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Introduction
	 Belonging to the Capparidaceae family, Boscia senegalensis is a wild 
plant which largely grows under the 20th parallel of the soudanian area 
of Africa from Senegal, through the Northern Burkina Faso, Nigerian 
and Niger border, the southern lake of Chad and ended in the Western 
Sudan. It is an evergreen under shrub plant, usually 1 to 2 m mean 
height [1]. Largely called in these regions as “Buldumhi” in Fulfulde 
and “Ndandam” in Wolof [2], Boscia plant produces acidic fruits that 
are commercialized either for human nutrition or for medicine. The 
fruits are usually soaked in water for some days to a week to remove 
the acidity before consumption. The utilization of Boscia seeds for 
food is generally limited in rural households, notably in Burkina Faso, 
where populations experienced a food shortage period occurring ear-
ly in the rainy season and lasting until the next crop harvest period. 
Rather, Boscia seeds are mostly used for their medicinal properties. 
In Chad, for instance the seeds are regularly used traditionally for the 
treatment of diabetes and associate diseases including obesity and 
coronary heart diseases [3]. One active principle in Boscia has been 
identified as a glucocapparin, a sulfonated glucose which exhibited 
not only hypoglycemic effect, but also cytotoxicity [3]. It is demon-
strated that Boscia is rich in phenols and antioxidant properties [2], 
and these molecules may also justify the use of Boscia in traditional 
medicine. Traditionally the decoction used in patient treatment con-
sisted of mixing the seed powder (about 200 g) with water (about 1L) 
followed by boiling for about 30 min. However the conditions under 
which Boscia decoctions are prepared varied from one healer to an-
other and the optimal condition to achieve the extraction of active 
principle is unknown and need to be investigated.

	 Optimization of aqueous extraction of plant material has been 
widely investigated on several food materials including dry seeds, 
herbs, etc., Generally the most important factors are extraction time 
temperature, and powder mass to water volume ratio. In particular the 
extraction of phenolic compounds and antioxidant principles from 
plant materials has been shown to depend on such factors, but the 
global and interaction effects of these factors may depend on the type 
of matrix and this has not yet been investigated on Boscia powder.

	 The general objective of the present work was to determine the 
conditions of aqueous extract production with optimal hypoglycemic 
effect. More specifically the effect of extraction time, temperature and 
water to flour ratio on total phenolic compounds, antioxidant and hy-
poglycemic properties of Boscia was first studied, and the determina-
tion of optimal extraction condition using multiresponse optimiza-
tion methodology was done.
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Abstract
	 The objective of this study was to optimize the extraction con-
ditions of antioxidant and antihyperglycemic properties of Boscia 
senegalensis decoction using response surface methodology. A 
Central Composite Design was performed to determine the effect 
of powder to water ratio (range 0.3/10 - 4/10 g/mL), extraction time 
(range 3 - 38 min) and extraction temperature (range 25 - 95°C) 
on total polyphenol content, DPPH free radical scavenging, Ferric 
ion-reducing power and glycemic index of decoction. Desirability 
function was established to achieve the best possible combination 
of factors to a maximum value of total phenolic content, DPPH free 
radical scavenging, total reducing power of the decoction and a low 
level of glycemic index. The results revealed that the variation of 
all the response variables as a function of the factors fit very well 
the quadratic model with adjusted R2 varying from 82 to 93%. The 
range variation observed were: Total polyphenol content 0.47 to 
2.04 mg galliceq/100mL, glycemic index 55.1 - 89.6%, DPPH anti-
radical scavenging activity 30.2 - 67.2%, Ferric ion-reducing power 
0.29 - 0.95 mg vitamin C eq/100mL decoction. The highest variation 
of responses 38% was observed on the phenolic content while the 
lowest 12% was observed on the glycemic index. Significant linear 
correlation (r = -0.90; p<0.01) was observed between the total poly-
phenol content and the glycemic index of the decoction. Computed 
desirability function estimated with accuracy the optimal conditions 
at 55°C extraction temperature, 3/10 g/mL powder to water ratio and

