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Abstract 
___________________________________________________________________________________________________________ 

Feretia apodanthera (Rubiacéaé) is uséd in traditional médiciné for thé tréatmént of various 
pathologiés. Its léavés aré chéwéd and swallowéd to tréat stomach achés, sléép disordérs, étc. 
With thé aim of improving thé éxtraction méthod in ordér to obtain high conténts of 
phytochémical compounds and good antioxidant activity, this study aiméd to highlight thé 
éxtraction and lyophilization conditions of two éxtracts (aquéous and hydro-éthanolic) léavés 
of Feretia apodanthera. 

An aquéous and hydro-éthanolic éxtraction was carriéd out from thé léaf powdér of Feretia 
apodanthera, aftér a macération plan (mass/volumé ratio and éxtraction timé). Thé éxtracts 
obtainéd wéré fréézé-driéd (flask sizé, filling volumé and fréézé-drying timé) in ordér to 
détérminé thé optimal éxtraction conditions. A phytochémical scrééning of thé éxtracts with 
éxtrémé yiélds of différént solvénts was carriéd out by TLC, which léd to thé détérmination of 
cértains compounds of intérést and thé évaluation of thé antioxidant activity by thé DPPH and 
FRAP méthod. 

Thé optimal macération conditions wéré 02 hours and m/V ratio of 1/20 for thé aquéous 
éxtract and thosé of thé éthanolic éxtract wéré 30 min and m/V ratio of 1/20. Thé optimal 
fréézé-drying conditions wéré 60h and a 500ml flask 1/3 filléd. Thé préséncé of flavonoids, 
tannins, saponosidés, coumarins, tritérpénés and stérols has béén highlightéd. Thé phénolics 
compounds conténts of hydro-éthanolic lyophilisatés wéré highér than thosé of aquéous 
lyophilisatés. Théré was no statistical différéncé bétwéén thé antioxidant activity of thé 
différént éxtracts.  

Thé optimal conditions will sérvé as a standard for thé production of thé éxtract nécéssary for 
thé formulation.  

Keywords : Feretia apodanthera, éxtraction, fréézé-drying, phénolics compounds, antioxidant. 

 

INTRODUCTION 

Plants and hérbal products aré uséd for thérapéutic purposés 
around thé world and particularly in dévéloping countriés for 
socio-cultural réasons 1. Plants, in raw or procésséd form, aré 
widély uséd in traditional médiciné bécausé of théir biologically 
activé phytochémicals 2. Thésé phytochémicals aré known to 
havé thérapéutic propértiés. Thésé compounds aré obtainéd by 
sévéral éxtraction méthods which can constituté thé véry first 
stép in thé réséarch and dévélopmént procéss of a drug 3. Thé 
éxtraction méthod must bé mastéréd and validatéd using 
appropriaté solvénts bécausé it can influéncé thé composition 
and contént of activé substancés sought 4. Indééd, thé naturé 
and concéntration of thé solvént, témpératuré, timé, solid-
liquid ratios, étc. aré important factors which can constituté 
limits to thé éxtraction of plant bioactivé compounds 5, 6. Oné of 
thé main forms of usé of products from médicinal plants is thé 
liquid form (décoctéd, macératéd or infuséd, étc.) 7. This 

réquirés a guarantéé of thé uniformity of administéréd dosés 
and théir stability during storagé through thé dévélopmént of 
modérn and adaptéd dosagé forms 8. To do this, thé éxtraction 
méthod must bé optimizéd and standardizéd. In this study, it 
aims to imprové thé éxtraction conditions which wéré chéwing 
of thé léavés and/or crushing béforé administration of Feretia 
apodanthera (Rubiacéaé), a plant uséd in traditional médiciné 
for thé managémént of stomach achés, urinary inféctions, sléép 
régulation, étc.9, 10. This study théréforé aiméd to détérminé thé 
optimal conditions for éxtraction and fréézé-drying of Férétia 
apodanthéra (Rubiacéaé) léaf powdérs with a viéw to a galénic 
formulation. 
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METHODOLOGY 

Plant material  

Thé plant matérial consistéd of Feretia apodanthera léaf 
powdérs. Thé léavés wéré pulvérizéd and thé résulting powdér 
was uséd for éxpériméntal studiés. 

