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ABSTRACT

Ten edible plant parts, tamarind (Tamarindusindica), chia (Salvia hispanica L.), scarlet gourd
(Cocciniagrandis), neem (Azadirachtaindica), quinoa (Chenopodium quinoa), leek
(Aliumporrum), bittermelon (Momoridicacharantia), and fenugreek
(Trigonellafoenum-graceum) seeds and leaves were extracted with a range of solvents (water,
ethanol, ethyl acetate, acetone and petroleum ether) and investigated for their phytochemical
content by qualitative phytochemical screening and quantitative determination of total
phenolic content and flavonoid content. The antioxidant and antidiabetic activity of the plant
extracts was also evaluated. Based on the phytochemical screening, flavonoids were present
in chia, scarlet gourd, neem seeds, neem leaves, quinoa, bitter melon, fenugreek leaves and
fenugreek seeds. Saponins were present in quinoa and tannins were present in neem seeds,
neem leaves, quinoa, bitter melon, fenugreek leaves and fenugreek seeds. Sterols and
terpenes were detected in scarlet gourd, neem seeds, neem leaves, quinoa, leek, bitter melon,
fenugreek leaves and fenugreek seeds. Anthraquinone glycosides and alkaloids were not
detected in any of the plants. According to the quantitative analysis, the highest phenolic
content was determined in fenugreek leaves water extract (8.21 +0.22 mg GAE/g) and the
highest flavonoid content was determined in fenugreek leaves ethanol extract (6.29 +0.19 mg
RE/g). The highest antioxidant activity was revealed by neem leaves water extract (28.43
+0.92%) and the highest antidiabetic activity was shown by quinoa ethyl acetate extract
(87.95 +3.72%).

Keywords: Edible plants, phytochemicals, phenolics and antioxidant activity.

1. INTRODUCTION suffering from diabetes and around 75-80% of
Diabetes mellitus is a non-communicable diabetic patients die as a result of
chronic disease which can negatively affect cardiovascular issues*®. Diabetic patients can
the lifespan of a person, including children and also experience blindness and kidney failure
adults of different agesl‘z. Low levels of insulin as a result of diabetic retinopathy and diabetic
in blood, will result in an increase in the nephropathyB.

concentration of glucose in blood which A important enzyme linked to diabetes is a-
ultimately led to diabetes (hyperglycemia). amylase, it is a vital enzyme in the metabolism
Diabetic patients who intake insulin, as a of carbohydrates in both humans and plants, it
temporary solution for the disease, can also breaks down starch which is a polymer of
suffer from other medical issues. Upon the glucose units linked by o 1-4 bond to yield
increase of insulin in the body, or unbalanced maltose as the end product®. In humans, upon
intake of insulin, patients can start suffering of consumption of a rich starchy meal, a-amylase
severe hypoglycemia, when the amount of will start to breakdown the macromolecule of
glucose in the blood drops below 54 mg/dl". starch into simple sugars such as glucose, and
According to the International Diabetes ultimately increase the level of glucose in
Federation (IDF), 425 million people are blood. Diabetic patients face a challenge upon
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elevation of glucose level in their blood, as
they have reduced insulin levels and thus the
glucose molecules cannot be cleared in their
blood. Therefore, it is vital to inhibit the
enzymatic activity of a-amylase, to a certain
extent, in diabetic patients to maintain a low
level of glucose in their blood®. Typical
pharmaceutical a-amylase drugs are available,
however herbal based drugs have started to
become more favoured by people due to their
economic price and lower sides effects®. Plant
sources with historical and traditional medical
and anti-diabetic properties can be a possible
source of discovering novel natural product
molecules to treat diabetes. Edible plant
products with significant phenolic content and
antioxidant potential have shown possible anti-
diabetic potential. Continuous researches are
conducted to discover novel compounds to
treat diabetes, the current plant extracts used
for diabetes treatment include cinnamon, bitter
melon, tea, fenugreek and bitter melon. The
mechanism of the anti-diabetic activity in each
case differs based on the plant source and
biochemistry of enzyme inhibition (i.e.
respected enzyme to be inhibited).

