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ABSTRACT

Guiera senegalensis is widely used in West Africa for traditional medicine. In Northern Nigeria, it is used for
general well-being by women during postpartum recovery period. In this study, we report the effect of
extraction solvents viz acetone, chloroform, ethanol, methanol (each at 50% and 75% concentrations) and
water on the phenolic antioxidant and antioxidant activity of it's leaves. Total Phenolic Content (TPC) and
Total Flavonoid Content (TFC) assays were used to determine the phenolic antioxidants. Antioxidant
activity was evaluated by measuring scavenging effect on 2,2- diphenyl-1-picrylhydrazyl (DPPH) radical,
Ferric Reducing Antioxidant Power (FRAP) and Total Antioxidant Capacity (TAC) using phosphomolybdate
assay. Results shows that extraction solvents significantly (P<0.05) affect phenolic antioxidants extraction
and antioxidant properties. Highest TPC value (109.20£3.99mg GAE/100g DW) was obtained in 75%
ethanol. 75% acetone showed the highest TFC value (414.60+7.60mg QE/100g DW). Highest DPPH
radical scavenging activity (95.82+0.63%) was observed in water solvent. 50% chloroform showed the best
FRAP value (282.73£29.80mg AAE/100g DW). While 75% methanol showed the highest TAC value
(102.44+3.44mg AAE/1g DW). Based on its highest TFC value as well as its insignificant differences with
other solvents that showed higher values for TPC, FRAP and TAC, 75% acetone appeared to be the
solvent for extracting phenolic antioxidants. Correlations study indicates highly significant positive (p<
0.001) linear correlations between phenolic antioxidants and antioxidant activities. The highest correlation
(r2 = 0.845) was observed between TFC and TAC followed by TFC and DPPH (r2 = 0.733). Another
significant correlation (r2 = 0.659) was also observed between TFC and FRAP. Further studies aimed at
isolating and identifying specific compounds responsible for antioxidant activity in G. senegalensis are
recommended.

Keywords: Antioxidant activity, extraction solvents, Guiera senegalensis and phenolic antioxidants.

INTRODUCTION requires external (exogenous) antioxidants.
Free radicals are highly reactive chemicals Exogenous antioxidants can be natural (sourced
produced naturally in the body and play a from herbs, fruits and/or vegetables) or man-
significant role in many normal cellular processes made (Brewer, 2011).

(Brewer, 2011). These free radicals, however, Natural antioxidants from plants sources are
when present in high concentration are gaining more popularity because they are
hazardous to the body because they damage considered safer than their synthetic counterparts
major cellular components such as DNA, proteins such as butylated hydroxy- anisol (BHA) and
and cell membrane (Koltover, 2010). To butylated hydroxyl toluene (BHT) (Igbal et al.
overcome the destructive effects of free radicals, 2014). This is because indications have shown
the body produces endogenous antioxidants that that synthetic antioxidants are associated with
interact with and neutralize the free radicals side effects and are believed to cause significant
(Shalaby and Shanab, 2013). The endogenous damage to the lungs, liver and kidneys (Shalaby
antioxidants are, however, not sufficient to and Shanab, 2013). Repeated studies have
counteract all the free radicals, as such, the body shown that BHA and BHT are involved in
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carcinogenesis, liver enlargement, hampered
DNA synthesis and consequently retarded cell
development (Koltover, 2010).

Natural antioxidants such as polyphenolic
compounds are obtained from plant materials via
extraction. However, because of the diverse
chemical nature of phenolic compounds, they are
selectively soluble in different solvents. Hence no
single solvent is considered standard for
extracting phenolic compounds (Boeing et al.,
2014). Optimizing extraction solvent is therefore
a crucial step in the extraction of phenolic
antioxidants.

Guiera senegalensis J.F. Gmel (Combretaceae),
locally known as “sabara” or “barbarta” in hausa
language of Northern Nigeria is widely distributed
in western Africa (Sombie et al, 2011).
Traditionally, G. senegalensis is used to treat
various illnesses such as hypertension, malaria,
cough, diabetes and many microbial infections
(Fiot et al., 2006). The plant is also widely used
by women in Katsina State, Nigeria during
postpartum period for enhancing general well-
being. Many researchers have reported various
medicinal properties of G. senegalensis including
antimicrobial (Kudi et al., 1999 and Fiot et al.,
2006), antiulcer (Aniagu et al., 2005), antimalarial
(Benoit et al., 1996, Ancolio et al., 2002) and
antiviral activities (Lamien et al., 2005), to
mention but few. Although some researchers
reported  antioxidant  properties of G
senegalensis (Mariod et al., 2006; Sombie et al.,
2011; Abubakr et al., 2013), to the best of our
knowledge no study is reported on the
optimization of protocol for the extraction of
natural antioxidants from this plant. It is against
this background that this study was designed to
determine the best solvent for extraction of
phenolic antioxidants from this medicinally
important plant.

