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ABSTRACT

Hot water extract of Guiera senegalensis leaves is used traditionally
by women in Katsina State, Nigeria during postpartum period for
general wellbeing. However the preparation of this beverage has not
been optimized so far, which may underestimate its health benefit
potentials. In this study, the effects of drying methods (air, oven and
sun), solid- solvent ratio (1:10- 1:30), extraction time (30- 180 min)
and extraction temperature (25- 85°C) on phenolic antioxidants and
antioxidant activity of G. senegalensis were studied using Single
Factor Experiment (SFE). 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 showed that
extraction conditions significantly (P<0.05) affect phenolic
antioxidants extraction and antioxidant properties of G. senegalensis
leaves water extract. The optimal conditions were air drying using
1:10 solid — solvent ratio for 60 minutes at 40°C with values of
2720.37 mg QE/g DW for TFC, 1431.74mg GAE/100g DW for TPC,
96.73% for DPPH scavenging, 2797.04mg AAE/100g DW for FRAP
and 1144.49mg AAE/100g DW for TAC. TFC was found to be
significantly correlated with TAC (r*= 0.851; P<0.01) and TPC with
DPPH (r’= 0.732: P<0.05) under the influence of drying methods.
TFC was also significantly correlated with TAC (1= 0.683; P<0.01)
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and DPPH (r’= 0.538; P<0.01) under the effect of solid- solvent
ratio. Negative significant correlations were found between TFC
and FRAP (= -0.369; P<0.01), DPPH and FRAP (r*= -0.591;
P<0.01) under the influence of extraction temperature. However,
poor correlations were observed among all variables under the
influence of extraction time.

Keywords: Antioxidant activity, Extraction, Guiera senegalensis,

Phenolic antioxidant.

INTRODUCTION

Reactive Oxygen Species (ROS)
produced as a result of normal physiological
body functions or acquired from
environment  are directly or indirectly
associated with cellular and metabolic
injury, accelerated aging, cancer
cardiovascular diseases neurodegenerative
diseases and  inflammation'.  Many
exogenous factors contribute to the “over
production” of ROS as a result of which the
in- built antioxidant system is not sufficient
enough to counteract the excess radicals
generated thereby creating oxidative stress
in the body system”. An antioxidant is
therefore “any substance that, when present
at low concentration compared with those of
an oxidisable substrates significantly delays
or prevents oxidation of that substrate’.”
Synthetic antioxidants such as butylated
hydroxy- anisol (BHA) and butylated
hydroxyl toluene (BHT) have been in use
for quite long time to alleviate oxidative
stress. However, indications showed that
they are linked with number of diseases as
such their use is restricted and eventually
banned in many developed countries"”.
Natural antioxidants (mostly from plant
source) are considered safer hence many
antioxidants were examined and isolated
from plant materials™®.

Guiera senegalensis J.F. Gmel
(Combretaceae), locally known as “sabara”
or “barbarta” in hausa language of
Northern Nigeria is widely distributed in

western  Africa’. Traditionally, G.
senegalensis is used to treat various illness
such as hypertension, malaria, cough,
diabetes and many microbial infections®.
The plant is also widely used by women in
Katsina State, Nigeria during postpartum
period for general wellbeing. Many
researchers have reported various medicinal
properties of G. senegalensis for example
antimicrobialg’g, antiulcerm, antimalarial'"*'?
and antiviral"® to mention but few. Although
some researchers reported antioxidant
properties of G. senegalensis”'*'"°, to the
best of our knowledge on available literature
no study is reported on the optimization of
protocol for the extraction of natural
antioxidant from this plant.

A universal extraction protocol for
natural antioxidant from plant source is not
possible taking into consideration the
diverse composition of natural phenolic
compounds, their structure and physico-
chemical properties. A unique extraction
protocol for individual antioxidant from
individual source should therefore be
designed and optimized. It is against this
background this study is designed to
optimize the protocol for extraction of
antioxidant from G. senegalensis using
Single Factor Experiment (SFE). Despite
being more tedious and unable to provide
basic information on the interaction among
different extraction factors, single-factor
experiment is considered classical optimi-
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zation method as it provides fundamental
information on the ranges of factors that
show significant effects and results
generated could be used for Response
Surface Methodology (RSM) to obtain a
central composite design'®.

