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ABSTRACT

Response surface methodology was used to model the effect of temperature, NaCl concentration
and pH on the production of protein from Mucuna pruriens seeds. The analysis of response surface
graphs showed that the optimal parameters correspond to a temperature of 27°C, a concentration of
NaCl of 0 mol/L and a pH of 6. The water absorption capacity of the Mucuna protein isolates was
171°g and 124 g of water per 100 g of dry matter respectively for freeze-dried and spray-dried
isolates. The granulometric distribution of emulsions was monomodale. The emulsion made with
bottom proteins of Mucuna has presented a viscoelastic character.
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1. INTRODUCTION

The research of new proteins sources has
become today a priority not only because of the
growing number of consumers, but also because
of low availability of animal proteins.
Researchers have therefore found themselves
looking for available and accessible vegetal
proteins in developing countries. Among eadible
protein content plants leguminous occupy an
important place because of their low prices. This
group of plants has many varieties that are
widely used in Africa especially in Cameroon [1].
Among the different leguminous plant species,
Mucuna pruriens (var. Utilis) presents functional
characteristics comparable to others with protein
contents up to 29% [2,3]. In fact, Mucuna
pruriens constitutes a source of food for some
tribe and ethnic group in Asia and Africa
continents [4,5]. Unfortunately, M. pruriens is not
well exploited because of its anti-nutritional
factors such as phytate, tannins, phenols, trypsin
inhibitor and L-dopa, which reduce the
bioavailability of nutrients. Some tribes used to
cook, ferment or germinate Mucuna pruriens
seeds before consumption; these processes lead
to the elimination of the anti-nutritional factors
from their seeds. However, several works were
done on Mucuna species to eliminate or reduce
antinutritional  factors while using simple
processes like heating or dehulling [6-8,9]
showed that fermentation and germination permit
to obtain Mucuna proteic isolates with protein
contents of up to 89 and 88% respectively and
that their functional properties (water and oil
absorption capacity, emulsifying capacity) are
similar to those of soy. In addition, [10] showed
that emulsifying capacity varied between 78%
and 90% on flours and between 56% and 68%
on delipidated flours of some Mucuna species.
Likewise, [11]showed that dark color (L = 36.39)
limited the use de Mucuna pruriens proteic
isolates as a food ingredient. According to its
proteic potential, it is important to find apart from
food usage, others domains of valorisation of
Mucuna pruriens proteic isolates.

Endeed, industries are looking for new
ingredients to formulate or elaborate various
products. Thus, the search for new ingredients
with  specific properties is becoming an
emergency requirement. That is why it is
important and urgent to dispose these products
in high quantity and in most pure possible state.

Optimization of proteinic isolates extraction of
some leguminous have been reported in
literature [12—15]. It comes from these studies
that, proteins of most leguminous plants present
a best solubility at high pH (pH between 11 and
12), but optimization of extraction of soluble
proteins of M. pruriens have not been realized.
That is why we found important to optimize the
extraction of soluble proteins from Mucuna
pruriens (var. utilis) while taking into account
some independent variables which could affect

the quantity of soluble proteins and their
interactions.
Numerous products, liquid or solid are

dehydrated or transformed in powder to obtain
long term stability in addition to a great
functionality and an ease of use. Nowadays, the
spray-drying and freeze-drying technology is
considered as one of the principal methods of
powder production in various domains given its
several advantages. In addition to optimize the
extraction of soluble proteins of Mucuna pruriens,
other objective of this work was to determine
some properties according to the technique of
drying.

2. MATERIALS AND METHODS

21 Raw Material and Preparation of
Mucuna pruriens Flours

The raw material used in this study was made of
leguminous flours from M. pruriens grains
obtained from local markets of Ngaoundere
(Cameroon). Grains were previously sorted
manually to remove impurities and infested
grains.M. pruriens flours chosen were produced
according to the method of [16], which consists
of steeping-drying-dehusking and drying. M.
pruriens grains were therefore steeped in distilled
water in a ratio of 1/5 (w/v) for 12 hours at 25°C,
then wrung and dried for 48 hours in a ventilated
electric dryer at 40°C. Dried grains were then
dehusked with a manual abrasive, winnowed,
ground and sieved with a of 500 ym mesh sieve.
Powders obtained were sealed in polyethylene
bags and kept at 4°C for further analyses.

