
Mediterranean Journal of Nutrition and Metabolism 11 (2018) 235–249
DOI:10.3233/MNM-180220
IOS Press

235

Effect of ultrasound treatment on protein
content and functional properties
of Spirulina powder grown in Algeria

Nabil Boukharia,∗, Amel Doumandjia,b, Feriel Sabrine Ait chaouchea,∗ and Ali Ferradjia
aLaboratory of Human Nutrition and Food Technology, National School of Agronomy,
Hassen Badi, El Harrach, Algiers
bDepartment of Food-Processing, Faculty of Nature and Life Science, University of Blida1, Blida, Algeria

Received 4 April 2018
Accepted 3 June 2018

Abstract.
BACKGROUND: There is an important interest to research new protein sources. In this context, Microalgae, particularly
Spirulina (Arthrospira platensis), seems to be a good alternative due to its wealthy nutritional composition.
OBJECTIVES: The aim of this study is to optimize Spirulina functional properties and to extract protein from whole biomass
using (RSM).
METHODS: Ultrasound was used as pre-treatment to optimize functional properties and to extract proteins from Spirulina
powder by isoelectric precipitation. The effect of ultrasound and remaining parameters (pH, temperature, solid to liquid ratio
and time) was evaluated by Box-Behnken design. The model was fitted by ANOVA analysis.
RESULTS: ANOVA analysis showed a significant model (p < 0.05) for functional properties and protein extraction. The
protein content of Spirulina powder was found to be 55% (w/w). There is a significant effect of ultrasound on functional
properties and protein extraction from Spirulina. The optimum Water Holding Capacity (WHC) was 4.97 g H2O/g Spirulina
powder, obtained at pH 4, 50 W power and 5 min sonication. The optimum Oil Holding Capacity (OHC) is 2.3 g H2O/g
Spirulina powder, it was obtained at 50◦C temperature, 70 w power and 10 min sonication.
CONCLUSION: Ultrasound has a significant effect on functional properties and protein extraction from Spirulina.
Arthrospira platensis grown in Algeria could be incorporated in foodstuff as natural supplement to improve nutritional
value and consumer acceptability.
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1. Introduction

Food safety and nutritional quality were always an important issue for consumer; they are strongly linked
to human health. The future food threat is clear, produce more with less resources [1]. Demographic growth,
climatic changes, diminishing natural resources (land, water, biological resources) are the most important factors
that undermine food security in the world [2].
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Nowadays, animal proteins source is the most important in human alimentation. The production of 1 Kg of
animal proteins needs 4,9 Kg of vegetal proteins [3]. Thus, there is an important pressure on agriculture by cultures
intensification [4]. Also, the consumption of animal proteins is targeted as the cause of several cardiovascular
diseases [5]. So, researchers are giving more attention to non-conventional protein sources [6]. During last
years, researchers focused on microalgae, especially cyanobateria as an alternative due to high protein content.
Cyanobacteria can be found in terrestrial, glaciers, aerial marine; brackish and fresh water environment [7] no
competing traditional agriculture in water or land. Among microalgae, Spirulina (Arthrospira platensis) is taking
more attention related to its composition. It contains up to 70% proteins, many vitamins, mineral salts, fatty acids,
most of amino acids making it a unique vegetarian source of complete protein [8]. Spirulina is autotrophic, it
requires only inorganic compounds and light as an energy source for its growth and development [9]. In western
countries, algal products have also become popular without the tradition of their usage, Spirulina is often used as
supplement to prevent food deficiency in some developed countries [10]. In some developing countries, spirulina
is used to fight malnutrition [10]. Nowadays, Spirulina is approved as food for human consumption by many
governments and agencies [11].

Also, due to its remarkable protein content, Spirulina can be incorporated to foodstuff to enrichment purpose.
Nevertheless, fish taste and green color of Spirulina powder decreased foodstuff acceptability by customers [12].
To overcome this trouble, protein extract from Spirulina is interesting; it could be incorporated to foodstuff instead
of whole biomass. In addition to nutritional fact, many of the vegetable proteins require processing to provide a
food material having acceptable functional properties, such as emulsification, fat and water absorption, texture
modifications, color control and whipping properties, which are attributed primarily to the protein characteristics
[13] which improve food acceptability. In consequence, the nutritional value and food acceptability are insured.
Recently, some studies revealed that the use of ultrasound increases the concentration of proteins of Spirulina
[14]. Another study shows the positive effect of sonication time and sonication energy to recovery protein yield
[15]. Also, the application of Response Surface Methodology in the optimization of analytical procedures is very
beneficial due to the generation of large amount of information from a small number of experiments [16].

