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An aqueous and hydro-ethanolic extraction was carried out from the leaf powder of Feretia
apodanthera, after a maceration plan (mass/volume ratio and extraction time). The extracts
obtained were freeze-dried (flask size, filling volume and freeze-drying time) in order to
determine the optimal extraction conditions. A phytochemical screening of the extracts with
extreme yields of different solvents was carried out by TLC, which led to the determination of
certains compounds of interest and the evaluation of the antioxidant activity by the DPPH and
FRAP method.

Ouédraogo S, Traoré TK, Ishola T, Ouédraogo B, Boly ALG,
Silué GNA, Ngolsou F, Semdé R, Optimization of extraction
and lyophilization conditions of Feretia apodanthera
(Rubiaceae) leaf powders for galenic formulation, Journal
of Drug Delivery and Therapeutics. 2024; 14(2):89-97

DOI: http://dx.doi.org/10.22270/jddt.v14i2.6401

The optimal maceration conditions were 02 hours and m/V ratio of 1/20 for the aqueous
extract and those of the ethanolic extract were 30 min and m/V ratio of 1/20. The optimal
freeze-drying conditions were 60h and a 500ml flask 1/3 filled. The presence of flavonoids,
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tannins, saponosides, coumarins, triterpenes and sterols has been highlighted. The phenolics
compounds contents of hydro-ethanolic lyophilisates were higher than those of aqueous
lyophilisates. There was no statistical difference between the antioxidant activity of the
different extracts.

The optimal conditions will serve as a standard for the production of the extract necessary for
the formulation.
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INTRODUCTION

Plants and herbal products are used for therapeutic purposes
around the world and particularly in developing countries for
socio-cultural reasons 1. Plants, in raw or processed form, are
widely used in traditional medicine because of their biologically
active phytochemicals 2. These phytochemicals are known to
have therapeutic properties. These compounds are obtained by
several extraction methods which can constitute the very first
step in the research and development process of a drug 3. The
extraction method must be mastered and validated using
appropriate solvents because it can influence the composition
and content of active substances sought 4. Indeed, the nature
and concentration of the solvent, temperature, time, solid-
liquid ratios, etc. are important factors which can constitute
limits to the extraction of plant bioactive compounds 5 6. One of
the main forms of use of products from medicinal plants is the
liquid form (decocted, macerated or infused, etc.) 7. This
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requires a guarantee of the uniformity of administered doses
and their stability during storage through the development of
modern and adapted dosage forms 8. To do this, the extraction
method must be optimized and standardized. In this study, it
aims to improve the extraction conditions which were chewing
of the leaves and/or crushing before administration of Feretia
apodanthera (Rubiaceae), a plant used in traditional medicine
for the management of stomach aches, urinary infections, sleep
regulation, etc.% 10, This study therefore aimed to determine the
optimal conditions for extraction and freeze-drying of Feretia
apodanthera (Rubiaceae) leaf powders with a view to a galenic
formulation.
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METHODOLOGY
Plant material

The plant material consisted of Feretia apodanthera leaf
powders. The leaves were pulverized and the resulting powder
was used for experimental studies.

Macroscopic and organoleptic characteristics

The examination of the macroscopic characteristics (color,
general shape and texture of the drug) was observed with the
naked eye and that of the organoleptic characteristics (odor and
flavor of the drug) was determined by tasting and sniffing the
powder 11,

Determination of residual moisture content (RMC)

The residual moisture levels of the powders were determined
by the method described by the European Pharmacopoeia 10th
Edition 11. For each test, the measurement was carried out three
times.

Determination of pH

The pH was determined by a pH meter by immersing the
electrode in 1% (m/v) aqueous solutions of each powder. For
each test, the measurement was performed three (03) times.
The mean value and the standard deviation were calculated
(m#standard deviation, n = 3) 12,

Table 1 : Maceration conditions for the two solvents
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Particle size distribution

The particle size was determined by the sieving method of the
European Pharmacopoeia. A column of ten (10) sieves with a
mesh size 0f1;0.9;0.71;0.63;0.5;0.4;0.25;0.16; 0.1and 0
mm was used. The vibration duration was 15 min, and the
amplitude was 70 vibrations per minute. The rejects from the
different sieves were weighed using a precision balance.
Histograms of the simple and cumulative particle size
frequencies were made to graphically determine the median
size (d50) corresponding to the 50% particle size 13.

Preparation of freeze-dried extracts
Choice of maceration parameters

Extraction by maceration of Feretia apodanthera leaf powder in
two solvents was carried out in order to be more or less close to
the condition of traditional use of the plant which consists of
chewing the leaf. This extraction method was carried out
according to the protocol described by Owolabi et al., 12 with
some modifications. The two extraction solvents used were
distilled water and ethanol at 60% (v/v). A test portion of 5 g of
Feretia apondanthera leaf powder was dispersed in different
volumes of distilled water (50, 100 and 200 mL) and shaken
manually. The mixture was macerated for 5 min; 30 mins; 12
hours and 24 hours (Table 1). The maceration conditions were
varied in order to determine the optimal extraction conditions.

Mass/volume ratio (g/mL) Time

5/50 5 min 30 mins 02 hours 12 hours 24 hours
5/100 5 min 30 mins 02 hours 12 hours 24 hours
5/200 5 min 30 mins 02 hours 12 hours 24 hours

After maceration at different times, the liquid extracts were
filtered with Wattman number 1 paper. The filtrates of the
hydro-ethanolic extracts were passed through a Rotavator to
eliminate the ethanol before being taken up with a little distilled
water. All extracts (aqueous and hydro-ethanolic) were stored
in the freezer at a temperature of -80° C before lyophilization.
The freeze-drying conditions were varied in order to determine

Table 2 : Optimization of freeze-drying of extracts

the optimal freeze-drying conditions, namely the volume of the
freeze-drying flask (50 ml; 250 ml and 500 ml), the filling level
of the flasks (3/4; 1/2 and 1/3) and finally the freeze-drying
time (24; 48; 60 and 72 hours) (Table 2). This comparative
study only concerned aqueous extracts; the optimum
parameters obtained were used to lyophilize the hydro-
ethanolic extract.