2.2 Protein Solubility
The effect of pH on M. pruriens protein solubility

was determined according to the method
described by [17] with some modifications. A



solution of M. pruriens flours was prepared with
distilled water with a ratio of 1/5 (w/v) and the pH
adjusted with HCI 1M or NaOH 1M to values
ranging from 2 to 9. The obtained solution was
agitated at 600 rpm for 2 hours and centrifuged
at 4000 rpm for 1 hour. The proteins content of
the collected supernatant was measured by BCA
(Biccinchonic Acid) method. The quantity of
soluble proteins was expressed in percentage
brought back to dry mater.

2.3 Experimental Design and Statistical
Analysis

Surface response methodology was used to
estimate the effect of three independent
variables (temperature of extraction, Xj;
concentration of NaCl, X,; and pH, X3) and the
optimum conditions on the soluble proteins
content [12]. A central composite design was
used to reach the fixed levels. Relationships
between coded and real variables are given in
Table 1 according to the following relations:

Extraction temperature = 37.5 + 7.5X;
Concentration in NaCl = 0.3 + 0.2X,
pH =4 + 2X,.

Table 2 presents the experimental design with
the obtained response. Each experience was
done in triplicate. The data were then subjected
to a multiple regression analysis to obtain an
empirical model that could relate the response
measured to the independent variables. It's a
second order polynomial equation with
interactions between the different parameters.

Y = ap + aXq + aXo + asXs + a1 X%y + X’y
+ agX%s + Ay Xi Xy + agz Xy Xg + azg XoX5 +
a3 X1 X2 X3

The use of Minitab 15 software allowed us to
determine the coefficients of each parameter,
and the analysis of variance (ANOVA) was used
to the significant (p<0.05) terms in the mode.
Soluble protein extraction yield was taken as a
response (Y).
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2.4 Proteins Extraction

Soluble proteins were extracted from M. pruriens
seeds flours according to the method described
by [18] with some modifications. M. pruriens
seeds flour was solubilized in NaCl. The pH was
adjusted with a solution of NaOH 1M or HCI 1M.
The mixture obtained was heated to desired
temperature with an electrical agitator (Lab-Mix
20) for 2 hours at 600 rpm, and centrifuged at
4000 rpm for 1 hour. The supernatant was then
collected and the soluble proteins level was
measured by BCA (Biccinchonic Acid) method.
Each test was carried out in duplicate. The
collected supernatant was precipitated at the
isoelectric point and then centrifuged 4000 rpm
for 1 hour. Proteins obtained as paste were
collected, freeze-dried (Freeze-dryer Seralil
RPEV). In the same way, when the supernatant
was precipitated at the isoelectric point,
precipitates of protein extracts were spray dryied
using a pilot plant’s Pignat atomiser at 170°C.

2.5 Properties of Proteins Isolates

2.5.1 Physicochemical properties analysis

A proximate analysis was carried out on
M. pruriens seeds flours and proteins isolates.
The dry matter content, ash content and total
protein content was determined following the
standard methods described by [19].

2.5.2 Water and oil absorption capacity

Water and oil absorption capacity was
determined following the modified method of [10].
0.5 g of sample was mixed with 10 mL of distilled
wateror 5 mL of sunflower oil (d= 0,865 + 0,008)
respectively for water absorption capacity and oil
absorption capacity. The mixture was then
vigorously stirred at 250 rpm for 30 min with a
Lab-Mix- 20 magnetic stirrer and then centrifuged
at 1789 g for 30 min. The sediment was collected
and the water and oil absorption capacity was
calculated.