In Algeria, a semi-arid country where 47% of protein intake is imported [17], wide desert land is available
and suitable to Spirulina production. It seems to be the alternative to Algeria food threat as it can cover local
protein intake submitted to climatic issue (low pluviometry). Spirulina is small scale produced southern Algeria.
After collection, it is submitted to sun drying and sold in powder form as food supplement. Some authors studied
the incorporation of spirulina in couscous, local traditional dish [18] and in beverage mix with dates [19]. But,
the literature on functional properties and protein extraction is still poor. The aim of this study is to optimize
functional properties and extract proteins from Spirulina powder grown in Algeria using Response Surface
Methodology (RSM) in order to enrich foodstuff.

2. Material and methods

2.1. Raw material

Spirulina (Arthrospira platensis) powder was provided from southern Algeria (Tamanrasset). After harvest,
the material was submitted to sun drying. Moisture content is about 6% sonication time and sonication energy
(Table 1).

2.2. Protein extraction

Spirulina powder was added to purified water at different solid to liquid ratio (w/v), sonication time and
sonication energy (Table 1). The slurry was stirred until homogeneous solution is obtained. The solution was
sonicated using an ultrasonic bath (Fisher bioblock Transonic TI-H ultrasonic bath, 25–45 KHz) settled on the
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Table 1

Ranges and levels of independent variables used in Box-Benhken design

Ranges and levels

Independent variables –1 0 +1

Solid to liquid ration (mg/ml) 1:100 3:100 5:100

Sonication energy (W) 30 50 70

Sonication time (mn) 4 8 12

following conditions: Frequency of 25 KHz; sonication energy of 50 W and sonication time of 12 min). A solid
to liquid ratio of 1:100 was used and NaOH 1N was added to pH 10. The slurry was then centrifuged (Hettich
EBA 8, Germany) at 7000 rpm during 30 mn. After collect of supernatant, TCA 0.3 M was added until pH 3.
The solution was centrifuged at 7000 rpm during 30 min; the pellets were collected and neutralized at pH7 with
NaOH 1N and preserved to further trials.

2.3. Protein content

The protein content was obtained by The Lowry method [20]. The Folin–Ciocalteu reactive (Sharlau, Belgium)
was diluted in two volumes of purified water (1:2) and 0.5 mL of the diluted reactive was added to 1.0 mL of
sample, previously mixed with 5.0 mL of the reactive “C” [50 volumes of reactive “A” (2.0% Na2CO3 +0.1N
NaOH) +1 volume of reactive “B” (1/2 volume of 0.5% CuSO4 5H2O + 1/2 volume of 1.0% C4H4NaO6 4H2O)].
Then, after, samples were stirred for 2 s in a test tube stirrer. Absorbance was measured at 750 nm, 35 min after the
start of the chemical reaction at room temperature [21]. Calibration curve is prepared for each assay using Bovine
Serum Albumin (BSA) stock solution (200 mg/l). A standard curve is generated with equation form of y = ax+b
(Microsoft Excel, 2010), coefficient of correlation (R²) is significant, value is 0.99. The spectrophotometric
absorbance was converted to protein concentration using the established calibration curve using the following
equation [22].

Protein (% w/w) = CVD

m
× 100 (1)

where C is the protein concentration (mg/l) obtained from the calibration curve, V is the volume (L) of the lysis
buffer used to resuspend the biomass, D is the dilution factor and m is the amount of biomass (mg).

2.4. Water holding capacity (WHC)

The WHC of the protein was measured using a modified version of the method of Yuliana et al. [23]. Protein
isolate was vigorously mixed with water (1:10, w/w) for 5 min. The slurry was then centrifuged (1500 g, 30 min).
The supernatant was weighed and WHC was determined [23].

WHC = (W1 − W2)

W0
(2)

where W0 is the weight of the dry sample (g), W1 the weight of the tube plus the dry sample (g) and W2 weight
of the tube plus the sediment (g).