10 min extraction time. At this optimum point the polyphenol content, 
total reducing power, DPPH free radical scavenging and glycemic 
index were respectively 2.34 mg galliceq/100 mL, 0.41 mg vitamin C 
eq/100 mL, 59.0% and 51.6%. In conclusion the response surface 
methodology successfully conducted to production of decoction of 
Boscia senegalensis with the highest polyphenol content, antioxi-
dant properties and the lowest glycemic index.
Keywords: Antioxidant propertie; Boscia senegalensis; Decoction; 
Glycemic index; Optimization
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Material and Methods
Sampling and production of Boscia senegalensis flour

	 Boscia senegalensis seeds used in this study were harvested in the 
experimental farm of the University of Ndjamena, Chad in November 
2014. The species were identified and voucher specimen was deposit-
ed at the Veterinary and Zoo technical Laboratory of Facha (N° 1344). 
The matured dried seeds were carefully cleaned and sorted to remove 
defective ones. The dry seeds were grounded into fine flour using an 
electric grinder (Culatti, Polymix, France) equipped with a sieve of 
diameter 800 µm mesh, sealed in polyethylene bags and stored at am-
bient temperature (25 ± 2°C) until analysis.

Aqueous extraction of Boscia senegalensis powder

	 Boscia senegalensis decoction was extracted from the flour using 
distilled water. The amount of flour used for each extraction corre-
sponds to an average of mass of flour typically used for decoctions, 
according to the preliminary investigation from traditional health. 
Also, decoction time and temperature ranges were chosen based on 
the traditional practices for obtaining Boscia decoction. Seventeen 
extractions were performed in triplicate as shown in the experimental 
design (Table 1). The flour was blended with distilled water (flour ratio 
0.3:10 to 4:10 g/mL) preheated to the desired temperature, and the 
slurry was stirred at 2500 rpm using an electric stirrer under differ-
ent extraction time (3 - 38 min) and temperature (25 to 95°C). After 
incubation, the sample was centrifuged at 1500 g for 15 min at 25°C, 
the supernatant was collected and the residue was re-extracted in 
the same conditions. The collected supernatants were combined and 
packaged in 100 mL volumetric glass vessels and stored at 4°C in the 
refrigerator for analysis.

Determination of the response variable

	 Four response variables were used in this study, total polyphenol 
content, DPPH free radical scavenging activity, total reducing power 
and the rat glycemic index of Boscia decoctions.

Determination of DPPH free radical scavenging activity: The DPPH 
free radical scavenging was calculated as the percentage of DPPH free 
radical scavenged by the decoction (%) in solution [4]. In the proce-
dure of determination of the DPPH free radical scavenging activity, 
0.25 mL of DPPH (0.1 mM in methanol) was mixed with 0.25 mL of 
decoction. The reaction mixture was shaken well and incubated in the 
dark for 60 min at room temperature. Then, the absorbance (Asam-
ple) was taken at 517 nm. A control sample was done in which the 
decoction was replaced by water (Acontrol). The antioxidant activity 
was given as the inhibition rate of DPPH radicals using the formula:

DPPH activity (%) = 

Determination of Ferric iron-reducing power: The total reducing 
power of decoctions was measured and results expressed as mg Vit C 
equivalent per 100 mL of decoction as previously described with some 
modifications [5]. In this respect an aliquot of 1 mL of decoction was 
dissolved in distilled water and mixed with 2.5 mL of phosphate buffer 
(0.2 M, pH 6.6) and 2.5 mL of aqueous KFe (CN) (1%) solution. The 
tube was incubated for 30 min at 50°C, 2.5 mL of trichloroacetic acid 
10% were added, and the mixture was centrifuged for 10 min at 2000 
g. 2.5 mL aliquot of the supernatant was mixed with 2.5 mL of distilled 
water and 0.5 mL of aqueous FeCl3 0.1% and the absorbance was taken 
at 700 nm. Ferric iron-reducing activity was determined as vitamin c 
equivalent (mg ascorbic acid/100 mL of decoction) using a vitamin c 
standard curve (concentration range 0 - 1 mg/100 mL).