Table 1. Independent variable values of the process and their corresponding levels

Variable parameters

Levels of variation

Symbol -1,682 -1 0 +1 + 1,682
Extraction temperature (°C) X4 25 30 37.5 45 50
NaCl concentration (mol/L) X2 0 0.1 0.3 0.5 0.6
pH X3 1 2 4 6 7




2.5.3 Least gelling concentration

The method of [20] was used. 5 mL of proteins
isolates suspensions of 2 to 20% (w/v) were
prepared with distilled water in test-tubes, heated
in a boiling water bath (95°C) for 1 hour, cooled
at 20°C and kept at 4°C for 2 hours. The least
gelling concentration was estimated visually as
those where the test tube didn’t left the paste
sunken when the test-tube was returned.

2.5.4 Foaming properties

The foaming power in water was determined by
the modified method used by [10]. Thus, a
proteic solution at 2% (w/v) was prepared,
introduced in a test-tube and intensely agitated
mechanically with a rotor-stator system (Ultra-
turax) for 5 min at 13500 rpm. The foaming
power (FP) was determined starting from the
augmentation of volume due to incorporation of
gas. The foaming stability (FS) expressed in
minutes is obtained after foaming power
determination. It corresponds to time ()
necessary for the foam volume to decrease after
atimet.

2.5.5 Emulsifying properties

The method of [21] was used to prepare the
emulsion. Proteic solutions were prepared at the
concentration of 5% (w/v) in distilled water at
20°C. These solutions were agitated at 500 rpm
for 2 hours in order to solubilize the powder.
Sunflower oil (d=0.865+0.008) was used to
prepare oil in water emulsions at 20% (w/w) by
mixing at 13500 rpm an appropriate mass of oil
and proteic solution during 10 min with an Ultra
turrax (Janke and Kunkel, Staufen, Germany)
equipped with a rotor-stator system. The
physico-chemical characterization of the different
emulsions was done the same day of their
preparation. The emulsion stability at 25°C was
studied using a Turbiscan LAB instrument
(Formulaction, L’Union, France). Measures were
carried out all hours during 24 hours. The sizes
of emulsions droplet were measured with laser
diffraction by using Mastersizer Malveen in wet
way (Hydro 2000S, Malvern Instruments SA,
Orsay, France) at 25°C. The distribution curves
obtained were represented in volumic fraction
(%) and corresponded to the mean of three
independent measures.

3. RESULTS AND DISCUSSION
3.1 Protein Solubility

Study of M. pruriens protein solubility with pH is
useful to determine the isoelectric point of the
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protein (Fig. 1). This figure shows that the
quantity of soluble protein decrease quickly when
the pH increase to reach a minimum at pH 4 and
increase with pH until pH value of 8. This
solubility plot of M. pruriens protein with pH is
similar to those obtained by [10] and [18] on the
protein isolates of flower of some species of
Mucuna. They found that the protein solubility is
influenced by the pH of the medium into which
the protein is found. Indeed, the behavior of
protein in solution at a giving pH is influenced by
the electrical charges of the protein [17]. When
the pH is equal to pl (isoelectric point), the
protein is in the zwitterion form. Thus when the
protein is charged positively or negatively,
electrostatic forces will repulse ions, it will favor
their solubilization in water whereas the
zwitterion form will facilitate protein-protein
interaction because the positive charges of the
zwitterion will be fixed to the negative charges of
the other zwitterion [1]. From pH = 8, it wasn’t
easy to determine the percentage of soluble
protein of M. pruriens because of the browning of
the medium due to the presence of L-dopa.

