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Abstract

Bioactive compounds in plants are associated with the reduction of chronic
diseases. The free radical scavenging activity of different extracts of a medi-
cinal plant, Sclerocarya birrea, has been investigated using the DPPH test,
ABTS test and FRAP. Three extracts were prepared from the leaves and bark:
hydro-methanolic, hydro-acetonic and aqueous. Phytochemical screening
was carried out the standard methods followed by the determination of the
polyphenol by Folin-Ciocalteu method. The analysis of variance (ANOVA)
with the STATISTICA 7.1 and statistical significance was set at p < 0.05.
Evolution of percent inhibition (PI) as well as the IC,, of the extracts was ob-
tained using the Origin Pro 8.5 software and Microsoft Excel. The results
show that the bark extracts are about twice as rich in polyphenols as the
leaves. With DPPH at 1.25 mg/mL, the bark has a PI of 91.04% + 0.001%
while leaves, reach 99.80% + 0.021%. As for the ABTS test, the bark extract
reached its maximum activity at 1.25 mg/mL with a PI of 99.80% + 0.003%
while leaves extract greater value of PI is 99.75 + 0.003 at 2.5 mg/mL. With
FRAP test at 1.25 mg/mL, the bark has a PI of 79.29% + 0.005% while leaves,
reach 80.33% + 0.001%. The IC,, of the bark and leaf extracts on the smallest
DPPH are 0.156 + 0.001 mg/mL in hydro-methanol, 0.301 + 0.00 mg/mL in
hydro-acetone and 0.407 = 0.00 mg/mL in aqueous extract. With ABTS test,
the best IC,, are obtained with hydro-acetone extracts with value of 0.247 +
0.001 mg/mL for bark and 0.248 + 0.0005 mg/mL for leaves while in hy-
dro-methanolic and aqueous extracts the best IC,, are respectively 0.255 +
0.00 mg/mL and 0.463 + 0.00 mg/mL. Using ascorbic acid as our standard,
the PI was 94.86% = 0.008% with an IC;, of 0.213 + 0.00 mg/mL. According
to these results, the reducing power of the bark is slightly higher than that of
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the leaves. We can say that the bark has better activity than the leaves and the
alcoholic extracts have given better results than the aqueous extract.
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1. Introduction

The use of plants (fruits, leaves, etc.) by traditional medicine to fight against
diseases linked to free radicals such as asthma, cancer and diabetes is well known
[1]. Some vegetable phytochemicals (glucosinolates, thiosulfates, polyphenols,
bioactive peptides, etc.) have positive effects on health [2]. They are strong anti-
oxidants and they reduce the risk of chronic diseases by protecting against free
radical damage, by modifying metabolic activation and detoxification of carci-
nogens [3]. Among all the chemical constituents of plants, phenolic compounds
occupy an important place with several properties sought by man in particular in
the analytical and biotechnological fields. Some plants such as green and black
tea have strong antioxidant activity, which is due to their high polyphenol con-
tent [4]. Free radicals contribute to the occurrence of serious diseases such as
cancer, diabetes and cardiovascular diseases [5]. Other phytochemical constitu-
ents (terpenoids, carotenoids, vitamins C and E) are also known for their anti-
oxidant capacity [6]. The high cost of drugs, the inaccessibility of health care and
the effectiveness and availability of medicinal plants are pushing populations
towards herbal medicine. Many diseases including diabetes are treated satisfac-
torily and affordably with medicinal plants due to their active substances. In Se-
negal, leaves and bark of Sclerocarya birrea are also used for certain diseases,
such as diabetes by population and the plant is very accessible [7] [8] [9]. Ac-
cording to that, investigations are conducted to assess their antioxidant activity
through three methods and three extracts solutions like aqueous, hydro-methanolic
and acetonic. This has been achieved in order to get complete information and

to project on possible applications.