In this research ten edible plants selected due
to being potential remedy for diabetes
according to published scientific literature:
tamarind (Tamarindusindica), chia (Salvia
hispanica L.), scarlet gourd (Cocciniagrandis),
neem (Azadirachtaindica),quinoa
(Chenopodium quinoa), leek (Aliumporrum),
bittermelon (Momoridicacharantia), and
fenugreek (Trigonellafoenum-graceum) seeds
and leaves. Prior to the antidiabetic
investigation, phytochemical investigation was

conducted which involved, phytochemical
screening, quantitative  determination  of
phenolic compound and flavonoids and

determination of antioxidant activity.

Tamarind (Tamarindusindica), a tropical edible
plant, widely spread in Asia and Africa.
Tamarind has been widely used in the
traditional Indian medication to treat diabetes,
inflammation, constipation and indigestion®.
The presence of some phytochemicals in
tamarind, such as carvacrol, tartaric acid,
cinnamaldehyde, epicathechin and lupeol give
tamarind several medical potentials, such as
being considered as an antioxidant,
antibacterial, antifungal and antiviral’. In a
research considering the antibacterial potential
of tamarind, it was found that tamarind has the
potential to significantly inhibit the growth of
several bacteria such as
Aeromonashydrophila, Hafniaalvei and
Pseudomonas putida7. In modern medicine,
the polysaccharides (and their derivatives)
present in tamarind has been using in drug
delivery medications®.
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Chia(Salvia hispanica) seeds are nutritionally
rich and contains an extensive range of
biologically active compounds including
phenolic compounds, carotenoids, sterols,
stanols and phytoestrogens®. Chia seeds were
traditionally used to lower risks of obesity
(including diabetes) and cardiovascular
issues’. Chia seeds positively influence the
cardiac system (i.e. cardio-protective), control

hypertensions and dyslipidaemia,
antidepressant, antiviral, anti-carcinogenic,
lowers LDL cholesterol, increases HDL

cholesterol and repairs damaged tissues™’.
Scarlet gourd (Cocciniagrandis) has been
previously used to treat bronchitis, asthma,
skin diseases and anorexia'. Currently,
scarlet gourd is also used in the treatment of
diabetes in India'?. Due to presence of some
phytochemicals in scarlet gourd, it has shown
the antihyperglycemic properties and the
potential to inhibit glucose-6-phosphate™.
Based on medicinal investigations of scarlet
gourd extracts, the antioxidant and
antimicrobial potential was proved and the cell
proliferative ability with MDA-MA 321 breast
cancer cells was also verified"".

All parts of the neem (Azadirachtaindica) have
a characteristic bitter taste due to the presence
of high quantities of alkaloids, phenolic
compounds, flavonoids, terpenoids, steroids
and carotenoids which give the neem plant
important antioxidant, antimicrobial and anti-
inflammatory characteristics’®. The essential
oil extracted from the leaves, seeds and the
fruit of neem tree is widely used in
pharmaceutical products up to today'*. The
extracted oil has low toxicity and can
significantly inhibit tyrosinase and lipase
enzymes'.

Quinoa (Chenopodium quinoa)is rich in
polyphenols, specifically saponins and
tannins'®. The biologically active component of
quinoa, provide several medicinal properties to
the plant, such as having antioxidant, anti-
inflammatory, anti-carcinogenic, antitumor and
antimicrobial properties'®.

