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ABSTRACT 

	Aims: The aims of this study is to determine the optimal conditions for extracting active molecules from G. kola seeds and to clarify the extract obtained by membrane microfiltration.	Comment by SureshBabu Ganapa: Pls write full scientific name when it comes first
Study design: Garcinia kola seeds were collected in October 2024-February 2025 from the region of Agneby-Tiassa, Côte d’Ivoire. Harvested seeds were transferred to the laboratory until used in the experiments.
Place and Duration of Study: This study was carried out during season 2024-2025 in the
Laboratory of industrial process engineering at INPHB, Yamoussoukro.
Methodology: After drying and powder processing, the effect of four parameters (solvent type, solid-liquid ratio, extraction mode and extraction time) on polyphenol extraction from kola seeds were studied and a full factorial design (2k, k=4) was used to optimize the extraction conditions. Kola extract obtained under these conditions were clarified by Microfiltration and fractions coming from the membrane processes were analyzed for their content in active compounds.
Results: Results showed that G. kola extract contains substantially proportion of active compounds such as polyphenols (flavonoids in particular). To have a maximum content of polyphenols and total flavonoids, the extraction must involve the infusion of 1 g of material in 100 mL (w/v) of Ethanol (50%) for a period of between 3 and 24 hours.
In the predicted optimal conditions, experimental values were 337.18 mg/L GAE and 671.05 mg/L QE for total polyphenols and total flavonoids, respectively. Experimental data were very close to the predicted values. The application of microfiltration on optimized kola extract resulted in a clarified juice with bioactive compounds. The material balance indicates a high proportion of compounds in the filtration permeate, which reflects satisfaction with the process applied.
Conclusion: The application of tangential filtration to kola extract could constitute an industrial recovery approach for the latter. Kola seeds can be considered as a natural source of phenolics compounds with good antioxidant capacity. 
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1. INTRODUCTION
Numerous studies continue to demonstrate that medicinal plants contain numerous biologically active principles which exert different pharmacological activities and remain the most important source of molecules used in the composition of pharmaceutical drugs (Lagnika et al., 2012; Dinzedi, 2015; Okou et al., 2018). Among them is Garcinia kola Heckel, a forest plant species belonging to the Clusiaceae family (Ban et al., 2019; Morabandza et al., 2021; Abdulrahman et al., 2022). Variously called ‘‘small kola’’ in the French-speaking world and ‘‘bitter kola’’ in English (Eleyinmi et al., 2006), Garcinia kola is of Guinean-Congolese origin. It is widespread in Sierra Leone and the Democratic Republic of Congo (Aké et al., 2015). G. kola is a plant species well known for its pharmacological properties (Olaleye, 2000; Adegbehingbe, 2008; Aké et al., 2015).
From food to pharmacy, including cosmetics, this plant is an essential health ally. It has been designated a “miracle plant” because almost all of its parts have been deemed to be of proven medical importance, particularly the seeds which are highly prized and used in medicine and industry. They are now attracting considerable interest as a major source for the development of new pharmaceutical treatments (Sylvie et al., 2018; Doh et et al., 2023). Several compounds present in Garcinia kola Heckel seeds give them their medicinal properties. Among them are polyphenols, which include a large number of individual compounds known for their antioxidant and anti-inflammatory properties. Various studies have proven their preventive role in cardiovascular and neurodegenerative diseases, as well as in other cancers in vitro and in vivo experiments (Forni et al., 2019). 
Extracting polyphenols at source is a tedious task due to the high level of enzymatic activity in most foods and plants (Oluwaseun et al., 2021). Over the years, several analytical methods and sample preparation techniques have been adopted to quantify polyphenols. However, there is no generally accepted procedure for the recovery of phenolic compounds or those of a specific group from plant material (Juntachote et al., 2006 ; Oluwaseun et al., 2021).Thus, like most compounds present in plant matrices, the extraction of molecules in Garcinia kola seeds is also a function of several parameters such as the solvent, the nature and size of the plant material, the extraction time, the temperature as well as the solvent/substrate ratio (Alfredo, 2017).The impact of these different parameters on the extraction process and the structural complexity of these compounds reflect the need to implement a method capable of accounting for the effects of each parameter considered as well as the potential interactions possible during the experimental process. According to Vivier (2002) and Koffi (2014), better results were observed using experimental designs which are defined as structured and organized methods for determining the relationship between technological parameters (factors) affecting an experimental process (example of extraction) and the quantity of interest (yield).
Moreover, before being introduced in foods or beverage, bioactive compounds need to be extracted preferably from their natural sources and stabilized (Pinelo et al., 2005; Banik and Pandey, 2007; Chan et al. 2009). To increase their value and properties the extract could be clarified and purified. Particularly, microfiltration (MF) is generally used for fine particles or bacteria removal or turbidity reduction processes (Adje, 2009; Nyamien et al. 2017). The mechanism is based exclusively on the sieve effect (size) and makes possible the retention of suspended particles or bacteria whose size is between 0.1 and 10 μm (El Kabbaze, 2008).
The objective of this study is to determine the optimal conditions for extracting active molecules from G. kola grains and to clarify the extract obtained by membrane microfiltration using a pseudo-tangential filtration pilot system operating in concentration mode.