100Acontrol Asample
Acontrol

−
Χ

Run

Independent variables
Dependent variables

Coded and actual level

Temperature
(°C)

Time
(min)

Ratio
(g/mL)

DPPH free 
Scavenging

(%)

Total reducing power
(Eq mg VitC/ 100 mL 

of extract)

Total phenolics content
(Eq mg gallic acid/100 mL 

of extract)

Glycemic index
(%)

1 -1 (40) -1 (10) -1 (1/10) 45.433 0.348 1.127 67.95

2 1 (80) -1 (10) -1 (1/10) 49.557 0.693 1.468 62.27

3 -1 (40) 1 (30) -1 (1/10) 32.933 0.705 1.598 66.26

4 1(80) 1 (30) -1 (1/10) 48.905 0.702 1.161 76.68

5 -1 (40) -1 (10) 1 (3/10) 46.862 0.598 1.224 72.62

6 1 (80) -1 (10) 1 (3/10) 64.862 0.952 1.273 68.52

7 -1 (40) 1 (30) 1 (3/10) 39.823 0.466 0.853 76.35

8 1 (80) 1 (30) 1 (3/10) 67.215 0.411 0.467 89.63

9 -1,73 (25) 0 (20) 0 (2/10) 30.215 0.291 1.159 79.26

10 1.73 (95) 0 (20) 0 (2/10) 56.443 0.595 0.621 86.19

11 0 (60) -1.73 (3) 0 (2/10) 48.861 0.748 1.853 64.72

12 0 (60) 1.73 (38) 0 (2/10) 41.911 0.768 0.687 81.44

13 0 (60) 0 (20) -1.73 (0.3/10) 48.518 0.637 2.041 55.09

14 0 (60) 0 (20) 1.73 (4/10) 63.131 0.361 1.294 69.72

15 0 (60) 0 (20) 0 (2/10) 32.733 0.414 0.692 83.47

16 0 (60) 0 (20) 0 (2/10) 50.395 0.484 0.847 79.66

17 0 (60) 0 (20) 0 (2/10) 38.066 0.510 0.882 78.30

Table 1: Matrice of central composite design of independent variables (actual and coded levels) for extraction of antioxidant properties of Boscia senegalensis flour.
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Determination of total polyphenol content: The total polyphenol 
content expressed as mg gallic acid per 100 mL of decoction was de-
termined by the Folin-Ciocalteu method [6]. Briefly, 100 µL of decoc-
tion was mixed with 205 µL ml of diluted (50% v/v) Folin–Ciocalteu’s 
phenol reagent in a test tube and allowed to stand 5 min at 25°C. 250 
µL of 20% (p/v) Na2CO3 was added to the test tube and the final vol-
ume was made up to 2000 µL with distilled water. After 1h of reaction 
at 25°C, the absorbance was determined at 760 nm on a UV/visible 
spectrophotometer (SP8001 Metertech AXIOM, Germany). The mea-
surement was compared to a calibration line of prepared Gallic Acid 
(GA) solution (0 - 0.2/mL).

Determination of the glycemic index of Boscia decoctions: The gly-
cemic index of each decoction was determined on 5 individual rats 
according to Ihediohanma [7] with some modifications. Adult rats  
60 ± 5 days old, weighting 225 - 230 g were obtained from the Animal 
House of National School of Agro-Industrial Sciences of the Univer-
sity of Ngaoundere, Cameroon. Prior to the experimentation, the an-
imals were housed in metabolic cages maintained at a temperature of 
23 ± 3°C with alternate periods of 12h light and dark with free access 
to water and standard diet. In the procedure each of the 17 decoctions 
shown in table 1 was administered orally at the dose of 250 mg/kg to 
3 rats randomly selected. A control group was made of 3 rats receiving 
water. Thirty minutes later after consumption of the decoction, 2 g/
kg glucose was administrated orally to the rats and the blood samples 
were taken from tail vein of the rats at times 0, 30, 60 and 120 min after 
glucose administration. The blood sample was analyzed for glucose 
level using a One Touch Glucometer (Life scan, USA). The curve of 
change in glucose level as the function of time was drawn for control 
group and decoction group (Figure 1) and the glycemic index was cal-
culated as the ratio of the Area Under Curve (AUC) for the decoction 
and control tests according to the equation [8]:

Glycemic index (%) = 

	 The AUC was determined by integration using GraphPad prism 
Software version 5. All the rats were treated as per the National Insti-
tute of Health guidelines of care and use of laboratory animals (1996). 
Before experiments, the rats had free access to standard diet and  
water. They were kept for acclimatization under standard laboratory  

conditions at room temperature (23 ± 1°C; 55 ± 5% humidity) in in-
dividual metabolic cages. All the animals used were fasted overnight 
before administration of extract and/or glucose. After the administra-
tion of the extract and/or glucose till the end of the experiment they 
were not given access to water and food.