MATERIALS AND METHODS

Plant material

Guiera senegalensis leaves were collected from
Umaru Musa Yaradua University Campus
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Katsina, Katsina State, Nigeria. The plant was
authenticated by Professor Munier Abd el Ghani
of the Department of Biology, Umaru Musa
Yar'adua University, Katsina and a voucher
specimen was deposited in the Herbarium of the
same Department with voucher specimen
number SSK009.

Drying and grinding of plant material

G. senegalensis leaves were evenly spread on a
tray and kept in the laboratory at a temperature
of approximately 36°C until completely dry for 5
days. The dried leaves were ground using a mill
(Retsch, SM100 comfort Hann, Germany). The
powder obtained was packaged in nylon linear
low density polyethylene pouches and stored in
dark at an ambient temperature until used.

Extraction of plant material

Two grams (2g) G. senegalensis leaves powder
was put in 50ml conical flask covered with
parafilm (Pechiney plastic packaging Menasha,
Wisconsin U.S.A) and wrapped with aluminium
foil (Diamond Reynolds, Richmond, U.S.A.) and
extracted with 20ml ethanol, methanol, acetone,
chloroform (each at 25%, 50%, 75% and 100%
concentrations) or deionized water in a
temperature- controlled water bath shaker (WNB
7- 45, Memmert, Germany) at a constant speed
for 120 minutes. Crude extracts were then filtered
through Whatmann No. 1 filter paper (Whatmann
International Ltd, England). Filtrates were
collected in amber bottles and used directly for
the estimation of phenolic antioxidant and
evaluation of antioxidant activities using various
biochemical assays (Thoo et al., 2010).
Determination of Total Phenolic Content
(TPC)

Total Phenolic Content (TPC) was determined
using Folin-Ciocalteu’s (FC) method as reported
by Thoo et al. (2010) with slight modifications.
Measurements were calibrated to a standard
curve of prepared gallic acid solution (10 -
100ug/ml) with equation y = 0.01x - 0.009 (R? =
0.999) and TPC was then expressed as milligram
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of gallic acid equivalent (GAE) per 100g of dry
weight (DW).

Determination of Total Flavonoid Content
(TFC)

Total Flavonoid Content (TFC) was determined
using aluminium chloride calorimetric assay
reported by Kaur and Mondal (2014) with slight
modifications. Measurements were calibrated to
a standard curve of prepared quercetin solution
(0 — 800pg/ml) with equation y = 0.0000x + 0.003
(R2 = 0.981) and TFC was then expressed as
milligram quercetin equivalent (QE) per 1g dry
weight (DW).

Evaluation of antioxidant activity
2,2- diphenyl-1- picrylhydrazyl (DPPH) radical
scavenging activity
Antioxidant capacity through DPPH scavenging
activity was determined according to the protocol
reported by Tan et al, 2013 with slight
modifications. Percentage DPPH scavenging
activity was determined using the relation:

DPPH scavenging activity (%) = [(Ao — Aso)/Aq]
*100
Where Ap = Absorbance at time 0; Az =
Absorbance after 30 minutes.

Ferric reducing antioxidant power (FRAP)

The FRAP assay was carried out using the
protocols of Benzie and Strain (1996) as reported
by Thaipong et al., (2006). Measurements were
calibrated to a linear standard curve of prepared
ascorbic acid solution (5 - 35mg/ml) with
equation y = 0,045x + 0.395 (R? = 0.996) and
results expressed as milligram ascorbic acid
equivalent (AAE) per 100g dry weight (DW).

Total Antioxidant Capacity (TAC)

Total antioxidant capacity was determined using
phosphomolybdate  assay  described by
Mohammed et al. (2014) with slight
modifications. Measurements were calibrated to
a linear standard curve of prepared ascorbic acid
solution (100 — 700ug/ml) with equation y =
0.0016 + 0.0222 (RZ = 0.999) and results

118

expressed as milligram ascorbic acid equivalent
(AAE) per 1g dry weight (DW).