Leek (Aliumporrum)is an edible vegetable
which grows widely around the world. Leek
contains  numerous  biologically  active
compounds, including phenolic compounds,
organic acids, organo-sulfur compounds,
amino acids and carbohydrates’’. Leek
phenolic compounds are of high medical value
due to their anti-atherosclerotic, anti-
tumorigenic and antimicrobial potential”. In
addition, the presence of organo-sulfur
compounds in leek, enhance the antioxidant
potential of leek™®. Nevertheless, the phenolic
content (polyphenols) and the presence of
microelements also play a vital role in the
antioxidant potential of leek®.
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Bitter melon(Momoridicacharantia)contains a
mixture of bioactive compounds including
phenolic  acids, flavonoids, alkaloids,
triterpenes and essential oil'®. The presence of
B-carotene, lycopene and zeaxanthin in bitter
melon provide a good antioxidant activity for
the plant constituents'. Traditionally, bitter
melon plant parts have been used to treat
toothache, diarrhoea, piles, eczema, jaundice,
psoriasis and furuncle®. In addition, bitter
lemon has been found to have Vvital
pharmacological properties and used as a
contraceptive, laxative, abortifacient and
antimalarial herb®®.Some clinical studies have
suggested the bitter melon can lower blood
glucose levels and helps glucose tolerance,
however the exact mechanism of reducin
blood glucose levels is unknown yet™.
Recently, bitter melon has been used in
anticancer research to determine its efficacy
against several malignancies®.
Fenugreek(Trigonellafoenum-graceum), an
aromatic plant, thathas a unique value in folk
Indian, Chinese and African medicine and has
been commonly used for treatment of acne,
wounds, dehydration, stomach ache, elevated
blood pressure and constipation®. Fenugreek
is mainly comprised on polyphenols and
flavonoids which have shown enhanced
mitochondrial function in 3T3-L1 adipocytes
and insulin sensitivity®>.

2. MATERIALS AND METHODS

2.1 CHEMICALS AND INSTRUMENTS

2.1.1 CHEMICALS

Organic solvents: petroleum ether, ethyl
acetate, chloroform, acetone, methanol and
ethanol, disodium hydrogen phosphate,
sodium  dihydrogen phosphate, sodium
chloride, sodium hydroxidem starch, maltose,
o-amylase from pancreas (~ 25 IU/mg), 3,5-
dinitrosalicylate, sodium potassium tartrate,
reagents: Folin- Ciocalteu’s reagent, and
aluminum chloride were all purchased from
FlukaChemie AG, Buchs, Switzerland. Gallic
acid, rutin hydrate and 2,2-diphenyl-1-
picrylhydrazyl (DPPH) were all purchased from
Sigma Chemicals Co., St Louis, MO, USA.
The chemicals were used without any kind of
treatment or purification.

2.1.2 INSTRUMENTS

Rotary evaporator (Buchi, Rotavapor R-200,
Switzerland), freeze dryer (Labconco, Kansas
City, USA.), water bath (Grant Instruments,
GR150 High Performance, Cambridge, UK),
double beam PerkinElemer Lambda 25VU/VIS
spectrometer, and hot plate (Thermo Scientific,
Cimarec Digital Hotplate, Cambridge, UK).

2.2 Preparation of Plant Samples
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All plant samples were obtained from the local
market and washed thoroughly with water.
Tamarind (fruit), scarlet gourd (fruit), leek
(whole plant) and bitter melon (fruit) were dried
by freeze drying (temperature = -83°C and
pressure = 0.100 mBar). Chia, neem leaves
and seeds, quinoa, fenugreek seeds and
leaves were air dried at ambient room
temperature. All the respected plant samples
were grinded using a commercial grinder to
obtain fine powder. Samples were stored in
airtight bags for further assays.

2.3 Extraction methods
231 Extraction for
screening

Acid Extract

To prepare the acidic plant extract, 1g of plant
sample was mixed with 6.0ml of 0.1M
hydrochloric acid. The test tube was covered
and kept for 20 minutes. After 20 minutes, the
extract obtained by filtration on cotton.
Agueous Extract: Five grams of the dry plant
powder were weighted and placed in a beaker;
about 70.0 mL of deionized water were added.
The tube was placed in a hot water bath to
boil, then the plant extract was obtained by
filtration on cotton.

phytochemical

Methanolic Extract

Ten grams of the dry plant powder were
weighted and placed in a conical flask, 80.0
mL of methanol were added. The conical flask
was covered and allowed to extract for 30
minutes at ambient room temperature.
Methanolic extract of the respected plant was
obtained by filtration on cotton. The extract
poured into a porcelain dish and placed on the
steam bath to evaporate the solvent. The
extract residue was suspended in 10 mL of
chloroform.