2. material and methods
2.1. Plant material
[bookmark: _Hlk209454200]Garcinia kola fresh nuts were harvested and collected from the growing areas of the region of Agboville (78 km far from Abidjan) Côte d’Ivoire from June to July 2025. At laboratory, they were washed with distilled water, cut into smaller pieces and dried at room temperature (27±2ºC) during two weeks. The dried sample was ground using an electric blender. The powder obtained was packaged in plastic bags prior to analysis.
.
2.2. Chemicals reagent
All reagents used in the study were of pure analytical grade, unless otherwise specified. Ethanol (CH3CH2OH), methanol (CH3OH), sodium nitrite (Na2NO2), Folin-Ciocalteu’s phenol reagent, sodium carbonate salt (Na2CO3), sodium hydroxide (NaOH), and aluminum chloride (AlCl3) were purchased from Carlo Erba (Spain). Gallic acid and quercetin were purchased from Sigma-Aldrich (Germany). Water was purified by a Milli-Q water purification system.

2.3. Full factorial design
A 24 full factorial experimental design was used to identify the relationship existing between the response functions and process variables, as well as to determine those conditions that optimized extraction of TPC and TFC. The four independent variables or factors studied were the extraction solution (X1), ratio (X2), extraction mode (X3) and time (X4). Each variable to be optimized was coded at the lower (-1) and higher (+1) levels considered as previously studied (Table 1).

Table 1. Full factorial parameters and coded levels

	
	Technological parameters
	Code levels

	Factors
	
	Low (-1)
	High (+1)

	X1
	Extraction solution
	Water
	Ethanol 50%

	X2
	Ratio (w/v)
	1/100
	5/100

	X3
	Extraction mode
	Maceration
	Infusion

	X4
	Time (h)
	3
	24



2.4. Extraction procedure
Every dried sample (1 or 5 g) was extracted by diffusion with 100 ml of the extraction solution (water or ethanol 50%) according to the two methods (maceration or infusion) selected. The mixture was least for stand at room temperature during extraction time (3 h or 24 h). Extracts obtained were filtered through a filter paper (Whattman Nº1) and stored at 4ºC in refrigerator for subsequent determination.

2.5. Membrane and filtration devices
Microfiltration experiments were carried out with ceramic membrane purchased from Tami ® Industries (France). The crude extract was filtrate with a 0.2 µm cut-off membrane, with 56.3 cm2 filtration area and a recirculation rate of 70 L.h-1 (i.e., crossflow velocity of 2.8 m/s). The transmembrane pressure of 0.5 bar at 25°C was appiedapplied.