2. Materials and Methods

2.1. Collection and Identification of Plant

Leaves and bark of Sclerocarya birrea were collected in May 2019, the flowering
period, at Diourbel region (Senegal). The plant was identified and authenticated
in botany-biodiversité laboratory, plant biology department of Cheikh Anta Di-
op University in Dakar. Plant leaves and bark were washed with distilled water
and air-dried at room temperature in the laboratory. Dried leaves and bark were
ground to a fine powder using an electric grinder (Kenwood, France). The sifted
powder with 1 mm mesh is stored at 4°C in airtight jars. Thus, the powders are

then subjected to two extraction methods: by infusion and by Soxhlet.
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2.1.1. Infusion

Infusions are made in triplicate with boiling distilled water. The ratios are 10 g
(£0.01 g) of powder in 100 mL of solvent. After cooling, the infused products are
filtered under vacuum and then stored in a sterile glass bottle tightly closed at
4°C.

2.1.2. Extraction under Reflux

The extraction is carried out with methanol (70% v/v), (99.98%, Scharlau Che-
mie SA, SPAIN) and acetone (70% v/v), (99.5%, Scharlab SL, SPAIN) on an out-
let of 10 g (+£0.01 g) of vegetable powder brought into contact with the solvent
for two hours. After cooling, the mixture is separated using a centrifuge (Hittich,
Universal 16 A, France) at 3000 rpm for 10 minutes then vacuum filtered on
Wattman No.1 paper in order to obtain on the one hand the cake and on the
other hand the filtrate consisting of the extract and the solvent. In the extracts,

traces of solvent are removed using a rotary evaporator (IKA', RV10-German).

2.2. Qualitative Phytochemical Screening

Standard phytochemical analyses were carried out to test for the presence of the
phytoconstituents in the extracts. Chemical tests were carried out on hydro-acetone,
hydro-methanolic and aqueous extracts using standard methods for the detec-
tion of tannins (Stiasny test followed by ferric chloride test), flavonoids (Shiba-
ta’s test) [10], steroids and triterpenoids (Liebermann-Buchard test) [11] alka-
loids (Valser-Mayer and Dragendorff’s reagents tests), saponins (foaming index)
[12].

2.3. Determination of Total Phenolic Content

Total phenolic content (TPC) of the sample was estimated by the Folin-Ciocalteu
method as described elsewhere slightly modified [13]. In brief, 50 pL of sample
diluted to 450 yL with distilled water and standard was added to 2500 uL of ten
times diluted Folin-Ciocalteu reagent. Then, after adding 2.5 mL of 0.75% so-
dium carbonate, (all from Sigma-Aldrich Chemie, Germany), the mixtures were
vortexed and incubated at 50°C in a water bath for 15 minutes. The samples
prepared above were kept the samples pin the dark at room temperature for 30
minutes. Thereafter, the absorbance of each sample was read at 760 nm against
the blank. Gallic acid was used for the calibration of a standard curve. Gallic acid
dilution series at different concentration (0.02 - 0.04 - 0.06 - 0.08 - 0.1 - 0.12 -
0.14 mg/mL) was used for calibration curve in the same way as the extracts. TPC
was determined as gallic acid equivalents (GAE) and values were expressed as

mg GAE/g dry matter (DM) of plant extract.

2.4. Evaluation of Antioxidant Activity

2.4.1. DPPH Radical Scavenging Assay
The antioxidant activity was evaluated with DPPH (2, 2-diphenyl-1-picrylhydrazyl,

Sigma, chemical company, USA) by making some modifications to the method
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[14]. The method is based on the ability of an extract to donate a singular elec-
tron to the radical free DPPH of dark purple color to stabilize it in DPPH of yel-
low-green color. Thus, 100 pL of extracts were introduced into a test tube con-
taining 1300 uL of DPPH (0.004% prepared in methanol). The negative control
is prepared by mixing 100 uL of methanol with 1300 uL of the methanolic solu-
tion of DPPH. The positive control is represented by a solution of a standard an-
tioxidant, ascorbic acid (AnalaR NORMAPUR, Leuven, Belgium) tested at dif-
ferent concentrations (0.039, 0.078, 0.156, 0.313, 0.625, 1.2, and 2.5 mg/mL) the
absorbance of which was measured under the same conditions as the samples and
for each concentration. The samples were kept in the dark for 15 minutes at
room temperature and absorbance was measured at 517 nm on a UV/visible
light spectrophotometer (Spectronic Genesys 8, Rochester, USA). All determina-
tions were carried out in triplicate. Radical scavenging activity was calculated by

the following formula:

|(%)=1oo[—/*°_p‘“] ey
Ao
1(%): Antioxidant activity as a percentage of inhibition of DPPH.

