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Abstract  The extraction of total flavonoids from combinations of Azadirachta indica, Cymbopogon citratus and Psidium 

guajava leaves was optimized according to a mixed experiment design. Fifty-four experiments conducted with 3 repetitions 

for each, were carried out after an appropriate choice of 3 interpretable variables, which lead to a mathematical 1st degree 

polynomial model. After analysis of the effects, this model shows that the most important factor is the ratio (p-value<0.0001), 

the second is the extraction mode (p-value<0.05); the third factor, corresponding to the extraction time, has a negligible effect 

on the response (p-value>0.05). Interactions between factors are also negligible. The combination of leaves of the three plants 

in the proportions of 10% Azadirachta indica, 20% Cymbopogon citratus and 70% Psidium guajava by decoction allows to 

extract the highest content of total flavonoids with an average of 2,067 mg.EG/mL. The results indicate possible biological 

properties of this extract which suggest the investigation of the antiplasmodial activity and the ability to consummation of this 

extract as part of the fight against malaria.  
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1. Introduction 

Traditional medicine has long been a source of cultural 

heritage in Africa to which the population has remained 

attached in terms of primary health care [1]. According to  

the WHO, 80% of the African population uses traditional 

medicine for their health needs [1]. In addition, studies 

conducted in Côte d'Ivoire have reported that more than 90% 

of the population uses traditional medicine to treat many 

diseases. These works have also shown that several plants of 

the Ivorian flora have active ingredients with antiplasmodial 

activity, namely tannins, flavonoids, polyphenols, triterpenes, 

sesquiterpenes, quinones, alkaloids [2]. These secondary 

metabolites are responsible of the biological activity of 

several plant-based recipes known for their virtues in the 

management of malaria. In Mali, Azadirachta indica leaf 

decoction is taken orally and in body baths to treat malaria  
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[3]. In Burkina Faso, Psidium guajava leaves are used to 

treat malaria and jaundice [4]. In Côte d’Ivoire, the infusion 

or decoction of Cymbopogon citratus leaves alone or combined 

with Cassia occidentalis and Aurantifolia is used in the case 

of malaria, especially during pregnancy [5]. Also, health 

practitioners of traditional Ivorian medicine, offer different 

plants and also various combinations based on these plants  

to treat diseases such as high blood pressure and malaria  

[6]. It is within this framework that we became interested   

in "Ahoutou", a local recipe based on the leaves of 3 plants, 

Azadirachta indica, Cymbopogon citratus and Psidium 

guajava used successfully in the management of malaria in 

Côte d'Ivoire [7]. 

The therapeutic properties of medicinal plants are attributed 

to the presence of many secondary metabolites, including 

polyphenols [8]. They are one of the main classes of secondary 

plant metabolites. The latter consist of 3 major families, 

including alkaloids, terpenoids and polyphenols [9].   

In traditional Ivorian medicine, aqueous plant extracts are 

prepared without taking into account certain important 

extraction parameters (ratio, nature of the solvent, duration, 

etc.). However, it is known that the extraction of biomolecules 
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such as polyphenols whose flavonoids are influenced by various 

parameters such as temperature, extraction time, plant material 

ratio, nature of the solvent and the extraction method [10].   

Several extraction methods are then used. However, it is 

important to define the optimal extraction conditions through 

the use of the experimental design, a tool commonly used in 

experimentation [11]. 

The experimental designs are used to identify the optimal 

conditions for the extraction of these compounds in order  

to propose them to the followers of this unconventional 

medicine.  

Experimental designs make it possible, without loss of 

information, to reduce the number of tests to be carried out, 

to determine the most influential extraction parameters and 

to propose the best extraction conditions [12]. This method  

is an indispensable statistical tool to conduct the experiment 

in an optimal way. It is also used in many fields (industry, 

research) to improve process performance and control product 

quality [11].  

This work is part of the valorization of traditional 

medicine drugs with the aim of dosing the total flavonoids of 

the Ahoutou recipe and to propose a mathematical model to 

optimize the extraction of total flavonoids from these three 

plants thanks to a mixed factorial plan.  