2.6. Filtration experiments in pseudo-tangential conditions
Firstly, an ethanol solution (50%) was filtered at different pressure in order to determine the solvent permeability of the clean membrane (Lp1) defined according to the following equation:
Jp = Lp.ΔP

Where Jp is the permeate flux (L.h-1.m-2), ΔP the transmembrane pressure (bar) and Lp the solvent permeability (L.h-1.m-2.bar-1).
Then the ethanol solution was replaced by the crude extract (CE) and the permeate flux (Js) was monitored versus the volume reduction factor (VRF) which was calculated as the ratio between the initial feed volume of remaining concentrate after the considered operation time (Eq. 2)

where Vf is the initial feed volume and Vp the permeate volume
Finaly, the installation was rinsing with deionized water and the solvent permeability (Lp,f) was measured in the same conditions as previously. The loss of permeability was estimated according to the following equation (Eq. 3) :



At the end of the experiments, the ceramic. At the end of the experiments, the ceramic membranes were soaked in a NaClO solution membranes were soaked in a NaClO solution (2,6% of active chlorine) at 40°C for 15 min, (2,6% of active chlorine) at 40°C for 15 min, rinsed with deionised water and then subjected rinsed with deionised water and then subjected to a chemical washing before before their reuse. 
This washing was carried out according to a precise washing was carried out according to a precise.

2.6.1. Clogging and membrane recovery rate
Clogging was estimated by measuring permeabilities before and after filtration of the extract


with, Lp0: Permeability to the solvent before filtration of the extract and Lp1: Solvent permeability after filtration of the extract and rinsing
The permeation flux was measured at the end of washing and made it possible to estimate the performance recovery rate (TR) of the membrane.

with, Lp0: Permeability to the solvent before filtration of the extract and Lp2: Permeability of the membrane after use (filtration of the extract) and chemical washing.

2.6.2. Apparent Rejection (R)
The apparent rejection of the compounds during the filtration was determined by the following equation:

x 100

with Cp, the concentration of the solute in the permeate, Cf the concentration of the solute in the feed solution, Cr the concentration of the solute in the retentate.

2.7. Analytical Methods
2.7.1. Dry Matter (%)
The dry matter content (% DM) was determined in triplicate according to the method of the AFNOR NF V18-109 version 71/47 standard. Thus, 30 to 40 g of Fontainebleau sand were weighed in an aluminum dish, then brought to an oven (Memmert, Germany) at 100 °C for 24 h. After complete cooling in the desiccator, the dish was weighed (m0) and 10 mL of extract were added to the dish and then the whole was weighed again (m1). After ensuring that all the liquid was well adsorbed in the porous layer, the whole was dried in an oven at 100 °C until a constant mass was obtained. After drying and complete cooling of the dish in the desiccator, the whole was weighed a final time (m2). The dry matter content was determined by the relationship:



2.7.2. Determination Of Total Polyphenols Content (TPC)
Total polyphenols were determined by colorimetry, using the Folin-Ciocalteu method (Singleton et al., 1999; Pinto et al., 2014). Diluted Folin-Ciocalteu reagent (1/10, v/v, 2.5 mL) was added to 30 µL of sample. After 2 min of incubation in the dark at room temperature, 2 mL of aqueous sodium carbonate (75 g/L) was added. After gentle stirring, the mixture was incubated in a water bath at 50°C for 15 min and rapidly cooled down to stop the reaction. The absorbance was measured at 760 nm with distilled water as blank. A calibration curve was performed with gallic acid at different concentrations (0-1 g/L). Analyses were performed in triplicate and polyphenols level was expressed in milligrams gallic acid equivalent per liter of extract (mg/L GAE).

2.7.3. Determination Of Total Flavonoids Content (TFC)
Total flavonoids were determined by the aluminum chloride colorimetric method described by Marinova et al. (2005). In a 25 mL volumetric flask, 0.75 mL of sodium nitrite (NaNO2) distilled water solution (5%, w/v) was added to a 2.5 mL aliquot of the sample. The color reaction was left to develop for 5 min in the dark and at room temperature. Then, 0.75 mL of AlCl3 distilled water solution (10%, w/v) was added and incubated for 6 minutes. After incubation, 5 mL of sodium hydroxide (NaOH 1M) were added and the volume made up to 25 mL. The mixture was mixed well before being dosed with UV-Visible spectrophotometer. The reading was taken at 510 nm with distilled water as a blank. A calibration curve was performed with quercetin at different concentrations (0-1 g/L). The tests were performed in triplicate and the flavonoids content was expressed in milligrams quercetin equivalent per liter of extract (mg/L QE).

