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ABSTRACT 
 

Aims: The aim of this study is to optimize extraction process of phenolics compounds from kola 
nuts by using experimental design. 
Study Design: Kola nuts were collected in October 2014-February 2015 in south of Côte d’Ivoire. 
Harvested kola nuts were transferred to the laboratory until used in the experiments 
Place and Duration of Study: This study was carried out during season 2014-2015 in the 
Laboratory of Biochemistry and Food Science, Félix Houphouët-Boigny University, Côte d’Ivoire. 

Original Research Article 
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Methodology: Nuts were divided into two groups and subdivided to obtain four groups according 
to their variety (traditional or improved) and morphotype or cultivar (white and red). After drying and 
powder processing, the effect of six parameters (solvent type, solid-liquid ratio, extraction mode, 
variety, cultivar and extraction time) on polyphenol extraction from kola nuts were studied. Firstly, a 
Plackett-Burman design (8 experiments) was used to highlight the most important factors which 
influence the extraction process. Then, a full factorial design (2

k
, k=4) was used to optimize the 

extraction conditions. 
Results: Results showed that solvent, ratio (w/v), extraction mode and variety of nuts had 
significant effect on polyphenols extraction. The predicted optimal conditions for the highest 
polyphenol content from kola nuts were found with infusion of traditional variety at 1/100 (w/v) ratio 
with aqueous ethanol 50% (v/v). In the predicted optimal conditions, experimental values were 350 
mg/L GAE, 1460 mg/L QE and 264.33 mg/L CE for total polyphenol, total flavonoid and condensed 
tannin, respectively. Experimental data were very close to the predicted values. 
Conclusion: The extractive capability of kola nuts polyphenol is considerably depended on the 
solvent type, the extraction mode, the solid-liquid ratio (w/v) and nuts variety. Thus, kola nuts can 
be considered as a natural source of phenolics compounds with good antioxidant capacity. This 
optimization of the extraction parameters of phenolics compounds from kola nuts is very original, it 
is the first on a current scale of research on kola nut. 
 

 
Keywords: C. nitida; polyphenols; optimized extraction; full factorial design. 
 

1. INTRODUCTION  
 
Natural antioxidants are increasingly appreciated 
by consumers due to both their inherent positive 
effects and to the possibility of using them as a 
source of natural additives to replace synthetic 
ones [1,2]. They are radical scavengers which 
protect the human body against free radicals that 
may cause pathological conditions such as 
ischaemia, asthma, arthiitis, inflammation, 
neurodegeneration, etc. [3]. The search of new 
antioxidants and phenolics from natural herbal 
source has taken very large attention in last 
decade [4]. Antioxidant activity of fruits and 
vegetables is generally positively correlated with 
their content of polyphenols [5]. Polyphenols are 
widely distributed in plants with antioxidant and 
antiradical properties [6,3], although they are 
found in relatively high amount in some plants, 
seeds and fruits [7] and beverages [8]. They 
have been studied by reserchers for their strong 
antioxidant health benefits [9-11]. 
 
Natural and secondary metabolic substances, 
especially, polyphenols, represent a wide range 
of substances with various structures, fall into 
different families including anthocyanins, 
coumarins, lignins, flavonoids, tannins, quinones, 
acids and phenols [5,6]. This structural diversity 
results in large variability of the physico-chemical 
properties influencing polyphenol extraction. 
Experimental data in vitro suggest that 
polyphenols have anti-inflammatory, antiallergic, 
anti-viral, and anti-carcinogenic activities [12-14]. 
They also have a protective role against chronic 

degenerative diseases (cataracts, macular 
degeneration, neurogenerative diseases), cancer 
cardiovascular diseases [13]. 
 