2. Equipment Material and Methods  

2.1. Experimental Product and Plant Material   

2.1.1. Experimental Product 

The experimental product studied, called "Ahoutou", is a 

local recipe from "Djahakro", a village in the commune of 

Yamoussoukro, prepared by a traditional therapist called 

Ahoutou Séraphin. The recipe is a decoction of a mixture of 

leaves from three plants: Azadirachta indica, Cymbopogon 

citratus and Psidium guajava, obtained after boiling for 45 

minutes. It is a fluid solution with a brown colour and a bitter 

taste. For this study, three samples of this recipe obtained on 

different days were assayed for total flavonoid content. 

2.1.2. Plant Material  

The plant material also consists of the leaves of three plants 

of Azadirachta indica, Cymbopogon citratus and Psidium 

guajava. The leaves were harvested in Yamoussoukro (Côte 

d'Ivoire) and dried in the shade for ten (10) days. After 

drying, the leaves were ground and powdered.  

2.2. Extraction  

The extracts obtained from powders have been prepared 

according to the classic methods of preparing extracts used in 

village settings, namely infusion, decoction and maceration. 

This allowed aqueous extracts to be obtained.  

2.2.1. Infusion  

A test portion of 1 g of powder mixture of Azadirachta 

indica (A), Cymbopogon citratus (C) and Psidium guajava 

(P) in the permutations of 10%, 20% and 70% proportions 

was introduced into 100 mL of boiling distilled water. The 

assembly is maintained until cooling down at variable times 

of 5 min, 30 min and 45 min. After filtration, the aqueous 

extracts obtained were determined.  

2.2.2. Maceration   

A test portion of 1g of powder mixture of Azadirachta 

indica (A), Cymbopogon citratus (C) and Psidium guajava 

(P) in the permutations the proportions 10%, 20% and 70% 

was introduced into 100 mL of distilled water. The assembly 

was kept under magnetic agitation for variable times, from 5 

min, 30 min and 45 min in cold conditions. After filtration, 

the aqueous extracts obtained were determined.  

2.2.3. Decoction   

A test portion of 1 g of powder mixture of Azadirachta 

indica (A), Cymbopogon citratus (C) and Psidium guajava 

(P) in the permutations 10%, 20% and 70% proportions was 

introduced into 100 mL of distilled water. The whole was 

kept boiling at variable times (5 min, 30 min and 45 min). 

After filtration, the aqueous extract obtained was kept in a 

beaker for assaying.  

2.3. Spectrophotometric Determination of Total 

Flavonoids  

The method of Marinova et al [13] was used for the 

determination of total flavonoids. In a 25 mL vial, 0.75 mL 

of 5% (w/v) sodium nitrite (NaNO2) was added to 2.5 mL of 

aqueous extract. 0.75 mL of 10% (w/v) aluminum chloride 

(AlCl3) was added to the mixture and incubated for 6 minutes 

in the dark. After incubation, 5 mL sodium hydroxide 

solution (NaOH, 1 N) was added and the volume was made 

up to 25 mL with distilled water. The mixture was stirred 

vigorously before being assayed with the Jasco V-530 

spectrophotometer (JASCO, Japan). The reading was taken 

at 510 nm. The tests were carried out in triplicate. The flavonoid 

content was expressed in milligrams per litre of quercetin- 

equivalent extract (mg EQ /mL). The total flavonoid content 

of the three preparations (Nos 1, 2 and 3) of the Ahoutou 

recipe was determined by the abovementioned method.   

2.4. Optimization of Extraction Conditions with  

the Help of Designs of Experiments   

2.4.1. Study Parameters  

This work consists of determining a mathematical   

model of the total flavonoid extraction rate from the 

combination of three plants that make up the Ahoutou 

recipe. The parameters listed that may influence the 

diffusion of total flavonoids are: extraction process, ratio, 

plant size, extraction time and nature of the solution [10].  

In order to mimic the development of the "Ahoutou" recipe 

that uses water and leaves, three variables were taken into 

account in our study.  It's about:  
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  Time: X1, the extraction time of total flavonoids (5 min, 

30 min and 45 min) 

  The Ratio: X2, the different permutations of the 

proportions of the three plants during mixing (10%,  

20% and 70%).  

  Extraction process: X3, the different classical extraction 

processes (Infusion, Decoction and Maceration)  

These three factors have the advantage of being easily 

controllable even on a small scale.  