2.5. Oil holding capacity (OHC)

The OAC of the protein isolate was determined using the method of Yuliana et al. [23]. Protein isolate (0.5 g)
was mixed with castor oil (5 cm3) for 1 h at 30◦C. The mixture was centrifuged (1500 g, 30 min) and the oil was
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Table 2

Ranges and levels of independent variables for WHC used in Box-

Behnken design

Ranges and levels

Independent variables –1 0 +1

pH 4 7 10

Sonication energy (%) 30 50 70

Sonication time (min) 5 10 15

Table 3

Ranges and levels of independent variables for OHC used in Box-

Behnken design

Ranges and levels

Independent variables –1 0 +1

Temperature 25 35 50

Sonication energy (%) 30 50 70

Sonication time (min) 5 10 15

decanted. The oil trapped mixture was weighed. OAC was expressed as ml of oil trapped per g protein isolate
[23].

OHC = (V1 − V2)

W
× 100 (3)

where W is the weight of the dry sample (g), V1 is the weight of the tube plus the dry sample (g) and V2 is the
weight of the tube plus the sediment (g).

2.6. Experimental design

In the present study, a total of 15 experiments were used in the Box-Behnken design (BBD) in order to
optimize the both functional properties. For WHC, three parameters, pH, sonication energy and sonication time
were optimized by RSM to obtain WHC values by the combination of the three independent variables (Table 1).
For OHC, the three parameters are temperature, sonication energy and sonication time. The three independent
variables are shown in Table 2. The response, for both WHC and OHC was related to the independent variables
by the quadratic polynomial model represented as in the following equation:

Y = β0 +
∑3

i=1
βixi+

∑3

i=1
βiix

2
i +

∑2

i=1

∑3

j=i+1
βiJxixJ (4)

where Y is the dependent response, β0 , βi , βii and βij are the regression coefficients for intercept, linear, quadratic
and interaction terms, respectively; xi and xJ are the independent coded variables.

2.7. Statistical analysis

The results of the present study were statistically analysed by ANOVA (analysis of variance). Significance
of the models was accepted at a level of p < 0.05. The response surfaces were used to determine the optimal
conditions of the both functional properties. The statistical software Statistica 10 (Statsoft Inc, USA) was used
to those purposes.
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3. Results and discussion

3.1. Protein content

In the present study, the total protein content of Spirulina powder was found to be 55% (w/w) (Table 4).
According to Becker [6], the amount of protein present in Spirulina varied between 46 and 62% of its dry weight.
This variation was probably related to differences of geographical origin, growing conditions and production
methods of Spirulina and more particularly to proteins extraction techniques. In this work, the ANOVA analysis
shown that ultrasound is significant with R² of 0.98. It is confirmed by the curve of predicted versus observed values
(Fig. 1). The effect of ultrasound is also confirmed by Pareto Diagram (Fig. 2). The principal parameter affecting
extraction is solid to liquid ratio. Further to intercept value from ANOVA analysis, the model mathematical
equation would be as follows:

Protein yield (%): −16.47(LSR) + 38.40 (5)

Where:
LSR: liquid to solid ratio.
Those results were higher than those found by Lupatini et al. (38% (w/w)) [24] and Safi et al. [14] (47% (w/w)).

This may be due to use of ultrasound as a pre-treatment before protein extraction. The effect of ultrasound on
protein content was confirmed by Show et al. [25], by increasing the penetration of solvent into cellular material.
Those results were similar to literature as the sonication increase protein content of Arthrospira platensis [13].
For microalgae Nannochloropsis, higher protein content is observed after sonication [26].

3.2. Functional properties

Recently, many researchers were using a combination of ultrasound and response surface methodology (RSM)
in order to optimized the process variables in their works [27–30]. Even though a food is nutritionally wealth and

Table 4

Box Behnken Design for protein extraction response for Arthrospira platensis

Runs Liquid to Sonication Sonication Protein yield

solid ratio energy time (%)

1 –1 –1 0 55,541

2 –1 0 –1 31,482

3 –1 0 1 52,370

4 –1 1 0 52,464

5 0 –1 –1 20,619

6 0 –1 1 26,044

7 0 0 0 37.27

8 0 0 0 38,405

9 0 1 –1 10,542

10 0 1 1 12,365

11 1 –1 0 21,489

12 1 0 –1 11,230

13 1 0 1 21,262

14 0 0 0 39.68

15 1 1 0 6,062
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Fig. 1. Predicted and observed values for protein yield (%) of Arthrospira platensis.