Flask Volume (ml) Filling the Flask

Time (hours)

50 3/4
1/2
1/3
250 3/4
1/2
1/3
500 3/4
1/2
1/3

24 48 60 72

24 48 60 72

24 48 60 72
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The figure 1 summarizes the maceration and freeze-drying procedures
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Figure 1: Scheme of maceration and freeze-drying procedures

Chemical screening of extracts
Phytochemical screening

Phytochemical screening of the liquid extracts and the
lyophilisate was carried out on chromatoplates (60 F250,
20x20 glass support, Fluka-Silica gel) according to the methods
described in the literature 4. This involved searching for large
chemical groups by thin layer chromatography (TLC) such as
steroid compounds, terpene compounds, saponosides and
phenolic compounds.

Several specific reagents have been used to reveal these groups
of compounds: Sulfuric vanillin reagent and Libermann
Burchard reagent for terpenes and sterols; methanolic 5% (V /
V) KOH reagent for coumarins; Neu reagent for flavonoids; FeCls
reagent for tannins and phenolic compounds and sulfuric
anisaldehyde reagent for saponosides.

Dosage of some chemical molecules of interest

The quantification of phytochemical compounds was carried
out on the extracts with the highest yields and the lowest yields
in order to see possible differences between the contents of the
two yields.

Total phenolics content

Total phenolic compounds were measured according to the
method of Singleton and al., 15. These compounds react with the
Folin Ciocalteu Reagent (FCR) in an alkaline medium. The loss
of a phenolic proton in an alkaline medium leads to a phenolate
anion which is capable of reducing the FCR in which molybdate
is reduced, forming a blue colored molybdenum oxide complex
whose absorption maximum is at 760 nm. The intensity of the
blue color is proportional to the quantity of total phenolics
present in the test portion. The reaction mixture consisted of 1
mL of extract (1 mg/ml), 1 mL of FCR (2N) and 3 mL of sodium
carbonate solution (NazC03, 20%). It was left to stand at room
temperature for 40 min then the absorbance was measured at
760 nm using the Bio Rad spectrophotometer (model 680). In
the white control tube, the extract was replaced by distilled
water. The tests were carried out in triplicate. The total phenolic
concentration of the extract was determined.

Total flavonoids content

The determination of flavonoids was carried out according to
the method of Kumaran et al. 16, To 100 uL of extract with a
concentration of 1 mg/mL, 100 pL of aluminum trichloride (2%
in methanol) were added. After 40 minutes of incubation
against a blank (100 pL of methanol and 100 pL of extract) and
the appearance of a stable yellow color, the absorbance is read
at 415 nm by ultraviolet spectrophotometry (Biotek). The
flavonoid content of the sample is evaluated in relation to a
reference solution of quercetin (0-70 pg/mL). The tests were
ISSN: 2250-1177 [91]

carried out in triplicate and the results are expressed in grams
of quercetin equivalent per g of dry extract (mg EQ/ g). The
flavonoid content of the extract was determined.

Evaluation of antioxidant activity

The antioxidant activity of freeze-dried extracts of Feretia
apodanthera was evaluated by two techniques such as iron
reduction (Ferric Reducing Antioxidant Power or FRAP) and
scavenging of the free radical 2,2-diphenyl-1-picrylhydrazyl
(DPPH).

DPPH Antioxidant Test

The method of Kim et al. 17 made it possible to determine the
ability of the extracts to reduce DPPH free radicals. A series of
eight dilutions from the stock concentration (2 mg/ml) of the
samples and Trolox (reference compound) was carried out. On
a 96-well microplate, each well was filled with 200 pL of DPPH
solution (0.04 mg/ml) and 20 pL of the extract diluted at
different concentrations or the reference. After 40 minutes of
incubation, the absorbance was read at the wavelength of 490
nm using a spectrophotometer. The blank without sample was
prepared under the same conditions and consisted of 200 pL of
DPPH and 20 pL of methanol. A curve of percent DPPH
inhibition was plotted as a function of sample concentration. On
the curve, the concentration necessary to degrade 50% DPPH
(ICs0) was determined.

FRAP Antioxidant Test

The ability of the extracts to reduce ferric ion is determined
according to the Benzie and Strain technic 8. FRAP reagent is
obtained by mixing 2,4,6-Tripyridyl-s-Triazine (TPTZ) solution
(10 mM), sodium acetate buffer solution (pH 3.6), and FeCls
solution (20 mM) in the proportions 1:10:1. An amount of 10 pL
of each extract at different concentrations (from a 0.5 mg/ml
stock solution) was mixed with 300 pL of FRAP reagent and
incubated in the dark for 30 min. The absorbance of the colored
product (ferrous Tripyridyltriazine complex) was measured at
593 nm. Trolox taken as a positive control was prepared under
the same conditions as the samples. A calibration curve was
established with Trolox whose concentrations varied from 500
to 50 ug. mL-1. The antioxidant capacity of the different extracts
was expressed in mg of Trolox equivalent/g of dry matter (mg
of ET/mg of extract).