Over the years, several assay methods, solvents 
and sample preparation techniques have been 
adopted for the quantification of polyphenolics 
but there is no universal extraction procedure 
suitable for extraction of all plant phenolics [15]. 
Extraction methods (traditional methods, 
ultrasound-assisted extraction, subcritical water 
extraction, supercritical fluid extraction, 
pressurized fluid extraction, or accelerated 
solvent extraction), particle size, sample 
preparation, extraction time, solvent type, 
temperature of extraction and the presence of 
interfering factors have been shown to strongly 
influence polyphenol extractability in plant 
materials [16-19]. 
 
Kola nuts is a natural plant that is a rich source of 
natural polyphenols and provides a high free 
radical scavenger activity [20-23]. There are over 
140 species of kola nut trees, and the most 
commonly edible are bitter cola (Garcina kola), 
kola nuts (C. nitida or C. acuminata) [20,24,25]. 
These three species are used as stimulants, 
increasing energy and strenght, dispelling 
drowsiness and staving hunger [26,27,22]. But 
only C. nitida is one of great interest because 
locally cultivated, widely consumed when fresh, 
while the dried nuts are used for beverages and 
pharmaceutical purposes in Europe and North 
America [21,18].  
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Many parameters have significantly influenced 
the extraction yield of kola nuts. In order to 
extract the bioactive polyphenolic compounds 
from Cola nitida nuts, an experimental design 
with a Plackett-Burman design following by a full 
factorial design was carried out. We have used 
firstly the screening designs (Plackett-Burman 
deign) which are best known for factors two 
levels. The experimentation highlights in a large 
number, those factors that are actually influential 
on a process in a fixed experimental field [28-29]. 
The choice of screening design is based on the 
number of the studied factors which is six 
(extraction method, extraction solution, solid-
liquid ratio (w/v), extraction time, color and 
variety of nuts). The most important factors 
acting on bioactive compounds extraction were 
used in a second experimental design, full 
factorial design, that to examine the interactions 
effects of the factors on a response or dependent 
variable by carry out all possible combinations of 
levels and variable [30]. 
 
According to the litterature, no work has so far 
been reported on the optimization of extraction of 
bioactive compounds from Côte d’Ivoire kola 
nuts. Under this situation a statistical method of 
optimization seems to be very useful. The 
objective of the present study was to optimize 
extraction conditions by using non-toxic solvent 
for the enhanced recovery of polyphenols from 
kola nuts. Plackett-Burman or Hadamard 
experimental design allowed the screening to 
identify the most important factors among ratio, 
extraction method, solvent type, extraction time, 
nut variety and morphotype or cultivar [29]. After 
this screening, the optimization was done by full 
factorial design while keeping in mind the factors 
that influence the extraction along with the 
effects of interaction between these factors [31]. 
 
2. MATERIALS AND METHODS  
 
2.1 Plant Material 
 
A fresh kola nut was used as plant material. They 
were collected from October 2014 to February 
2015 in south of Côte d’Ivoire.  
 
As shown in Table 1, harvested plant materials 
were organized into two groups and subdivided 
to obtain four groups according to their color or 
cultivar and their variety. Two varieties of nuts 

are available in Côte d'Ivoire: nuts did not 
undergo genetic modification (Traditional or 
spontaneous nuts) and those from the breeding 
program initiated by the National Agricultural 
Research Centre (improve nuts). At laboratory, 
they were washed with distilled water, cut into 
smaller pieces and dried at room temperature 
(30±2ºC) during two weeks. The dried sample 
was milled into powder using an electric blender, 
and stored in plastics bags prior to analysis. 
 

