exploited for therapeutic purposes. Antioxidant
properties of plants are intricately related to
their phytochemicals (Atansuyi et aol, 2012:
Doughari et al., 2009). Recently, these bioactive
substances, especially the polyphenols, have
been found to be responsible for the antioxidant
properties of plants ({Omobuwajo et al, 2011).
Hence, an increased interest in the isolation of
the polyphenolic components of plants that
could be wused in the management of
degenerative diseases.

The % yield of methanol extract of C argentea,
C. olitorius, A. hybridus and /. teforensis. Highest
yield [20.40 %) was recorded in £ argentea
followed closely by £ elitorius and J. tajorensis
with 18.00 and 1840 % respectively while A.

hybridus recorded the least vield [(15.00 %)
{Table 1). Yield of extract play a major role in the
choice of plant and is affected by factors such as
time/season of collection, place of callection,
and the species of plant. Hence the reason for
the variation in the yield recorded above.

Table 2 shows the phenolics and flavonoids
contents of the extract. C. orgentea contain the
highest amount of phenols (4.31.984+4.50
rg/100) followed by 407.05+3.41, 269.68+11.34
and 264.43+4.47 mg/100g for A, hybridus, C
olitorius and 1. tajorensis respectively. High
flavonoids content (292.6748.39 mg/100g] was
also recorded in A hybridus followed by 1
tajorensis, C. argentea and € olitorius with
flavonoids content of 165.4027.06, 152.7541.41
and 3590+4.89 mgfl00g respectively. The
amaount of phenols and flavonoids content of
these plants justify their wide usage particularly
amang the Yoruba's of the South-Western part
of Migeria (Alegbejo, 2013). This may also explain
the rationale behind their widespread usage in
folkloric  medicines for the treatment of
ailments. However, it s not enough to know
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what is responsible for the pharmacopotency of
these leaves, without unraveling the mechanism
invalved in their therapeutic effects. Hence, we
tested the in witro antioxidant properties of free
phenols (FP) and bound phenols (BP) of extracts
of Amaranthus hybridus, Celosia argentea,
Jotropha tojorensis and Corchorus alitorius with
a wview of gaining an insight into  the
mechanismis) Invalved in their antioxidant
action.

The DPPH radical scavenging activity has been
extensively used for screening antioxidants
ranging from fruits, cereals and vegetable juices
of extracts [Ayoola et al,, 2006). Therefore, the
ability of the FP and BP extracts to scavenge
DPPH radicals were investigated and presented
in Table 3 and Figure 1-4. DPPFH is an unstable
diamagnetic molecule that attains stability
through protonation. This stability is visually
noticeable by an abrupt discoloration from
purple to golden yellow. Antioxidant potentials
of plant extracts is judged based on their median
imhibition concentration ({ICsp). According to
Blois, 1958 classification of 1Csy as reported by
(Fidrianny et al., 2014), extracts with an 105 <50
wg/rml is said to be a very strong antioxidant, 50-
100 pg/ml as strong antioxidant, 101-150 pg/mlL
as medium antioxidant, while extracts with 1Cs
=150 pg/ml as a weak antioxidant (Fidrianny et
al, 2014). Based on this classification, free
phenolic extract of C. orgentea, A. hybridus and
J. tajorensis are classified as medium antioxidant
with am 1Ceo of 109.7443.86, 135.4721.88 and
114662324 pg/mlL respectively while free
phenolic extract C. olitoius is a weak antioxidant
with 1Csp of 180.34#3.12 pg/mL. Methanol and
bound phenolic extracts of the plant shows a
weak inhibition of the DPPH radicals with 1Cs
value > 150 pg,/mL (Table 3). Although the reason
behind this observation is not completely
understood, it is logical to speculate that the

amaount of phenols and flavancids present in
these extracts maybe responsible for their
antioxidant activity which have been reported to
be a natural antioxidant in plants {Doughari et
al, 2009; Fidrianny et al, 2014). Furthermore,
the observation further justifies the widely
speculated report that one of the mechanisms of
antioxidant activity of polyphenols is through
radical scavenging [Ayoola et al, 2006).
Phytochemicals can act as antioxidants by
protecting cell membrane and cellular oxidative
processes from damages that may give rise to
diseases [(Atansuwi et ol, 2012). Hence,
antioxidants are usually assessed by their ability
to offer protective shields to lipids intentionally
assaulted with peroxidants.

CONCLUSION

Phytochemical screening of methanol extracts of
C. argentea, C. ofitorius, A. hybridus and J.
tojarensis shows that phenols was higher in all
the extract than flavenoids. The antioxidant
activity also shows that free phenols have lower
ICzp than the bound phenols hence  high
antioxidant capacity. The extracts of these plants
can be a good source of antioxidants for the
management of oxidative stress and other
related diseases.