2.8. Statistical Analysis
All experiments were done in triplicate and data in tables and figures represent mean values ± standard deviation (n=3). Coefficient and experimental standard deviations were determined by the method of linear regression (MS Excel 2007). Comparison of mean values of measured parameters was performed by a one- way ANOVA (STATISTICA, version 7.1) using post-hoc Low Statistical Difference (LSD) test. The mean values were considered significantly different when P=.05.

3. RESULTS AND DISCUSSION
3.1. Optimization Of Phenolics Compounds Extraction
Table 2 presents the experimental matrix and the variation in total polyphenols (R1) and total flavonoids (R2) during the 16-assay factorial design. The mean total polyphenol contents ranged from 92.67± to 386.67± mg GAE/L of extract. Thus, the maximum content was observed by performing an ethanolic extraction for 24 h with a ratio equal to 1/100 (m/v) of kola powder (Run 10). While, the lowest content was obtained by infusing 5 g of kola powder in 100 mL of water for 24 hours (Run 15).
For total flavonoids, the lowest content of 172± mg QE/L was observed during maceration of 5 g kola in 100 ml of water for 24 h (Run 11). Infusion of 5 g of material in 100 mL of ethanol for 3 h resulted in the highest content of active compounds corresponding to 668± mg QE/L of extract (Run 8).


Table 2. Experimental design and corresponding responses

	
	Independent variables
	Experimental responses

	Runs
	X1
	X2
	X3
	X4
	R1a
	R2b

	1
	Water
	1/100
	Maceration
	3
	170.00±6.67
	313.33±4.44

	2
	EtOH 50%
	1/100
	Maceration
	3
	330.00±0
	503.33±8.89

	3
	Water
	5/100
	Maceration
	3
	126.00±2.67
	191.33±0.89

	4
	EtOH 50%
	5/100
	Maceration
	3
	266.67±1.78
	499.33±0.89

	5
	Water
	1/100
	Infusion
	3
	226.67±8.89
	430.00±6.67

	6
	EtOH 50%
	1/100
	Infusion
	3
	326.67±8.89
	503.33±4.44

	7
	Water
	5/100
	Infusion
	3
	130.67±0.89
	260.67±2.22

	8
	EtOH 50%
	5/100
	Infusion
	3
	275.33±1.78
	668.67±5.78

	9
	Water
	1/100
	Maceration
	24
	160.00±6.67
	326.67±8.89

	10
	EtOH 50%
	1/100
	Maceration
	24
	386.67±4.44
	606.67±8.89

	11
	Water
	5/100
	Maceration
	24
	105.33±1.78
	172.00±0

	12
	EtOH 50%
	5/100
	Maceration
	24
	277.33±0.89
	505.33±3.56

	13
	Water
	1/100
	Infusion
	24
	190.00±0
	413.33±8.89

	14
	EtOH 50%
	1/100
	Infusion
	24
	293.33±4.44
	600.00±13.33

	15
	Water
	5/100
	Infusion
	24
	92.67±0.89
	190.67±1.78

	16
	EtOH 50%
	5/100
	Infusion
	24
	259.33±3.56
	572.00±2.67


R1: Total polyphenols; R2: Total flavonoids; a= mg EAG/L; b= mg QE/L; EtOH 50% = EthanolWater (v/v; 1/1)

According to the ANOVA test performed (Table 3), the X1 and X2 factors contribute 77.18 % and 15.84 % respectively to the predicted linear mathematical model. Thus, the coefficients associated with these 2 factors are very significant (P ˂.0002). The mathematical model that describes the relationship between total polyphenol (R1) content and the factors involved is :

R1 = 226.04 + 75.87 X1 – 34.38 X2 + 2.12 X1X2

with a positive effect for the X1 term and a negative X2 effect. There is also a weak positive interaction between the two factors considered (X1X2, P=.1). This leads to a R1max equivalent to 338.41 mg GAE/L with an R2 = 0.93
The model f-value of 53.83 implies the model is significant with a significant P-value less than .05. Also, the predicted R2 of 0.87 is in reasonable agreement with the ajusted R2 of 0.91 ie the difference is less than 0.2.