MATERIAL AND METHODS
Chemicals
Aluminium  chloride, iron III

chloride, sodium acetate, gallic acid, Folin
and Ciocateu’s phenol reagent, 22-
diphenyl-1-picrylhydrazyl (DPPH), sodium
hydrogen  carbonate, sulphuric acid,
hydrochloric acid and methanol were
purchased from R&M marketing, Essex,
United Kingdom. Ammonium molybdate,
sodium hydroxide pellets, ascorbic acid,
quercetin and 2, 4, 6-Tripyridyl-s-triazine
(TPTZ) were purchased from BDH Limited
Poole, England. Sodium nitrate and Sodium
phosphate were purchased from Sigma-
Aldrich Inc St. Louis, USA. All reagents
were analytical grade and all stock solutions
were prepared using purified deionized
water (ELGA, OPTION- R 15B, Veolia
water system United Kingdom).

Plant material

Guiera senegalensis leaves were
collected from Umaru Musa Yar’adua
University Campus 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.

Drying processes

For air drying, 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. For sun drying,
the leaves were exposed to direct sunlight
and were left to dry for 3 days while for the

oven drying the leaves were placed in an
oven (Memmert GmbH Model 600
Schwabach, Germany) and the temperature
adjusted to 75°C for 12 hours.

Grinding of plant material

The dried leaves were ground using a
mill (Retsch, SMI100 comfort Hann,
Germany). The powder obtained was
packaged and stored in dark at an ambient
temperature.

Extraction of plant material

Dried leaves of G. senegalensis
obtained from different drying methods
were 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
deionized water in a temperature- controlled
water bath shaker (WNB 7-45, Memmert,
Germany) at a constant speed for the various
solid-solvent ratio and extraction time at
required temperature. Crude extracts were
then filtered through Whatman No. 1 filter
paper  (Whatman  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 bio-
chemical assays'’.

Experimental design

Single factor experiments were used
in this study. A total of four factors (drying
method, solid- solvent ratio, extraction time
and extraction temperature) were studied.
The levels for each independent variable
were chosen based on responses of the
crude extract to Total Phenolic Content
(TPC) Total Flavonoid Content (TFC) as
priority followed by 2, 2-diphenyl-1-
picrylhydrazyl (DPPH) radical- scavenging
activity, Ferric Reducing Antioxidant Power
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(FRAP) and Total Antioxidant Capacity
(TAC).

In the first experiment effect of
drying method on the extraction of phenolic
antioxidant and antioxidant capacity of G.
senegalensis leaves water extract was
investigated by extracting the dried leaves
obtained from three drying methods (air,
oven and sun) using 1:10 solid- solvent ratio
at 25°C for 120 minutes. The best drying
method was chosen based on the five
responses.

In the second step, dried leaves
obtained from the best drying methods
according to step 1 were extracted using
varied solid- solvent ratio (1:10, 1:15, 1:20,
1:25, and 1:30) while the extraction time and
the extraction temperature were kept
constant at 120 minutes and 25°C
respectively. The best solid- solvent ratio
was again chosen based on the five
responses.

Using the best drying method and
solid-solvent ratio, phenolic antioxidants
were extracted at various extraction
temperatures ranging from 25 to 85°C while
holding the extraction time constant at 120
minutes. The best extraction temperature
was also chosen based on the five responses.

To determine the optimum extraction
time, leaves were extracted using best
drying method, solid- solvent ratio and
temperature obtained from previous steps
while the extraction time was varied from 30
to 180 minutes. Best extraction time was
also selected based on the five responses.