Results analysis

The results of the pharmacological study are expressed as mean
+ Mean Standard Error (SEM). The different figures were drawn
using GraphPad Software Prism version 5.01. The series were
considered significant when the probability of error (p) was
lower than the agreed risk: 0.05 (p<0.05).
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RESULTS AND DISCUSSION
Physico-chemical characteristics of plant matter

The leaf powder of Feretia apodanthera had a slightly bitter
taste, an astringent odor and was green in color. The
appearance of the powder was uniform to the naked eye with
some rare debris of leaf petioles. The macroscopic and
organoleptic characteristics observed in the powder can be
useful for quality control of the raw material and to
differentiate it from other neighboring powders 19. This will
make it possible to immediately recognize the plant drug, check
its degree of purity according to the present or absence of
foreign elements, mold, etc. and possibly detect adulteration or
falsification 20,

Figure 2 : Image of powder of Feretia apodanthera
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The RMC of the Feretia apodanthera powder used was
7.3+0.03%. Verification of the residual humidity level allows
the estimation of the real weight of the plant material but above
all to qualify the conservation conditions 21. The content
allowed in a drug for its good conservation must not exceed
10% 16. Indeed, high residual water contents (210%) allow the
development of microorganisms (bacteria, yeasts, molds) and
certain enzymatic reactions, leading to harmful consequences
on the appearance of drugs, their organoleptic characteristics,
their therapeutic properties 22. Thus, Feretia apodanthera
powder could be stored without risk of contamination and/or
alteration of these physicochemical compounds over a
determined period.

The average pH of the Feretia apodanthera powder used for the
work was 5.75+ 0.061. pH is also a parameter for controlling
the quality and stability of powders. Indeed, the pH of a powder
could vary depending on the region of harvest due to the
physico-chemical properties of the soil, which could influence
the physico-chemical properties of the plant materials. It could
vary over time of conservation under the influence of
environmental factors 23.

The powder particle size results are shown in the figure below.

n
0.4 0.1 0

0.25 0.16

Mesh opening (mm)

Figure 3: Frequency curve of the particle size of Feretia apodanthera leaf powder

The powders were all homogeneous and moderately fine. After
shaking the sieves at 50 vibrations per minute for 15 minutes,
more than 95% of the 100g of the powder passes through sieve
No. 1400 and less than 40% passes through sieve No. 355, the
powder is therefore classified as coarse. in terms of particle size
and distribution more or less homogeneous according to the
European Pharmacopoeia 10th Edition 11. The average particle
diameter of the powder is 0.461+/- mm. The particle size
intervenes in the physical and functional properties of a
powder (flow, density, solubility, wettability, etc.) 24. This
particle size is could be used during extraction, as it influences
solubility and wettability 24.

Results of freeze-drying optimization

The results of the optimization of the freeze-drying conditions
are shown in Table 3. The extracts were considered completely
dry when their RMC was less than 10%. No extract contained in
the 3 flasks filled at different proportions had a RMC lower than
10 after 24 hours of freeze-drying. After 48 hours, only the
extracts contained in the 50 and 250 ml flasks filled 1/3 had
RMCs lower than 10%. All the extracts contained in the flasks
(50, 250 and 500 ml) filled 1/3 had their RMC less than 10%
ISSN: 2250-1177 [92]

after 60 hours of freeze-drying. After 72 hours, all the extracts
contained in the 50 ml flasks filled 3/4; 1/2 and 1/3 had RMCs
less than 10% while only the extracts contained in the 250 and
500 Flask filled to 1/3 had RMCs less than 10%. The duration
of freeze-drying was inversely proportional to the thickness of
the raw material contained in the flask.

A reduction in the thickness of the raw material would reduce
the resistance to heat transfer and internal materials by
increasing the drying speed which would lead to a reduction in
the freeze-drying time 25. Indeed, during sublimation, the ice is
converted into vapor which condenses in the freeze dryer
chamber preventing its return to the flask 26 27. As this
sublimation progresses, the sublimation front, which is the
interface between the dry part and the frozen part, moves from
the surface of the product towards the center, thus increasing
the dry proportion of the material 28. Also, for a given Flask
volume, drying is faster in lightly filled Flask (third of the
volume) 29. In fact, the smaller and less filled the Flasks, the
shorter the freeze-drying time. The duration of freeze-drying at
60 hours with a flask 1/3 filled was maintained as optimal
condition. Furthermore, the hydroalcoholic extracts lyophilized
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under these conditions (Flask 1/3 filled and 60 hours of
lyophilization) also gave a dry lyophilisate with RMC less than
10%. The 500 ml flask filled 1/3 at 60 hours could be preferred
over the 50 and 250 ml flasks filled 1/3 at the same time since

Table 3 : Results of freeze-drying optimization

Journal of Drug Delivery & Therapeutics. 2024; 14(2):89-97

its volume at 1/3 exceeds the sum of 1/3 volume of the other
two Flasks. Optimal freeze-drying conditions could be obtained
at 60 hours with a 500 ml flask filled 1/3.

Flask Volume (ml) Filling the Flask

50 3/4
1/2
1/3
250 3/4
1/2
1/3
500 3/4
1/2
1/3

Time (hours)

24 48 60 72
- - - +
- - - +
- + + +
- + + +
- - + +

+ symbol: RMC is less than 10%, therefore the lyophilisate is dry
- symbol: RMC greater than 10% or presence of ice in the Flask

Extraction yield

The following table represents the extraction yields of the aqueous and hydro-ethanolic extracts following the optimization plan (Table

4).

