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ABSTRACT

Avena sativa (Fam. Poaceae) popularly called oat is a cereal crop regarded as a functional food because it has medicinal uses in addition to its food
ingredient like carbohydrates, proteins, lipids and fibres. It is reported to have anti-inflammatory, antimicrobial, antioxidant, anti-diabetic, anti-obesity,
central nervous effect. The aim of this study is the quantitative phytochemical analysis, antioxidant evaluation, column chromatographic fractionation,
TLC purification and isolation of fractions and GC-MS structural determination of isolated compounds. The aim of this study therefore is the bioassay
guided extraction, fractionation purification to separate useful constituents and subsequent GC-MS structural elucidation of compounds present. The
quantitative determination of the methanol extract was done using UV spectrophotometer for flavonoids, phenolics, alkaloids, tannins and saponins.
The antioxidant activity was carried out using DPPH scavenging assay with vitamin E as standard. The Oat meal extract was subjected to column
chromatography to separate it into its component fraction. The eluted fractions were further analyzed using TLC. GC-MS analysis of fraction was
performed using a Perkin Elmer GC Clarus 800 system. The result shows that methanol extract of Oat meal is a rich source of flavonoids, phenolics,
alkaloids, tannins and saponins (198.85, 60.51, 60.35, 20.30 and 60.15% respectively). Oat meal extract also show significant antioxidant activity
(68%) which may be attributed to the synergistic effect of phytochemical content. Lipophilic extracts were mainly observed in the chromatographic
separation and purification. The GC-MS analysis reviewed the presence of 15 bioactive compounds.
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Introduction

Phytochemicals are essential biomolecules produced by plants through
enzyme catalyzed biosynthetic pathways used for its protection against
bacteria, fungi, viral infections and consumption by pests'. They also
have therapeutic values because of their contents of polyphenols,
flavonoids, isoflavonoids, anthocyanidins, phytoestrogens, terpernoids,
carotenoids, limonoids, phytosterols, glucosinolates, alkaloids and
fibers?. These molecules are found in leaves, barks, roots, stem and
flowers of medicinal plants, which form the basis of their use in
ethnomedicine and providing a template for the discovery of lead
compounds which may have potentials to be used as drugs®.
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Generated in the body as a result of environmental pollution and
stressful conditions occasion by worsening economic conditions,
especially in developing countries are reactive oxygen free radicals®.
These free radicals have been implicated in the etiology of many
degenerating and debilating diseases like cancer, diabetes, mental
health disorders, DNA damage and premature ageing®. These free
radicals which are generated through oxidative stress can cause tissue
damage when accumulated in the body because of their ability to react
with electron donors which damage their vital macromolecules such as
protein, lipid and DNA. These free radicals include hydrogen peroxide
(H202), superoxide anion (O2’), hydroxyl radical (-OH), nitric oxide
(NO), organic hydroperoxide (ROOH)®.

Oat (Avena sativa) which is a functional food is reported to have anti-
inflammatory,  anti-diabetic, immune-modulatory,  anti-pruritic,
antithrombotic, antimicrobial with rich sources of phytochemicals’. Oat
meal is a potential source of antioxidant which are free radical
scavengers which remediate the damaging effect of oxidative stress.
The aim of the study is the quantitative phytochemical evaluation and
antioxidant determination, fractionation and structural elucidation of
Oat meal extract that may enhance the development of lead compounds.
For eventual drug discovery compounds from Oat meal, a functional
food with both nutritional and medicinal uses will most likely possess
little or no toxicity with very high therapeutic index, however, there is
need for further investigation of compounds isolated from Oat meal
especially the three whose medicinal uses have not been reported but
occur in nature. This study provides a template for further work to be
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intensified on the potential therapeutic uses of food because of the
occurrence of side effects or adverse drug reactions are improbable.

Materials and Methods

Sample Collection
Oat milk (Quaker Oat™) was purchased in Abraka, Delta State, Nigeria
on the 30th of September, 2023.

Sample Extraction

About 900 g of Quaker Oat™ was dissolved in 70% methanol and
filtered under suction. The residue was further extracted in methanol
using stoppered container and allowed to stand for at least 72 hours with
intermittent shaking. The extract was then filtered under suction and
lyophilized using rotary evaporator and stored at 4°C for further
analysis

Qualitative Phytochemical Analysis of Oat Meal Extract

Flavonoids: About 3ml of the Oat meal extract was mixed with few
drops of 5M NaOH and an intense yellow color was formed. A few
drops of 70% HCI was then added and the yellow color disappeared.
The formation and disappearance of deep yellow color indicates the
presence of flavonoids®.