REFERENCES

Abdul Sadat, M.H., Kaushik C., Subhrajyoti R.
{2017)  Phytochemical analysis  and
antioxidant  activity of methanolic
extract of leaves of Corchorus olitorius.
International  lournal  of  Current
Pharmaceutical Research, 9(5),59-63.

Adedosu, O.T., akanni, O.E., Afolabi, OK. &
Adedeji, AL (2015) Effects of
Corchoruseditorius  Extract on Certain
Antioxidants and Biochemical Indices in

M3 |FONSAC 2021



Sodium Arsenite Exposed Rats.
American Journal of Phytomedicine and
Clinicad Theropeutics, 3103), 245-

256

Alegbejo, J. O, (2013) Nutritional value and
utilization of amaranthus [Amaranthus Spp.)—
A review. Bayero lournal of Pure and Applied
Sciences, Bi1), 136 — 143,

Anchalsingh, K. G. & Andnitisha, 5. [2014)
Mutritional evaluation of value-added

products using dehydrated
greens for  security of haematinic
nutrient. Food 5ci. Res. 1.; 5(2),
168-173.

Atansuyl, K., |bukun, E. O. & Ogunmoyole, T.
{2012} Antioxidant properties of free
and bound phenaolic extract of the leaves
of Jatropha tenforensis in vitro. Journal
af Medicing! Plants Research, B(31),
4667-4674.

Ayoola, 5. A, Sofowera, T., Odukoya, O. & Coker,
H. A. B, [2006) Phytochemical screening
and free radical scavenging activity of
some Migerian medicinal plant. fournal
af Pharmaceutical 5clence, 8,133 137,

Chu, Y., Sun, I, Wu, ¥ & L, R. H. (2002}
Antioxidant and antiproliferative activity
of common wvegetables. Jlournal of
Agriculture and Food Chemistry, 50(23),
6910- 6916.

Doughari, 1. H., Human, I. 5., Bennade, 5. &
MNdakidemi, P. A. [2009). Phytochemicals
as  chemotherapeutic  agents  and
antioxidants: Possible solution to the

antibiotic resistant

producing

control of

verocytotoxin bacteria.

Jowrnal of Medicinal Plants Research,
3(11), 839-848, 2009,

Dowling, D, K. & Simmaons, LW, (2009). Reactive
oxygen species as universal constraints
in life-history evolution. Proceedings.
Biological Sciences, 276(1663), 1737-
1745,
http://dy.doi.org/10. 1098/ rspb.2008.17
91. PMid:19324792,

Fidrianny, 1., Harnovi, M., & Insan, M. (2014}
Evaluation of Antioxidant Activities from
Various Extracts of Sweet Orange peels
using DPPH, FRAP assays and correlation
with phenolic, flavonoid, Carotenold
content. Asian louwrnal of Pharmocy and
Clinical Research, 7 (3), 186-150

Garcia-Closas, R., Gonzales, C. A, Agudo, A &
Riboli, E. [1999) Intake of specific
carotenoids and flavenoids and the risk
of gastric cancer in Spain. Concer Cause
Cantrel, 10, 71-75.

Gyamfi, M. &, Yonamine, M. & Aniya, ¥. (1999).
Free-radical scavenging action of
medicinal herbs from Ghana: Thonningia
sanguing on  experimentally-induced
liver injuries. General Pharmacology, 32,
GE1-66T.

Iwalewa, E.O., Adewunmi, C.O_, Omisore, N.OA.,
Adebanji, 0.4, Azike, CK., Adigun, AO.,
Adesina, OA, & Olowoyo, 0.G. (2005)
Pro and antioxidant effects and
cytoprotective potential of nine edible
vegetables in  southwest  Migerion
Jowrnal of Medicine and Food, 8, 539-
544,

Kabiru, ¥. A, Okeolie, M. L., Muhammad, H. L., &
Ogbadoyi, E. 0. (2012} Preliminary

104 |FONSAC 2021



studies on the antiplasmodial potential
of aguecus and methanol extracts of

Eucolyptus comadulensis leaf,”
Asian Pacific Journal of Tropical Disease,
2, 5809- 5814,

Kanu, C.L, Owoeye, 0., Imosemi, 0.1, & Malomo,
A0 (2017) A review of the multifaceted
usefulness of celosio argenteg  linn.
Eurapean lournal of Pharmaceutical and
Medical Research, 4|10), 72-79

Karama’'c, M., Gai, F., Longato, E., Meineri, G.,
laniak, M.A., Amarowicz R., & Peiretti
P.G.(2019) Antioxidant Activity and
Phenolic Composition of Amaranth
(Amaranthus caudatus) during Plant
Growth. Antiaxidants, 8, 173,
doi:10.3350/antioxB060173

Krygier, K., Sosulski, F. & Hogge, L. (1982). Free,
esterified, and  insoluble  bound
phenolic acids. Extraction and
purification  procedure.  Journol  of
Agriculture and Foad  Chemistry,
30{2), 330-334.