Table 4 : Extraction yields of aqueous and hydro-ethanolic extracts

Temps

Extract m/v ratio 5 min 30 mins 02 hours 12 hours 24 hours
(g/mL)

Aqueous 5/50 12.8 14 14.4 14.7 21.7
5/100 14.4 17.8 20.4 20.8 25*
5/200 16.4 19.6 23.6* 24.8* 26.8*

Hydro ethanolic 5/50 20.2 24.6 25.7 214 22.8
5/100 24.1 26.6 29.5 31.6 31.8
5/200 29.8 32.4# 34.8# 36.8# 40.8

* No significant difference with the highest yield with the aqueous extract

#No significant difference with the highest yield with the hydro-alcoolic extract

For each of the two types of solvent, the highest yields were
obtained with extracts whose maceration was 24 hours with a
mass/volume ratio of 1/40 (5/200) and the lowest yields
obtained with macerations of 5 min with a mass/volume ratio
of 1/10 (5/50). The hydroethanolic extracts had the highest
yields compared to those of the aqueous extracts despite
variations in the two parameters, namely the mass/volume
ratio from 1/10 to 1/40 and the maceration time from 5 min to
24 hours.

The lowest yield, for aqueous maceration, was 12.8% for the
proportion of 5/50 at time 5 min and the highest was 26.8% for
the proportion 5/200 at time 24 hours. After a statistical
analysis, there was no difference between the yield obtained
with the proportion 5/200 at 24 hours and those obtained at 2
hours with the proportion 5/200 and 5/100. The best yield was
obtained with the proportion 5/100 at time 02 hours.

The yields after hydro-ethanolic maceration were between
20.2% obtained at time 5 min with the mass/volume ratio of
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5/50 and 40.8% obtained at time 24 hours with the m/v ratio
of 5/200. After a statistical analysis, there is no difference
between the yield obtained at 24 hours and that at 12 hours at
the same mass/volume ratio of 5/200. There is also no
statistical difference between the yields obtained at times 30
min, 02 and 12 hours with the same proportion 5/200. The best
yield was obtained at time 30 min with the ratio 5/200.

Extraction is a mass transfer process involving three steps,
penetration of the solvent into the solid phase (internal
transport), dissolution of the solute (solubility) and diffusion of
the solute from the solid phase to the solvent (external
transport) 30. The choice of solvents (water and 40:60 water-
ethanol mixture) was made taking into account the traditional
form of use (saliva). Indeed, the choice of solvent is made
according to several criteria including the solubility of specific
components in the solvent 31. The higher yield with hydro-
ethanolic extracts than aqueous extracts could be explained by
the fact that ethanol, an organic solvent (low toxicity, easy
acquisition, etc.), would give a fairly high yield of the same
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extract as 'being not very selective for phenols 32. On the other
hand, the mixture of alcohol and in particular ethanol and water
was found to be more effective in extracting phenolic
constituents than the corresponding single-component solvent
system 33. The highest yield was obtained with the lowest
mass/volume ratio (5/200) and the longest time (24 hours).
Increasing the volume of solvent relative to the sample would
allow an increase in mass transfer between the solvent and the
sample. Indeed, a high volume of solvent makes it possible to
dissolve phytochemical compounds more efficiently, thus
improving the extraction yield 34. Optimization, whose common
objectives are to minimize costs or maximize desired profits,
product quality and operating efficiency, is the act of obtaining
the best possible result or the effort to obtain 'an optimal
solution in a given set of circumstances 3. In this study, the
highest extraction yields were obtained with the highest
volumes of the two solvents at the longest times. In
optimization testing and after statistical analysis, the best
performance was obtained with the proportion 5/100 at time
02 hours. Indeed, after an aqueous maceration of 12 hours
compared to 2 hours, there is only 1.2% on the highest yield

Tannins and phenolics compounds Flavonoids
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which was added in 10 hours interval. Also, the yield obtained
at the highest volume (200 ml) was 23.6% while with half of
this volume, i.e. at 100 ml, the yield was 20.4% (3.2% less than
the volume of 200 ml). Taking into account the solvent cost ratio
and the extraction yield, the best yield obtained with the
proportion 5/100 at time 02 hours could be considered as the
optimal yield. For hydro-ethanolic maceration, the best yield
was obtained at 30 min with the ratio 5/200. In order to have
the solvent cost ratio and the extraction yield, the yield of the
mass-volume ratio of 5/100 obtained at 30 min could be chosen
as optimal yield with a percentage of 26.6% or 5.8 % less than
that of the mass-volume ratio of 5/200 at the same time. These
extraction methods chosen as optimal would meet the
optimization conditions which would be to maximize yield,
quality and reduce the extraction cost 31.

Results of phytochemical screening by TLC

The following figures 4 represent the chromatographic profiles
of the aqueous and ethanolic extracts of Feretia apodanthera
revealed by different reagents.

Triterpenes and sterols

LAVE  ACS ACSE HAL HALEHES HOSF

Figure 4: Chromatographic revelation of different groups of Feretia apodanthera extracts
* Solvent system : Ethyl acetate /Methanol/Water 10/1.7/1.3

Chemical groups such as flavonoids, tannins, saponosides,
coumarins, triterpenes and sterols were demonstrated in the
liquid extracts and lyophilisate of Feretia apodanthera leaves.
Chromatographic profiles of crude liquid extracts are similar to
those of extracts reconstituted from lyophilisate. Lyophilization
appears not to denature the extracts and would be a good
drying method in order to keep all the chemical groups present
in the crude extracts intact. Also, it was noticed that the same
chemical groups were found in the extracts from the different
solvents (aqueous and hydroalcoholic). Finally, the extracts
with the highest yields and those with the lowest yields had the
same chromatographic profiles. The extraction parameters
studied (nature of the solvent, duration, m/V ratio) seem not to
influence the quality of the chemical constitution of the powder.
Previous work carried out in Mali on leaves also highlighted the
presence of tannins, saponosides and coumarins but not