For total flavonoids content, three of the four factors are significant and contribute to the mathematical model of prediction (Table 3). These are the factor X1 (74.51%, P ˂.0001), X2 (6.47 %; P˂.008) and X3 (4.33 %; P ˂.02). Also, there is an interaction between the X1 and X2 factors (P=.005) which contributes to 7.84% of the predicted model. The mathematical model that describes the relationship between total flavonoid (R1) content and the factors involved is :
R2= 422 + 135.04 X1 – 39.79 X2 + 32.54 X3 + 43.79 X1X2

With a positive effect of the terms X1, X3 and X1X2 and a significant negative effect of the term X2. This leads to a maximum value of R2 equivalent to 673.16 mg EQ/L with an R2 = 0.93.
The model f-value of 37.39 implies the model is significant with a significant p-value less than .05. Also, the predicted R2 of 0.85 is in reasonable agreement with the ajusted R2 of 0.90 ie the difference is less than 0.2. The model can be used to navigate the design space.

Table 3. ANOVA for selected factorial model

	
	Total polyphenols
	Total flavonoids

	Factor
	CE
	SD
	P-value
	F-value
	CE
	SD
	P-value
	F-value

	Model
	1.11.105
	
	˂0.0001*
	53.83
	3.85.105
	
	0.0007*
	31.43

	Intercept
	226.04
	26.23
	
	
	422.29
	35.02
	
	

	X1
	75.87*
	26.23
	˂.0001*
	133.89
	135.04*
	35.02
	˂.0001*
	237.95

	X2
	-34.38*
	26.23
	˂.0002*
	27.48
	-39.79*
	35.02
	.008*
	20.66

	X3
	-1.71
	26.23
	.789
	
	32.54**
	35.02
	.023**
	13.82

	X4
	-5.46
	26.23
	.808
	
	1.04
	35.02
	.910
	0.014

	X1X2
	2.12
	26.23
	.740**
	0.123
	43.79*
	35.02
	.005*
	25.02

	X1X3
	-11.54
	26.23
	.115
	3.64
	-3.87
	35.02
	.676
	0.196

	X1X4
	7.71
	26.23
	.259
	1.62
	12.63
	35.02
	.2099
	2.08

	X2X3
	-0.4583
	26.23
	.006
	0.942
	7.96
	35.02
	.405
	0.826

	X2X4
	-2.54
	26.23
	.692
	0.176
	-23.54
	35.02
	.043
	7.23

	X3X4
	-10.04
	26.23
	.158
	2.75
	22.38
	35.02
	.051
	-

	X1X2X3
	
	-
	
	
	
	35.02
	.051
	6.53

	R2
Adjusted R2
Predicted R2
Adeq Precision
	0.931
0.913
0.877
16.8135
	0.932
0.907
0.855
15.31


CE: Crude extract; SD: Standard Deviation

Thus, by combining the two models observed, the optimal conditions for the extraction of bioactive compounds from G. kola seeds can be summed up as an infusion (X3, +1) of 1 g in 100 mL (X2, -1) of Ethanol solvent 50% (X1, +1) for a time between 3 and 24 h. These results are similar to those observed during the optimization of the extraction conditions of certain plant products (Sampath, 2013; Koffi, 2014; Nyamien et al., 2015). According to Mokhtarpour et al. (2014), it was suggested the using of aqueous ethanol (50 %) for plant polyphenols extraction. Ethanol is a good solvent for polyphenol extraction and is safe for human consumption (Xu and Chang, 2007). Also, according to Sampath (2013), when the solvent volume was increased, it can increase the absorption rate, swelling rate and diffusion rate of the plant cell Wall. Techniques combining moderate temperature, non-toxic solvents (water, ethanol) and optimized time (e.g. RSM) would offer a compromise between performance, quality and durability. Generally, for traditional extractions, the total phenolic content (TPC) is highest at an extraction temperature of 60 – 80° C. For this reason, polyphenols are regularly regarded as heat-labile compounds (Antony et Farid., 2022).
Table 4 presents the experimental values and the values predicted by the full factor design models. The experiments were carried out by applying the optimal extraction conditions defined by the chosen models. The predicted total polyphenols and total flavonoids contents are 334.17 mg.L-1GAE and 585.87 mg.L-1QE, while experimental analysis showed 337.18 mg. L-1GAE and 671.05 mg.L-1QE, respectively. The estimated error percentage for these two responses is less than 3%, indicating validation of the predicted models.