Experimental design, statistical analysis and optimization 
procedure
	 For the design experiment, we had 3 factors variables (coded X1 
for extraction temperature, X2 for extraction time and X3 for water to 
flour ratio) and 4 responses variables (total phenolic content, DPPH 
scavenging activity, reducing power and glycemic index). A central 
composite design methodology was used consisting 17 experiments 
with 8 axial, 6 stars points and 3 central points. According to this 
methodology, we assume the responses variables to vary with the fac-
tors according to a second-order polynomial equation as: 

	 Statistical analysis was performed using Response surface meth-
odology in Minitab.16 software. The significant (p<0.05) terms in the 
model were found by Analysis Of Variance (ANOVA) for each re-
sponse. The model adequacies were checked by lack-of-fit test, R2, ad-
justed-R2 (adj-R2), and p-values as outlined by previous studies [9,10].

	 The desirability method [11,12] was used as optimization tool to 
find the best combination of factors that result in Boscia senegalensis 
decoction with maximum values of DPPH free radical scavenging, to-
tal reducing power, total phenolic compounds, but low level of glyce-
mic index.

Results
Model fitting
	 In table 2, the analysis of variance of the second-order polynomial 
response surface model and significance of the terms of the models 
for the response variables are presented. The estimated regression co-
efficients of the polynomial response surface models along with the 
corresponding R2 values and lack of fit tests are also given in this table. 
From table 2, it is possible to observe that the regression models pro-
posed for the responses were highly significant (p<0.05).

	 No lack-of-fit was found and both R2 and adj-R2 were higher than 
80%, indicating that the polynomial models fit with satisfaction the 
experimental data and may be used for prediction purposes. For 
DPPH free radical scavenging (R2 = 90.97, adj-R2 = 89.37; p<0.05), the 
linear and quadratic effects of time, ratio, temperature and their in-
teractions were not significant. However, linear effect of temperature, 
quadratic effect of ratio and interaction between temperature and ra-
tio were significant (p<0.05) for total reducing power. Total phenolic 
compounds showed significant (p<0.05) linear effects of time, ratio 
and quadratic effect of ratio, while almost all the interaction effects of 
these factors were not significant. For the glycemic index model (R2 = 
97.18, adj-R2 = 93.55; p<0.05), all the linear and interaction effects of 
factors were not significant, but quadratic effects of temperature and 
time were deemed significant to represent the experimental data.

Effect of factors on phenolic compounds, glycemic index 
and antioxidant properties of Boscia senegalensis decoction

	 The surface plots showing the combined effect of temperature and 
extraction time on the polyphenol content of Boscia senegalensis de-
coction are presented in figure 2.

Figure 1: Tolerance to glucose test for 2 rats groups respectively administered 
and non-administered Boscia decoction. Hatched zone illustrates the Area Un-
der Curve (AUC) for calculation of glycemic index.
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	 The change in phenolic content showed significant interaction 
with either the extraction time or the mass to water ratio. Generally at 
lower extraction time, increase in extraction temperature led to signif-
icant (p<0.05) increase in phenol of the decoction up to a maximum 
around 70°C from which further increase in temperature resulted in 
decrease while no significant effect of temperature was observed at 
higher extraction time. In addition while at medium mass to water ra-
tio range (1.5 - 2.5 g/10mL) extraction temperature had no significant 
effect, at lower and higher mass to water ratio increase in temperature 
led to significant increase in phenols up to a maximum around 80°C 
from which further increase in temperature resulted in decrease of 
phenol content.

	 The change in glycemic index of Boscia decoction with the ex-
traction factors is presented in figure 3. Generally the glycemic index 
increased with increase in extraction time and temperature.