Table 1. Sampling of kola nuts 
 

Sample 
identification 

Fresh nuts  
color 

Variety  

RCN1 Red  Traditional 
RCN2 Red  Improve  
WCN1 White  Traditional  
WCN2 White  Improve  

RCN : Red C. nitida, WCN : White C. nitida 

 

2.2 Chemical Reagent 
 
All reagents used in the study were of pure 
analytical grade, unless otherwise specified. 
Ethanol (CH3CH2OH), methanol (CH3OH), 
hydrochloric acid (HCl), potassium 
peroxodisulfate (K2S2O8), 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). Trolox 
(6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid), gallic acid, quercetin, catechin 
were purchased from Sigma-Aldrich (Germany). 
ABTS (2,2’-azino-bis (3-ethylbenzothiazoline-6-
sulphonic acid) diammonium salt) was purchased 
from Biochem (France). Vanillin was purchased 
from Merck (Germany). Water was purified by a 
Milli-Q water purification system. 
 

2.3 Plackett and Burman Design  
 
The Plackett-Burman experimental design was 
used for screening the effect of six variables 
which include extraction solution (X1), Ratio (X2), 
extraction mode (X3), morphotype or cultivar (X4), 
variety (X5) and extraction time (X6) on the 
extraction from kola nuts. These six independent 
variables or factors were organized in eight 
combinaisons according to Plackett-Burman 
design matrix [29]. For each factor, a high (+1) 
and low (-) level were tested (Table 2). 
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Table 2. Plackett-Burman parameters and coded levels 
 

Factors Technological parameters Coded levels 
Low (-1) High (+1) 

X1 S: Extraction solution Water Ethanol 50% 
X2 R: Ratio (w/v) 1/100 5/100 
X3 M: Extraction mode Maceration Infusion 
X4 C: Morphotype or cultivar White Red 
X5 V: Variety Traditional Improve 
X6 T: Extraction time (h) 3 24 

 
The responses studied were total phenolics 
content (TPC), total flavonoids content (TFC) and 
condensed tannin content (CTC). The model 
created from this analysis of Plackett-Burman 
experimental design using multiple regression 
analysis is based on the 1er order-model: 
 

Yn = b0 + ∑ biXi 
 

Where Yn is a predicted response, bo is a model 
constant and bi is a variable linear coefficient. 
 

2.4 Full Factorial Design 
 

A 2
4
 full factorial experimental design was used 

to identify the relationship existing between the 
response functions and process variables [32], 
as well as to determine those conditions that 
optimized extraction of TPC, TFC, and CTC. The 
four independent variables or factors studied 
were the extraction solution (X1), ratio (X2), 
extraction mode (X3) and variety (X5). Each 
variable to be optimized was coded at the lower 
(-1) and higher (+1) levels considered as 
previously studied (Table 3). 
 

Table 3. Experimental values and code levels 
of independent variables used for the 24 

factorial designs 
 

Factors Technological 
parameters 

Coded levels 
Low (-1) High (+1) 

X1 S: extraction 
solution  

Water Ethanol 
50% 

X2 R: ratio (w/v) 1/100 5/100 
X3 M: extraction 

mode  
Maceration Infusion 

X5 V: variety Traditional Improve 
 

In the full factorial design, the main as well as the 
interaction effects of various factors are 
determined by fitting the data into 1er order 
polynomial equation: 
 

Yn = b0 + b1X1 + b2X2 + ….+ bkXk +…+b12X1X2 
+ … +bk-1kXk-1Xk + … + b1…kX1X2…Xk 

 

Where Yn was the measured response, bk the 
main effect of the factors Xk, bk-1k the interaction 
effect between the factors k-1 and k and b0 the 
constant term. 
 

2.5 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. 
 

2.6 Analytical Methods  
 

2.6.1 Determination of total polyphenols 
content (TPC) 

 

Total polyphenols were determined by 
colorimetry, using the Folin-Ciocalteu method 
[33,34]. 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). 
 

2.6.2 Determination of total flavonoids 
content (TFC) 

 

Total flavonoids were determined by the 
aluminum chloride colorimetric method described 
by Marinova et al. [35]. 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 
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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).  
 