Table 4. Point prediction for selected model

	Analysis
	Predicted Mean
	Rmax
	Observed
Values 
	PE%

	Polyphenols1
	334.17
	336.28
	337.18
	0.9

	Flavonoids2
	585.87
	673.45
	671.05
	2.52


PE= Percentage error, confidence= 95% ; Rmax= Response maximal ; 1= mg. L-1GAE; 2= mg.L-1QE

3.2. Filtration on a Pseudo-tangential Pilot
3.2.1. Impact Of Microfiltration On Kola Extract Permeation Flux
Fig. 1 showed a curve of typical flux decline with time (min) during optimal kola extract in pseudo-tangential microfiltration. There is an initial increase in the initial permeate flux up to the maximum value of 103.05 L.h-1.m-2, which indicates that the membrane is still clean, the permeate passage is maximum. Indeed, the initial flow is controlled by the pressure applied (Nyamien, 2017). Thereafter, the flow gradually decreases following an exponential trend quite well. This gradually decrease could be explained by the concentration polarization and subsequent cake layer formation (Cassano et al., 2015; Pagliero et al., 2015). Unlike some studies where the microfiltration flow drops rapidly and stabilizes at the end of the filtration (Cassano et al., 2005; El Rayess et al., 2011; Nyamien et al. 2017), there is a steady decrease over time, without a clear plateau. This means that the fouling continues as it goes (pore-blocking deposits + cake layer). Accumulation on the surface and/or in the pores of the membrane increases the resistance to the passage of liquid. Also, the lack of clear stabilization indicates that the system has not reached a dynamic equilibrium. In practice, this means that after a certain period of time, microfiltration becomes less and less effective. According to Aimar and Bacchin (2010) and El-Rayess et al. (2011), the permeate flux increases linearly with pressure until it reaches a maximum limit value or limit flux. Beyond this value, a pressure difference is created on either side of the membrane which will lead to an increase in the concentration of solutes near the membrane. This layer of over-concentrated polarization will oppose the transfer of particles and thus reduce the permeate flux. Similar results of gradual flux drop were observed during extract clarification on an ultrafiltration membrane (Conidi et al., 2015).

[image: ]
Fig. 1. Flux of kola extract filtered through Microfiltration (0.2 μm), TPM 0.6 bar

3.2.2. Membrane performance during batch concentration
Table 5 presents the characteristics of the microfiltration membrane before and after filtration of G. kola extract. After the filtration of the extract for 180 min and rinsing of the plant with deionized water, the observed permeability coefficient (Lp1) is 2.10-10 m.s-1. The initial reference value for this parameter (Lp0) being 3.10-9 m.s-1, the difference between these two values reflects a reduction in the permeability of the membrane during the filtration of the extract. This loss of permeability is estimated at 93.33 %. Indeed, microfiltration would promote the retention of most of the macromolecules and colloids largely responsible for the rapid fall in permeate flow. This decrease in permeability is a function of many parameters such as the composition of the feed solution, the porosity of the membrane, the nature of the molecule-molecule and molecule-membrane interactions (Balakrishnan et al., 2000). The volume reduction factor (FRV) obtained at the end of the filtration is equal to 4.3, which is a fairly significant reduction in the initial supply volume. At the end of filtration, the total resistance of the membrane is increased because Rirrev, initially zero, is equal to 5.34.1012 m-1 at the end of filtration. Indeed, the polarization layer will oppose the transfer of particles and therefore reduce the permeate flux. Also, molecules with a high affinity with the membrane will be adsorbed under the effect of pressure inside the membrane's pores and block them either partially or totally, thus increasing the membrane's resistance capacity (Ciobanu et al., 2006; Akdemir et Ozer, 2009, Nandi et al., 2011). Kola extract contains molecules capable of reducing the permeabilities of the membranes during the microfiltration.
At the end of the filtration and cleaning of the membrane, the intrinsic characteristics are recovered with a regained permeability, and therefore a 100% recovery rate translates into the application of a good washing process.