Phenolics: The presence of phenolic is determined by mixing 2ml of
filtered sample and 2 mL of 5% aqueous FeCls. The appearance of blue
color indicates the presence of phenols®.

Alkaloids: The presence of alkaloids in the sample was determined by
dissolving 2 mL of each of the filtered sample in dilute hydrochloric
acid and filtered. The solution was treated with Dragendorff’s reagent
(solution of potassium bismuth iodide). The formation of a red
precipitate shows the presence of alkaloids®.

Tannins: Tannins determination was done according to the method
described by Gown Rajkumar et al.®. 2 mL of the filtered sample of Oat
meal was added to 10% alcoholic FeCls in a test tube and mixed
thoroughly. The formation of a black/brown blue indicate the presence
of tannins.

Saponins: About 2 mL of filtered sample was added to 4 mL of distilled
water in a test tube mixed well and shaken vigorously. The presence of
form that persist for 10 minutes shows the presence of saponins®.

Quantitative Phytochemical Analysis of Oat Meal Extract
Determination of Flavonoids

The quantitative determination of flavonoids was done according to the
method described by Madhu et al.X°. Total flavonoids was determined
by aluminium chloride method using catechine (flavan-3-ol) as a
standard. 1 mL of Oat meal extract was added to 4 mL of water in a
volumetric flask and mixed. 0.3 mL of 5% sodium nitrite, 0.3 mL of
10% aluminium chloride was then added after 5 minutes and incubated
for 6 minutes at room temperature. 2 mL of 1M sodium hydroxide was
then added to the reaction mixture and the volume made up immediately
to 10ml with distilled water. The UV absorbance of the reaction mixture
was measured at 510nm against a blank. Results were expressed in
catechine equivalent (mg catechine/g dried extract).

Determination of Total Phenolics

The total phenolics content of Oat meal was determined using Folin
Ciocalteu reagent (FCR), different concentration of the sample (20%
wiv, 10% wiv, 5% wi/v, 2% w/v, 1% w/v) was prepared and added into
5 different test tubes. 5ml distilled water and 0.5 mL of Folin Ciocalteu
were added to each of the test tubes and mixed thoroughly. The test
tubes were allowed to stand for 5 minutes at room temperature and a
0.5 mL volume of 10% sodium carbonate was added and the volume
made up to 10 mL with distilled water and mixed thoroughly. The
different test tubes were incubated at 50°C for 2 hours and absorbance
measured at 765nm against distilled water as blank. A calibration curve
was then plotted using catechol solution as standard and the total
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phenolics of the extract was expressed in terms of milligrams of
catechol per gram of dry weight and the standard graph?°.

Determination of Alkaloids

The quantitative determination of alkaloids in Oat meal was done as
described by Madhu et al.*°. 5 mL of pH 4.7 phosphate buffer was added
to 1 mL of sample extract in a test tube. 5 mL BCG was added and the
mixture shaken with 4 mL of chloroform. The mixture was added to
100 mL volumetric flask and further diluted with chloroform. The
absorbance of the chloroform complex was measured at 470nm against
distilled water as blank with atropine used as standard and the assay
compared with atropine equivalent.

Determination of Tannins

To 0.5 mL of filtered sample was added 3.75 mL of distilled water and
0.25 mL of Folic Ciocalteu reagent. 0.5 mL of 35% sodium carbonate
was added in a 100 mL plastic bottle and shaken thoroughly. The
absorbance was measured at 725nm using a spectrophotometer. The
blank of the above reagent in distilled water was prepared, different
concentration of the sample was prepared and a calibration curve of
absorbance against concentration. The tannins content of the sample
was measured in mg/mL of tannic acid?°.

Determination of Saponins

The quantitative evaluation of saponins was carried out according to the
method described by Madhu et al.X°. About 2 g of sample extract was
dissolved in 20 mL of 80% methanol in a beaker and 2 mL of vanillin
in ethanol was added and mixed well. 2 mL of 75% sulphuric acid was
then added mixed well and heated on a water bath at 60°C for 10
minutes. Absorbance was measured at 544nm against a blank with
diosgenin used as standard material.