2.6.3 Determination of condensed tannins 

content (CTC) 
 
Condensed tannins were determined by the 
method of Heilmer et al. [36]. 400 µL of each 
extract was added to 3 mL of a methanol solution 
of 4% vanillin and 1.5 mL of concentrated 
hydrochloric acid was subsquently added. After 
15 min of reaction the absorbance was 
measured at 550 nm with distilled water as blank. 
A calibration curve was performed with cathechin 
at different concentrations (0-500 µg/mL). The 
tests were performed in triplicate and the tannins 
content was expressed in micrograms catechin 
equivalent per miligram of extract (mg/L CE). 
 

2.7 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 Standards Parameters 
 
The absorbance values of stocks solutions of 
standard gallic acid, quercetin and catechin for 
Total Polyphenol (TP), Total Flavonoid (TF) and 
Condensed Tannin (CT), respectively were 
measured. Table 4 shows the differents 
equations of each standard linear calibration and 

their regression coefficient R
2
. It show clearly a 

good linear relationship between the absorbance 
and concentration of each standard solution 
(0.994˂R

2
˂0.997). Values gives a good 

agreement between the experimental and 
predicted values of the adapted model [37,38]. 
 
Table 4. Equation and regression coefficient 

for different standard calibration 
 

Standards  Equation R
2
 

Gallic acid y=0.872x - 0.006 0.996 
Quercetin  y=0.644x - 0.006 0.997 
Catechin  y=0.002x - 0.035 0.994 

 

3.2 Screening of Variable Effects on 
Polyphenols Extraction 

 
According to Plackett-Burman experimental 
design, 8 experiments were carried out in order 
to evaluate the effects of the main factors on total 
phenolics, total flavonoids and condensed 
tannins extractions. In Table 5, the factors X1, X2, 
X3, X4, X5 and X6 represent extraction solution, 
ratio (w/v), extraction mode, morphotype or 
cultivar, variety and extraction time (h), 
respectively. The higher level variable was 
designed as (+1) and the one at the lower level 
as (-1).  
 
The experimental analysis showed that the yield 
extraction is favored when the variables 
extraction solvent, extraction mode, extraction 
time are in their high level (+1) and the variables 
ratio, morphotype and variety in their low level            
(-1) (experiment 6). 
 
Bioactive compounds contents are ranged 
between 28±1 to 350±13 mg/L

 
GAE, 138±1 to 

1653±36 mg/L QE and 33±1 to 365±2 mg/L CE 
for TPC, TFC and CTC, respectively (Table 5). 
Total polyphenol, Total flavonoid and condensed 
tannin yields were influenced by the variables 
extraction solution (S), ratio (w/v) (R), extraction 
mode (M) and variety (V). 
 
Table 6 illustrates estimation and statistics of 
linear regression coefficient. Coefficient is known 
as statistically significant if its absolute value is 
strictly higher than the double of the experimental 
standard deviation, |coef|˃2σ [39]. The 
determination of the each coefficient and 
experimental standard deviations were 
determined by the method of linear regression 
[40]. 
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Table 5. Total polyphenol, total flavonoid and condensed tannin content of kola nuts samples 
according to Plackett-Burman design 

 
Test set Independent variables Experimental responses 

X1 X2 X3 X4 X5 X6 Y1
a
 Y2

b
 Y3

c
 

1 + + + - + - 234±3* 777±11 161±1 
2 - + + + - + 147±5 680±7 205±1 
3 - - + + + - 113±4

**
 600±13

**
 180±1 

4 + - - + + + 227±9* 1193±22 238±2 
5 - + - - + + 28±1 138±1 33±1 
6 + - + - - + 350±13 1653±36 365±2 
7 + + - + - - 283±2 1157±4 285±1 
8 - - - - - - 110±7

**
 617±18

**
 148±1 

Data of the same column having the same sign are statistically in the same homogenous group at P=.05 
Y1: Total polyphenol content; Y2: Total flavonoid content; Y3: Condensed tannin content 

a: mg/L GAE; b: mg/L QE; c: mg/L CE 
 

Table 6. Statstical estimates of coefficient and standard deviation 
 
 Coefficient and standard deviations for each equation 

Total polyphenols Total flavonoids Condensed tannins 
Coefficient Values 2σ Values 2σ Values 2σ 
a0 186.5