Determination of total Phenolic content
(TPC)

Total Phenolic Content (TPC) was
determined using Folin-Ciocalteu’s (FC)
method as reported by Thoo et al'’, with
slight modifications. Briefly, 500uL of
dilute crude extract was mixed with 500uL
of 10-fold diluted Folin-Ciocalteu reagent.
After 3 minutes, 400uL of sodium carbonate

anhydrous was added and vortexed. After 2
hours of incubation in dark at room
temperature, absorbance was determined at
765nm against a blank (prepared by
replacing plant extract with deionized water)
using a UV/VIS spectrophotometer (Lambda
25, PerkinElmer, Singapore). Measurements
were calibrated to a standard curve of
prepared gallic acid solution (10-100pg/ml)
with equation y = 0.01x — 0.009 (R’ = 0.999)
and TPC was then expressed as milligram of
gallic acid equivalent (GAE) per 100g of dry
weight (DW).

Determination of total flavonoid content
(TFC)

Total Flavonoid Content (TFC) was
determined wusing modified aluminium
chloride calorimetric assay reported by Kaur
and Mondal'®. Briefly, 125uL of crude
extract was mixed with 625uL deionized
water and 37.5uL of 5% sodium nitrite. The
mixture was allowed to stand for 6 minutes
and 75pL of 10% aluminium chloride-6-
hydrate was added thereafter. After 5
minutes, 250uL sodium hydroxide solution
was added. 137.5uL deionized water was
added and mixed. Absorbance was measured
immediately at 510nm against a blank
(prepared by replacing plant extract with
deionized water). Measurements were
calibrated to a standard curve of prepared
quercetin solution (0 — 800ug/ml) with
equation y = 0.0000x + 0.003 (R’ = 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
Zothanpuia ef al'®, with slight modifications.
Methanolic DPPH stock solution was
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prepared by dissolving 4mg 2, 2- diphenyl-
I-picrylhydrazyl (DPPH) powder into 100ml
absolute methanol. Working solution was
obtained by mixing 50ml stock solution with
20ml methanol to obtained absorbance of
1.00+0.02 unit at 517nm wavelength. 100uL
plant extract was mixed with 900uL
methanolic DPPH solution and allowed to
stand in dark at room temperature for 30
minutes. After 30 minutes incubation,
absorbance was taken at 517nm using
UV/VIS spectrophotometer (Lambda 25,
PerkinElmer, Singapore) against blank
(methanol). Percentage DPPH scavenging
activity was determined using the relation:

DPPH scavenging activity (%) =
[(Ao— As0)/Ao] * 100.

Where Ay = Absorbance at time O;
Ajo= Absorbance after 30 minutes.

Ferric reducing antioxidant power (FRAP)
The FRAP assay was carried out
using the protocols as reported by Thaipong
et al’®. The stock solution included 300mM
acetate buffer (3.1g C,H3;NaO, .3H,0O and
l6ml C,H40,), pH 3.6, 10mM 24,6-
Tripyridyl-s-triazine (TPTZ) solution in
40mM HCl and 20mM FeCl;. 6H,O
solution. Fresh FRAP working solution was
prepared by mixing acetate buffer, TPTZ
solution and FeCl;. 6H,O solution in the
ratio of 10:1:1 respectively. The FRAP
solution was warmed at 37°C for 30 minutes
in water bath (GFL 1004 Burgwedel,
Germany) before using. 100uL plant extract
was allowed to react with 1000uL FRAP
solution in dark for 30 minutes. Absorbance
of the colored product (ferrous
tripyridyltriazine complex) was measured at
593nm  wavelength  using  UV/VIS
spectrophotometer (Lambda 25, Perkin
Elmer, Singapore) against blank (prepared
by replacing plant extract with deionized
water). 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). Additional dilution was needed if the
FRAP value measured is over the linear
range of the standard curve.

Total antioxidant capacity (TAC)

Total antioxidant capacity was
determined using phosphomolybdate assay
described by Mohammed et al*', with slight
modifications. The assay was based on the
reduction of the molybdenum (VI) to
molybdenum (V) by antioxidants and the
subsequent  formation of a  green
phosphate/molybdenum complex at acidic
pH. The working solutions consist of
600mM sulphuric acid, 28mM sodium
phosphate and 4mM ammonium molybdate.
1000uL working solution was mixed with
100puL plant extract and incubated in a water
bath (GFL 1004 Burgwedel, Germany) at
95°C for 90 minutes. The mixture was
allowed to cool to room temperature before
absorbance was measured at 695nm using
UV/VIS spectrophotometer (Lambda 25,
PerkinElmer, Singapore) against blank
(prepared by replacing plant extract with
deionized water). Measurements were
calibrated to a linear standard curve of
prepared ascorbic acid solution (100 —
700pg/ml) with equation y = 0.0016 +
0.0222 (R’ = 0.999) and results expressed as
milligram ascorbic acid equivalent (AAE)
per 1g dry weight (DW). Additional dilution
was needed if the FRAP value measured is
over the linear range of the standard curve.