Lépez, D.N., Galante, M., Raimunde, G., Spelzini,
D. & Boeris, V. (2019) Functional
properties of amaranth, gquinca and chia
proteins and the biological activities of
their hydrolyzates. Food Research
International, 116, 415429,

Malomo, 5.0., Ore, A & Yakubu, M.T. (2011) In
vitro and in wiva antioxidant activities of
the agueous extract of Celosia argentea

leaves. lndian Journal of Pharmacology,
43, 278-285.

Manach, C., Scalbert, A., Morand, C., Remesy, C.
& limenez, L. (2004) Polyphenols: food

sources and bioavailability. American
Journol of Clinical Nutrition, 79, 727-747.

Meda, &., Lamien, C. E., Romita, M., Millogo, . &
Nacoulma, 0. G. (2005) Determination
of the total phenolic, flavenoid and
praline contents in Burkina Fazan honey,
as well as their radical scavenging
activity. Food Chemistry, 91, 571-577.

Mathan, C. & Ding, A. (2010} Snap Shot: Reactive
Oxygen Intermediates (ROI). Cell, 140(6),
951-951.
http://dx.dol.org/10.1016/).cell. 2010.03
008, PMid:-20303882,

Oduola, T., Avwioro, O, G. & Ayanniyi, T. B.
(2005) Suitability of the leaf extract of
Jatropha gossypifalia as an
anticoagulant  for  biochemical  and
haematological analysis. Africonfournal
af Biatechnology, 4, 679 — 631.

Omobuwajo OR, Alade GO, Akanmu MA,
QObuotor EM. & Osasan SA (2011)
Microscopic and toxicity studies on the
leaves of 1. tanjorensis. Africon Jourmdal ef
Pharmacy and Pharmacology, 5(1),12-
i7.

Omobuwajo, O.R., Alade, G.O., Akanmu, M.A.,
Obuotor, EM. & Osasan, 5.A (2011)
Microscopic and toxicity studies on the
leaves of Jathropha tanjorensis. Afrrican

Journal  of Phormacy and
Phormacology, 5(1), 12-17.

Omolalu, P.A, Rocha, 1LB.T. & Kade, |1, (2011)
Attachment of rhamnosyl glucoside on
quercetin confers potent iron-chelating
ability on its antioxidant properties.
Experimental Toxicology and Pathology,
63(3), 249-245.

105 | FONSAC 2021



Omoregie, ES & Osagle, AL, ([2007)
Phytochemical screening and
antianemic effect of  Jotropha
tanjarensis leaf in protein malnourished
rats. Plant Archives, 7, 509-516.

Omoregie, E5 & Osagie, AL (2011). Effect of
Jatropha tanjorensis leaves supplement
on the activities of some antioxidant
enzymes, vitamins and lipid peraxidation
in rats. tournal of Food Biochemistry,
35(2), 409-424

Rastogi, A. & Shukla, 5. {2013} A new millennium
crop of nutraceutical wvalues. Critical

Review in Food Sclence and Mutrition, 53,
109-125

Rub, R.A., Patil, M), Siddigui, &.A., Ghorpade,
P.R. & Moghe, A5, (2015) Free Radical
and Cytotoxic Potential of Celasio
grgentea. PHCOG Jaurnal, 7(3 ), 191-197

Singleton, V. L., Orthofer, R. & Lamuela-

Raventos, R. M. [1999) Analysis of total

phenols and other oxidation

substrates and antioxidants by means of

Folin-Ciocalteu reagent. Methods in
Enzymolagy, 209 152178,

Venskutonis, P.R. & Kraujalis, P. (2013}
Mutritional components of amaranth
seeds amd vegetables: A review on
composition, properties, and uses.
Camprehensive Beview on Food
Sclence and Food Safety, 12, 381-412.

Yoshihara, D, Fujiwara, N. & Suzuki, K. {2010}
Antioxidants: benefits and risks for long-
term health. Moturitos, 67(2), 103-107.
http:/ . doi.org/10.1016/]. maturitas 2
010.05.001. PMid: 20627629,

106 |

OMSAC

i

(¥