Antioxidant evaluation of oat meal
The radical scavenging activity of Oat meal extract against stable 2,2
diphenyl 2 picryl hydrazl hydrate (DPPH) was evaluated using the
method of Baliyan et al.* but using solution of vitamin E in ethanol as
standard. DPPH reacts with an antioxidant which donates hydrogen to
the DPPH and subsequently reduce it with change in colour from deep
violet to light yellow. 0.1 mL of the extract and vitamin E (200 pg/mL)
was mixed with 2.9 mL of 100 pg of freshly prepared methanolic
solution. The mixture was then incubated for 30 minutes at 25°C in
darkness, after which the decrease in absorbance at 517nm was
measured on a UV spectrophotometer (Product Model: 721, Jinan,
Shandong, China). The scavenging ability of the extract and vitamin E
was calculated as follows;
DPPH radical scavenging activity (%)

Abs control x Abs sample

X 100....Eqn 1
Abs control an

Where;
Abs control is the absorbance of DPPH radicals and methanol
Abs sample is the absorbance of DPPH radical and sample/standard.

Column Chromatographic Fractionation, Isolation and Purification of
Oat Meal Extract

The Oat meal extract was subjected to column chromatography to
separate it into its component fractions using a column size of diameter
4.0 cm and length 39.0 cm, using silica gel a highly hygroscopic
substance as stationary phase and varying solvent combination of
increasing polarity as the mobile phase. Wet packing method was used
in packing the glass column and held in a vertical position using a retort
stand. The slurry will be prepared by mixing 200 g of silica gel with
300 mL of hexane and then carefully poured down into the column with
its tap left open to allow the free flow of solvent into a stabilized conical
flask placed on the base of the retort stand. This will allow the solvent
to drain unhindered without eroding the silica gel.

The sample was prepared in a mortar by adsorbing 15.0 g of the Oat
meal extract to 25.0 g of powdered silica gel in methanol and dried in a
hot plate at 40°C with continuous stirring of the adsorbed sample to
dryness. The dried sample was allowed to cool and gently spread on top
of the column and covered with purified sand to avoid direct contact
with eluent. The tap was then opened to allow the eluent to flow at a
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controlled rate of 40 drops per minutes. The extract was then eluted with
solvent system of increasing polarity in the following ratios: hexane:
ethyl acetate 100:0, 95:5, 90:10, 80:20, 70:30, 60:40, 50:50, 40:60,
30:70, 20:80, 10:90, 0:100. The same ratio was applied to ethyl acetate
methanol combination. The volume of each solvent system was
collected, measured and sprayed uniformly by the sides of the glass and
into the column each time. The eluted fractions was then collected in
aliquot of 25 mL in 50 mL sterile bottle.

The eluted fractions was further analyzed using TLC with silica gel as
stationary phase and ethyl acetate : methanol as mobile phase for further
separation the Rf factor was then determined according to the formula
described by Gomathi et al.,*? as;

Rf

Distance travelled by the sample from the starting point
- Distance travelled by solvent from the starting
point to the solvent fractions that showed similar

TLC mobility and band formation pattern were bulked into a beaker and
were subjected to another round of TLC analysis to determine the
number of spots. The pooled fractions were concentrated using rotary
evaporator at 40°C at 10w pressure then weighed. The oily fractions
were then dissolved in 5 ml of n-hexane and stored in a refrigerator for
GC-MS spectrophotometric analysis.

Gas Chromatography — Mass spectroscopic Analysis of Oat Meal
Fractions

GC-MS analysis of n-hexane fractions was performed using a Perkin
Elmer GC Clarus 500 system with a gas chromatograph interfaced with
a mass spectrometer. Helium gas was used as a carrier gas at a constant
flow rate of ImL/min and an injection volume of 2 pL was employed.
Turbo mass Gold Perkin Elmer was used as mass detector and the
software adopted to handle mass spectra and chromatogram was Turbo
mass version 5.2. The injection was operated at 250°C and the oven
temperature was moderated at 60°C for 15mins and increased gradually
increased to 280°C at 3mins. The identification of compounds was
based on leedex libraries as well as comparison of their retention
indices. The compound were identified after comparison with those in
nature using computer library attached to the GC-MS instrument*?,

Results and Discussion

The result of quantitative phytochemical analysis and antioxidant
evaluation are presented in Tables 1 and 2 while Table 3 contains results
of GC-MS analysis.

Phytochemical analysis

The result of the phytochemical investigation of methanolic extract of
Oat meal revealed the presence of flavonoids, phenolics, alkaloids,
tannins and saponins. The analysis shows that the quantity of
flavonoids, phenolics, saponins and tannins are particularly high in Oat
meal, however compared to investigations in several medicinal plants,
the quantity of alkaloids in Oat is relatively low from Table 1. The
phytochemicals with the highest quantity are flavonoids and phenolics.
Flavonoids and phenolics are reported to have antioxidant,
antimicrobial and anti-inflammatory properties®®. Flavonoids are also
known to alter the body biochemical reaction and inhibits biomolecules
that triggers allergies®®. These phytochemicals may be responsible for
anti-inflammatory, antioxidant and antipruritic activities associated
with Oat meal.