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 wvariance (ANOVA) with
Duncan’s test was carried out to test
significant difference between levels of
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treatment. Significant levels were defined
using value P < 0.05. Pearson correlation
between variables were also established
using SPSS software (version 20).

RESULTS AND DISCUSSION

Effect of drying methods

Results showed that drying methods
significantly (P<0.05) affects phenolic
antioxidants extraction and antioxidant
activities in G. senegalensis. It could be seen
that highest TPC and TFC were observed in
air drying (figure la, b). Highest DPPH
radical scavenging activity and total TAC
were also exhibited by air dried leaves
(figures 1c and e). Although no significant
difference observed among drying methods,
air drying still exhibited highest ferric
reducing antioxidant power (figure 1d). Sun
drying resulted in least variables except TFC
and TAC. Loss of phenolic antioxidants and
antioxidant properties in thermal drying
could be attributed to enzymatic processes
that occurred during sun drying as
degradative enzymes such as phenolic
oxidases ~ which  degrade  phenolic
compounds are not deactivated’’. Solar
radiation was also reported to have caused
degradation of phenolic compounds®. This
result agrees with the findings of previous
researchers such as Kade et a124, who
reported that sun drying diminishes the
antioxidative potentials of Eugenia uniflora.
Higher losses of [-carotene and ascorbic
acid in green leaves as a result of sun drying
was also reported™.

Effect of solid- solvent ratio

Phenolic antioxidants and anti-
oxidant activities of G. semegalensis are
significantly (P<0.05) affected by solid-
solvent ratio. 1:10 appeared to be the best
solid- solvent ratio for extracting
antioxidants and antioxidant activity in G.
senegalensis as it exhibit the best TFC and
TAC (figures 2a and e). Although the best

TPC was observed in 1:25, it is not
significantly (P<0.05) different from 1:10
(figure 2b). 1:15 that showed the best DPPH
radical scavenging activity was also not
significantly different from 1:10 (figure 2c).
1:10 solid solvent ratio however exhibited
the least ferric reducing power (figure 2d).
According to mass transfer principle, high
concentration gradient as a result of high
solid solvent ratio increases diffusion rate
and consequently promotes grater extraction
of solids by the solvent”®. However, this
phenomenon was not observed in this study
as low solid- solvent ratio (1:10) showed
best TFC and TAC. This may be explained
by the fact the interaction among bioactive
compounds coming into contact with
extracting solvent expands as a result of
high extraction solvent and this brings about
increase  leaching out of phenolic
componentsz7.

Effect of extraction temperature

Effect of extraction temperature on
the recovery of phenolic antioxidant and
antioxidant activity in G. senegalensis was
evaluated using temperature ranges from 25
to 85°C. Results showed that extraction
temperature significantly (P<0.05) affects all
the variables investigated. From the results,
it could be seen that total phenolics were
best extracted at 40°C while total flavonoids
were best extracted at 55°C (figures 3a and
b). Best DPPH radical scavenging was also
achieved at 40°C (figure 3c). Least FRAP
and TAC were, however observed in 40°C
and 55°C, respectively (figures 3d and e).
Phenolic compounds are believed to be more
extracted at elevated temperatures as
increased temperatures promote extraction
by enhancing both diffusion coefficients and
solubility of  polyphenols'’.  Elevated
temperatures also increase cell membrane
permeability following the breakdown of
cellular constituents thereby setting more
polyphenols free to be extracted”®. In
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addition, coagulation of polyphenols with
lipoprotein is reduced by the release of
bound polyphenols and this go a long way in
enhancing solubility of the polyphenols and
diffusion  hence  polyphenols  yield
increased”.  High  temperatures  are,
however, not always suitable for extracting
all sorts of phenolic compounds as the less
soluble antioxidants extracted at low
temperature ~ decompose  before  the
extraction of thermo stable antioxidants and
this could lead to loss in antioxidant
activity’’. As such, only samples with higher
proportions of thermo stable compounds
should be extracted at high temperatures. In
this study, it can be deduced that G.
senegalensis contains both thermo stable
and thermo labile polyphenols in varied
proportions as higher phenolic contents and
antioxidant activity were observed in both
low and high temperatures. 40°C was
chosen as the optimum temperature in this
study considering the fact that it gives best
TFC and DPPH radical scavenging activity.
More so, the best TPC and TAC observed
respectively at 55°C and 25°C are not
significantly  different with the ones
observed at 40°C.