2.3.2 Extraction for quantitative assays

Five portions of 0.1 g of plant powder were
weighed accurately. Each portion placed in a
clean conical flask. To each flask, 10.0 mL of
one of the following solvents were added
(water, ethanol, acetone, ethylacetate, and
petroleum ether), and kept for 24 hours at
room temperature. Then the extract was
obtained by filtration. The plant extract was
obtained by filtration, the residue was placed in
another 10.0 mL of the same solvent for 10
minutes for further extraction, it was filtered
again. The two extracts were combined. The
organic extracts were placed in rotary
evaporator to evaporate the solvents, while the
aqueous extract was lyophilized in freeze
dryer. Finally, all extracts were suspended in
10.0 mL methanol.

2.4 Phytochemical screeningm'27
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Test for Flavonoids: The acidic extract of the
plant was equally divided into three test tubes.
In one test tube, magnesium turnings were
added, and the colour was observed after 2-3
minutes. The presence of flavonoids in the
extract is indicated by the formation of a red
colour. In the second test tube, sodium
hydroxide (1.0 M) was added until pH = 10.
The presence of flavonoids in the extract is
indicated by the formation of a yellow colour.
The last test was conducted by the addition of
amyl alcohol to the plant extract. The presence
of flavonoids in the extract is indicated by the
formation of a yellow colour in the organic
layer.

Test for Saponins

In a test tube, about 3.0 mL of aqueous extract
were shaken vigorously to froth. The test tube
was allowed to stand for 15 — 20 minutes. The
presence of saponins in the plant extract is
indicated by the formation of a froth layer.

Test for Tannins

In a test tube, 6 drops of ferric chloride (FeCls)
were added to 2.0 mL of the aqueous plant
extract. Blue colour indicates hydrolysable
tannins, and green colour indicates condensed
tannins.

Test for Sterols and Terpenes

To two test tubes, 2.0 mL of the methanolic
extract were added. To the first test tube,
(Salkowski  test), about 5 drops of
concentrated sulfuric acid were added. Red-
brown colour in the bottom of the test tube
indicates that the plant contains sterol and/or
terpenes. In the second test tube, (Liebermann
test), 5-10 drops of Liebermann-Burchardt
reagent (conc. H,SO, and acetic acid 19:1)
were added slowly on the wall of the test tube,
if red-violet zone forms, then the plant contains
triterpenes, if blue or blue-green colour forms
then plant contains steroidal compounds.

Test for Anthraguinone glycosides

To 1.0 mL of ammonia, 2 mL of methanolic
extract and mixed well in a test tube. In
positive test, red rose colour should appear in
aqueous layer.

Test for Alkaloids

Two mL of the methanolic extract were added
to three clean test tubes. The first test tube
was treated with 5-10 drops of Mayer reagent,
the second with 5-10 drops of Buchardat
reagent, and the third with 5-10 drops of
Dragendorff reagent. Then the sample
observed for the presence of coloured
precipitate. Positive test will give a white
precipitate with Mayer reagent, orange
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precipitate with Buchardat reagent, and brown
precipitate with Dragendorff reagent.

2.5 Determination of phenolic content”
In a test tube, 1.0 mL of the plant extract
prepared for the quantitative assays was
added to 5.0 mL of Folin-Ciocateu reagent
(diluted 10-folds), and after 5 minutes 4 mL of
Na,COs3 (75 g/L) were added.After passing 30
minutes, the absorbance of the sample was
measured at 680 nm using UV/VIS
spectrometer. A standard curve of gallic acid
was also prepared to determine the
concentration of gallic acid equivalents in plant
extracts. Measurements were conducted in
triplicates for each plant extract. Then gallic
acid equivalents (GAE) were calculated in (mg
gallic acid/g dry plant) by the equation shown
below
GAE =

conc. of gallic acid in the sample (mg/mL)

conc. of plant extract (g/mL)

2.6 Determination of flavonoidcontent®

In a test tube, 1.0 mL of the plant extract
prepared for the quantitative assayswas added
to 1.0 mL ofAlICl; (20 g/L in EtOH) and 2.0 mL
of ethanol. After 40 minutes the absorbance of
the coloured solution was measured at 415 nm
using UV/VIS spectrometer. A standard curve
of rutin was also prepared to determine the
concentration of rutin equivalents in plant
extracts. Measurements were conducted in
triplicates for each plant extract. Then rutin
equivalents (RE) were calculated in (mg rutin/g
dry plant) by the equation below