ISSN: 2250-1177 [94]

flavonoids, triterpenes and sterols 35. This difference could be
explained by the method of detection used which was the tube
test in the other and the TLC in this present study. Researched
phytochemicals are known to have therapeutic properties. The
two extraction solvents used being polar could exclude the
presence of certain non-polar phytochemicals. Indeed, phenolic
compounds, most abundant in polar solvents, are the most
common phytochemicals in all parts of a plant, including leaves,
bulbs, flowers and stems 3¢. They constitute one of the largest
groups of secondary metabolites produced by all plants .
Phenolic compounds play a large role in protection against
certain diseases due to their possible interaction with
numerous enzymes and their antioxidant properties 37, hence
their choice as compounds of interest in the remainder of the
study.
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Compounds of interest contents

Journal of Drug Delivery & Therapeutics. 2024; 14(2):89-97

The results of the determination of the compounds of interest are recorded in Table 5.

Table 5: Total phenolic and flavonoid contents of extracts

Extracts Total phenolics in mg EAT /g DM Flavonoids in mg EQ/g DM

Al 355.75 +64.50 76.25+ 0.60
A2 461.57 £ 68.52 78.18 £ 0.57
HA1 400.46+ 26.16 76.95 + 0.98
HA2 484.42+ 40.72 81.62 £ 0.92

* Al and A2: Aqueous extract with the lowest yield A1 and the highest A2

HA1 and HA2: hadro-alcoolic extract with the lowest yield HA1 and the highest HA2

The total phenolic content of the samples ranged from 355.75 +
64.50 to 484.42 + 40.72 mg EAT/g DM. The highest content of
total phenolics was obtained with the hydroalcoholic
lyophilisate having the highest yield with 484.42 + 40.72 mg
EAT/g DM while the aqueous lyophilisate having the lowest
yield gave the lowest content with 355.75 + 64.50 mg EAT/g
DM. There was no statistical difference between the contents of
the lyophilized aqueous and ethanolic extracts with the lowest
yields. Under the same extraction condition, the hydroalcoholic
lyophilisates had a high total phenolic content compared to that
of the aqueous lyophilisates. The solubility of secondary
metabolites like polar compounds could be increased in mixed
solvents (co-solvents) compared to single solvents 17 which
could explain the higher content of phenolic compounds in
hydroalcoholic lyophilisates even if those were not very big. A
small variation in total flavonoids was observed between the
different lyophilisates. The highest flavonoid content was
observed with the hydroalcoholic lyophilisate having the
highest yield with 81.62 + 0.92 mg EQ/g DM while the lowest
flavonoid content of 76.25 + 0.98 mg EQ/g DM was obtained
with the lowest yield aqueous lyophilisate. After a statistical

Table 6: Antioxidant activity of the extracts

analysis, there was no difference between the content of
aqueous lyophilisates and that of hydroalcoholic lyophilisates.
The phenolic compound contents of Feretia apodanthera in this
study were higher than those of the same plant in literature
data 38. This difference could be explained by the nature of the
solvents used and also by the soil conditions. Flavonoids are the
most commonly used because of their varied properties such as
antioxidant, anti-inflammatory, antispasmodic, antiallergic,
antitumor, antibacterial, anticancer, etc. 39 Studies on
medicinal plants have established a correlation between
phenolic compounds and antioxidant power 49, hence the
evaluation of the antioxidant activity of extracts by the DPPH
and FRAP methods. In optimization studies, the activity of the
extracts can be considered as one of the responses allowing a
choice to be made on the most optimal extraction conditions 36.

Antioxidant activity

The results of the antioxidant activity of the extracts are shown
in Table 6.

Extracts DPPH ICs (ng/mL) FRAP (mg TE/mg E)
Al 8,44+1,09 0,87+ 0,02

A2 8,58+0.83 1,33+0,06

HA1 6,85+0.68 1,12 + 0,06

HA2 7,78+0.11 1,32+ 0,04

Trolox 7,96£06 e

Ellagicacid e 0,73 +0,07

* Al and A2: Aqueous extract with the lowest yield A1 and the highest A2

HA1 and HA2: hadro-alcoolic extract with the lowest yield HA1 and the highest HA2

By the DPPH method, the inhibitory concentrations 50 (ICso) of
the extracts varied from 6.85+0.68 pg/mL with the
hydroalcoholic extract having the lowest yield to 8.58+0.83
pug/mL with the aqueous extract having the lowest yield.
highest yield compared to 7.96+0.6 pg/mL corresponding to
the ICso of Trolox. The ICso of the extracts are very close to that
of Trolox, demonstrating an existing anti-radical activity
comparable to that of Trolox, which is a reference compound.
After statistical analysis, there is no difference between the
activity of the aqueous and hydroethanolic lyophilisates and
that of the reference compound, between the two lyophilisates
(aqueous and ethanolic) both with the highest and lowest
yields. The antioxidant activity of the lyophilisates by the FRAP
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method varied from 0.87+ 0.02 mg ET/mgE with the aqueous
lyophilisate having the lowest yield to 1.33+ 0.06 mg ET/mgE
with the aqueous lyophilisate having the highest yield. There
was no statistical difference between the activities of the
hydroethanolic lyophilisates (lowest and highest yields) and
that of the most active aqueous lyophilisate. The activity of the
three statistically identical lyophilisates was greater than that
of the reference compound used in this study (ellagic acid).
Only the activity of the aqueous extract with the lowest yield
was similar to that of the reference compound.