3.2 Model Fitting and Effect of Factors on
the Protein Solubility Yield

The application of Response Surface
Methodology was selected to gives the models
conditions for maximizing the yield of soluble
protein extraction from Mucuna pruriens [22].
The analysis of variance of the second order
polynomial response surface model with
interactions between parameters and
significance of the terms of the models are
presented in Table 3. Many significant effects
can be observed. Temperature effect presented
a positive significant effect (1.124) and it
quadratic effect presented a negative significant
effect (-0.258) at p<0.05 on the yield of protein
extraction. These results could be explained by
the fact that, when temperature is high, it could
induce denaturising of soluble proteins. In the
same way, temperature and NaCl concentration
negatively influenced (-0.301) the protein
extraction yield. NaCl concentration influenced
negatively (-0.925) the protein yield. It could be
explained by the fact that the presence of salts in
aqueous solution induces antagonistic effect due
to electrostatic and hydrophobic interaction on
the protein solubility. pH have a positive effect
(0.878 at p<0.05) on the protein yield while it
quadratic effect negatively (-0.159 at p<0.05)
influences the response. This could suggest that
the protein solubility is highly linked to the pH of
the medium where the protein is found. In



addition, the global charge of protein (positive or
negative) depends on the pH of the medium.

The mesh plot was used to present the influence
of factors on the yield of soluble protein and to
illustrate the main and interactive effects of the
variables. When the NaCl concentration was
fixed at its optimal value, the best responses
were obtained from means values of pH and
higher value of temperature in the extraction
medium (Fig. 2). Weakest responses were
obtained for weaker values of pH and
temperature. The increase in the solubility of the
protein is then linked to the increase of pH.The
influence of temperature and NaCl concentration
of M. prurienssoluble protein is presented in Fig.
3. It can be observed that the solubility increase
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with temperature and NaCl concentration, but it
highly decreases with reduction in NaCl
concentration and temperature. These results
show the high influence of NaCl concentration on
the extraction process. Nevertheless, if the two
parameters are weak, the obtained response will
be weak. However, when they are very high, they
could induce extraction of others undesirable
compounds in M. pruriensflour like anti nutrients
(Fig. 3). Also, the Fig. 4 shows that the best
response is obtained for weaker value of NaCl
concentration. The solubility of protein decreases
for higher value of pH and NaCl concentration.
The influence of NaCl concentration on the
solubility of M. pruriensprotein is globally weak.
However, the best responses can be obtained
with means values of NaCl and pH (Fig. 4).

Protein solubility (%),_,

pH

10 12

Fig. 1. Effect of pH value on protein solubility of M. pruriens flour

Table 2. Central composite design for independent variables and the result

N° of experience Code variables Real variables Response
X1 X2 X3 X1 Xz X3 Y

1 -1 -1 -1 30 0,1 2 46.90

2 +1 -1 -1 45 0,1 2 39.06

3 -1 +1 -1 30 0,5 2 45.54

4 +1 +1 -1 45 0,5 2 20.90

5 -1 -1 +1 30 0,1 6 44.37

6 +1 -1 +1 45 0,1 6 37.13

7 -1 +1 +1 30 0,5 6 50.15

8 +1 +1 +1 45 0,5 6 29.00

9 -1,682 0 0 25 0,3 4 39.67

10 +1,682 0 0 50 0,3 4 28.10
11 0 -1,682 0 37,5 0 4 40.87

12 0 +1,682 0 37,5 0,6 4 51.93

13 0 0 -1,682 37,5 0,3 1 47.57

14 0 0 +1,682 37,5 0,3 7 42.95

15 0 0 0 37,5 0,3 4 45.31

16 0 0 0 37,5 0,3 4 41.90
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Table 3. ANOVA and regression coefficients of the second-order polynomial model for the
response variables

Source Soluble proteins (%)