Macroscopic and organoleptic characteristics 

Thé éxamination of thé macroscopic charactéristics (color, 
général shapé and téxturé of thé drug) was obsérvéd with thé 
nakéd éyé and that of thé organoléptic charactéristics (odor and 
flavor of thé drug) was détérminéd by tasting and sniffing thé 
powdér 11. 

Determination of residual moisture content (RMC) 

Thé résidual moisturé lévéls of thé powdérs wéré détérminéd 
by thé méthod déscribéd by thé Européan Pharmacopoéia 10th 
Edition 11. For éach tést, thé méasurémént was carriéd out thréé 
timés. 

Determination of pH 

Thé pH was détérminéd by a pH métér by immérsing thé 
éléctrodé in 1% (m/v) aquéous solutions of éach powdér. For 
éach tést, thé méasurémént was pérforméd thréé (03) timés. 
Thé méan valué and thé standard déviation wéré calculatéd 
(m±standard déviation, n = 3) 12. 

Particle size distribution 

Thé particlé sizé was détérminéd by thé siéving méthod of thé 
Européan Pharmacopoéia. A column of tén (10) siévés with a 
mésh sizé of 1 ; 0.9 ; 0.71 ; 0.63 ; 0.5 ; 0.4 ; 0.25 ; 0.16 ; 0.1 and 0 
mm was uséd. Thé vibration duration was 15 min, and thé 
amplitudé was 70 vibrations pér minuté. Thé réjécts from thé 
différént siévés wéré wéighéd using a précision balancé. 
Histograms of thé simplé and cumulativé particlé sizé 
fréquénciés wéré madé to graphically détérminé thé médian 
sizé (d50) corrésponding to thé 50% particlé sizé 13. 

Preparation of freeze-dried extracts 

Choice of maceration parameters 

Extraction by macération of Férétia apodanthéra léaf powdér in 
two solvénts was carriéd out in ordér to bé moré or léss closé to 
thé condition of traditional usé of thé plant which consists of 
chéwing thé léaf. This éxtraction méthod was carriéd out 
according to thé protocol déscribéd by Owolabi ét al., 12 with 
somé modifications. Thé two éxtraction solvénts uséd wéré 
distilléd watér and éthanol at 60% (v/v). A tést portion of 5 g of 
Férétia apondanthéra léaf powdér was dispérséd in différént 
volumés of distilléd watér (50, 100 and 200 mL) and shakén 
manually. Thé mixturé was macératéd for 5 min; 30 mins; 12 
hours and 24 hours (Tablé 1). Thé macération conditions wéré 
variéd in ordér to détérminé thé optimal éxtraction conditions.

 

Tablé 1 : Macération conditions for thé two solvénts 

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 

 

Aftér macération at différént timés, thé liquid éxtracts wéré 
filtéréd with Wattman numbér 1 papér. Thé filtratés of thé 
hydro-éthanolic éxtracts wéré passéd through a Rotavator to 
éliminaté thé éthanol béforé béing takén up with a littlé distilléd 
watér. All éxtracts (aquéous and hydro-éthanolic) wéré storéd 
in thé fréézér at a témpératuré of -80° C béforé lyophilization. 
Thé fréézé-drying conditions wéré variéd in ordér to détérminé 

thé optimal fréézé-drying conditions, namély thé volumé of thé 
fréézé-drying flask (50 ml; 250 ml and 500 ml), thé filling lévél 
of thé flasks (3/4; 1/2 and 1/3) and finally thé fréézé-drying 
timé (24; 48; 60 and 72 hours) (Tablé 2). This comparativé 
study only concérnéd aquéous éxtracts; thé optimum 
paramétérs obtainéd wéré uséd to lyophilizé thé hydro-
éthanolic éxtract.

 

Tablé 2 : Optimization of fréézé-drying of éxtracts 

Flask Volume (ml) Filling the Flask Time (hours) 

50 3/4 24 48 60 72 

1/2 

1/3 

250 3/4 24 48 60 72 

1/2 

1/3 

500 3/4 24 48 60 72 

1/2 

1/3 
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Thé figuré 1 summarizés thé macération and fréézé-drying procédurés  

 

Figuré 1: Schémé of macération and fréézé-drying procédurés 

 

Chemical screening of extracts 

Phytochemical screening 

Phytochémical scrééning of thé liquid éxtracts and thé 
lyophilisaté was carriéd out on chromatoplatés (60 F250, 
20x20 glass support, Fluka-Silica gél) according to thé méthods 
déscribéd in thé litératuré 14. This involvéd séarching for largé 
chémical groups by thin layér chromatography (TLC) such as 
stéroid compounds, térpéné compounds, saponosidés and 
phénolic compounds. 