Work carried out in previous studies on the aerial parts of the
plant had also obtained higher antioxidant activities with the
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acetone-water co-solvent than the aqueous solvent 41. In this
study, the freeze-dried aqueous and hydroethanolic extracts of
Feretia apodanthera leaves had statistically the same activities.
This difference could be explained by the fact that the
antioxidant activity does not necessarily depend on the content
of phenolic compounds, although they were linked, but on their
chemical structure, their characteristic of donating hydrogen to
free radicals, their iron binding capacity, etc. 42. Indeed, the
extracts with the lowest yields and that of the extracts with the
highest yields had similar antioxidant activities despite the
different contents of phenolic compounds. The antioxidant
potential of freeze-dried extracts of Feretia apodanthera leaves
can help manage diseases related to free radicals, aging, sleep
disorders, etc.

CONCLUSION

This study on Feretia apodanthera leaf powder made it possible
to obtain the best freeze-drying conditions (choice of flask,
filling volume and freeze-drying time) which were a 500 ml
flask filled to 1/3 with freeze-drying time 60 hours. Also, with
the different variations of the two extracts (aqueous and freeze-
dried hydro-ethanolic) namely the mass/volume ratio and the
maceration time, the highest yields of 26.8% for the aqueous
macerated and 40.8% for the hydro-ethanolic macerated were
obtained after 24 hours with m/v ratios of 1/40. The yield of
the aqueous extract, 20.4%, obtained at the ratio 5/100 at time
T 02 hours and that of the hydro-ethanolic extract (32.4%)
obtained at the ratio 5/200 at time T 30 min could be taken as
the best returns. The phytochemical screening carried out on
the different freeze-dried aqueous and hydro-ethanolic extracts
indicated the presence of compounds of interest, such as
polyphenols, tannins, flavonoids, sterols, coumarins and
saponosides. The study of total phenolic and flavonoid contents
showed that hydro-ethanolic extracts have a better total
phenolic content. However, there were no significant
differences between the flavonoid contents of the different
extracts depending on their yield and the extraction solvents.
The evaluation of the antioxidant power of the extracts shows
that they act both by trapping free radicals and by reducing
metal ions. The results obtained in this work could guide the
choice of optimal conditions for experimental studies.

Conflicts of interest

The author(s) declare no conflict of interest.

Acknowledgement

The authors thank Centre de Formation, de Recherche et
d’Expertises en sciences du Médicament (CEA-CFOREM) de
I'Université Joseph Ki-Zerbo du Burkina Faso and Institut de
Recherche en Sciences de la Santé (IRSS)

REFERENCES

1. Rijo P, Falé PL, Serralheiro ML, Simdes MF, Gomes A, Reis C.
Optimization of medicinal plant extraction methods and their
encapsulation through extrusion technology. Measurement.
2014;58:249-55.
https://doi.org/10.1016/j.measurement.2014.08.045

2. Jurinjak Tusek A, Benkovi¢ M, Valinger D, Jurina T, Belsc¢ak-
Cvitanovi¢ A, Gajdos Kljusuri¢ J. Optimizing bioactive compounds
extraction from different medicinal plants and prediction through
nonlinear and linear models. Industrial Crops and Products.
2018;126:449-58. https://doi.org/10.1016/j.indcrop.2018.10.040

3. Nekkaa A, Benaissa A, Lalaouna AED, Mutelet F, Canabady-Rochelle
L. Optimization of the extraction process of bioactive compounds
from Rhamnus alaternus leaves using Box-Behnken experimental
design. Journal of Applied Research on Medicinal and Aromatic
Plants. 2021;25:100345.
https://doi.org/10.1016/j.jarmap.2021.100345

ISSN: 2250-1177 [96]

Journal of Drug Delivery & Therapeutics. 2024; 14(2):89-97

4. Ouedraogo S, Yoda ], Traore TK, Nitiema M, Sombie BC, Diawara HZ,
et al. Production de matiéres premiéres et fabrication des
médicaments a base de plantes médicinales. International Journal
of Biological and Chemical Sciences. 2021;15(2):750-72.
https://doi.org/10.4314 /ijbcs.v15i2.28

5. Faboro EO, Adekunle DO, Obisesan IA, Oyinlola TA. Optimization of
extraction conditions for phytochemicals from Senna fistula using
cheminformatics. SN Applied Sciences. 2023;5(8):209.
https://doi.org/10.1007 /s42452-023-05421-9

6. Abu Bakar FI, Abu Bakar MF, Abdullah N, Endrini S, Fatmawati S.
Optimization of extraction conditions of phytochemical
compounds and anti-gout activity of Euphorbia hirta L.(Ara
Tanah) using response surface methodology and liquid
chromatography-mass spectrometry (LC-MS) Analysis. Evidence-
Based Complementary and Alternative Medicine. 2020;2020.
https://doi.org/10.1155/2020/4501261 PMid:32047524
PMCid:PMC7007754

7. Tibiri A, Boria S, Traoré TK, Ouédraogo N, Nikiéma A, Ganaba S, et al.
Countrywide Survey of Plants Used for Liver Disease Management
by Traditional Healers in Burkina Faso. Frontiers in
Pharmacology. 2020;11(1750).
https://doi.org/10.3389/fphar.2020.563751 PMid:33597863
PMCid:PMC7883685

8. Le Hir A. Vie d'un médicament, de la conception aux bonnes
pratiques de fabrication. Abrégés de pharmacie galénique Bonnes
pratiques de fabrication des médicaments 9éme édition Masson.
2001:4-8.

9. A.CE, Atawodi SE. Ethnomedicinal survey of plants used by the
Kanuris of North-eastern Nigeria. Indian Journal of Traditional
Knowledge. 2012;11:640-5.

