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Abstract: Protein is one of the main nutrients that will be in short supply in the future. Alternative protein sources and
production methods are required to fulfil the demand of protein requirements. Proteins from microalgae represent potential raw
materials for the generation of protein based food ingredients. Arthospira platensis harbors high protein concentrations and one
of the most important factors influencing successful extraction of protein is accessibility of the protein molecules. Process
optimization and statistical analysis is necessary to maximize protein extraction. This study attempts to evaluate and compare
various methods for their reliability in extracting microalgal proteins. Five different extraction methods namely alkali,
enzymatic, thermal, microwave assisted and ultrasonic extraction were performed to obtain protein from A. platensis.
Functional properties of the protein isolates were determined at various pH levels. Highest protein yield of 84% was obtained
in ultrasound extraction. The lowest solubility of protein was found at pH 5.0 (0.27%) and highest solubility of protein was
obtained at pH 9.0 (74.90%). Water holding capacity of protein isolates of S. platensis was in the range of 0.902 — 1.341
Swater/ Eprotein- 1 he foaming capacity ranged from 19.37 to 41.28%, with the lowest and maximum values obtained at pH 5.0 and
3.0, respectively. Maximum value of foam stability at pH 5.0 was 31.24% and this subsequently decreased when the pH
increased. The results revealed that both microwave assisted and ultrasound extraction methods were found suitable to make
bioavailability of algal proteins from Arthospira platensis.
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chemical treatments result in improved component extraction
by complete or partial degradation of the microalgal cell
wall, thus, improving the accessibility of the intra-cellular
components. Protein extraction methods used on algae to
date are limited for commercial use due to concerns with up-
scaling. Conventional mechanical and enzymatic methods for
protein extraction are laborious, time-consuming, and may
require the use of solvents [3]. These methods may also
affect the integrity of extracted algal proteins due to the
release of proteases from cytosolic vacuoles [4].
Furthermore, these methods are also laborious and time
consuming [5]. Extraction efficiency is affected by varying
process parameters such as the solid to solvent ratio, solvent
concentration and composition, extraction temperature, and
time [6]. Improved extraction methods of cell disruption and

1. Introduction

Protein is a very vital component of human nutrition. It is
estimated that, nearly 25% of the world population lack
suitable protein supply [1]. Protein is a substantial source of
important amino acids and nitrogen. On commercial basis,
food containing substantial amount of protein are gained
from animal and plant sources and subsequently used as
functional ingredients. Microbial proteins have been studied
for likely incorporation into formulated foods, because of the
limited availability and soaring costs of animal proteins [2].

Proteins from microalgae represent potential raw materials
for the generation of protein based food ingredients having
both techno- and biofunctional applications. Pre-treatments
such as mechanical cell lysis, enzymatic, thermal, and
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extraction are therefore required. One of the most important
factors influencing successful extraction of protein is
accessibility of the protein molecules. The extraction of algal
proteins is hindered, in part, due to high viscosity and ionic
interactions arising from the presence of cell wall and
intracellular polysaccharides [7]. Process optimization and
statistical analysis 1is necessary to maximize protein
extraction and determine the independent and interaction
effects of various process parameters on the extraction yields.

Arthospira platensis is one of the more promising
cyanobacteria, as it is rich in proteins, essential and
nonessential amino acids, long-chain polyunsaturated fatty
acids, vitamins, minerals and many phytonutrients. It harbors
high protein concentrations, which can reach about 60-70%
of its dry weight, depending upon the environmental
conditions at which it is grown. This study attempts to
evaluate and compare various methods for their reliability in
extracting microalgal proteins. It dealt with process
optimization for maximizing protein extraction from
Arthospira platensis. Such knowledge is very useful in
assessing the sustainability, scalability, and economic
feasibility of the process.