_ conc. of rutin in the sample (mg/mL)

RE

conc. of plant extract (g/mL)

2.7 Determination of the antioxidant activity
of plant extracts
A solution of 45 mg/L of 2,2-diphenyl-1-
picrylhydrazyl (DPPH was freshly prepared
using methanol, the absorbance of the solution
was measured at 517 nm using a UV/VIS
spectrometer (to be considered as the blank
sample)®.In a test tube, 3.00 mL of DPPH
were added to 50.0 uL of the previously
prepared extract. After 30 minutes, the
absorbance was measured at 517 nmusing
UVIVIS spectrometer®. Measurements were
conducted in triplicates for each plant extract.
The percentage of the scavenging activity of
DPPH radical by the plant extract was
determined by the equation below
%Scavenging activity of DPPH radical =
Abs.plank — AbS.sample
( )x 100

Abs.plank

2.8 Determination of antidiabetic activity
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2.8.1 Construction of Maltose Calibration
Curve’

Standard solutions of maltose of varying
concentrations were prepared. To each
standard solution, 1.0 mL of prepared 3,5-
dinitrosalicylate maltose coloring reagent
(DNSA reagent) was added and boiled for 5
minutes. The absorbance of each standard
solution was then measured at 540 nm by a
UV/VIS spectrometer.

2.8.2 Determination of Amylase Activity
under Optimum Conditions*

Into 4 test tubes, a volume of 25 mL
phosphate buffer (pH = 6.66), 1.0 mL of 2.5%
starch, 0.5 mL of 2% sodium chloride solution
and 0.1 mL methanol was added and placed in
a 37°C water bath at for 15 minutes
(incubation process). After equilibration, a
volume 0.05 mL of enzyme amylase was
added into each test tube quickly at the same
time. Upon the addition of amylase to the first
test tube, the enzymatic reaction was
terminated by the addition of 0.5 mL of 2M
sodium hydroxide and 1.0 mL of maltose
colouring reagent, which was then immediately
boiled for 5 minutes in boiling water bath.
Then, the absorbance of the coloured solution
was measured at 540 nm using UV/VIS
spectrometer and noted as the base value for
maltose concentration at zero minute. The
other remaining three test tubes were removed
from the water bath after 10 minutes (of
addition of amylase). Again, to terminate the
enzymatic reaction of those test tubes, 0.5 mL
of 2M sodium hydroxide and 1.0 mL of maltose
colouring reagent was added and were boiled
for 5 minutes in boiling water bath. Then, the
absorbance of the coloured solutions was
measured at 540 nm using UV/VIS
spectrometer. Average results were
considered. Preparation of blank sample
followed the same procedure but excluding the
addition of the enzyme amylase.

To calculate the exact absorbance (OD) of 10
minutes reaction test tube it was subtracted
from the 0 minute, as shown in the equation
below:

OD of (10 min) = Abs.(10 min) — Abs.(0 min)
Then maltose concentration [Maltose] was
determined in (mg/mL) from the calibration
curve and then calculated based on the
following equation:

.. . _ [Maltose]
Enzyme Activity (mg/mL.min) = Tominete
2.8.3 Determination of Amylase Activity in
the presence of Plant Extracts4
The same method described in 2.8.2 was
followed with the replacement of the 0.1 mL
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methanol with 0.1 mL of each plant extract. By
this, the effect of presence of plant extract on
the activity of amylase on starch hydrolysis (to
maltose) was determined. The exact
absorbance, maltose concentration,
percentage of relative activity of enzyme were
calculated to determine the percentage
inhibition of enzyme. The relative enzyme
activity and thus the percentage inhibition were
calculated based on the following equations:
%Relative Enzyme Activity =

Enzyme Activity with the extract

100

Enzyme Activity of normal reaction

%Inhibition = 100 - % Relative Enzyme
Activity

3. RESULTS AND DISCUSSIONS

3.1 Phytochemical Screening of Edible
Plants

Based on the phytochemical screening done
(Table 3.1), fenugreek seeds and leaves,
neem seeds and leaves and quinoa are
relatively richer in phytochemical content to the
other edible plants tested. Flavonoids were
detected in tamarin, chia, scarlet gourd, neem
seeds and leaves, quinoa, better melon and
fenugreek leaves and seeds. Saponins were
only detected in neem leaves and fenugreek
leaves and seeds. Tannins were present in
neem seeds and leaves, quinoa, bitter melon
and fenugreek leaves and seeds. The
presence of sterols and terpenes was
confirmed in scarlet ground, neem seeds and
leaves, quinoa, leek, bitter melon and
fenugreek leaves and seeds. Anthraquinone
glycosides and alkaloids were not present in
any of the plants.