2.4.2. Mathematical Processing  

The rate of extraction of total flavonoids (y= Total 

flavonoids extracted in 1 g of mixture of leaves of the three 

plants in the proportions of 10%, 20% and 70%) depends on 

the main factors X1, X2 and X3, mathematically translated by: 

y = Y + Ɛ, with Y a 1st degree model expressed by   

Y= f(X1, X2, X3)= a0 + a1X1+ a2X2 + a3X3+ a12X1X2+ 

a13X1X3+ a23X2X3 + a123X1X2X3, which is the theoretical 

content of total flavonoids extracted en 1 g of leaf mixture 

and Ɛ an explanation error term.   

Also, we have: 

-  a0, the constant coefficient  

-  ai, the coefficients of the main factors Xi  

-  aij, the coefficients of the interaction factors XiXj   

The coefficients of the Y model were determined by linear 

regression using Microsoft Excel's analysis utility. The 

experimental study will therefore consist of highlighting the 

effects of factors on response. The multi-level factorial 

design seems to be suitable for solving this type of problem, 

especially the mixed factorial design. The extraction of total 

flavonoids from the combination of the 3 plants studied, 

during the preparation of extracts by infusion, maceration 

and decoction, made it possible to set the low and high levels 

of three technological parameters studied (the extraction 

process, the ratio and the extraction time) as shown in Table 

1. For the ratio, the different permutations of the proportions 

(10%, 20% and 70%) of the three plants make it possible to 

achieve six (6) possible mixtures or ratios. In this work, it 

was assumed that the formula 10% A+20% C+70%P is the 

lowest ratio and 70% A + 20% C + 10% P is the highest ratio. 

Thus, the different codes assigned to the main factors are 

shown in Table 2. 

Table 1.  Main factors and their areas of variation  

Postman Designation Low level High level 

Time X1 5 min. 45 min 

Extraction 

process 
X2 Infusion Decoction 

Ratio X3 
10% A + 20% 

C + 70% P 

70% A + 20% C 

+ 10% P 

Table 2.  Technology parameter codes  

Extraction time (min, X1) Codes 

5 -3 

25 0 

45 3 

Ratio (proportion of grindings when mixing, X2) Codes 

70% A + 20% C + 10% P 3 

70% A +10 % C + 20% P 2 

20% A + 70% C + 10% P 1 

20% A + 10% C + 70% P -1 

10% A + 70% C + 20% P -2 

10% A + 20% C + 70% P -3 

Extraction process (X3) Codes 

Infusion -3 

Macération 0 

Décoction 3 

2.4.3. Characteristics of the Experimental Design 

We chose a mixed factorial design. This plan requires 

3x6x3 tests, i.e. 54 tests for the factors. These trials were 

conducted in triplicate and the mean value of the total 

flavonoid extraction rate was taken as the response (y) for the 

trial under consideration. The characteristics of the plan are 

grouped in Table 3 and the experience matrix is shown in 

Table 4. 

Table 3.  Plan Characteristics  

Purpose of the study Study in the experimental field 

Number of variables 3 

Number of tests 54 

Number of coefficients 8 

No. of Responses 1 

 

Table 4.  Experience Matrix  

Tests 

N° 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

X1 -3 0 3 -3 0 3 -3 0 3 -3 0 3 -3 0 3 -3 0 3 

X2 3 3 3 2 2 2 1 1 1 -1 -1 -1 -2 -2 -2 -3 -3 -3 

X3 -3 -3 -3 -3 -3 -3 3 -3 -3 -3 -3 -3 -3 -3 -3 -3 -3 -3 

 

Tests 

N° 
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 

X1 -3 0 3 -3 0 3 -3 0 3 -3 0 3 -3 0 3 -3 0 3 

X2 3 3 3 2 2 2 1 1 1 -1 -1 -1 -2 -2 -2 -3 -3 -3 

X3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 



30 Gouegoui Serge-Pacôme Bohui et al.:  Optimisation of Total Flavonoid Extraction from Combinations of 

Azadirachta Indica, Cymbopogon Citratus and Psidium Guajava Leaves Using a Mixed Factorial Design 

 

 

Tests 

N° 
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 

X1 -3 0 3 -3 0 3 -3 0 3 -3 0 3 -3 0 3 -3 0 3 

X2 3 3 3 2 2 2 1 1 1 -1 -1 -1 -2 -2 -2 -3 -3 -3 

X3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

 

3. Results  

3.1. Flavonoids Content 

The flavonoid content of the extracts was obtained from a 

calibration curve using quercetin as the standard (Figure 1). 