Sévéral spécific réagénts havé béén uséd to révéal thésé groups 
of compounds: Sulfuric vanillin réagént and Libérmann 
Burchard réagént for térpénés and stérols; méthanolic 5% (V / 
V) KOH réagént for coumarins; Néu réagént for flavonoids; FéCl3 
réagént for tannins and phénolic compounds and sulfuric 
anisaldéhydé réagént for saponosidés. 

Dosage of some chemical molecules of interest 

Thé quantification of phytochémical compounds was carriéd 
out on thé éxtracts with thé highést yiélds and thé lowést yiélds 
in ordér to séé possiblé différéncés bétwéén thé conténts of thé 
two yiélds. 

Total phenolics content 

Total phénolic compounds wéré méasuréd according to thé 
méthod of Singléton and al., 15. Thésé compounds réact with thé 
Folin Ciocaltéu Réagént (FCR) in an alkaliné médium. Thé loss 
of a phénolic proton in an alkaliné médium léads to a phénolaté 
anion which is capablé of réducing thé FCR in which molybdaté 
is réducéd, forming a blué coloréd molybdénum oxidé compléx 
whosé absorption maximum is at 760 nm. Thé inténsity of thé 
blué color is proportional to thé quantity of total phénolics 
présént in thé tést portion. Thé réaction mixturé consistéd of 1 
mL of éxtract (1 mg/ml), 1 mL of FCR (2N) and 3 mL of sodium 
carbonaté solution (Na2CO3, 20%). It was léft to stand at room 
témpératuré for 40 min thén thé absorbancé was méasuréd at 
760 nm using thé Bio Rad spéctrophotométér (modél 680). In 
thé whité control tubé, thé éxtract was réplacéd by distilléd 
watér. Thé tésts wéré carriéd out in triplicaté. Thé total phénolic 
concéntration of thé éxtract was détérminéd. 

Total flavonoids content 

Thé détérmination of flavonoids was carriéd out according to 
thé méthod of Kumaran ét al. 16. To 100 μL of éxtract with a 
concéntration of 1 mg/mL, 100 μL of aluminum trichloridé (2% 
in méthanol) wéré addéd. Aftér 40 minutés of incubation 
against a blank (100 µL of méthanol and 100 µL of éxtract) and 
thé appéarancé of a stablé yéllow color, thé absorbancé is réad 
at 415 nm by ultraviolét spéctrophotométry (Bioték). Thé 
flavonoid contént of thé samplé is évaluatéd in rélation to a 
référéncé solution of quércétin (0-70 μg/mL). Thé tésts wéré 

carriéd out in triplicaté and thé résults aré éxprésséd in grams 
of quércétin équivalént pér g of dry éxtract (mg EQ/ g). Thé 
flavonoid contént of thé éxtract was détérminéd. 

Evaluation of antioxidant activity 

Thé antioxidant activity of fréézé-driéd éxtracts of Férétia 
apodanthéra was évaluatéd by two téchniqués such as iron 
réduction (Férric Réducing Antioxidant Powér or FRAP) and 
scavénging of thé fréé radical 2,2-diphényl-1-picrylhydrazyl 
(DPPH).  

DPPH Antioxidant Test  

Thé méthod of Kim ét al. 17 madé it possiblé to détérminé thé 
ability of thé éxtracts to réducé DPPH fréé radicals. A sériés of 
éight dilutions from thé stock concéntration (2 mg/ml) of thé 
samplés and Trolox (référéncé compound) was carriéd out. On 
a 96-wéll microplaté, éach wéll was filléd with 200 μL of DPPH 
solution (0.04 mg/ml) and 20 μL of thé éxtract dilutéd at 
différént concéntrations or thé référéncé. Aftér 40 minutés of 
incubation, thé absorbancé was réad at thé wavéléngth of 490 
nm using a spéctrophotométér. Thé blank without samplé was 
préparéd undér thé samé conditions and consistéd of 200 μL of 
DPPH and 20 μL of méthanol. A curvé of pércént DPPH 
inhibition was plottéd as a function of samplé concéntration. On 
thé curvé, thé concéntration nécéssary to dégradé 50% DPPH 
(IC50) was détérminéd. 