2. Materials and Methods

2.1. Protein Extraction Methods

2.1.1. Alkali Extraction

Arthospira  platensis  biomass was subjected to
pretreatment by high pressure homogenization. To the
homogenized biomass, IM NaOH was added followed by
centrifugation at 10000 rpm for 15 mins. To the supernatant,
either IM HCI or IM HCOOH was added and centrifuged
again 10000 rpm for 15 mins. The obtained pellet was used
as estimate the protein content [8].

2.1.2. Enzymatic Extraction

One gram of 4. platensis powder was dissolved in 10 mL
of distilled water. The sample was adjusted to pH 5.0 with
buffer NaH,PO; and incubated at 50°C with 1% (W/w,
protein basis) cellulase digested for 3 h [9]. After enzyme
digestion, the mixture was centrifuged and the protein
content of supernatant was estimated.

2.1.3. Thermal Extraction

For thermal pretreatment, 150 ml of algal biomass was
used. The algal biomass was pretreated in an incubator under
continuous stirring at 95°C for 10 hours, and the
hydrothermal pretreatment was performed in an autoclave at
120°C for 5 minutes. This was followed by filtering the algal
biomass and estimation of protein.

2.1.4. Microwave Assisted Extraction

The microwave pretreatment was carried out in a
household type microwave (LG, 2450 MHz frequency).
Extraction conditions were as follows: 1000 W, liquid/solid
ratio (15 mL/5.0 g of dry biomass), extraction time (3 min.).
After extraction, the mixture was centrifuged (5000 rpm for

15 min), and then the supernatant was gathered for the
subsequent protein assay.

2.1.5. Ultrasound Extraction

Protein extraction from A. platensis was carried out by the
method described by [10]. 4. platensis was initially defatted
using the method of the study [11]. After the defatting
process, 1 g of sample was weighed into beakers followed by
the addition of 15 ml of distilled water. The beakers were
mixed using a magnetic stirrer at room temperature for 60°C
minutes. The samples were transferred into an ultrasound
device and ultrasound extraction took place at 4 = 1°C for 60
minutes. Samples were kept in a shaking water bath at 100
rpm. This was followed by centrifugation at 5000 rpm 4°C
for 30 min and the supernatant was collected. pH of the
supernatant was adjusted to 3, centrifuged again at 5000 rpm
4°C for 30 min and the supernatant was discarded. The
obtained pellet was used as estimate the protein content.

2.2. Determination of Soluble Protein Yield

To measure the soluble protein content for each
experiment, the Folin phenol procedure was applied as
described by [12]. The absorbance of protein in the algal
extract was analyzed using a spectrophotometer at 680 nm
and described as Cs. The yield of protein was estimated as
follows:

_CsV 100
y= m X

Where, y represents the soluble protein yield (%), C; is the
soluble protein concentration in the microalgae extract
(mg/L), V is the volume of the microalgae extract (L), and m
represents the protein content of sample (mg).

2.3. Functional Properties of Isolated Protein

2.3.1. Protein Solubility

Solubility of Arthospira protein was measured according
to the study [13] with some modification. Protein suspension
was added to distilled water (2%, w/v), and adjusted at
various pH values (3, 5, 7, 9, and 11) by using 0.5 N HCI and
0.5 N NaOH. Centrifugation at 3000 rpm for 20 min was
then performed on the protein solution after it has been
stirred for 60 min at room temperature. Then, the protein
content in supernatant was measured using folin-phenol
technique. Solubility was calculated as follows:

P.
s =100
Sam
Where, S representing protein solubility (%) and Py, Pem
representing content of protein in supernatant and sample
(mg/mL), respectively.

2.3.2. Water Holding Capacity

To determine the water holding capacity, 0.1 g of protein
isolate was dispersed in 10 ml of deionized water and stirred
for 5 min. After stirring, the sample was allowed to



22 Mahmood Mabhali and Sibi G.: Extraction Methods and Functional Properties of Protein from Arthospira platensis for
Bioavailability of Algal Proteins

stand/hydrate for 20 min and centrifuged at 5000 rpm for 30
mins at room temperature. The supernatant was removed
with a pipette, and tubes were reversed for 25 min to discard
the residual liquid from the protein sample. The water
holding capacity was described as Zyater/Sprotein as follows
[14].