Effect of extraction time

Extraction time plays significant role
in optimizing the recovery of polyphenols
and their antioxidant capabilities. Although
longer extraction time could lead to increase
exposure to temperature, light and oxygen
which eventually lead to oxidation of
phenolic compound®' as well as enzymatic
degradation, different bioactive compound
with diverse structures require different time
of extraction. Effect of extraction time on
the recovery of phenolic antioxidant an
antioxidant activities are shown in figures 4a
to e. from the figures it can be shown that
extraction time significantly affects TPC,
DPPH- radical scavenging and FRAP but
not TFC and TAC. Highest TPC was

recovered after 60 minutes of extraction.
The highest TFC recorded at 150 minutes is
not significantly different with that recorded
at 60 minutes. Highest DPPH- radical
scavenging observed at 180 minutes is also
not significantly different with that recorded
at 60 minutes. It can also be observed that
phenolic antioxidants were best extracted in
both shorter and longer times of extraction
(60 minutes for TPC, and 150 minutes for
TFC). This can be ascribe to the fact that G.
senegalensis contains diverse phenolic
compounds with varied stability and
resistance to atmospheric conditions. It is
interesting however, to note that optimum
antioxidant activities were achieved at
longer times (180 minutes for DPPH- radical
scavenging; 120 minutes for FRAP and
TAC). This may be attributed to the fact that
estimation of antioxidant ability is not solely
dependent on a particular group of phenolic
antioxidant, in fact it depends on the
presence of any antioxidant compound™.
Hence it can be deduced that phenolic
compounds are not the only antioxidants
present in G. senegalensis. Taking into
consideration economic point of view, 60
minutes is considered optimum time for the
extraction of phenolic antioxidant from G.
senegalensis as it gave highest TPC and it is
not significantly different from other times
where maximum TFC, DPPH- radical
scavenging, FRAP and TAC were observed.

Pearson correlation analysis

A correlation analysis shows that
relationships  exist between  phenolic
antioxidant and antioxidant assays in G.
senegalensis leaves water extract under the
influence of different extraction parameters
(Table 1). Under the influence of drying
method, a moderately strong significant
(P<0.05) correlation was observed between
TPC and DPPH (r = 0.732), likewise a
strong,  highly  significant  (p<0.01)
correlation exists between TFC and TAC (r

AJPCT[2][12][2014] 1378-1392



Rusea et al

ISSN 2321 — 2748

= 0.851). A moderate, though not significant
correlation was also observed between
FRAP and TAC (r = 0.609). From this
experimental result, we can deduce that
phenolic antioxidant may play a role in
antioxidant activities of G. senegalensis
leaves water extract. This is in agreement
with previous studies for example Ibrahim et
al’®, observed strong correlation (r = 0.929)
between phenolic compound and antioxidant
activity in  Streblus asper. Besides,
significant correlation (r = 0.684) between
phenolic compounds and antioxidant activity
in some rhizomes was also reported®*. High
correlation ~ between  phenolic and
DPPH/FRAP activities (r = 0.996 and r =
0.985, respectively) was also observed in
Boerhavia  diffusa®. A moderately
significant correlation (r = 0.538) was
observed between TFC and DPPH under the
influence of solid- solvent ratio. Another
moderate but highly significant correlation
(r = 0.683) was also observed between TFC
and TAC as affected by solid- solvent ratio.
From this it can be inferred that total
flavonoids contribute more to antioxidant
activity in G. senegalensis than total
phenolics. However, with respect to
extraction temperature a weak, significant
negative correlation between TFC and
FRAP (r =-0.309) as well as between FRAP
and DPPH (r = -0.591). This shows that
antioxidant activity in G. senegalensis are
not only governed by phenolic compound.
Ogbonnaya and Chinedum®® also reported
that beside phenolic compounds, vitamins,
proteins and minerals contribute to
antioxidant capacity of Gnetum africanum.
Significant antioxidant activity in Costus
speciousus was also attributed to flavonoid
and mineral contents’’. Clarkeet al’®, (2013)
however, reported highly significant
(P<0.0001) correlation between DPPH and
FRAP (r = 0.852). With respect to extraction
time, phenolic antioxidants are weakly
correlated with antioxidant assays in both