It is expressed in mg quercetin equivalent / mL extract.  

 

Figure 1.  Quercetin calibration curve 

The results of the determination of the flavonoid content 

of three different preparations of the "Ahoutou" recipe and 

the different permutations of mixtures (54 trials of the 

experimental design) are shown in Table 5 and Table 6 

respectively. 

The total flavonoid content of the Ahoutou recipe varies 

according to the preparations indicating that not all the 

parameters of Ahoutou preparation are under the control of 

the traditherapist. This result is consistent with that observed 

by Stalikas [6]. Indeed, according to the latter, the aqueous 

extracts of Ivorian plants are prepared by ignoring certain 

important extraction parameters such as ratio, duration, etc. 

However, the extraction of biomolecules such as polyphenols 

and, specifically, flavonoids, is influenced by these parameters, 

the ignorance of which can lead to their alteration. 

There is variability in the flavonoid content between 0.393 

and 2.403 mg EQ/mL). The mean flavonoid value recorded 

is 1.182 ± 0.597 mg EQ/mL. 

Table 5.  Flavonoid content of three Ahoutou preparations  

Recipe 
Flavonoid content (mg EQ / mL) 

Preparation N°1  Preparation N°2  Preparation N°3 

Ahoutou 0,46 ± 0,01a  0,52 ± 0,01b  0,65± 0,02c 

Table 6.  Experimental design test results 

Tests N° 
Levels of technological parameters Dosage results 

X1 X2 X3 Y 

1 5 70% A+20%C+10%P Infusion 0,740 ± 0,062 

2 25 70 A+20%C+10%P Infusion 0,370 ± 0,010 

3 45 70%A+20%C+10%P Infusion 0,677 ± 0,047 

4 5 70%A+10%C+20%P Infusion 0,720 ± 0,044 

5 25 70%A+10%C+20%P Infusion 0,393 ± 0,015 

6 45 70%A+10%C+20%P Infusion 0,813 ± 0,015 

7 5 20% A+70%C+10%P Infusion 0,983 ± 0,015 

8 25 20% A+70%C+10%P Infusion 0,513 ± 0,032 

9 45 20% A+70%C+10%P Infusion 0,877 ± 0,031 

10 5 10% A+70%C+20%P Infusion 1,137 ± 0,015 

11 25 10% A+70%C+20%P Infusion 0,837 ± 0,038 

12 45 10% A+70%C+20%P Infusion 1,943 ± 0,026 

13 5 10% A+20%C+70%P Infusion 1,897 ± 0,021 

14 25 10% A+20%C+70%P Infusion 1,493 ± 0,006 

15 45 10% A+20%C+70%P Infusion 1,800 ± 0,015 

16 5 20% A+10%C+70%P Infusion 0,590 ±0,040 

17 25 20% A+10%C+70%P Infusion 0,620 ± 0,031 

18 45 20% A+10%C+70%P Infusion 0,653 ± 0,036 

19 5 70% A+20%C+10%P Macération 0,657 ± 0,010 

y = 0,2716x + 0,0004

R² = 0,9629

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16

0
0.005
0.01

0.015
0.02

0.025
0.03

0.035
0.04

0.045

Concentration de quercetine en mg/mL 

A
b

so
rb

a
n

ce
 à

 5
1

7
 n

m

Courbe d'étalonnage de quercetine



 American Journal of Chemistry 2024, 14(2): 27-33 31 

 

 