Fig. 2. Pareto diagram of Standardized effects (Protein yield).

balanced, its acceptability could be poor and, thus, rejected by consumers. Improving functional properties of
food is of great interest to fill this gap. In this context, optimization of functional properties of Spirulina powder
using RSM was investigated.
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3.2.1. Water holding capacity
This property is important in the formulation of many foods [31]. The water holding capacity (WHC) of

foods can be defined as the ability to hold its own and added water during the application of forces, pressing,
centrifugation or heating [32]. WHC plays a major role in the formation of food texture, especially in comminuted
meat products and baked doughs. Water retention of plant proteins used as additives in various foods influences
quality characteristics of the finished food products [33].

3.2.1.1. Model fitting. Effects of the three extractions parameters, namely pH, sonication energy and soni-
cation time were determined by Box-Behnken Design. As shown in Pareto Diagram (Fig. 3), the effect of
each parameter was determined, the sonication time is the most influent parameter in quadratic effect, but
there is no significant effect of sonication energy and pH. The statistical analysis of the model and signifi-
cance of each parameter was determined by F-test and p-value. The corresponding parameters would be more
significant if the absolute F-value becomes greater and the p-value becomes smaller [34]. The model is sig-
nificant as p-value is less than 0.05 and F-value very high. The determination coefficient (R²) of the model
is 0.93 which confirmed the good fit of the model (Table 5). The deviation between predicted and observed

Fig. 3. Pareto Diagram on Standardized effects (WHC).

Table 5

Responses model fitting

Coefficients WHC OHC

R2 0.93 0.85

R2 adj. 0.82 0.58

P 0.01 0.1
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Fig. 4. Predicted and observed values for WHC (g H2O/g powder) of Arthrospira platensis.

Table 6

Box-Behnken design and observed values of WHC

Runs pH Energy Time WHC

1 –1 0 –1 4,97

2 0 0 0 3,92

3 –1 0 1 4,9

4 1 0 –1 4,22

5 –1 –1 0 4,6

6 1 0 1 4,65

7 0 1 –1 4,26

8 0 1 1 4,52

9 0 –1 1 4,35

10 0 0 0 4,05

11 1 1 0 4,52

12 0 0 0 4,1

13 –1 1 0 3,98

14 0 –1 –1 4,39

15 1 –1 0 3,86

values is very low (Fig. 4). The pH has no significance on WHC, this result is similar to study of Benel-
hadj et al. [35] where higher WHC is obtained at pH10 due to the increase of bound water further to the
increase of polarity and electric charge. Maximum value of WHC observed is 4.97 g H2O/g powder while
minimum value is 3.86 g H2O/g powder (Table 6). In similar study, the WHC of spirulina flour was 2,2 g
H2O/g spirulina, which shows the effect of ultrasound [36], and maize flour and wheat flour blend [37]. Also,
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Fig. 5. Response surface plots of WHC versus, (a) Sonication time and pH (b) Sonication time and sonication energy (c) Sonication energy

and pH.

WHC obtained in this study is higher than legumes flour [38], and soya meal [36]. The presence of polysac-
charides at 15% in Spirulina powder may explain WHC high value. Higuerra-Barraza et al. [39] concluded
that 20 min of ultrasound resulted in an increase of the proportion of water trapped with the myofibrillar
of proteins.

3.2.1.2. Analysis of surface response. The effect of sonication time and pH on WHC of Spirulina flour is
significant both in quadratic and linear effect (Fig. 5a). The increase of sonication time increases WHC, while
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Fig. 6. Pareto Diagram on Standadized effects (OHC).

Table 7

WHC regression analysis

Response WHC

Source of Sum of Freedom Mean Fc Probability

variation squares Degree square Fc

Regression 1.53 9 0.17 8.57 0.014

Residual 0.099 5 0.019

Total 1.629 14 0.189

the decrease of pH increases WHC. Figure 5b shows the effect of sonication time and sonication energy, we
observe the quadratic effect of sonication time, but there is no effect of sonication energy on WHC. In Fig. 5c,
we can see the quadratic effect of pH, WHC increases for values less than pH 4. From regression analysis values
(Table 7), we can estimate mathematical model equation:

WHC% = 4.023 − 0.150∗(pH) + 0.260∗(pH)2 + 0.40∗(ST)2 + 0.320∗(pH)∗(SE) (6)

Where:
ST: Sonication time.
SE: Sonication energy.