Statistical analysis

Results were expressed as mean + standard
deviation of replicate extraction and triplicate of
assays and analysed using SPSS software
(version 20). One- way analysis of variance
(ANOVA) with Duncan’s test was carried out to
test significant difference between levels of
treatments. A P value of < 0.05 was considered
an indication of statistically significant difference.
Pearson correlations between variables were
also established.

RESULTS AND DISCUSSION

Total Phenolic Content (TPC)

Effect of extraction solvent on total phenolic
content (TPC) in G.senegalensis is presented in
Figure 1. From the figure, it can be seen that
extraction solvent significantly (p< 0.05) affects
TPC in G.senegalensis. The TPC obtained
ranged from 34.35mg GAE/100g DW to
109.20mg GAE/100g DW. 75% ethanol produced
the highest TPC (109.20mg GAE/100g DW)
followed by 75% acetone (107.16mg GAE/100g
DW) while the least TPC (34.35mg GAE/100g
DW) was observed in 75% chloroform. No
significant (p< 0.05) difference observed between
TPC produced by 75% ethanol and 75%
acetone. This shows that phenolic compounds in
this plant are best extracted using aqueous
solvents compared to mono solvent system.
Fatiha et al., (2012) also report that 50% ethanol
produced the highest TPC from Mentha spatica.
In another study, Tatiya et al. (2011) report that
70% acetone is the best solvent for the recovery
of phenolic compounds from Bridelia retusa.
Taha et al. (2011) also report that phenolic
compounds were best extracted from sunflower
meal by conventional extraction method using
80% acetone as solvent. 70% acetone was also
the best solvent concentration for extracting total
phenolic content from Ceratonia siliqua pulp
(Benchikh and Louailéche, 2014). Results of the
present study are however, contrary to the
findings of Settharaksa et al. (2014) who report
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that phenolic componds are best extracted from
Syzygium gratum using water. Azman et al.
(2013) also report that 100% ethanol produced
the best total phenolic content in Betula alba and
Convolvulus arbensis. Polarity of solvents plays
significant role in the extraction of phenolic
antioxidants. Polyphenol extraction is enhanced
by providing more polar medium due to addition
of small quantity of water (Fatiha et al., 2012).
Even though some chemicals such as sugars,
ascorbic acid, sulphur dioxide interfere in Folin-
Ciocalteau method, it remains the best assay for
determining total phenolic content from natural
products (Azman et al., 2013).

Total Flavonoid Content

Effect of solvent on the total flavonoid content
(TFC) in G. senegalensis leaves is presented in
Figure 2. From the figure, it could be seen that
extraction solvent significantly (p< 0.05) affects
extraction of total flavonoid. TFC ranges from
37.2245.91mg QE/1g DW to 414.60+7.60mg
QE/M1g DW. 75% acetone gave the highest TFC
(414.60+7.60mg QE/1g DW) followed by 50%
(364.82+£38.47mg QE/1g DW) while the least
TFC (37.22+5.91mg QE/1g DW) was observed
in 75% chloroform. Our result agrees with the
findings of Medini et al. (2014) who report that
total flavonoids in Limonium delicatulum flowers
were best extracted using 80% acetone.
Boulekbache-Makhlouf et al. (2013) also report
that flavonoids from Solanum melongena
byproducts are best extracted using 70%
acetone. Ammar et al. (2015) however, report
that methanol is the best solvent for extracting
total flavonoid from Puntia ficus- indica compared
to acetone or ethanol. According to Do et al.
(2014), 100% ethanol gave the highest total
flavonoid from Limnophila aromatica, whereas
ethyl acetate was the best solvent for extracting
total flavonoid from banana peels (Fidrianny et
al., 2014). In this study, it can be seen that 75%
solvents concentrations produced higher TFC
than water or 50% solvents concentrations
except for chloroform where 50% produced more
TFC than 75%. This shows that the total
flavonoid present in G. senegalensis are
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hydrophobic while the less TFC in 75%
chloroform could be explained by the less polarity
of chloroform which prevents it from dissolving
more polar flavonoids.