10. Inngjerdingen K, Nergard CS, Diallo D, Mounkoro PP, Paulsen BS.
An ethnopharmacological survey of plants used for wound healing
in Dogonland, Mali, West Africa. Journal of ethnopharmacology.
2004;92(2-3):233-44. https://doi.org/10.1016/j.jep.2004.02.021
PMid:15138006

11. Ph.Eur. Pharmacopée européenne 10éme édition 10.0, 10.1, 10.2-
edqm / conseil de I'europe 2019.

12. Owolabi 00, James DB, Sani I, Andongma BT, Fasanya 00, Kure B.
Phytochemical analysis, antioxidant and anti-inflammatory
potential of FERETIA APODANTHERA root bark extracts. BMC
Complement Altern Med. 2018;18(1):12.
https://doi.org/10.1186/s12906-017-2070-z PMid:29329564
PMCid:PMC5767069

13. Ph.Eur. Pharmacopée Européenne, 6eme édition, conseil d'Europe.
Stratbourg; 2008.

14. Bekro Y-A, Mamyrbekova |, Boua BB, Bi FT, Ehile EE. Etude
ethnobotanique et screening phytochimique de Caesalpinia
benthamiana (Baill.) Herend. et Zarucchi (Caesalpiniaceae).
Sciences & Nature. 2007;4(2):217-25.
https://doi.org/10.4314 /scinat.v4i2.42146

15. Singleton VL, Orthofer R, Lamuela-Raventos RM. Analysis of total
phenols and other oxidation substrates and antioxidants by means
of Folin-Ciocalteu reagent. Methods in enzymology.
1999;299:152-78. https://doi.org/10.1016/S0076-
6879(99)99017-1

16. Kumaran A, Joel Karunakaran R. In vitro antioxidant activities of
methanol extracts of five Phyllanthus species from India. LWT -
Food Science and Technology. 2007;40(2):344-52.
https://doi.org/10.1016/j.lwt.2005.09.011

17.Kim KS, Lee S, Lee YS, Jung SH, Park Y, Shin KH, et al. Anti-oxidant
activities of the extracts from the herbs of Artemisia apiacea.
Journal of ethnopharmacology. 2003;85(1):69-72.
https://doi.org/10.1016/S0378-8741(02)00338-0
PMid:12576204

18. Benzie IF, Strain J]. The ferric reducing ability of plasma (FRAP) as
a measure of "antioxidant power": the FRAP assay. Analytical
biochemistry. 1996;239(1):70-6.
https://doi.org/10.1006/abio.1996.0292 PMid:8660627

CODEN (USA): JDDTAO


https://doi.org/10.1016/j.measurement.2014.08.045
https://doi.org/10.1016/j.indcrop.2018.10.040
https://doi.org/10.1016/j.jarmap.2021.100345
https://doi.org/10.4314/ijbcs.v15i2.28
https://doi.org/10.1007/s42452-023-05421-9
https://doi.org/10.1155/2020/4501261
https://doi.org/10.3389/fphar.2020.563751
https://doi.org/10.1016/j.jep.2004.02.021
https://doi.org/10.1186/s12906-017-2070-z
https://doi.org/10.4314/scinat.v4i2.42146
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1016/j.lwt.2005.09.011
https://doi.org/10.1016/S0378-8741(02)00338-0
https://doi.org/10.1006/abio.1996.0292

Ouédraogo et al

19. Lehmann H. Le médicament a base de plantes en Europe: statut,
enregistrement, contrdles: Université de Strasbourg; 2013.

20. Ouédraogo S, Sombié BC, Ouédraogo JCW, Traoré TK, Traoré S,
Nitiéma M, et al. Standardization of Extracts from Trunks's Barks
of Lannea microcarpa engl. and K. Krause (Anacardiaceae) and
Anogeissus leiocarpus (DC) Guill. and Perr.(Combretaceae) for the
Formulation of Antihypertensive Herbal Medicines.". Int ] Pharm
Sci Rev Res. 2018;48(1):92-7.

2

[

. Lagnika L. Etude phytochimique et activité biologique de
substances naturelles isolées de plantes béninoises.
France/Bénin: Université Louis Pasteur Starsbourg/Université
d'Abomey Calavi. 2005:280.

2

N

. Parejo [, Viladomat F, Bastida ], Rosas-Romero A, Flerlage N,
Burillo ], et al. Comparison between the radical scavenging activity
and antioxidant activity of six distilled and nondistilled
Mediterranean herbs and aromatic plants. Journal of agricultural
and food chemistry. 2002;50(23):6882-90.
https://doi.org/10.1021/jf020540a PMid:12405792

23. Mansouri A, Embarek G, Kokkalou E, Kefalas P. Phenolic profile
and antioxidant activity of the Algerian ripe date palm fruit
(Phoenix dactylifera). Food Chemistry. 2005;89(3):411-20.
https://doi.org/10.1016/j.foodchem.2004.02.051

24. Horter D, Dressman J. Influence of physicochemical properties on
dissolution of drugs in the gastrointestinal tract. Advanced drug
delivery reviews. 2001;46(1-3):75-87.
https://doi.org/10.1016/5S0169-409X(00)00130-7
PMid:11259834

25. Pikal M], Roy ML, Shah S. Mass and heat transfer in vial freeze-
drying of pharmaceuticals: role of the vial. ] Pharm Sci.
1984;73(9):1224-37. https://doi.org/10.1002/jps.2600730910
PMid:6491939

26. Toulemonde M, Désage S-F. La Lyophilisation ou
Cryodessiccation2009.

27. Tang X, Pikal M]. Design of freeze-drying processes for
pharmaceuticals: practical advice. Pharm Res. 2004;21:191-200.
https://doi.org/10.1023/B:PHAM.0000016234.73023.75
PMid:15032301