3.2 Phenolic content of edible plants

The amount phenolic content of different
extracts of the 10 edible plants was
determined (Table 3.2 and Figure 3.1) based
on Folin-Ciocateu method. Quinoa, neem
leaves and fenugreek leaves had the highest
phenolic content compared to the other plants
investigated. Extracts with the most significant
amount of phenolic content were fenugreek
leaves water extract (8.21 +0.22 mg GAE/qg),
neem leaves ethanol extract (7.74 £0.10 mg
GAE/g), fenugreek leaves ethanol extract
(7.30 £0.27 mg GAE/g) and quinoa ethanol
extract (6.96 £0.08 mg GAE/g). Polar extracts
showed higher phenolic content compared to
non-polar extracts which suggests that
extraction of phenolic compounds and solvent
polarity are related.

3.3 Flavonoid content



IJRPC 2020, 10(3), 260-272

Hassan et al.

ISSN: 2231-2781

The flavonoid content of different extracts of
the 10 edible plants was determined (Table 3.3
and Figure 3.2) based on aluminium chloride
method. Quinoa, neem leaves and fenugreek
leaves had the highest phenolic content
compared to the other plants investigated.
Extracts with the most significant amount of
flavonoid content were fenugreek leaves
ethanol extract (6.29 +0.19 mg RE/Q),
fenugreek leaves water extract (5.52 £0.71 mg
RE/g), quinoa ethanol extract (5.20 +0.06 mg
RE/g) and neem leaves ethanol extract (4.88
+0.17 mg RE/g). Polar extracts showed higher
flavonoid content compared to non-polar
extracts.

3.4 Antioxidant activity

The antioxidant activity of different extracts of
the 10 edible plants was determined (Table 3.4
and Figure 3.3) based on DPPH radical
scavenging activity. The highest antioxidant
activity was observed in neem leaves, bitter
melon and fenugreek seeds. Extracts with the
most significant radical scavenging potential
were neem leaves water extract (28.43
+0.92%), neem leaves acetone extract (27.72
+0.41%), neem leaves ethanol extract (26.41
+0.92%) and bitter melon ethanol extract
(24.55 £1.55%). The antioxidant activity of
plant extracts of higher polarity is more
significant. The antioxidant properties of the
extracts are usually associated with the
phenolic content of the extract. Phenolic
compounds are capable of undergoing
oxidation-reduction reactions and become
oxidized (i.e. reducing agents)le. Phenolic
compounds can reduce alkoxyl and peroxyl
radicals, quench reactive species of oxygen
and prevent peroxidation™.

The values of phenolic compounds content
and antioxidant activita/ in a set of samples are
correlated very well®. Thus, measuring the
phenolic content could be suggested as an
indicator of antioxidant properties. The relation
of phenolic content and antioxidant capacity
was expressed by plotting a graph between
them for each plant and obtain the R*- Square
value.The obtained R? values were very close
to 1, which means phenolic content and
antioxidant capacity are proportionally related.

3.5 Antidiabetic activity

The antidiabetic activity of different extracts of
the 10 edible plants was investigated by
determining their potential in inhibiting the
activity of amylase based on the reaction of
hydrolysis of starch to maltose. All plants
showed antidiabetic activity, but with different

potentials. Extracts with the most significant
amylase inhibition activity were quinoa ethyl
acetate extract (87.95 £3.72%), scarlet ground
petroleum ether extract (82.20 +2.29%),
tamarin  petroleum ether extract (80.34
+5.39%) and fenugreek seeds ethanol extract
(79.83 +3.45%) and chia petroleum ether
extract (78.81 +2.39%). Although in petroleum
ether extracts did not show significant phenolic
content, flavonoid content or antioxidant
activity; however, their antidiabetic activity is
clearly significant.