2,2- diphenyl-1- picrylhydrazyl (DPPH) radical
scavenging activity

Results of DPPH radical scavenging activity of G.
senegalensis as affected by extraction solvent is
presented in Figure 3. Results show that all the
extracting solvents except 75% chloroform
possess considerably high DPPH radical
scavenging activity ranging from 85.40% to 95.
82% while that of 75% chloroform, which is the
least is 2.74%. The highest DPPH scavenging
was observed in water followed by 50%
chloroform. It is interesting to note that
chloroform that gave least scavenging activity at
75% displayed higher activity which is
significantly (p <0.05) similar to that displayed by
water. This may be explained by the fact that
amount of water present in 50% chloroform is
sufficient to extract hydrophilic antioxidant while
the remaining chloroform extracted other non-
polar antioxidants. It is noteworthy that all the
solvents that gave better TPC and TFC showed
relatively lower DPPH scavenging property. This
may be explained by the fact that it is not only
phenolic compounds that are responsible for
antioxidant activity, but also other cellular
components such as carbohydrates and other
chemicals. In fact, any compound that can
donate hydrogen radical can enhance
scavenging activity (Thoo et al., 2010). DPPH
radical scavenging assay is commonly used to
evaluate antioxidant property of natural products.
The assay depends on the ability of compounds
to reduce DPPH radical via hydrogen donating
forming a yellowish non radical form of DPPH-H
(Hwang and Thi, 2014). Previous studies
however, revealed that best DPPH radical
scavenging is achieved using aqueous solvents.
Bendiabdellah et al. (2012) for example, reported
that methanolic extract of Daucus crinitus
exhibited the highest DPPH scavenging
compared to water extract. Highest DPPH
scavenging in both Hongkon and Eksotica
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cultivars of Carica papaya was observed in 50%
methanol (Addai et al., 2013). 70% ethanol was
also the best solvent for quenching DPPH radical
in Triticum aestivum bran (Abozaid et al., 2014).

Ferric reducing antioxidant power (FRAP)

Extraction solvent significantly (p< 0.05) affects
ferric reducing power of G. senegalensis leaves
(Figure 4). Results of the present study reveals
that 50% choloroform possess the highest
(282.74mg AAE/100g DW) ferric reducing power
although its value is not significantly different (P <
0.05) from what was observed in 50% methanol,
75% methanol and 75% acetone (274.67, 274.45
and 259.48mg AAE/100g DW, respectively). 75%
chloroform still showed the least FRAP value
(0.41mg AAE/100g DW). FRAP assay is based
on the reduction of Fe3*to Fe2* in the presence
of tripyridyltriazine (TPTZ) by antioxidant
compound following donating of an electron
thereby forming an intense blue TPTZ-Fe?*
complex whose absorbance can be measured at
593nm. Although 50% chloroform produced
relatively lower TFC (Figure 2), its high ferric
reducing activity in this study may be attributed to
its considerably high TPC (Figure 1) as well as its
ability to dissolve other less polar compounds
which could donate electron to the FRAP
reagent. Some previous studies also report that
chloroform extracts showed good FRAP values.
Li et al. (2014) for example report that chloroform
extract of Naematoloma sublateritium gave the
best FRAP value compared to hexane, butanolic,
ethyl acetate and water extracts. Ahmed et al.
(2012) also report that chloroform fraction of
Melilotus indicus showed highest FRAP value
compared to methanolic, hexane, ethyl acetate,
butanolic and water extracts at fruiting season.
Moreover, chloroform extract of Curcuma
zedoaria showed the highest FRAP value
(Abbasi et al., 2011). Lu et al. (2013) however,
report that chloroform extract of Cymbopogan
citratus showed little ferric reducing power
compared to gallic acid and ascorbic acid.
Chloroform extract also showed least ferric
reducing activity compared to acetone, methanol
and water extracts in Bauhinia  vahlii
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(Sowndhararajan and Kang, 2013). Ajaib et al.
(2013) report that methanolic extract of Iris
aitchisonii  showed highest FRAP  value
compared to chloroform and ethyl acetate
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Figure 1: Effect of extraction solvent on total
phenolic content (TPC) in Guiera senegalensis
leaves. Note: values are means of 6 replicates,
error bars represent standard deviation and
values with same superscript are not significantly
different (P< 0.05).
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Figure 2: Effect of extraction solvent on total
flavonoid content (TFC) in Guiera senegalensis
leaves. Note: values are means of 6 replicates,
error bars represent standard deviation and
values with same superscript are not significantly
different (P< 0.05).
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Figure 3: Effect of extraction solvent on DPPH
radical ~ scavenging activity in  Guiera
senegalensis leaves. Note: values are means of
6 replicates, error bars represent standard
deviation and values with same superscript are
not significantly different (P< 0.05).
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Figure 4. Effect of extraction solvent on ferric
reducing antioxidant power (FRAP) in Guiera
senegalensis leaves. Note: values are means of
6 replicates, error bars represent standard
deviation and values with same superscript are
not significantly different (P< 0.05).
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Figure 5. Effect of extraction solvent on total
antioxidant capacity (TAC) in Guiera senegalensis
leaves. Note: values are means of 6 replicates, error
bars represent standard deviation and values with
same superscript are not significantly different (P<
0.05).