Linear Df Coef Sun of squares  F-ratio P-value
ay 1 1.124 20.11 101.33 0.000
a, 1 -0.925 0.78 4.59 0.280
asz 1 0.878 18.78 90.97 0.000
Quadratic

aqy 1 -0.258 7.88 28.75 0.007
as 1 -0.721 17.11 159.23 0.000
ass 1 -0.159 3.15 10.71 0.048
Interaction

a 1 -0.301 0.1 1.73 0.787
as 1 0.267 1.27 19.71 0.008
ans 1 0.670 0.97 2,23 0.783
aq23 0.781

ag 40.490

Lack of fit 5 0.211 8.197 0.489
Pure error 2 0.107

Total 16 48.131

R? 90.70

Adj-R 89.16

astemperature, a; concentration of NaCl, az pH, a1 temperature x temperature, az» concentration of NaCl x
concentration of NaCl, as3 pH x pH, a2 temperature x concentration of NaCl, a3 temperature x pH, azs
concentration of NaCl x pH, a123 a1 temperature x concentration of NaCl x pH, ao constant

Soluble protein wield (%6)

Fig. 2. 3D Surface plots for soluble protein
yield of M. pruriens versus pH and
temperature

It comes from analysis of response surface graph
that the optimal point for the combination of
factors correspond temperature of -1.4, pH of 1
and NaCl concentration of -1.5 in coded values.
In real value, it corresponds to temperature of
27°C, pH of 6 and NaCl concentration of 0 mol/L
according to the relationship between coded and
real variables.

3.3 Confirmative Tests

The suitability of the equation model for
predicting the optimum response values was

tested using the obtained optimum conditions.
When the optimum values of independent
variables (temperature, NaCl concentration and
pH) were incorporated into the polynomial
equation, 38.36 g/100 g of soluble protein yield
was obtained whereas experiments at optimum
conditions gave a soluble protein vyield of
40.07+0.23 (Table 4). We observe that there is
no significant gap between predicted (by the
model) and experimental responses (Mucuna
pruriens soluble proteins).

Soluble protein weld 940

- s
XK
. L o,#.,::f
\\_\\' __,-f:'p- T
AL
[NaCl] © 7 Temperature

Fig. 3. 3D Surface plots for soluble protein
yield of M. pruriens versus temperature and
NaCl concentration



Soluble protem weld (%0

Fig. 4. 3D Surface plots for soluble protein
yield of M. pruriens versus pH and NaCl

3.4 Physicochemical
pruriens Flour
Isolates

Properties of M.
and Its Proteins

Table 5 presents the protein, water and ash
contents of Mucuna pruriens flour including the
ones of its proteic isolates freeze-dried and
spray-dried.The dry matter content of the
Mucuna bean flour is higher than their isolates.
This shows that the freeze-dried and spray dried
proteins isolates of M. pruriens have a better
storability than flours. The flour protein content is
slightly lower than that of [23] (30.1 g/ 100 g dry
matter), but close to 27.50 g / 100 g of dry
material obtained by [24]. In addition, the protein
content of 26.12 g / 100 g of dry matter in flour is
deemed  sufficient compared to other
unconventional protein sources such as Red
pepper seed (Capsicum frutescens) (26.02 g /
100 g of dry weight) [14], germinant Pumpkin
seed (24.5 to 36 g / 100 g) [13], pigeon pea
(15.5-28.8 g / 100 g) [25]. Concerning the proteic
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isolates, 86.84 and 85.94% were obtained
respectively for the freeze-dried and spray-dried
ones. These values are similar to those obtained
by [26] on proteic isolates of dried
Mucuna pruriens in an electric dryer which is of
85.28%. In addition, there is no a significant
difference (p<0.05) among protein contents of
proteic isolates no matter the drying process.

3.5 Functional Properties of M. pruriens
Protein Isolates

Fig. 5 shows the water and oil absorption
capacities of proteic isolates from freeze-dried
and spray-dried Mucuna pruriens. It comes from
this figure that the water absorption capacity of
the freeze-dried and spray-dried Mucuna protein
isolates are 171 g and 124 g respectively of
water per 100 g of dry matter. The water
absorption capacity is an essential function of the
proteins of various food and non-food products.
The water absorption capacity by the Mucuna
proteins is reported by many authors (10.9). The

water absorption by the protein is largely
influenced by their structures. The water
absorption capacity of the protein isolates

showed that the isolate has a high capacity to
bind water. This suggests that the proteins have
a granular structure which is not very compact.
This implies that Mucuna proteins could be
incorporated into food and non-food formulations.
The oil absorption capacity of 142.7 and 133.4 g
|/ g respectively from freeze-dried and spray-dried
proteic isolates of Mucuna pruriens (Fig. 6)
show the binding capacity of the protein isolate
of Mucuna with oil. The least gelling
concentration which represents the least
concentration of protein necessary for the gel to