Tannins commonly found in fruit and cereals are known to have
antimicrobial, antioxidant, anti-inflammatory, immunomodulatory
effects. Saponins are reported to have antidiabetic effects, they are also
useful as expectorant and in treatment of upper respiratory tract
infections. Alkaloids which was the least found phytochemical in Oat
meal has an analgesic and sedative effect.

..Eqn

2
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Table 1: Qualitative and Quantitative Phytochemical Analysis
of Oat Meal Extract

Phytochemicals Qualitative Quantitative
analysis analysis
Flavonoids + 198.85
Phenolics + 60.51
Alkaloids + 60.36
Tannins + 20.30
Saponins + 60.15
Antioxidant

The free radical scavenging activity of the methanolic extract of Oat
meal was found to be high when compared to the standard (vitamin E)
(Figure 1). The antioxidant properties of Oat meal may be due to their
phenolic, polyphenols and saponins content which may possess
synergistic effect on its free radical scavenging activity using DPPH
which provides information on the reactivity of DPPH which gives a
strong absorption band at 517nm. Phenolics and flavonoids produce
their antioxidant activities through proton loss electron transfer or
inhibition of reactive oxygen species (ROS) producing enzymes.

100
2
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<
o 60 -
®
S 40 -
>
©
a 20 -
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£ 0
X Oat milk Vitamin E
Sample

Figure 1: Antioxidant Activity of Oat Meal Extract against
Vitamin E (Standard)

Table 2: Antioxidant Evaluation of Oat Meal Methanolic

Extract
Sample Concentration % scavenging
(ng/ml) activity
Oat meal 200 68
Vitamin E 200 85

Column Chromatographic Fractionation, Isolation and Purification of
Oat Meal Extract

Bioassay guided fractionation are primarily performed to exclude
phytochemicals in plants that may be of no therapeutic benefit.
Subsequent purification of these fractions will help in optimizing the
isolation and analysis of useful bioactive substance present in plants.
Lipophilic fractions were mainly observed in the chromatographic
separation and purification of extract of Oat meal.

GC-MS Analysis of Oat Meal Pooled Fractions

GC-MS analysis of n-hexane extract resulted in the identified of 15
useful bioactive compounds (Fig. 2-16), among the identified
compounds is Octanamide, N-(2-hydroxyethyl) useful in the
management of pain and inflammation, and amphiphilic properties
useful as an emulsifier in cosmetic preparations and may also be useful
for designing more complex lipid based ingredient that may be useful
in creams and ointment.
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Figure 2: Hexadecanoic acid, methyl ester
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Figure 3: Hexadecanoic acid, ethyl ester
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Figure 4: 9,12-Octadecadienoic acid (Z,Z)-, methyl ester
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Figure 5: 9-Octadecenoic acid (Z)-, methyl ester
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Figure 6: 11,14,17-Eicosatrienoic acid, methyl ester
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Figure 7: Methyl stearate
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Figure 9: 9,12-Octadecadienoic acid (Z,Z)-, methyl ester
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Figure 10: 9-Octadecenoic acid, ethyl ester
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Figure 11: 9,12-Octadecadienoyl chloride, (Z,2)-
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Figure 12: Octadecanoic acid, 2-hydroxy-1,3-propanediyl ester
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Figure 13: Octanamide, N-(2-hydroxyethyl)-
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Figure 14: Hexadecanoic acid, 1-[[[(2-aminoethoxy)hydroxyphosphinyl]Joxy]methyl]-1,2-ethanediyl ester
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Figure 15: Propan-2-ol, 1-(2-isopropyl-5-methylcyclohexyloxy)-3-(1-piperidyl)-
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Figure 16: 2-Octylcyclopropene-1-heptano