Total Antioxidant Capacity (TAC)

Phosphomolybdate assay, a quantitative assay
used to determine both water and fat soluble
antioxidants (total antioxidant capacity) is based
on the reduction of Mo (VI) to Mo (V) by
antioxidant compounds. This reduction lead to
the formation of green phosphate/molybdate
complex which can be measured at 695nm
wavelength (Dutta et al., 2012). In this study,
75% methanol showed highest activity
(102.44mg AAE/1g DW) but not significantly (p<
0.05) different from 75% acetone (96.93mg
AAE/1g DW). The least activity (8.42mg AAE/1g
DW) was observed in 75% chloroform (Figure 5).
The highest activity observed in aqueous
methanol can be ascribed to its ability to dissolve
more fat soluble antioxidants in addition to the
water soluble ones. Previous studies also
revealed that methanolic extracts of plant
samples produced significantly higher total
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antioxidant capacity (TAC). lgbal et al. (2014) for
example, report that methanolic extract of
Fagonia cretica roots exhibited higher TAC than
hexane, chloroform, ethyl acetate butanol and
water extracts. Best TAC was also observed in
methanolic extract of lonidium suffruticosum
compared to petroleum ether and ethyl acetate
extracts (Muthu et al., 2011). Shahwar and Raza
(2012) also report that methanol extract of
Mimisops elengi showed highest TAC compared
to acetone, ethyl acetate and butanol extracts.
On the contrary, Jan et al. (2013) report that
hexane extract displayed best TAC in Monotheca
buxifolia fruits compared to methanol, ethyl
acetate, butanol and water extracts. Hexane
extract also showed highest TAC compared to
butanol, methanol, chloroform, acetone and
water extract in Oxalis corniculata (Ahmed et al.,
2013). Baig et al. (2011) however, report that
butanol extract of Rumex acetosella showed
highest TAC compared to chloroform, ethyl
acetate, hexane and water extracts.

Correlation Analysis

Correlation analysis is significant in evaluating
relationship between phenolic compounds and
antioxidant properties of test samples. In this
study, correlation analysis revealed that a highly
significant (p< 0.01) positive correlations exist
between phenolic antioxidant (TPC and TFC)
and antioxidant properties (DPPH, FRAP and
TAC) as shown in Table 1. The highest
correlation (r = 0.845) was observed between
TFC and TAC followed by TFC and DPPH (r =
0.733). Another significant correlation (r = 0.659)
was also observed between TFC and FRAP.
Based on this high correlations observed
between TFC and all the antioxidant assays
(DPPH, FRAP and TAC), we suggest that G.
senegalensis contains more flavonoids than
phenolic compounds and are mostly responsible
for its antioxidant properties. Addai et al. (2013)
also observed significant high correlation
between TFC and antioxidant activities (FRAP,
DPPH and ABTS) in two cultivars of Carica
papaya under the influence of extraction solvent.
Jain et al. (2014) however report high correlation
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between TPC and antioxidant activities (FRAP
and ABTS) in Helicteres isora. The same authors
also report that no correlation exist between TPC
and DPPH.

Table 1: Correlation between phenolic
antioxidants and antioxidant activities as affected
by different solvents in G. senegalensis (n = 6)Y

r TPC TFC DPPH FRAP
TFC 0.703"
DPPH 0.727" 0.733"
FRAP 0.444" 0.659" 0.813"
TAC 0.392" 0.845" 0.641" 0.629"

y replications

r correlation coefficient

TPC, total phenolic content; TFC, total flavonoid content; DPPH,
DPPH radical scavenging activity; FRAP, ferric reducing
antioxidant power; TAC, total antioxidant capacity

" Significant level at p < 0.01

CONCLUSION

The present study has indicated that extraction
solvents significantly affect extraction of phenolic
antioxidants and antioxidant properties of G.
senegalensis. This study also revealed that all
the solvents tested except 75% chloroform
showed good value for one of the assays or
another. Based on this it is inferred that G.
senegalensis possesses different  phenolic
compounds with varied polarity hence solubility.
In general, this study substantiates the potency
of G. senegalensis leaves as source of natural
antioxidants. Further studies using high tech
analytical methods such as HPLC is hereby
recommended to identify and isolate individual
components responsible for the antioxidant
properties of this plant.
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