Table 4. Optimum of condition based on graphical optimisation predicted and experimental
value of response at that condition

Optimum condition Coded levels Real levels
Temperature -1.4 27°C

NaCl concentration -1.5 Omol/L

pH 1 6

Response Predicted value Experimental value
Soluble protein yield 38.36% 40.07+0.23%

Table 5. Protein, water and ash composition of M. pruriens flour and its proteins isolates

Protein Water Ash
Mucunabeanflour 26,12+0,12° 6,70 +0,28° 3,55+0,11°
Freeze-dried proteins isolates 86,84+1,12° 4,82+0,28° 3,98+0,11°
Spray-dried proteins isolates 85,94+1,29" 4,78+0,29° 4,140,29°

Values having the same letter in the same column are not statistically different (P<0.05)



be formed is 12% and 10 % respectively for
freeze-dried and spray-dried proteic isolates.
These values are lower than those reported by
[10] on powder of some varieties of Mucuna
which are between 14 and 20%. This can be
explained by the fact that the powder contains in
addition to proteins, other compounds such as
starch in large quantities. The gelling properties
were associated with the ratio of the different
components such as proteins, lipids and
carbohydrates in various legumes [17].

The foaming capacities of proteic isolates of
Mucuna are respectively 140 and 92 for the
freeze-dried and spray-dried ones. It is greater
than that of the protein isolates of fermented
Mucuna cochinchinensis, but substantially equal
to those germinated after 48 and 72 hours [9].
This foaming ability is lower than that obtained
on soy isolate [27]. The foaming stabilities of the
proteic isolates from Mucuna pruriens are given
in Fig. 6. This figure shows that foams of the
proteic isolates are unstable after 30 minutes, but
stable after 90 minutes. The heat treatment
applied during the spray drying process led to a
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partial denaturation of proteins, which had
reduced the foaming power of proteic isolates
obtained after spray drying. This result is in
agreement with the one of [28] who has shown
that foaming properties are more often reduced
by heat treatments. The importance of foam
stability is in its capacity to maintain the foam as
long as possible in order to use it as a foaming
agent in food and non-food formulations where
foams are necessary.

3.6 Emulsions Analysis

Fig. 7 shows the retrodiffusion profile of
emulsions obtained with a turbiscan. Emulsion
contained in a tube of about 45 mm of height was
scanned one time each hour during 24 hours.
We observe that the retrodiffusionprofiles of
emulsions obtained are similar and that the
stability of emulsions has grown up within those
24 hours. In fact, no matter the drying process of
protein extracts, there is a clarification at the
bottom of the tube and the formation of cream on
top. However, the clarified part is more important
in the emulsions where the samples were spray-

200 -

150 -

100 -

50 -

WAC OAC

B Freeze drying

W Spray drying

LGC

Fig. 5. Water absorption capacity (WAC), Oil absorption capacity (OAC) and least gelling
concentration (LGC) of proteic isolates from freeze-dried and spray-dried Mucuna pruriens
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Fig. 6. Foaming stability
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Fig. 7. Emulsion stability. (a): Emulsion from freeze-dried protein extracts; (b): Emulsion from
spray-dried protein extracts