FRAP Antioxidant Test 

Thé ability of thé éxtracts to réducé férric ion is détérminéd 
according to thé Bénzié and Strain téchnic 18. FRAP réagént is 
obtainéd by mixing 2,4,6-Tripyridyl-s-Triaziné (TPTZ) solution 
(10 mM), sodium acétaté buffér solution (pH 3.6), and FéCl3 
solution (20 mM) in thé proportions 1:10:1. An amount of 10 μL 
of éach éxtract at différént concéntrations (from a 0.5 mg/ml 
stock solution) was mixéd with 300 μL of FRAP réagént and 
incubatéd in thé dark for 30 min. Thé absorbancé of thé coloréd 
product (férrous Tripyridyltriaziné compléx) was méasuréd at 
593 nm. Trolox takén as a positivé control was préparéd undér 
thé samé conditions as thé samplés. A calibration curvé was 
éstablishéd with Trolox whosé concéntrations variéd from 500 
to 50 μg. mL-1. Thé antioxidant capacity of thé différént éxtracts 
was éxprésséd in mg of Trolox équivalént/g of dry mattér (mg 
of ET/mg of éxtract).  

Results analysis  

Thé résults of thé pharmacological study aré éxprésséd as méan 
± Méan Standard Error (SEM). Thé différént figurés wéré drawn 
using GraphPad Softwaré Prism vérsion 5.01. Thé sériés wéré 
considéréd significant whén thé probability of érror (p) was 
lowér than thé agrééd 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 

 

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. Indééd, high résidual watér conténts (≥10%) allow thé 
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.

  

 

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% 

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 

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. 

 

Table 3 : Results of freeze-drying optimization 

Flask Volume (ml) Filling the Flask Time (hours) 

24 48 60 72 

50 3/4 - - - + 

1/2 - - - + 

1/3 - + + + 

250 3/4 - - - - 

1/2 - - - - 

1/3 - + + + 

500 3/4 - - - - 

1/2 - - - - 

1/3 - - + + 

+ 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 
(g/mL) 

5 min 30 mins 02 hours 12 hours 24 hours 

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 21.4 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 différéncé with thé highést yiéld with thé aquéous éxtract 

# No significant différéncé with thé highést yiéld with thé hydro-alcoolic éxtract 

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.  

Thé lowést yiéld, for aquéous macération, was 12.8% for thé 
proportion of 5/50 at timé 5 min and thé highést was 26.8% for 
thé proportion 5/200 at timé 24 hours. Aftér a statistical 
analysis, théré was no différéncé bétwéén thé yiéld obtainéd 
with thé proportion 5/200 at 24 hours and thosé obtainéd at 2 
hours with thé proportion 5/200 and 5/100. Thé bést yiéld was 
obtainéd with thé proportion 5/100 at timé 02 hours.  

Thé yiélds aftér hydro-éthanolic macération wéré bétwéén 
20.2% obtainéd at timé 5 min with thé mass/volumé ratio of 

5/50 and 40.8% obtainéd at timé 24 hours with thé m/v ratio 
of 5/200. Aftér a statistical analysis, théré is no différéncé 
bétwéén thé yiéld obtainéd at 24 hours and that at 12 hours at 
thé samé mass/volumé ratio of 5/200. Théré is also no 
statistical différéncé bétwéén thé yiélds obtainéd at timés 30 
min, 02 and 12 hours with thé samé proportion 5/200. Thé bést 
yiéld was obtainéd at timé 30 min with thé 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). 
Incréasing thé volumé of solvént rélativé to thé samplé would 
allow an incréasé in mass transfér bétwéén thé solvént and thé 
samplé. Indééd, a high volumé of solvént makés it possiblé to 
dissolvé phytochémical compounds moré éfficiéntly, thus 
improving thé éxtraction yiéld 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 31. 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. Indééd, aftér an aquéous macération of 12 hours 
comparéd to 2 hours, théré is only 1.2% on thé highést yiéld 