	 Generally the extraction conditions had no significant effect on 
the DPPH free radical scavenging activity of the decoction (Table 2). 
However for the total reducing power (Figure 4), temperature was the 
most important factor with the increase inducing significant increase 
in the total reducing power. The mass to water ratio showed a qua-
dratic influence with minimum reducing power at 2.0 to 2.5 g/10 mL. 
Meanwhile the effect of decoction time was mostly observed at higher 
temperature where an increase led to significant decrease in total re-
ducing power. We did not found significant correlation between the 
phenols and neither the DPPH scavenging activity (r = - 0.17) or the 
total reducing power (r = 0.11). This could be due to the interference  

Source DPPH Free Scavenging (%) Reducing power (mg Vit C 
eq/100mL)

Total phenolics (mg gallice-
q/100mL) Glycemic index (%)

DF Coeffi-
cients

Sum of 
squares

F- 
ratio

P- 
value

Coeffi-
cients

Sum of 
squares

F- 
ratio

P- 
value

Coeffi-
cients

Sum of 
squares

F- 
ratio

P- 
value

Coeffi-
cients

Sum of 
squares

F- 
ratio

P- 
value

Linear

b1 1 7.922 878.76 10.71 0.082 0.083 0.97 17.44 0.004 -0.097 0.133 3.32 0.111 0.480 3.236 0.15 0.732

b2 1 -2.134 63.76 0.78 0.471 -0.019 0.005 0.95 0.362 -0.216 0.656 16.36 0.004 1.950 53.250 2.53 0.252

b3 1 4.802 323.72 3.94 0.185 -0.035 0.017 3.18 0.117 -0.202 0.572 14.26 0.007 4.961 344.614 16.36 0.055

Qua-
dratic

b11 1 1.218 18.11 0.22 0.684 -0.005 0.003 0.001 0.981 0.003 0.001 0.01 0.959 8.256 831.06 39.53 0.024

b22 1 1.904 44.21 0.54 0.539 0.104 0.132 23.83 0.001 0.129 0.205 5.11 0.058 4.862 288.277 13.71 0.06

b33 1 5.383 353.41 4.31 0.173 0.018 0.004 0.72 0.424 0.262 0.838 20.83 0.002 3.420 142.652 6.79 0.121

Interac-
tion

b12 1 2.655 56.40 0.69 0.494 -0.094 0.071 12.82 0.009 -0.030 0.184 4.60 0.069 -3.555 101.104 4.81 0.159

b13 1 3.161 79.98 0.97 0.427 -0.005 0.002 24.16 0.001 -0.151 0.224 5.60 0.049 -2.102 35.364 1.68 0.324

b23 1 1.058 8.96 0.11 0.772 -0.129 0.134 0.04 0.846 -0.167 0.007 0.18 0.684 -1.602 20.544 6.79 0.121

b0 40.398 0.469 0.807 60.51

Lack 
of fit 5 11.34 0.03 0.998 0.034 2.74 0.288 0.260 5.10 0.172 0.191 1.00

Pure 
error 2 164.12 0.005 0.020 42.044

Total 16 1944.64 0.514 3.049 1497.98

R2 90.97 92.42 90.78 97.18

Adj-R2 89.37 82.68 88.94

93.55

Table 2: ANOVA and regression coefficients of the second-order polynomial model for the response variables.

b1: temperature, b2: time, b3: ratio, b11: temperature × temperature, b22: time × time, b33: ratio × ratio, b12: temperature × time, b13: temperature × ratio, b23: tempera-
ture × ratio, (bo): constant.

Figure 2: Effect of extraction temperature vs time (A) and ratio (B) on total 
polyphenol content of Boscia senegalensis decoction.
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of the method of quantification of phenolic with aromatic amino acid 
of the proteins. In fact the Folin-Ciocalteu method, although widely 
applied to plant extracts, is not specific for phenolic compounds and 
does suffer interference [13] from other compounds such as proteins 
which were revealed very high in the Boscia senegalensis decoction. 
In addition no significant linear relation was observed between the 
DPPH scavenging activity and the total reducing power of the Boscia 
senegalensis decoction.

Optimization procedure
	 Figure 5 presented the overlaid contour plot for multi response 
optimization of antioxidant and hypoglycemic properties of Boscia 
senegalensis decoction.