Based on these analyses, it could be
concluded that these plants are potent
inhibitors of a-amylase enzyme. In the present
study, amylase inhibition was not found to be
related to antioxidant activity or phenolic
content of the plant extract. The highest
inhibition was found in petroleum ether
extracts, which are poor in their antioxidant
activity and phenolic contents. Sabu and
Kuttan related the anti-diabetic activity of some
plant extracts to their anti- oxidant activity,
their method of measuring antidiabetic activity
was very different from the method used in this
study, they used direct measurement of blood
glucose level in the normal and alloxan
diabetic rats®*. It was reported, based on
clinical trials that scarlet gourd leaves resulted
in si%nificant reduction of plasma glucose
level*". The current findings can now support
the clinical trial which required studies for
validating their findings.

4. CONCLUSION

Ten edible plant parts, tamarind
(Tamarindusindica), chia (Salvia hispanica L.),
scarlet gourd (Cocciniagrandis), neem
(Azadirachtaindica), quinoa (Chenopodium
quinoa), leek (Aliumporrum), bittermelon
(Momoridicacharantia), and fenugreek
(Trigonellafoenum-graceum) seeds and leaves
were investigated for their phytochemical
content, the total phenolic and total flavonoid
content of their extracts were determined
quantitatively. The antioxidant and antidiabetic
activity of the plant extracts was also
evaluated. The highest phenolic content was
determined in fenugreek leaves water extract
(8.21 #0.22 mg GAE/g) and the highest
flavonoid content was determined in fenugreek
leaves ethanol extract (6.29 £0.19 mg RE/Q).
The highest antioxidant activity was revealed
by neem leaves water extract (28.43 +0.92%)
and the highest antidiabetic activity was shown
by quinoa ethyl acetate extract (87.95
+3.72%).

Table 3.1: Phytochemical Screening Results of 10 Edible Plants
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Table 3.2: Phenolic content of extracts of 10 edible plants

Edible Plant Phenolic Content as Gallic Acid Equivalents [GAE] (mg GAE/g)

Water Ethanol Acetone Ethyl acetate Petroleum Ether

Extract Extract Extract Extract extract
Tamarin 2.75 +0.08 1.82 +0.08 1.37 +0.10 1.24 +0.06 0.31 +0.07
Chia 1.77 +0.09 1.57 +0.04 1.26 +0.11 1.95 +0.04 0.34 +0.08
Scarlet gourd 2.89 +0.04 2.15 +0.07 1.50 +0.14 1.29 +0.11 0.36 +0.03
Neem seeds 3.94 +0.13 3.00 +0.06 1.74 +0.16 1.33 +0.02 0.97 +0.09
Neem leaves 6.66 +0.07 7.74 +0.10 6.06 +0.00 3.53 +0.13 0.31 +0.02
Quinoa 5.37 +0.16 6.96 +0.08 3.26 +0.02 1.67 +0.10 0.40 +0.04
Leek 3.34 +0.02 2.48 +0.03 147 +0.14 1.00 +0.19 0.31 +0.04
Bitter melon 1.97 +0.05 3.58 +0.02 1.07 +0.07 0.97 +0.06 0.38 +0.15
Fenugreek leaves 8.21 +0.22 7.30 +0.27 4.02 +0.08 1.92 +0.12 0.54 +0.00
Fenugreek seeds 3.77 +0.88 6.82 +0.18 2.33 +0.27 0.80 +0.14 0.25 +0.11
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Fig. 3.1: Phenolic content of extracts of 10 edible plants
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Table 3.3: Flavonoid content of extracts of 10 edible plants