28. Goldman JM, Chen X, Register JT, Nesarikar V, Iyer L, Wu Y, et al.
Representative Scale-Down Lyophilization Cycle Development
Using a Seven-Vial Freeze-Dryer (MicroFD®). Journal of
Pharmaceutical Sciences. 2019;108(4):1486-95.
https://doi.org/10.1016/j.xphs.2018.11.018 PMid:30468831

29. Kawasaki H, Shimanouchi T, Kimura Y. Recent Development of
Optimization of Lyophilization Process. Journal of Chemistry.
2019;2019:9502856. https://doi.org/10.1155/2019/9502856

30. Lim YP, Pang SF, Yusoff MM, Abdul Mudalip SK, Gimbun J.
Correlation between the extraction yield of mangiferin to the
antioxidant activity, total phenolic and total flavonoid content of
Phaleria macrocarpa fruits. Journal of Applied Research on
Medicinal and Aromatic Plants. 2019;14:100224.
https://doi.org/10.1016/j.jarmap.2019.100224

31. Tzia C, Liadakis G. Extraction optimization in food engineering:
CRC Press; 2003. https://doi.org/10.1201/9780824756185

ISSN: 2250-1177 [97]

32.

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

Journal of Drug Delivery & Therapeutics. 2024; 14(2):89-97

Naczk M, Shahidi F. Extraction and analysis of phenolics in food.
Journal of Chromatography A. 2004;1054(1):95-111.
https://doi.org/10.1016/S0021-9673(04)01409-8
PMid:15553136

Spigno G, Tramelli L, De Faveri DM. Effects of extraction time,
temperature and solvent on concentration and antioxidant
activity of grape marc phenolics. Journal of Food Engineering.
2007;81(1):200-8.
https://doi.org/10.1016/j.jfoodeng.2006.10.021

. Ngamkhae N, Monthakantirat O, Chulikhit Y, Boonyarat C,

Maneenet ], Khamphukdee C, et al. Optimization of extraction
method for Kleeb Bua Daeng formula and comparison between
ultrasound-assisted and microwave-assisted extraction. Journal of
Applied Research on Medicinal and Aromatic Plants.
2022;28:100369. https://doi.org/10.1016/j.jarmap.2022.100369

Sangaré D. Etude de la prise en charge du paludisme par les
thérapeutes traditionnels dans les aires de santé de Kendié
(Bandiagara) et de Finkolo AC (Sikasso): Université de Bamako;
2004.

Anne R, Nithyanandam R. Optimization of extraction of bioactive
compounds from medicinal herbs using response surface
methodology. Int Proc Chem Biol Environ Eng. 2016;99:76-85.

Muanda F. Identification de polyphénols, évaluation de leur
activité antioxydante et étude de leurs propriétés biologiques
2010.

Silué G, Ouoba K, Ngolsu F, Ouedraogo S, Kouakou-Siransy G,
Semdé R. Traditional uses, phytochemical and pharmacological
properties of Feretia apodanthera Del. (Rubiaceae): a literature
review. Advances in Traditional Medicine. 2023.
https://doi.org/10.1007/s13596-023-00695-1

Sidhic ], George S, Alfarhan A, Rajagopal R, Olatunji O],
Narayanankutty A. Phytochemical Composition and Antioxidant
and Anti-Inflammatory Activities of Humboldtia sanjappae Sasidh.
& Sujanapal, an Endemic Medicinal Plant to the Western Ghats.
2023;28(19). https://doi.org/10.3390/molecules28196875
PMid:37836717 PMCid:PMC10574196

Sidhic ], George S, Alfarhan A, Rajagopal R, Olatunji O],
Narayanankutty A. Phytochemical Composition and Antioxidant
and Anti-Inflammatory Activities of Humboldtia sanjappae Sasidh.
& Sujanapal, an Endemic Medicinal Plant to the Western Ghats.
Molecules (Basel, Switzerland). 2023;28(19):6875.
https://doi.org/10.3390/molecules28196875 PMid:37836717
PMCid:PMC10574196

Coulibaly AY, Hashim R, Sulaiman SF, Sulaiman O, Ang LZP, Ooi KL.
Bioprospecting medicinal plants for antioxidant components.
Asian Pacific journal of tropical medicine. 2014;7:S553-S9.
https://doi.org/10.1016/S1995-7645(14)60289-3
PMid:25312183

Kruk J, Aboul-Enein BH, Duchnik E, Marchlewicz M. Antioxidative
properties of phenolic compounds and their effect on oxidative
stress induced by severe physical exercise. The Journal of
Physiological Sciences. 2022;72(1):19.
https://doi.org/10.1186/s12576-022-00845-1 PMid:35931969
PMCid:PMC10717775

CODEN (USA): JDDTAO


https://doi.org/10.1021/jf020540a
https://doi.org/10.1016/j.foodchem.2004.02.051
https://doi.org/10.1016/S0169-409X(00)00130-7
https://doi.org/10.1002/jps.2600730910
https://doi.org/10.1023/B:PHAM.0000016234.73023.75
https://doi.org/10.1016/j.xphs.2018.11.018
https://doi.org/10.1155/2019/9502856
https://doi.org/10.1016/j.jarmap.2019.100224
https://doi.org/10.1201/9780824756185
https://doi.org/10.1016/S0021-9673(04)01409-8
https://doi.org/10.1016/j.jfoodeng.2006.10.021
https://doi.org/10.1016/j.jarmap.2022.100369
https://doi.org/10.1007/s13596-023-00695-1
https://doi.org/10.3390/molecules28196875
https://doi.org/10.3390/molecules28196875
https://doi.org/10.1016/S1995-7645(14)60289-3
https://doi.org/10.1186/s12576-022-00845-1