	 Optimum was achieved graphically by identifying zones of maxi-
mum DPPH free radical scavenging, total reducing power, total phe-
nolic content and minimum of glycemic index as stripped in the con-
tours plots. The optimal extraction zone corresponded to the range 
temperature of 40 - 90°C, ratio of 0.5/10 - 3/10 g/mL and time of 
extraction of 5 - 10 min. As expected the computed optimal condi-
tions of Boscia senegalensis decoction extraction given in table 3 were 
within the optimum zone determined graphically. By the graphical 
method, we observed that optimal zones of all response variables were 
superposed suggesting a high desirability of the optimization proce-
dure.

	 The computed optimal condition was determined using the de-
sirability function depicted in figure 6. The desirability function de-
scribes the variation in probability to achieve the optimization of the 
response variables. All the factors significantly (p<0.05) influenced 
the desirability with temperature having the most important effect. 
Significant interaction between the 3 factors can observed with the 
response surface all lower than 1. The optimization procedure using 
desirability function indicated that the overall optimum region had a 
desirability of 0.90.

Prediction of the optimal zone

	 The predicted optimal conditions were 10 min extraction time, 
55°C decoction temperature and 3/10 mass to water ratio (Table 3). 
In these conditions the total phenol content was 2.02 mg gallic acid 
eq/100 mL, and the glycemic index was 54.7% (Table 4). Addition-
ally the decoction exhibited free radical scavenging activity of more 
than 60%. The adequacy of the predictive model was tested by com-
paring the experimental and predicted values (Table 4) at optimum  

Figure 3: Effect of extraction temperature vs time (A) and ratio (B) on glycemic 
index of Boscia senegalensis decoction.

Figure 4: Effect of extraction temperature vs time (A) and ratio (B) on Ferric 
iron-reducing power of Boscia senegalensis decoction.

Figure 5 : Overlaid plotting for multi response optimization of antioxidant and 
hypoglycemic properties of Boscia senegalensis decoction. Each color corre-
sponds to the contour plot along with hatched zone for optimal response for 
a given variable.
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conditions. In this respect, no significant (p<0.05) difference was ob-
served between the experimental and the predicted values.

Discussion
	 Phenolic compounds can be defined as any compound containing 
a benzene ring with one or more hydroxyl groups [14]. It has already 
been admitted that these compounds possess antioxidant and hypo-
glycemic activities [15]. The extraction procedure of phenolics in plant 
materials has been reviewed by Khoddami et al., [16]. Among solvent 
usually employed for phenolic extraction, water has been shown to be 
efficient in extracting phenolic compound [17], flavonoids and proan-
thocyanidins. We showed in this study that the yield of extraction of 
phenolic compounds depended on extractions conditions such as the  

temperature, the time and the ratio of powder to solvent. According 
to some authors longer extraction time increase the chance of oxida-
tion of phenolic unless reduction agent are added to the solvent [16].
However, some authors reported longer time as 30-120 min as optimal 
extraction time of polyphenolics [17,18]. The increase in phenol ex-
traction with increase in temperature has also been reported in other 
food materials [18] and may be a consequence of increase in agita-
tion which not only increases the diffusivity of solvent into granules, 
but also the mass transfer and solubility of molecules. We observed 
in this study a decrease of phenolic extraction at higher temperature 
which may result from their loss by volatilization and thermal, chemi-
cal and enzymatic decomposition [18], or by complexation with other 
compounds such as protein which remain bound to the matrix and 
subsequent insolubilisation [12]. But this may depend on the type of 
phenols as is the case of stems the optimal time and temperature was 
observed for 270 min and 55°C [19]. As for the effect of solvent to 
sample ratio, basically its increase promotes phenolic extraction, but 
it is advised to determine the optimum ratio so as to minimize the 
solvent input and saturation effects [16].

	 The rate of extraction of phenolic may impact the in vivo and in 
vitro activities of the decoction as they might be active principles as 
reported for other plants resources [8]. Fortunately we found in this 
study a significant (r = - 0.93; p<0.001) and linear relationship be-
tween the total phenols content and the glycemic index. The negative 
correlation implied that as the phenols content increased in the decoc-
tion, the glycemic index decreased. This indeed highlighted the role of 
phenols in the hypoglycemic activity of Boscia decoction claimed by 
consumers and healers. Mahamat et al., [3] recently reported a sugar 
complex, glucocapparin, as the active molecule in Boscia decoction. 
Although this may not be rejected, it comes from this study that phe-
nols may partly play a role either alone or in interaction with oth-
er hydrophilic compounds such as polysaccharides [20]. One major 
mechanism by which phenols might regulate glucose concentration 
was reported in the intestine through inhibition of the membrane 
transport Na+ - dependent D-glucose [21]. In this respect dietary phe-
nolic compound favor the dissipation of the Na+ electrochemical gra-
dient which provides the driving force for active glucose accumulation 
[21].