*
 

14 

843.5
*
 

53.66 

201.94
*
 

27.67 

a1 86.83* 334.83* 60.41* 
a2 -13.5 -155.67

*
 -30.86

*
 

a3 24.66* 67.33* 25.79 
a4 6 64

*
 25.12 

a5 -36* -166.5* -49.06* 
a6 1.5 56* 8.40 

*:significant data at P=.05 

 
Statistical analysis showed that extraction 
solvent, extracton process and variety had the 
greatest effect on total phenolics extraction. The 
main variable for condensed tannins extraction 
were extraction solvent, solid-liquid ratio (w/v) 
and variety. However, for total flavonoids 
extraction, all variables were dominating. The 
levels of the non-dominating factors were fixed in 
order to allow the optimization. 
 
The factors X1 (extraction solution), X2 (solid-
liquid ratio), X3 (extraction mode) and X5 (variety) 
have been selected as the most influential in kola 
nuts compounds extraction according to the 
effect estimated values (coefficients of the 
equation). The new experiment was conducted 
by setting the non-dominating factors 
"morphotype" (X4) and "extraction time" (X6) to 
their high level (+1), respectively M=Red and T 
(h)=24. 
 
Minimal effect of the morphotype will make it 
possible to choose indifferently any cultivar for 
the future analysis. 
 
 

3.3 Optimization of Phenolics 
Compounds Extraction 

 
The full factorial design used was determined the 
combination of different levels of influential 
parameters that give the best compounds yields. 
TFC, TFC and CTC were determined. For that 16 
experiments (24) were conducted according the 
matrix presented in Table 7. 
 
The values of regression coefficient determined 
are given in Table 8. The effect of individual 
variables and interactions effects was estimated 
[41]. 
 
Table 8 shows that all variables presented 
significant effect on total phenolics extraction. 
The most important parameter affecting this 
extraction is the solvent. The interaction between 
solvent (X1) and ratio (X2) is significant. The 
predictive equation of total phenolics yields (Y1), 
neglecting the non-significant factors, is given by 
equation 1 with a satisfactory R2 value (R2=0.98). 
 

Y1=230.21+49.29X1-51.04X2+14.95X3-
31.37X5+18.87X1X2                                        (1) 
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The higher total phenolics contents (358 mg/L 
GAE) was obtained when variables extraction 
solvent and extraction mode are in their high 
level (+1) and variables ratio and variety  in their 
low level (-1). 
 

Total flavonoids extraction was affected by 
solvent (X1), ratio (X2) and variety (X5). No 
interaction between factors are noted. The most 
important parameter affecting this extraction is 
the solvent (Table 8). The data showed a good fit 
with equation 2, being were statistically 
acceptable at P=.05 level and adequate with a 
satisfactory R2 value (R2= 0.97). Equation 2 
being developed to present the relationships 
between TFC and extraction variables. 
 

Y2=854.08+325.92X1-119.25X2-149.58X5     (2) 
 

The highest value of total flavonoid (1449 mg/L
 

QE) was obtained when the variable extraction 
solvent is in his high level (+1) and variables ratio 
and variety in their low level (-1). 
 

Condensed tannin extraction was affected by by 
all variables. The most important parameter 
affecting tannin extraction is the same as in the 
case of total phenolics extraction (factor X1). Two 
significants interactions were observed: solvent 
(X1) - ratio (X2) and  solvent (X1) – variety (X5). 
Equation 3 describe the model of condensed 
tannin with a satisfactory R

2
 value (R

2
= 0.96). 