A, absorbance of blank sample (t = 0 min);

A, absorbance of tested extract solution (t = 15 min).

2.4.2. ABTS Radical Cation Decolourisation Assay

The anti-free radical activity was also evaluated by ABTS, 2,2-azinobis (3 ethyl-
benzothiazoline-6-sul-fonic acid) diammonium salt (Sigma-Aldrich Chemie, Stein-
heim, Germany) radical cation decolourisation test using spectrophotometric
method [15]. ABTS was dissolved in distilled water to a concentration of 7 nM.
The solution of the ABTS cation radical was obtained by incubating for 12 to 16
h in the dark and at room temperature a mixture of equal volumes of the stock
ABTS solution with a solution of potassium persulfate (99%, Scharlab SL, Spain)
at 2.45 nM. ABTS cation solution was diluted with ethanol to an absorbance of
0.700 * 0.02 at 734 nm before use. Then 1500 pl of ABTS cation solution were
mixed with 50 pl of extract solution or reference (ascorbic acid) at different
concentrations (same of the DPPH). The samples were kept in the dark for 15
minutes at room temperature and absorption was measured at 734 nm on a
spectrophotometer. All determinations were carried out in triplicate. Results were

expressed as percentage inhibition (PI) as previously described for DPPH test.

2.4.3. Ferric Reducing Antioxidant Power assay (FRAP)

The ferric reducing power was determined according to the described method
[16].An aliquot of 0.4 mL of each sample at different concentrations (0.039,
0.078, 0.156, 0.313, 0.625, 1.2 and 2.5 mg/mL) is mixed with 1 mL of phosphate
buffered saline (0.2 M; pH 6.6; Scharlab S.L, Spain) and 1 mL of 1% potassium
ferricyanide (K;Fe(CN)g 99.8%, AppliChem Gmbh, Germany). The mixture was
incubated at 50°C for 30 min and 1 mL of 10% trichloroacetic acid (99.5%,
Scharlab S.L, Spain) was added. After shaked for 5 minutes, 1 mL of the mixture
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was mixed with 0.2 mL of ferric chloride (0.1%) and left to stand in the dark for
30 minutes. Absorbance was measured at 700 nm; ascorbic acid was used as pos-
itive control. All determinations were carried out in triplicate.

The antioxidant activity linked to the ferric reducing power of the extracts is

expressed in Reducing Power (RP) using the following formula:

RP (%) =1OO{M] (2)
Ae,
A, absorbance of tested extract solution

A, absorbance of blank sample (t = 0 min).

2.5. Statistical Analysis

The analytical results obtained from tree trials were processed using analysis of
variance (ANOVA) with STATISTICA 7.1. The results were considered statisti-
cally significant if P value was < 0.05. The IC,, was obtained using the Origine

Pro 8.5 software and Microsoft Excel.

3. Results and Discussion

3.1. Phytochemical Screening

Phytochemical testing of plant materials is used to identify secondary metabolite
compound. Such compounds while not a requirement for normal body function,
are often found on evaluation to have positive effects on human health and can
play an active role in prevention and treatment of disease [17]. Sclerocarya birrea
extracts revealed a significant presence of phenols, tannins, flavonoids, saponins
and traces of alkaloids and steroids. In contrast, there is an absence of sapono-
sides in the barks of . birrea. The presence of these phytochemical compounds
in the plant materials suggests the potential medicinal value of their extracts in
the prevention and/or cure of specific diseases. These results on the latter are
consistent obtained on Sebastiania chamaelea (L.) [18] and on Emilia sonchifolia
(L.) [19] which detected in addition to these metabolites, the presence of sapo-
nosides. These compounds are frequently encountered in plant extracts such as

Ziziphus mauritiana Lam [20].