positive and negative directions. Based on
this, we suggest that phenolic compounds in
G. senegalensis are of low molecular weight
as such more susceptible to degradation if
exposed to temperature and  other
environmental conditions for longer period
of time. A weak correlation between
phenolic antioxidants and antioxidant assays
was also observed in Morinda citrifolia"’.

CONCLUSION

Optimum extraction parameters for
extracting phenolic antioxidants from G.
senegalensis were determined using single
factor experiment. The best extraction
condition based on the compromise between
the yield of phenolic antioxidants (TPC and
TFC) and their antioxidant properties
(DPPH, FRAP and TAC) are air drying
using 1:10 solid- solvent ratio at 40°C for 60
minutes. Significant correlations were found
between  phenolic  antioxidant  and
antioxidant assays under the influence of all
the extraction parameters except extraction
time. This study provides baseline data
based on which further optimization using
response surface methodology (RSM) could
conducted. It is also evident that G.
senegalensis possesses different phenolic
compounds  with  diverse  chemical
properties. Assessment of these compounds
using qualitative and quantitative analytical
methods such as high performance liquid
chromatography = (HPLC) is  hereby
recommended to ascertain the specific
compounds responsible for antioxidant
property in this plant.
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Table 1. Correlation analysis between assays as affected by different extraction conditions

Drying method Solid- solvent ratio Temperature ‘ Time
DPP FRA DPP FRA DPP FRA DPP FRA
TFC " 5 TPC | TFC v 5 TPC TFC i 5 TPC | TFC v 5
0.15 0.08 -
TFC . p 0.209 s
0.73 0.31 j -
DPPH | = 0.203 . 0.538 0.129 o.;9 0.009 D
0.35 0.55 ) - 021 ~|0.02 i - )
FRAP | 0.609 - 0.3?5 0 | s 0.369 5 0.591 sl 0.102 0.3(,)1
0.08 | 0.851 | 0.13 | 0.60 | 0.09 | 0.683 | 0.37 | . - ) - ) - 0.01 |
TAC 1 o 1 p 4 b e o.:o s o.gs s 0.122 5 0.165 2 0.23

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< 0.05
** Highly significant level at P< (.01
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Figure 1. Effect of Drying methods on (a) total phenolic content (TPC), (b) total flavonoid
content (TFC), (c) DPPH- radical scavenging, (d) Ferric reducing antioxidant power (FRAP)

and (e) total antioxidant capacity (TAC) in Guiera senegalensis leaves water extract. 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 solid- solvent ratio on (a) total phenolic content (TPC), (b) total
flavonoid content (TFC), (c) DPPH- radical scavenging, (d) Ferric reducing antioxidant
power (FRAP) and (e) total antioxidant capacity (TAC) in Guiera senegalensis leaves water
extract. 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 temperature on (a) total phenolic content (TPC), (b) total
flavonoid content (TFC), (c) DPPH- radical scavenging, (d) Ferric reducing antioxidant

power (FRAP) and € total antioxidant capacity (TAC) in Guiera senegalensis leaves water
extract. 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 time on (a) total phenolic content (TPC), (b) total flavonoid
content (TFC), (c) DPPH- radical scavenging, (d) Ferric reducing antioxidant power (FRAP)
and € total antioxidant capacity (TAC) in Guiera senegalensis leaves water extract. 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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