A-B
Water holding capacity = TXIOO
Where, A representing mass of tube with the absorbed
water and protein sample (g), B representing mass of tube
and protein sample (g), and C is the mass of the algal protein

sample (g).

2.3.3. Foaming Properties

Foaming properties of the algal protein in terms of
foaming capacity (FC) and foam stability (FS) were
measured according to [15]. Three grams of algal protein
sample was added in 100 mL deionized water and the pH of
mixture was adjusted to 3, 5, 7, 9 and 11. Protein solution
was whipped at high speed in a mixer blender for 5 min. The
whole content was transported in a calibrated tube and foam
volume was determined immediately to calculate the FC. The
variation in volume of foam was estimated after 30 min from
vigorous mixing at various pH (3, 5, 7, 9 and 11) to
determine the FS. The FC (%) and FS (%) were calculated as
follows:

Viyz — Vi
FC = w2 Wi X 100
Vw1
Water holding capacity - Foam volume after 30 min>< 100

Initial foam volume

Where, Vy, represents the volume before vigorous mixing
(mL) and Vy, represents the volume after vigorous mixing
(mL).

2.4. Statistical Analysis

All experiments were run in triplicates. Statistical analysis
was conducted using analysis of variance to compare the
influence of extraction methods on protein yield. Functional
properties data were analyzed using SPSS Software.
Statistical significance was tested at P < 0.05.

3. Results and Discussion
3.1. Protein Yield

Protein yield based on various extraction method were
represented in figure 1. Out of the five extraction methods
evaluated, ultrasound, microwave, enzymatic and alkali
mediated methods resulted in more than 75% protein yield.
Highest protein yield of 84% was obtained in ultrasound
extraction followed by enzymatic extraction method.
Thermal extraction of algal protein was found low with 64%
yield.
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Figure 1. Protein yield from A. platensis under various extraction methods.

3.2. Protein Solubility

Protein solubility pH is a vital factor that has an important
effect on protein solubility. Figure 2 shows the influence of
pH on solubility of 4. platensis protein isolate. Significant
difference at P < 0.05 was obtained in the solubility from
different pH. The results showed two regions of solubility: at
acidic pH, which includes the point of isoelectric, and at
alkaline pH. The lowest solubility of protein was found at pH
5.0 (0.27%) because the pH value was comparable to the
protein isoelectric point (pH 4.5). Highest solubility of
protein was obtained at pH 9.0 (74.90%) of microwave
assisted extraction followed by ultrasound extraction
(73.68%). At various pH values, the solubility may help as a
useful indicator of the protein isolate performance in food
industry as well as the amount of protein denaturation due to
chemical or heat treatment. Most vegetable proteins have
isoelectric pH values among 4.0 and 5.0, where the protein
net charge reaches zero. Above pH 6.5, all vegetable proteins
have solubilities of >70% [16] as was observed in this
research. The trend of the results agreed with that obtained
by [17] for cottonseed meal protein isolate.
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Figure 2. Solubility (%) of A. platensis protein at various pH levels.

3.3. Water Holding Capacity

Water holding capacity is an important functional property
of proteins. It measures the ability of proteins to absorb water
against gravity. Water holding capacity of protein isolates of
A. platensis was in the range of 0.902 — 1.341 gyater/Eprotein-
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3.4. Foaming Capacity

The foaming capacity is a vital parameter in food products
[18]. The foam stability and foaming capacity of protein
isolate from A. platensis at different pH are presented in
figures 3 and 4. Significant difference at P< 0.05 was
obtained in the foam stability and foaming capacity from
different pH. The foaming capacity ranged from 19.37 to
41.28%, with the lowest and maximum values obtained at pH
5.0 and 3.0, respectively. Highest foam capacity of was
observed in microwave assisted protein extract followed by
thermal extraction of protein isolate. At pH 3 and 7, higher
percentage of foam capacity was determined. Both the pH
and extraction method had influenced the foam capacity. In
other words, 37.69% of foaming capacity at pH 7 and
22.63% at pH 5 of thermal extraction, 41.28% at pH 3 and
22.44% at pH 9 of microwave assisted extraction, 26.13% at
pH 11 of alkali extracted protein were found out.
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Figure 3. Foaming capacity (%) of A. platensis protein at various pH levels.