Tests N° 
Levels of technological parameters Dosage results 

X1 X2 X3 Y 

20 25 70%A+20%C-10%P Macération 0,677 ± 0,001 

21 45 70%A+20%C-10%P Macération 0,740 ± 0,006 

22 5 70%A+10%C+20%P Macération 0,750 ± 0,050 

23 25 70%A+10%C+20%P Macération 0,710 ± 0,021 

24 45 70%A+10%C+20%P Macération 0,843 ± 0,010 

25 5 20% A+70%C+10%P Macération 1,003 ± 0,017 

26 25 20% A+70%C+10%P Macération 2,403 ± 0,026 

27 45 20% A+70%C+10%P Macération 1,023 ± 0,015 

28 5 10% A+70%C+20%P Macération 1,877 ± 0,031 

29 25 10% A+70%C+20%P Macération 1,850 ± 0,106 

30 45 10% A+70%C+20%P Macération 1,863 ± 0,021 

31 5 10% A+20%C+70%P Macération 1,880 ± 0,021 

32 25 10% A+20%C+70%P Macération 1,943 ± 0,010 

33 45 10% A+20%C+70%P Macération 2,010 ± 0,040 

34 5 20% A+10%C+70%P Macération 0,717 ± 0,026 

35 25 20% A+10%C+70%P Macération 0,553 ± 0,021 

36 45 20% A+10%C+70%P Macération 0,973 ± 0,010 

37 5 70% A+20%C+10%P Décoction 0,760 ± 0,023 

38 25 70%A+20%C-10%P Décoction 0,893 ± 0,015 

39 45 70%A+20%C-10%P Décoction 1,053 ± 0,015 

40 5 70%A+10%C+20%P Décoction 1,017 ± 0,010 

41 25 70%A+10%C+20%P Décoction 1,173 ± 0,035 

42 45 70%A+10%C+20%P Décoction 1,010 ± 0,015 

43 5 20% A+70%C+10%P Décoction 1,250 ± 0,021 

44 25 20% A+70%C+10%P Décoction 1,377 ± 0,032 

45 45 20% A+70%C+10%P Décoction 1,170 ± 0,017 

46 5 10% A+70%C+20%P Décoction 1,947 ± 0,217 

47 25 10% A+70%C+20%P Décoction 2,050 ± 0,015 

48 45 10% A+70%C+20%P Décoction 2,140 ± 0,036 

49 5 10% A+20%C+70%P Décoction 2,080 ± 0,015 

50 25 10% A+20%C+70%P Décoction 2,253 ± 0,020 

51 45 10% A+20%C+70%P Décoction 2,333 ± 0,026 

52 5 20% A+10%C+70%P Décoction 0,740 ± 0,062 

53 25 20% A+10%C+70%P Décoction 0,370 ± 0,010 

54 45 20% A+10%C+70%P Décoction 0,677 ± 0,047 

Table 7.  Analysis of variance of the response "Total flavonoid levels" 

Source 
Degree 

freedom 

Sum of 

squares 

Medium 

square 
F ratio p-value R2 

R2 

adjusted 

Spread 

tpye 

Régression 7 11,5950 1,6564 11,5898 < 0,0001 0,6381 0,583 0,37 

Résidus 46 6,574 0,1429      

Total 54 18,1693       

 

3.2. Analysis of Precision and Variance of  

the Regression Model  

The flavonoid regression model (Table 7) yielded a 

coefficient of determination (R²=0.6381), indicating that the 

regression explains 63.81% of the variability observed in  

the preparation of flavonoid extraction. The coefficient of 

determination adjusted to Ra² = 0.583 confirmed that the 

model was significant. Also the regression yielded a p-value 

of less than 0.0001 (p-value<0.0001), again demonstrating 
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the high significance of the regression model. 

3.3. Analysis of Regression Model Coefficients and 

Estimation of Flavonoid Content  

Analysis of the coefficients (Table 8) based on the 

corresponding p-values (<0.05) shows that the significant 

coefficients are a0, a2 and a3. This indicates that Y = a0 + a2X2 

+ a3X3. The extraction of flavonoids is there fore influenced 

by the extraction process (X2) and the ratio (X3). By replacing 

the different coefficients by their respective values, we obtain 

the following mathematical model: Y = 1.2283 - 0.2061 X2 + 

0.0487 X3. 

As for the time factor (X1), it has an unappreciable effect 

in the chosen range of variation, i.e. between 5 and 45 min.  

Table 8.  Effects of the "Total Flavonoid Rate" Response Model  

Term Estimate p-value Significance 

a0 1,2283 <0,0001 Yes 

a1 0,0108 0,6104 No 

a2 -0,2061 <0,0001 Yes 

a3 0,0487 0,0248 Yes 

a12 0,002 0,8764 No 

a13 -0,0048 0,5795 No 

a23 -0,0042 0,6448 No 

a123 0,0008 0,821 No 

3.4. Optimization of the Flavonoid Content  

in the Preparation of Ahoutou  

The optimization of the responses in this study corresponds 

to maximizing the levels of total flavonoids contained in the 

extract derived from the combination of the leaves of the 

three plants. The Excel solver program was used to determine 

the theoretical optimal levels of factors for maximizing 

flavonoid content. Thus, in order to best extract the total 

flavonoids, the extraction (X3) should be done by aqueous 

decoction of the grind for a ratio (X2) of 10% Azadirachta 

indica + 20% Cymbopogon citratus and 70% Psidium guajava 

for a maximum content of 2.067 mg EQ/mL.   