Edible Plant Flavonoid Content as Rutin Equivalents [RE] (mg RE/g)
Water Ethanol Ethyl acetate Acetone Petroleum ether
Extract Extract Extract Extract Extract
Tamarin 0.00 +0.00 0.00 +0.00 0.00 +0.00 0.00 +0.00 0.00 +0.00
Chia 0.00 +0.00 0.00 +0.00 0.00 +0.00 0.00 +0.00 0.00 +0.00
Scarlet gourd 0.99 +0.03 1.53 +0.17 1.26 +0.03 1.30 +0.05 0.02 +0.01
Neem seeds 0.23 +0.03 0.22 +0.02 0.02 +0.01 0.05 +0.02 0.00 +0.00
Neem leaves 3.91 +0.22 4.88 +0.17 242 +0.18 3.78 +0.18 0.40 +0.11
Quinoa 3.22 +0.04 5.20 +0.06 0.67 +0.05 0.39 +0.03 0.00 +0.05
Leek 1.07 +0.09 1.17 +0.62 1.26 +0.08 0.13 +0.05 0.00 +0.04
Bitter melon 1.78 +0.05 2.37 +0.04 0.32 +0.04 0.86 +0.06 0.06 +0.09
Fenugreek leaves 5.52 +0.71 6.29 +0.19 2.78 +0.27 1.54 +0.18 0.42 +0.03
Fenugreek seeds 2.54 +0.07 251 +0.06 2.09 +0.03 0.27 +0.02 0.00 +0.01
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Fig. 3.2: Flavonoid content of extracts of 10 edible plants

Table 3.4: Radical scavenging activity of extracts of 10 edible plants

Percentage Radical Scavenging Activity (%)

Edible Plant Water Extract Ethanol Extract Ethé/l acetate Acetone Petroleum ether

xtract Extract Extract
Tamarin 10.76 +0.46 8.98 +0.67 5.76 +0.36 7.98 +0.84 3.98 +0.92
Chia 7.90 +0.13 7.87 +1.09 5.28 +1.47 7.56 +0.57 2.72 +1.00
Scarlet gourd 10.95 +0.64 9.43 +1.17 5.92 +0.25 7.06 +0.63 4.84 +0.93
Neem seeds 11.60 +0.43 10.06 +1.00 6.03 +0.05 8.03 +1.44 3.67 +0.33
Neem leaves 28.43 +0.92 26.41 +0.92 11.51 +0.60 27.72 +0.41 4.14 +0.53
Quinoa 9.40 +0.84 9.70 +0.13 7.92 +0.18 5.37 +1.08 1.97 +0.92
Leek 9.93 +0.80 8.20 +1.61 7.20 +0.26 4.89 +0.29 3.09 +0.38
Bitter melon 14.91 +0.27 24.55 +1.66 6.48 +0.21 5.31 +0.43 3.14 +0.13
Fenugreek leaves 11.57 +0.21 10.62 +0.34 7.29 +3.10 4.73 +0.21 3.81 +1.06
Fenugreek seeds 7.78 +0.34 15.71 +0.17 8.12 +1.12 5.00 +0.25 4.23 +0.26
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Table 3.5: Antidiabetic activity of extracts of 10 edible plants

Percentage Inhibition of Amylase Activity (%)

Edible Plant Water Extract Ethanol Extract Ethyl acetate Acetone Extract Petroleum ether

Extract Extract
Tamarin 35.82 3.62 38.83 5.70 51.31 4.64 35.58 6.01 80.34 5.39
Chia 28.64 5.21 29.22 6.68 68.62 3.29 48.68 4.57 78.81 2.39
Scarlet gourd 51.49 7.90 49.63 6.35 69.84 2.25 53.05 6.56 82.20 2.29
Neem seeds 35.49 8.65 35.62 4.63 55.69 6.67 34.16 5.54 75.33 6.60
Neem leaves 18.35 4.53 23.77 4.57 49.26 3.90 33.08 8.70 75.33 6.60
Quinoa 69.85 1.87 58.18 2.22 47.79 1.27 87.95 3.72 12.05 3.72
Leek 38.72 5.01 13.56 5.90 30.22 211 11.01 5.65 41.86 1.93
Bitter melon 74.84 5.91 37.53 1.80 17.13 1.98 7.88 7.00 35.52 3.30
Fenugreek leaves 60.22 1.85 40.23 1.95 23.85 6.72 12.99 8.60 56.33 1.18
Fenugreek seeds 41.45 4.56 51.59 1.27 79.83 3.45 38.44 5.58 40.73 6.79
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Fig. 3.14: Antidiabetic activity of extracts of 10 edible plants
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