	 Generally the glycemic index increased with increase in extraction 
time and temperature, suggesting that higher extraction time and 
temperature had detrimental effects on the biological activity of the 
decoction.

	 Another beneficial aspect of dietary phenols is their antioxidant 
activity in biological systems. Recent studies on the antioxidant ac-
tivity of Boscia demonstrated their high antioxidant activity potential 
[2]. Unfortunately we did not found significant correlation between 
the phenols and neither the DPPH scavenging activity (r = - 0.17) or 
the total reducing power (r = 0.11). In addition no significant linear 
relation was observed between the DPPH scavenging activity and the 
total reducing power of the Boscia decoction. This may be a result of 
thermal degradation of Boscia phenols at higher temperature as sig-
nificant decrease in phenol was observed at temperature higher than 
70°C. In addition other components such as polysaccharides in the 
aqueous extract may be responsible of the activity [20], and this needs 
to be investigated.

	 The conditions for production of aqueous extract with high phe-
nols content and low glycemic index were determined 10 min and 
55°C. In these conditions our decoction contained 2.02 mg phenols/L  

Figure 6: Effect of extraction temperature vs time (A) and ratio (B) on the 
desirability for maximization of antioxidant properties and minimization of gly-
cemic index of Boscia senegalensis decoction.

Factors Low High Optimum

Time (min) 3 38 10

Temperature (°C) 25 95 55

Ratio (g/mL) 0.3/10 4/10 3/10

Table 3: Predicted optimum conditions of extraction of Boscia senegalensis 
decoction.

Parameters Predicted 
values

Experimental 
values

Phenols content (Eq mg gallic acid/100 mL of 
extract) 2.02 1.98 ± 0.05

Glycemic index (%) 54.71 50.20 ± 2.25

Total reducing power ((Eq mg Vit C/ 100 mL of 
extract) 0.34 0.28 ± 0.04

DPPH free radical scavenging (%) 62.02 60.12 ± 0.15

Desirability 0.90

Table 4: Predicted responses at optimum conditions.

Mean ± SD, n = 3
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of decoction, exhibited about 62% scavenging activity. The glycemic 
index of the decoction was lower than 55, meaning our Boscia decoc-
tion may be classified as low glycemic index potential as compared to 
intermediate (55-69) and high (70 -100) glycemic potential molecules 
[22]. All these values give our Boscia decoction a high potential to 
contribute to the management of diabetes and associated metabolic 
disorders.

Conclusion
	 The extraction conditions have significant effects on the antiox-
idant and hypoglycemic properties of Boscia senegalensis decoction, 
but the behavior varied from one response variable to another. While 
the DPPH activity do not varied significantly with any of the studied 
factor, the total reducing power increases significantly in a quadratic 
manner with increase in the extraction time and temperature. In ad-
dition the total phenolic content linearly decreases with the increase 
in extraction time and powder to water ratio concomitantly with an 
increase in glycemic index. Globally decoction with high total pheno-
lic content exhibits low glycemic index thus suggesting a potential role 
of Boscia phenol in the management of diabetes. With a desirability of 
90%, the optimal condition to maximize the phenol, DPPH antiradi-
cal scavenging activity and total reducing power, and to minimize the 
glycemic index is 55°C extraction temperature, 3/10 g/mL powder to 
water ratio and 10 min extraction time. In these conditions, the Boscia 
senegalensis extract is expected to exhibit higher biological activity. 
However the functionality of the decoction will depend on the dose 
and in this respect the toxicity as well as the glucosinolate content of 
the Boscia extract need to be investigated. In addition, study of the 
biological activity of the extract including antioxidant activity, α and 
β glucosidase inhibition and effect on the blood biochemical compo-
nents needs to be investigated. Investigations on the antioxidant and 
hypoglycemic effect of isolate molecules in the aqueous extract of Bos-
cia are also needed.
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