Table 5. Membrane characteristics during the filtration process

	MWCO
	Lp0 (m.s-1.Pa-1)
	Lp1 (m.s-1.Pa-1)
	PL (%)
	VRF
	Rirrev (m-1)
	Lp2 (m.s-1.Pa-1)

	0.2 µm
	3.10-9
	2.10-10
	93.33
	4.3
	5.32.1012
	3.10-9


VRF: Volume Reduction Factor; Rirrev: Irreversible Resistance; MWCO: Molecular Weigh CutOff; Lp: membrane permeability; PL: Permeability loss, μ EtOH 50% = 9.82.10-4; Temperature: 25°C

3.2.3. Membrane selectivity and material balance
During the filtration of 1200 mL of crude extract, the volumes of permeate and retentate obtained at the end of the process are 1000 mL and 160 mL respectively, with a dead volume of 40 mL. 
The dry matter content determined varies between 1.96 g/L and 2.49 g/L of extract. For polyphenols and flavonoids, the levels recorded are respectively between 0.37 g/L GAE and 0.44 g/L GAE and 0.67 g/L QE and 0.94 g/L EQ.
There is a general stability of the compounds content when passing from the feed stream to the permeate (Table 6). The loss rate observed for each compound studied when passing the extract through the filtration membrane is less than 1%. This would be explained by a low retention of the compounds by the microfiltration membrane. Also, the concentrations are higher in the retentate collected at the end of the analysis. This corroborates the fairly high value of VRF obtained (4.3). Similar results were observed during the work of Nyamien (2017) on the microfiltration (0.2 μm) of Cola nitida extracts.
The low concentration factors observed are 1.21 and 1.39 respectively for polypenols and flavonoids. This could be explained by the low volume of filtered crude extract (1.2 L) and the retention of polyphenols and flavonoids by the microfiltration membrane. Indeed, many studies have revealed the effect of polyphenols on the clogging of microfiltration membranes (Ye et al., 2005; El-Rayess, 2011; Nandi et al., 2011). Czekaj et al. (2000) also showed that the decrease in permeation flux observed during the filtration of two wines of the same turbidity was partly due to the presence of polyphenols.








Table 6. Balance sheet of microfiltration

	
	CE
	Permeate
	Retentate
	CF
	Loss rate (%)

	VOLUME (L)
	1.2
	1.0
	0.16
	
	

	DW (g/L)
	1.96
	1.96
	2.49
	1.27
	0

	PT (g GAE/L)
	0.37
	0.36
	0.44
	1.21
	0.55

	FT (g/L QE)
	0.67
	0.67
	0.94
	1.39
	0.15


CE: Crude Extract; CF: Concentration Factor; DW: Dry Weight; PT: Total Poyphenols, FT: Total Flavonoids

According to the material balance carried out, more than 80% of the active compound contents present in the initial crude extract are found in the final permeate at the end of filtration (Fig.2). The filtration process would therefore allow the concentration of the compounds sought at the end of the analysis. Microfiltration is generally used to reduce the turbidity of extracts following the release of fine particles or microorganisms present in the juices (Cissé et al., 2011; Machado et al., 2012). The clarified juices obtained can be directly used as ingredients naturally rich in antioxidants (polyphenols, vitamins) for the formulation of other fruit juices or soft drinks (Adjé, 2009; Soro, 2012).
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Fig.2. Overall material balance of the filtration process
PMF: Permeate of microfiltration; RMF: Retentate of Microfiltration

4. Conclusion
The objective of this study was to determine the optimal conditions for the extraction of active compounds from Garcinia kola seeds, and then to initiate a process of clarification of the extracted obtained. The results indicateThis study demonstrated that the experimental design put in place was able to determine the levels of factors that influence the extraction of active compounds from G. kola seeds. Thus, to have a maximum content of polyphenols and total flavonoids, the extraction must involve the infusion of 1g of material in 100 mL (w/v) of Ethanol (50%) for a period of between 3 and 24 hours.	Comment by SureshBabu Ganapa: Pls italicize 
Pls make sure to italicize appropriate scientific terms throughout manuscript
Subsequently, the application of microfiltration resulted in a clarified juice with bioactive compounds. The material balance indicates a high proportion of compounds in the filtration permeate, which reflects satisfaction with the process applied. But, membrane clogging is significant and requires subsequent physical or chemical treatment before any reuse. Fortunately, the characteristics of the membrane are fully recovered at the end of the filtration process. The process could therefore be considered for a large-scale study with or without process coupling.
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