3.5. Foam Stability
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Figure 4. Foam stability (%) of A. platensis protein at various pH levels.

Regarding foam stability, the results showed that the
maximum value at pH 5.0 was 31.24% and this subsequently
decreased when the pH increased. The least value of foam
stability was 0.20% at pH 11. Microwave assisted protein
extraction had highest foam stability followed by ultrasound
extraction. In general, foam stability was higher at acidic pH
levels and this could be attributed to the protein adsorption and
viscoelasticity at an air—water interface in maximal closeness
to isoelectric pH. Additionally, this may well be due to a

possible low net charge near the isoelectric pH of the protein
[19]. These results corroborate with those obtained for protein
isolate from safflower and lentil respectively [20, 21].

If the quality and quantity of protein extracted is consistent
and the samples are rich in protein diversity, relevant
biological conclusions can be drawn from the data under
study. It is suggested that the procedures described in this
study may be widely applicable for protein extraction from
other microalgae too. Extracting the protein fraction from the
rest of the algal matrix makes the end product becomes more
nutrient dense [22].

Microwave treatment is one of the most commonly used
methods for solid-liquid extraction due to its power,
convenience, and reasonable cost. The microwave-induced
dipole rotation of molecules, and the migration of ions that
enhance the penetration of solvent in to matrix, disrupts the
cell wall and releases the intracellular product, allowing for
the extraction of different components [23]. The main
parameters in microwave assisted extraction are microwave
power, time, algae type and temperature [24, 25].
Commercial microwave ovens typically use a frequency of
2.45 GHz, which corresponds to a wavelength of 12.24 cm
[26].

Ultrasound can be effectively used to increase the yield
and rate of mass transfer in several solid—liquid extraction
processes. The extraction mechanism involves two types of
physical phenomena: diffusion through the cell walls and
washing out (raising) the cell contents once the wall are
broken. Both phenomena are significantly affected by
ultrasound irradiation [27]. Cavitation phenomena lead to
high shear forces in the media. The implosion of cavitation
bubbles on a product’s surface results in micro-jetting which
generates several effects such as surface peeling, erosion and
particle breakdown. Additionally, implosion of cavitation
bubbles in a liquid media leads to macro-turbulences and to a
micro mixing. This leads to a decreasing in extraction
temperature and minimal chemical usage, thereby increasing
extraction rate and yield [28]. Depending on the frequency,
ultrasound can be categorized into three main classes: these
include low, high, and diagnostic ultrasonic at respective
frequency ranges of 20-100 kHz, 100-1000 kHz, and 1-500
MHz [29]. Power ultrasound (20-100 kHz) is widely applied
in the food industry for various extraction processes
including protein extraction [30].

The fact that proteins in water obtain net positive or
negative charges when adjusted to extremely acid or alkaline
conditions, respectively, can be the basis for their isolation.
This is since the strong repulsions caused by like charges
favour protein solubilization, whereupon non-soluble matter
can be removed. Hence the alkali method resulted in lowest
protein yield in this study.

4. Conclusion

To make a protein recovery process economically
feasible and easy to apply in industry, a simplistic
approach with a minimum amount of low energy steps
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would be beneficial. Bearing this goal in mind, the aim of
the present study was to develop basic settings for a
relatively simple protein extraction protocol for 4.
platensis. The findings of this study recommend the
microwave assisted and ultrasound extraction mediated
protein extraction from Arthospira platensis. Further,
selection of appropriate extraction method while
extracting protein from microalgae is important to
minimize the cost and maximize the protein yield. Such
knowledge is very useful in assessing the sustainability,
scalability, and economic feasibility of the protein yield
from microalgae.
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