Decanamide, N-(2-hydroxyethyl) have been shown to have anti-
convulsant activities and in the management of neurotoxicity with
lower toxicity than vaproate an anti-epileptic agent. Hexadecanoic acid,
methy! ester is reported to have antibacterial agent against bacteria such
as Staphylococcus aureus, Klebsiella pneumonia, anti-inflammatory
and anti-arthritic properties, cancer preventive and coronary protective
activities that may prevent coronary artery disease (CAD).
Hexadecanoic acid, ethyl ester have been shown to have antioxidant,
antimicrobial, hepatoprotective, anti-arthritic, anti-ulcer, anti-diuretic,
neuroprotective and anti-helminthic properties. 9,12-Octadecadienoic
acid (Z,2)-, methyl ester has a variety of therapeutic uses including pain
relief, antioxidant, hepatoprotective, spleen strengthen and asthma
management and allergic respiratory tract disorder. 9-Octadecenoic
acid (Z)-, methyl ester possesses antibacterial and antifungal potential.
11,14,17-Eicosatrienoic acid, methyl ester is a reagent used in the
production of drugs and cosmetics including anti-inflammatory drugs,
anti-aging products and skin moisturizers. Methyl stearate has
neuroprotective properties and in cosmetics as nonionic surfactant,
emulsifier and antioxidant. 9-Octadecenoic acid, ethyl ester has been
shown to have antibacterial and antifungal properties. 9,12-
Octadecadienoyl chloride, (Z,Z) have been shown to have
antimicrobial, antifungal and antioxidant properties. Hexadecanoic
acid, 1-[(2-aminoethoxy)hydro has been shown to have antioxidant,
antimicrobial, anti-inflammatory and antibacterial properties. Although
there seems to be no information on medicinal uses of Octadecanoic
acid, 2-hydroxy-1,3-propanediyl, Propan-2-ol, 1-(2-isopropyl-5-
methylcyclohexy and 2-Octylcyclopropene-1-heptanol but they occur
in nature in some medicinal plants with varied medicinal uses such as
Solanum xanthocapum?4.

Table 3: GC-MS Analysis of n-hexane Fractions of Oat Meal

S/ Rt Name of Molecula  Molecul  Peak
N (min)  compound r ar
formular  weight
(g/mol)
1. 16.65 Hexadecanoic C17H3402 270.45 10.92
3 acid, methyl
ester
2. 17.95 Hexadecanoic C18H3602 284.477 1.75
4 acid, ethyl ester 2
3. 20.05 9,12- C19H3402 294.472 22.81
6 Octadecadienoic 1
acid (Z,2)-,

methyl ester
4, 20.10  9-Octadecenoic Ci19H3602 296.487 20.31

4 acid (2)-, 6
methyl ester
5. 2020 11,14,17- CaH302 320509  1.31
1 Eicosatrienoic 3
acid, methyl
ester
6. 20.48  Methyl stearate Ci9Hss02  298.50 0.97
1
7. 21.01 Decanamide, N-  Ci2H2sNO  259.385  1.55
7 (2- 2 0
hydroxyethyl)-
8. 21.23 9,12- C19H3402 294.472 5.11
8 Octadecadienoic 1
acid (Z,2)-,

methyl ester

fm AL R R I A B N B L B B B B R B N B R B LA B R e A i B R R R L R B |
10 30 50 70 90 110 1300 150 170 190 2100 230 250 270 290 310 330 350 370 390 410 430

9. 21.27  9-Octadecenoic C20H3802 310.514 3.03

0 acid, ethyl ester 5
10. 23.27 9,12- CisH31C10o  298.89 441
3 Octadecadienoyl

chloride, (Z,2)-
11. 24.01 Octadecanoic C3zoH7602 625.02 2.06

2 acid, 2-hydroxy-
1,3-propanediyl
e
12. 2452 Octanamide, N-  CioHaNO  187.28 18.62
9 (2- 2
hydroxyethyl)-
13. 26.18 Hexadecanoic C3sH7oNO  663.9 0.79
4 acid, 1-[[[(2- P
aminoethoxy)hy
dro
14. 26.66 Propan-2-ol, 1- C10H20 156.26 2.14
3 (2-isopropyl-5-
methylcyclohex
y
15. 2812 2- CisH340 266.5 421
5 Octylcycloprope
ne-1-heptanol
100.0
0

Conclusion

Phytochemical screening of the extracts of K. ivorensis, F. paniculata
and R. beninensis showed the presence of steroids, flavonoids,
saponins, and terpenoids. Significant quantities of tannins, phenols and
reducing sugar were found in the extracts of K. ivorensis and F.
paniculata. The GC-MS profiling of the extracts yielded compounds
such as octadecanoic, hexadecanoic acid, ethyl oleate and p-mentha-1,
5, 8-triene acid in significant quantities. The extracts of the 3 plants
contain secondary metabolites that could be sources of bioactive agents
for therapeutic purposes. The information derived from the
characterization of plant extracts for their phytochemical composition
could be used to screen them for bioactivity.
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