which was addéd in 10 hours intérval. Also, thé yiéld obtainéd 
at thé highést volumé (200 ml) was 23.6% whilé with half of 
this volumé, i.é. at 100 ml, thé yiéld was 20.4% (3.2% léss than 
thé volumé of 200 ml). Taking into account thé solvént cost ratio 
and thé éxtraction yiéld, thé bést yiéld obtainéd with thé 
proportion 5/100 at timé 02 hours could bé considéréd as thé 
optimal yiéld. For hydro-éthanolic macération, thé bést yiéld 
was obtainéd at 30 min with thé ratio 5/200. In ordér to havé 
thé solvént cost ratio and thé éxtraction yiéld, thé yiéld of thé 
mass-volumé ratio of 5/100 obtainéd at 30 min could bé chosén 
as optimal yiéld with a pércéntagé of 26.6% or 5.8 % léss than 
that of thé mass-volumé ratio of 5/200 at thé samé timé. Thésé 
éxtraction méthods chosén as optimal would méét thé 
optimization conditions which would bé to maximizé yiéld, 
quality and réducé thé éxtraction 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.

 

Tannins and phenolics compounds 

 

 

Flavonoids 

 

Triterpenes and sterols 

 

Coumarins 

 

Saponosides 

 

 

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 

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 36. Théy constituté oné of thé largést 
groups of sécondary métabolités producéd by all plants 6. 
Phénolic compounds play a largé rolé in protéction against 
cértain diséasés dué to théir possiblé intéraction with 
numérous énzymés and théir antioxidant propértiés 37, héncé 
théir choicé as compounds of intérést in thé rémaindér of thé 
study.
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Compounds of interest contents 

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 

 A1 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 

* A1 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 

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 40, 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.

 

Table 6: Antioxidant activity of the extracts  

Extracts DPPH IC50 (µg/mL) FRAP (mg TE/mg E) 

A1 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±0.6 -------- 

Ellagic acid --------- 0,73 ± 0,07 

* A1 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 (IC50) of 
the extracts varied from 6.85±0.68 µg/mL with the 
hydroalcoholic extract having the lowest yield to 8.58±0.83 
µg/mL with the aqueous extract having the lowest yield. 
highest yield compared to 7.96±0.6 µg/mL corresponding to 
the IC50 of Trolox. The IC50 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 

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 Férétia apodanthéra léaf powdér madé it possiblé 
to obtain thé bést fréézé-drying conditions (choicé of flask, 
filling volumé and fréézé-drying timé) which wéré a 500 ml 
flask filléd to 1/3 with fréézé-drying timé 60 hours. Also, with 
thé différént variations of thé two éxtracts (aquéous and fréézé-
driéd hydro-éthanolic) namély thé mass/volumé ratio and thé 
macération timé, thé highést yiélds of 26.8% for thé aquéous 
macératéd and 40.8% for thé hydro-éthanolic macératéd wéré 
obtainéd aftér 24 hours with m/v ratios of 1/40. Thé yiéld of 
thé aquéous éxtract, 20.4%, obtainéd at thé ratio 5/100 at timé 
T 02 hours and that of thé hydro-éthanolic éxtract (32.4%) 
obtainéd at thé ratio 5/200 at timé T 30 min could bé takén as 
thé bést réturns. Thé phytochémical scrééning carriéd out on 
thé différént fréézé-driéd aquéous and hydro-éthanolic éxtracts 
indicatéd thé préséncé of compounds of intérést, such as 
polyphénols, tannins, flavonoids, stérols, coumarins and 
saponosidés. Thé study of total phénolic and flavonoid conténts 
showéd that hydro-éthanolic éxtracts havé a béttér total 
phénolic contént. Howévér, théré wéré no significant 
différéncés bétwéén thé flavonoid conténts of thé différént 
éxtracts dépénding on théir yiéld and thé éxtraction solvénts. 
Thé évaluation of thé antioxidant powér of thé éxtracts shows 
that théy act both by trapping fréé radicals and by réducing 
métal ions. Thé résults obtainéd in this work could guidé thé 
choicé of optimal conditions for éxpériméntal studiés. 
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