 

Y3=159.85+58.84X1+22.73X2+21.06X3-
20.53X5+23.24X1X2+15.62X1X5                     (3) 

 

The highest value of condensed tannin (267.39 
mg/L

 
CE) was obtained also when variables 

solvent, ratio, extraction mode are in their high 
level and variable variety in their low level. 
 

The experimental analysis showed that 
polyphenolics compounds extraction of kola nuts 
is favored when the variables extraction solvent 
and mode are in their high level (+1), and 
variables ratio and variety in their low level (-1). 
Thus, the optimum extraction process of kola 
nuts bioactive compounds involves the following 
parameters: 
 

 Extraction solvent : Aqueous ethanol (50%) 
 

Selecting the right solvent affects the amount 
and rate of polyphenols extracted [42]. The use 
of water with a organic solvent, for the extraction 
of polyphenols from some plant materials has 
been reported to contribute to the creation of a 
moderately polar medium that insures the 
extraction of phenolics, giving betters results 

than when using a pure organic solvent [12,13]. 
According to Mokhtarpour et al. [15], it was 
suggested the using of 50% aqueous ethanol for 
plant tannin extraction. Ethanol is a good solvent 
for polyphenol extraction and is safe for human 
consumption [43].  
 

 Ratio (w/v) : 1/100  
 
A correct ratio of solvent and plant matter is 
fundamental for obtaining an optimal extraction 
process. We note an increasing of TPC, TFC and 
CTC when extraction solution volume move from 
20 mL (5/100) to 100 mL (1/100). According to 
Sampath [10], when the solvent volume was 
increased, it can increase the absorption rate, 
swelling rate and diffusion rate of the plant cell 
wall. At the same time, excessive solvent 
volume, promotes the extraction of undesired 
compound from the plant material, affect the 
quality of desired compounds and decrease the 
yield also. This decrease due to the fact that 
when the ratio reached a certain level, the extract 
may be well saturated [44,45,38]. 
 

 Extraction mode : infusion 
 

The temperature increase would favor the 
diffusion of the compounds of the vegetable 
matrix to the extraction solution [12]. In this 
study, heating the extraction solvent promotes 
the diffusion of the sample compounds, kola nuts 
bioactive compounds would thermostable. 
Temperature’s effect on extraction is dual. On 
one hand, higher temperature can accelerate the 
solvent flow and thus increase the content and 
on the other hand, higher temperature can 
decrease the fluid density that may reduce the 
extraction efficiency [45]. 
 

 Variety : traditional 
 

Genetic modification of kola nut could explain the 
higher efficiency of traditional nuts compared to 
improved nuts. A similar report by Nyamien et al. 
[38], revealed that kola nuts caffeine content 
depends on the type of variety used. 
 

3.4 Validation of 24 Full Factorial Design 
Optimization of Phenolics 
Compounds from Kola Nuts 

 

All the models were established with high 
coefficient of determination R

2
, ranging from 0.96 

to 0.98, wich means a close agreement between 
the experimental results and those predicted by 
the models. The predictive quality of every model 
was also tested at the recommended optimum 
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condition. All the responses were replicated three 
times at the optimum condition, and the results 
are presented in Table 9. The arithmetic means 

of the experimental values was 350±11 mg/L 
GAE, 1460±9 mg/L QE and 264.33±2 mg/L CE 
for TPC, TFC and CTC, respectively.

 