3.2. Total Phenolic Content

Total phenolics constitute one of the major groups of compounds acting as pri-
mary antioxidants, it was reasonable to determine their total amount in leaves
and bark extracts [11]. The content of phenolic compounds (mg GAE/g DM) in
all extracts, determined from regression equation of calibration curve (y = 3.120x
+ 0.069, R* = 0.98) and expressed in gallic acid equivalents (GAE). The results
show that the total phenolic contents vary significantly between the extracts of
the plant parts studied but also the extraction solvents (Table 1). The maximum
content is obtained on the hydro-acetonic extract of the bark with a value of
64.72 + 1.02 mg GAE/g dry matter (DM) followed by a value of 56.58 + 0.81 mg
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Table 1. Total Phenolic (TP) content (mg GAE/g DM) of the various extracts of S. birrea.

Infuse Hydro-acetonic Hydromethanolic
Extracts
Leaves Bark Leaves Bark Leaves Bark
Total phenolic 6.39 + 0.03* 37.48 +1.33 52.70 + 0.55¢ 64.72 +1.02¢ 56.58 + 0.81° 34.95 +0.29°

GAE/g of DM obtained on the methanolic extract of the leaves. On the other
hand the infused extract of the leaves has the lowest phenol content with a value
of 6.39 + 0.03 mg GAE/g of DM. This disparity of polyphenols in different or-
gans of the same plant is a phenomenon reported by several authors, on several
Saharan medicinal plants such as Anvillea radiata Coss. & Dur and Rumex vesi-
carius L. [21].

3.3. Antioxidant Activity

The results of the DPPH and ABTS radical tests were obtained by following the
evolution of the percentage inhibition as a function of the variation in the con-
centration of the extracts.

3.3.1. DPPH Radical Scavenging Assay

The inhibition percentages show that at all the concentrations tested, our ex-
tracts significantly inhibit the DPPH radical as in the case of hydro-ethanolic ex-
tracts from the leaves and bark of Piliostigma thonningii Schumach [16]. In all
the extracts tested, the barks exhibit greater activity than that of the leaves. In-
deed, the greatest activity obtained at the concentration of 2.5 mg/mlL, the bark
has a percentage inhibition of 91.04% * 0.001% compared to the leaves, the most
important of which is 99.80% + 0.021%. As for the ascorbic acid used as a refer-
ence has a PI with the DPPH radical of 94.86% + 0.008% at 1.25 mg/mL then its
activity evolved to a plateau up to 2.5 mg/mL (Figure 1). The percentages of in-
hibition obtained on the latter are greater than those of the acetone extract
(71.76% at 0.825 mg/mL) on Foeniculum vulgare [22]. Thus, in order to better
compare the anti-free radical activity of the various plant extracts, the IC;, were
determined. The extracts of the leaves (hydromethanolic and infused) have
higher IC,, than those of the bark with respective values of 0.480 + 0.00014
mg/mL and 0.894 + 00008 mg/mL against 0.156 + 0.0007 mg/mL and 0.407
+0.0001 mg/mL. However, the hydro-acetone extract of the bark has an IC,,
greater than that of the leaves with respective values of 0.361 + 0.000028 mg/mL
against 0.301 + 0.00006 mg/mL. At the same time, ascorbic acid (vitamin C) ex-
hibits an IC,, of 0.051 + 0.0000 mg/mL.

3.3.2. ABTS Radical Cation Decolourisation Assay

From Figure 2, it can be seen that whatever the extraction solvent, the extracts
from the leaves and bark significantly inhibited the ABTS cation radical. As in
the case of the DPPH test, in all the extracts tested, the barks exhibit greater ac-
tivity than that of the leaves. Indeed, the bark extract reached its maximum ac-
tivity at 1.25 mg/mL with a PI of 99.80% + 0.003% compared to the extract of the
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Figure 2. Inhibition percentage evolution on ABTS radical in leaves and bark extracts
and ascorbic acid.