Table 6. Average diameter and span of emulsions droplets

Emulsion D0.5 (um) span
Freeze-driedextract 22.830+0,191 1.710+0.027
Spray-driedextract 23.33040.082 1.880+0.024

dried than those freeze-dried. This can be
explained by the fact that during the spray-drying
process, a part of proteins could have been
denatured due to the temperature [28]; which
could have led to a dispersing of proteins in the
medium allowing to their droplets to fuse among
themselves. In the range of concentration of the
studied solution, a slightly decrease of retro
diffusion flow signal at the bottom of the sample
was noticed. This was due to the decrease of the
concentration of particle of the emulsion at the
bottom of the sample (clarification) (Fig. 7). This
indicates that the phase formed in at the first time
is the heaviest (concentrate phase). By the way,
above the sample, the retro diffusion flow
increases slightly due to a weak increase of the
dispersed phase concentration (creaming). This
phenomenon of emulsion destabilization is in
accordance with the D (0.5) of the granulometric
profile of emulsion which seems to be higher.

The size of the particles of an emulsion is an
important parameter in the sense that it
influences its texture and stability [29]. Fig. 8 thus
shows the granulometric profile of emulsions
made with freeze-dried protein extracts and
spray-dried ones from Mucuna pruriens and
Table 6 gives the median diameter (D 0.5) and
the span. It is observed on this figure that the
granulometric  distribution of emulsions s
monomodal with a principal pic between 15 and
25 pum. Emulsions made with freeze-dried
extracts have a higher volumic percentage
(about 10%) than those made with spray-dried
ones. In addition, Table 6 gives the average

diameter (Dg5) of 22.830 for the emulsions made
with freeze-dried protein extracts with a span of
1.710 while for spray-dried extracts; it is 23.330
and 1.880 for the span. This difference can be
explained by the capacity of proteins to stabilise
the droplets of the emulsion.

This result is in accordance with the one
obtained using the turbiscan ; this may suggest a
rapid destabilization of the emulsion because it
seemed high and shows that the drying process
influences the stability of emulsions due to a
partial denaturation of spray-dried proteins [30].

Fig. 9 shows the textural profile of emulsions.
This profile, as a graph, represents the practised
force of the sample on the borer with the
distance covered by the hand of the mobile. It
results from this curve that no matter the drying
process of protein extracts, the force increase
with the lengthening up to a maximum, then
decreases in spite of the increase of the
lengthening. This figure also allows us to see the
primary mechanic characteristics of emulsions
which are the hardness, the viscosity and
elasticity [31]. The maximum point of force’s
compression corresponds to the hardness and
represents the necessary force to cause a
deformation of emulsions droplets. It is
respectively of 0.8 N and 0.6 N for emulsions
made with freeze-dried and spray-dried extracts.
After this maximum point, we can see a light
plateau assimilable to the viscosity, a decrease
of the force with a slope which expresses the
elasticity of emulsions. This phenomenon
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observed on the textural curve expresses the
viscoelastic character of emulsions [32].These
low values of necessary forces to reach a
deformation of emulsions droplets show that the
obtained result is in accordance with the ones
obtained using the Turbiscan, which show a
rapid destabilisation of emulsions droplets with
time, with a large distribution of sizes of
emulsions particles. Therefore, the development
of new textures can be considered as an
important source of innovation in the food and
non-food domains, for textures informations vary
alot.

4. CONCLUSION

The protein extraction process of M. pruriens
seeds was optimized using Central composite
design. The three independent variables involved
in the optimization were temperature of
extraction (X4), concentration of NaCl (X;), and
pH (X3). Optimum extraction of M. pruriens seeds
proteins corresponded to temperature of 27°C,
pH of 6.These optimum conditions could be used
to produce protein concentrate from M. pruriens
seed flours. The functional properties of

10

M. pruriens proteins isolates showed that the
species could be an economic and alternative
protein source with a great potential to alleviate
protein malnutrition in developing countries and
can also be used to improve the cosmetic
proprieties of the formulations in developed
countries. The influence of heat on functional
properties of proteic isolates greatly depended
on the time where there were applied during the
process. Thus, a too high temperature led to a
thermal denaturation of soluble proteins and an
aggregation almost irreversible of a part of
proteins which would then influence obtained
emulsions.
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