Table 7. Experimental design (2k, k=4) and corresponding responses 
 

Run order Technological parameters and coded levels Responses 
X1 X2 X3 X5 Y1

a
 Y2

b
 Y3

c
 

1 W 1/100 M T 247±18
**
 727±4 120±1 

2 E 1/100 M T 347±4+ 1587±16 203±1 
3 W 5/100 M T 119±4 459±11* 97±1** 
4 E 5/100 M T 288±13

***
 1253±11 282±1 

5 W 1/100 I T 313±9 933±4 159±1 
6 E 1/100 I T 353±9

+
 1373±4 190±1 

7 W 5/100 I T 167±22 571±9 173±7 
8 E 5/100 I T 259±31

**
 1127±4

**
 241±1 

9 W 1/100 M Ip 193±11
*
 440±1

*
 30±1

*
 

10 E 1/100 M Ip 263±11** 1013±16 139±1 
11 W 5/100 M Ip 67±9 187±9 31±1

*
 

12 E 5/100 M Ip 197±4* 873±9 214±1 
13 W 1/100 I Ip 250±1

**
 620±1 97±1

**
 

14 E 1/100 I Ip 283±11
***

 1093±4
**
 138±1 

15 W 5/100 I Ip 91±4 289±11 100±1 
16 E 5/100 I Ip 245±11

**
 1120±13

**
 327±1 

Data of the same column having the same sign are statistically in the same homogenous group at P=.05 
W: water ; E: ethanol 50% ; I: infusion ; M: maceration ; T: traditional ; Ip: improve a: mg/L GAE; b: mg/L QE;       

c: mg/L CE 
 

Table 8. Statstical estimates of coefficient and standard deviation of 2
4
 full factorial 

experiments 
 

 Model coefficients 
Coef Total polyphenols Total flavonoids Condensed tannins 

Values 2σ Values 2σ Values 2σ 
b0 230.21* 

9.66 

854.08* 

51.98 

159.45* 

13.05 

b1 49.29
*
 325.92

*
 58.84

*
 

b2 -51.04
*
 -119.25

*
 22.73

*
 

b3 14.95* 36.75 21.06* 
b5 -31.37

*
 -149.58

*
 -20.53

*
 

 b12 18.87* 32.58 23.24* 
b13 -9.29 -38.41 -10.52 
b15 -0.79 -5.41 15.62

*
 

b23 -3.79 5.08 6.8 
b25 2.37 32.08 10.26 
b35 3.54 39.42 10.58 
*: significant data, Coefficient is known as statistically significant if its absolute value is strictly higher 

than the double of the experimental standard deviation, |coef|˃2σ [39] 

Table 9. Experimental data for verification of the models predicted at optimal condition 
 

Optimal condition Response 1 
TPC (mg/L GAE) 

Response 2 
TFC (mg/L QE) 

Response 3 
CTC (mg/L CE) 

Pred Exp Pred Exp Pred Exp 
X1=Ethanol 50% 
X2= Ratio 1/100 
X3= Infusion 
X4= Traditional 

358
*
 350±11

*
 1449

**
 1460±9

**
 267.39

***
 264.33±2

***
 

Data of the same column having the same sign are statistically in the same homogenous group at P=.05 
Pred= predicted values, Exp= experimental values 
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Experimented data were approaching the 
predicted values. This indicated that the 
optimization achieved in the preent study was 
reliable. Deviations between experimental values 
and the predicted values can be explained by the 
lack of perfectly fitted models and experimental 
errors. 
 

4. CONCLUSION 
 
Kola nuts occupy a unique place amongst West 
Africans where these are widely consumed. 
These are the important source of bioactive 
compounds, and can be used as a possible 
source of natural antioxidants for African’s 
population and European industries. The use of 
experimental design in this study showed the 
optimum conditions for extracting bioactive 
compound from kola nuts by non toxic solvent 
(aqueous ethanol in particular). All the developed 
models showed an adequate predictive quality 
and the optimal condition was predicted by 
desirability function and successively verified. 
The optimum conditions for obtaining high yield 
of polyphenols content were extraction by 
infusion of traditional variety at solid-liquid ratio 
1/100 with aqueous ethanol 50%. A meticulous 
study of each factor must be done to obtain more 
significant yields of kola nuts compounds. The 
researchers may determine precise phenolics 
contents of the most widely eaten kola to avoid 
consumption in high dose since our knowledge 
on risks is much limited. Extraction with non toxic 
solvent may allow the isolation of directly edible 
ingredients. 
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