leaves which has a greater PI of 99.75 + 0.003 at 2.5 mg/mL. At the weakest con-
centrate tested (0.039 mg/mL), the extracts inhibited 10.63% + 0.007% the ABTS
cation radical and 6.25% * 0.003% the DPPH radical against ascorbic acid which
inhibits 10.25% * 0.002% the ABTS cation radical and 31.59% + 0.012% the
DPPH cation radical. At the highest concentration tested (2.5 mg/mL) and what-
ever the extraction solvent, the bark extract has the greatest PI with 91.04% +
0.001% on the DPPH radical and 99.80% + 0.021% on the radical ABTS against
ascorbic acid 94.86% * 0.008% on the DPPH radical and 99.80% + 0.021% on
the ABTS cation radical. By comparing the two methods, the PI shows that the
bark extracts are more active than the leaf extract. However, ascorbic acid inhi-
bits the ABTS radical (99.81% + 0.014%) more than the DPPH radical (94.86% =+
0.008%). These results agree with those found on hydro-ethanolic extracts from

the leaves and bark of Piliostigma thonningii Schumach [16].

3.3.3. FRAP Test
In analogy with the inhibitory power, the evolution of the reducing power as a

function of the concentration of the extracts (Figure 3) shows a strong activity

DOI: 10.4236/fns.2021.125033

435 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2021.125033

L. Niang et al.

Réducing Power (%)

0: 0.078 0313 1.25 0: 0.078 0.313 1.25 0: 0.078 0.313 1.25

0.039 0.156 0.625 25 0039 0.156 0.625 25 0039 0.156 0.625 2.5 == Ascorbic acid
==
=, - Leave

Concentration (mg/ml) Concentration (mg/ml) Concentration (mg/ml) =
=== Bark

Infased extract Hydro-methanolic extract Hydro-acetonic extract

Figure 3. Reducing power evolution in leaves and bark extracts and ascorbic acid.

of the plant. At all tested concentrations the extracts significantly reduce ferric
ion. The aqueous, hydro-acetonic and hydro-methanolic extracts at the maxi-
mum concentration tested (2.5 mg/mL) gave reducing powers (RP) of the leaves
and bark respectively of 62.83% + 0.003%, 58.96% =+ 0.002%, 80.33% =+ 0.001%
79.29% + 0.004% and 78.29% = 0.003% against 78.59% =+ 0.002%. At the same
concentration as the extracts, ascorbic acid has a strong reducing power on ferric
ion with a RP of 90.45% =+ 0.406%.

The results of the antioxidant activity of Sclerocarya birrea extracts on all three
tests carried out show that the hydro-alcoholic extracts of the bark are more ac-
tive. In fact, at the same concentrations tested, they exhibit lower IC,,. Further-
more, at the same concentrations tested, the IC;, obtained by the DPPH test are
lower than those of the ABTS method. This could be explained by the presence
of active substances which exhibit absorption bands at the same wavelength as
the DPPH radical, thus leading to an increase in absorbance [6]. The FRAP test
shows a better reducing power of the ferric ion of the bark compared to the
leaves. Thus, by these 3 tests, we see that the antioxidant activity of the bark is
stronger than that of the leaves. This could be explained by the polyphenol con-

tent of the bark which is about twice as high compared to the leaves.

4. Conclusion

This study has demonstrated the antioxidant activity of aqueous and hydro-al-
coholic extracts of Sclerocarya birrea by different methods. It shows that the hy-
dro-alcoholic extracts of the bark have a strong antioxidant activity compared to
the leaves. These results could constitute a solid scientific basis to investigate
new natural molecular compounds, complementary to the existing chemical ther-
apy. In fact, following the simultaneous presence of secondary metabolites and
mineral salts, the evaluation of antioxidant activity made it possible to partially
support their effect on hyperglycemia. In view of this work, biological tests with
hydromethanolic and hydro-acetonic extracts should provide further evidence of
the hypoglycemic activity of Sclerocarya birrea. A subsequent study with the aim

of characterizing phenolic compounds, isolating, and identifying molecules with
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antioxidant activity must be achieved.
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