3.2.2. Oil holding capacity
Measurements of fat binding may provide data for selecting a protein raw material. Many properties of

foods involve the interactions of proteins and lipids: formation of emulsions, fat emulsification in meats,
fat entrapment in sausage batters, flavor absorption, and dough preparation [33]. High oil holding capacity
is desirable for use in the cold meat industry, particularly for sausages where the protein can bridge the fat
and water.
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3.2.2.1. Fitting the model. Effect of the three extraction parameters: temperature, sonication time and sonication
energy were determined by Box-Behnken Design. The effect of each parameter is determined by Pareto Diagram
(Fig. 3). The sonication energy is the most influent parameter in linear effect, followed by temperature and
sonication time in linear effect. Also, we notice a quadratic effect of sonication energy. The significance of
the model is confirmed by F-test and p-value. Coefficient of determination R2 is 0.85 confirming the good fit
of the model (Table 5). Figure 7 shows a small difference between predicted and observed values, coefficient

Fig. 7. Predicted and observed values for OHC (g H2O/g powder) of Arthrospira platensis.

Table 8

Box-Behnken design and observed values of OHC

Runs Temperature Sonication time Sonication energy OHC

1 0 0 0 2,1

2 0 0 0 2,2

3 1 0 1 2,15

4 1 0 –1 2,1

5 –1 –1 0 1,7

6 –1 1 0 2

7 1 1 0 2,3

8 0 –1 –1 1,8

9 0 0 0 2,15

10 –1 0 1 2,1

11 1 –1 0 1,93

12 0 1 1 2,2

13 0 –1 0 2,1

14 0 1 –1 2

15 –1 0 –1 1,9
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of variation is very low (2,1%). The values of OHC are significant as a measure of hydrophobic capacity of
proteins. Maximum OHC value obtained is 2.3 ml H2O/g Spirulina powder, while minimum value is 1.97 ml
H2O/g Spirulina powder (Table 8). It is slightly higher than the value obtained by Devi and Venkatarman [36]
due to the influence of ultrasound which enhance protein release. Also, OHC values obtained in this study
are higher than full fat maize flour (1.07) and wheat flour (0.7) [37]. The high protein content in Spirulina
explain this difference, protein side chain hydrophobic group increases and more protein oil complexes are
generated [40]. This approach in confirmed in the study on several whole legumes flour where for protein
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Table 9

OHC regression

Response OHC

Source of Sum of Freedom Mean Fc Probability

variation squares Degree square Fc

Regression 0.31 9 0.03 3.18 0.1

Residual 0.054 5 0.01

Total 0.364 14 0.04

content ranging between 22% and 28%, the OHC is between 0,93 g H2O/g legume flour and 1,38 g H2O/g legume
flour [38].

3.2.2.2. Surface response analysis. We observe the linear and quadratic effect of sonication energy, OHC
increases when sonication energy increases, the same influence is observed for temperature in quadratic effect
(Fig. 8a). Sonication time has a linear effect, when sonication time increases, OHC increases (Fig. 8b). In Fig. 8c,
we can observe the effect of sonication energy, both in linear and quadratic effect, while sonication time is sig-
nificant only in linear effect. The model mathematical equation could be determined from regression analysis
values (Table 9), and is as follows:

OHC% = 2.176 + 0.097 ∗ (T) + 0.121 ∗ (SE) (7)

Where:
T: Temperature (◦C)
SE: Sonication Energy (%)

4. Conclusion

Recently, there is a growing interest to search natural protein sources as an alternative to unhealthy animal
proteins in the food industry. In this context, Spirulina (Arthrospira platensis) has attracted a lot of interest due
to its interesting nutritional properties. The present work demonstrated that response surface methodology was
a good tool to determine optimal conditions of Arthrospira platensis functional properties. Furthermore, the
use of ultrasound as pretreatment contributed to improve protein content, water holding capacity (WHC) and
oil holding capacity (OHC) of Spirulina powder. Indeed, the WHC and OHC have been increased up to 4.97 g
H2O/g Spirulina powder and 2.3 ml H2O/g Spirulina powder respectively. Those values were obtained at pH 4,
70 W sonication power and 10 min for WHC, temperature of 50◦C, 30 W sonication power and 8 min. The high
protein content of Spirulina powder tested in the present study demonstrated the positive effect of ultrasound on
protein extraction. The protein yield obtained is 55% at liquid to solid ratio of 1:100, 50W sonication energy and
12 min sonication time. The good functional properties of Algerian Spirulina powder may be attributed to its
high protein content. Thus, Arthrospira platensis incorporation in foodstuff will improve nutritional value and
consumer acceptability.
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