3.5. Validation by Experience of the Choice Indicated by 

the Mixed Factorial Design  

For model validation, 3 trials were conducted to prepare 

Ahoutou while maintaining the optimal levels of ratio X3 to 

(3) and the extraction process X2 to (3). The mean value of 

the total flavonoid content was yexp (Table 9). Furthermore, 

the Relative Deviation Error (RDE) obtained is 0.9% which 

is well below 10%.  

Table 9.  Experimental and Predicted Value for the Test Point  

Compounds 
Experimental 

Value 

Predicted 

Value 

MRA (%) 

|VExp-VPred| / 

VExp 

Total 

flavonoids 

(mg EQ /mL) 

2,047 ± 0,014a 
2,027± 

0,000a 
0,9 

The experimentally obtained amounts of total flavonoids 

(2.047 ± 0.014 mg. EQ /mL) are greater than that predicted 

by the mathematical model (2.027 mg. EQ /mL). However, 

there is no significant difference (Student's test with p>0.05) 

between the experimental and predicted results of the 

investigational compound. The mixed factorial design 

(design with variable factor levels) is valid for predicting the 

amount of flavonoids in the chosen experimental field [14].  

4. Discussion 

In view of the results obtained, several factors can 

influence the extraction yield of total flavonoids, among 

them the extraction method. The comparison between the 

classical extraction methods (infusion, maceration and 

decoction) showed that decoction was the best to extract the 

maximum of flavonoids [7]. In the search for an efficient 

optimization of flavonoid extraction from various sources, 

the choice of the ratio including the best proportion of each 

plant in the mixtures plays a very important role in the 

extraction of total flavonoids. Using the experimental design, 

several extraction yields of total flavonoids were determined 

for mixtures of the three plants taken in proportions of 10%, 

20% and 70%. Thus, the proportions of mixtures of 10% 

Azadirachta indica, 20% Cymbopogon citratus and 70% 

Psidium guajava enabled us to extract flavonoids better in 

preparations with a more interesting flavonoid extraction rate. 

This result is better than the Ahoutou recipe concocted by the 

traditional practitioner. The total flavonoid content of the 

Ahoutou recipe was low. This could be due to the lack of 

control of the proportions of each plant in the preparation 

mixes. According to KOFFI et al [10], the ratio can influence 

the yield of total flavonoids.  

Regarding extraction time, this factor does not have     

a significant effect on the extraction of total flavonoids. 

According to the literature, the extraction of phenolic 

compounds, especially flavonoids, at high temperatures 

(above 80°C) would affect the stability of the compounds 

due to chemical and enzymatic degradation and/or losses  

by thermal decomposition [15]. At this stage, the extraction 

time becomes important, as longer extraction periods can 

lead to greater losses of flavonoids. Optimization of the 

extraction time factor suggests that extraction could be 

extended until maximum flavonoid yield is reached [15].  

5. Conclusions  

The aim of this study is to measure secondary metabolites 

of an "Ahoutou" recipe used in the traditional treatment of 

malaria in Cote d’Ivoire. Thus, a process for extracting the 

secondary metabolites, in particular the flavonoids contained 

in the extracts derived from the combination of three plants 

Azadirachta indica, Cymbopogon citratus and Psidium 

guajava was proposed. This work was carried out using an 

experimental design that allowed us to obtain a model for 

obtaining total flavonoid levels.  
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We have successfully achieved a high extraction yield   

of total flavonoids compared to the traditional practitioner's 

recipe. The experimental design proves very useful in practice 

and allows us to appreciate an optimum adjustment of the 

parameters of the extraction process of the flavonoid levels 

contained in the combination of three plants.   

The results showed that the recovery of flavonoids in 

herbal combination recipes was affected by the method of 

extraction and the different proportions (ratio) of these plants. 

Extraction time had no significant effect on their yield.  

In perspective, with the results obtained, this extract  

could present interesting biological properties to evaluate 

antiplasmodial activity and food safety in the fight against 

malaria. 
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