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Abstract: Spirulina platensis found enormous applications in agriculture, food industry, pharmacy,
cosmetics, medicine, mainly because of its high nutritional content and health-promoting properties.
Therefore, the extraction of bioactive compounds from it still remains a challenge. The aim of the
current study was to extract photosynthetic pigments from different Spirulina platensis samples and to
evaluate the yield and purity of phycocyanin using ultrasonic irradiation at two different frequencies.
The content of chlorophylls and phycocyanin was determined in three samples of Spirulina platensis
(dry, lyophilized and frozen). The highest values of total chlorophyll were found in SP 1 (Spirulina
platensis dry biosample) — 9080 ug/g dw. For the extraction of phycocyanin the classical and the
ultrasound-assisted extractions were performed with distilled water under two frequencies. The highest
yield of phycocyanin (2.5 mg/g dw) and purity 0.8 were obtained for 3 hours at 35 kHz sonification.
This study remained the main advantage of using ultrasonic power as green extraction for the highest
phycocyanin yield and purity, reducing both processing times and costs.
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1. Introduction

Nowadays, the interest in cyanobacteria Spirulina platensis constantly increases in
different areas as agriculture [1], food, cosmetics, medicine, pharmacy, and technics [2-7].
Spirulina is labeled as *’super food’” by The World Health Organization (WHO) [2] and also
used in space food for astronauts [6] because of high nutritional value. The great attention is
paid as a food supplement, because of its valuable composition that comprises as proteins (50-
70% from the dry weight) [3], unsaturated fatty acids, polysaccharides, vitamins, minerals as
selenium, calcium, chromium, iron, manganese, zinc, and magnesium [2,5], phenolics,
flavonoids, chlorophylls, carotenoids, and phycobiliproteins [2,3,5-7]. Chlorophyll content in
Spirulina varied between 6.8 to 11 g.kg™, while carotenoids are presented mainly from beta
carotene and xanthophylls at a concentration of 1.0 g.kg™, and its concentration depends upon
the species and the environmental conditions [8-11]. Phycobiliproteins (PBP) are a group of
colored proteins, mainly present in cyanobacteria (blue-green algae) and red algae, as
components of photosynthetic light-harvesting (phycobilisome) antenna complexes [12-13].
Phycobiliproteins are divided into three main groups: phycoerythrins, phycocyanin, and
allophycocyanins [2,8,12]. In general, the above-mentioned proteins are devided into two
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groups according to their colors and absorption spectra, such as phycoerythrin (PE, bright pink,
red A max = 490-570 nm) and phycocyanin (PC, blue A max =610-625 nm). In particular, the
phycocyanins are included: C-phycocyanin (C-PC), R-phycocyanin (R-PC), and
allophycocyanin (APC), which differ in their spectral properties, structural composition, and
color [12]. Spirulina platensis is an excellent source of phycocyanin, as the protein fraction
may contain up to 20% of phycocyanin [2,4-5]. Phycocyanin is used not only as an important
commercially available water-soluble blue food colorant used in foods (chewing gums, dairy
products, gellies, etc.), cosmetics (lipstick and eyeliners), with fluorescent properties, but it is
also considered anticoagulation [16] as anti-inflammatory, anticancer agent [2,4,14], anti-
diabetes [2,15], hepatoprotective [17], antioxidant [2,4,5,18]and anti-obesity activities,
antimicrobial [2], and used treatment of many diseases such as Alzheimer’s, Parkinson’s and
Huntington's diseases [5]. Therefore, due to valuable food coloring compounds as chlorophylls,
carotenoids, and phycocyanin, Spirulina platensis. Many reports demonstrated that the pigment
content in Spirulina platensis depends on different environmental parameters (pH, temperature
and light intensity) [3,8,19], extraction conditions [17, 18, 20] and used solvents [2,7,14,17].

The extraction of chlorophyll and C-PC rain challenges because of their biological
effects, such as anticancer, anti-aging, anti-inflammatory, and antioxidant activity effects [21].
Nowadays, different procedures were performed for accelerated extraction based on the *’green
chemistry’’ principles. Contrary to conventional methods for phycocyanin and chlorophyll
extractions that include time-consuming and low efficient maceration, freezing, and thawing,
the *’green’’ method for extraction (including pressurized liquid extraction (PLE), supercritical
fluid extraction (SFE), supercritical CO2, low-temperature extraction process using high-
pressure homogenization (HP) [7], microwave extraction (MW), ultrasound-assisted (US)
extraction assure low cost, environmentally friendly solvents, high efficiency during
extraction, reduce time and higher yield [6,7,12,16,17,22]. However, the purity of
phycocyanins isolated by different ultrasonic frequencies is not studied in detail.

The aim of the current study was to extract photosynthetic pigments from different
Spirulina platensis samples (dry, lyophilized and frozen biomass) and to evaluate the yield and
purity of C-phycocyanin using ultrasonic irradiation at two different frequencies, comparing
with classical extraction.

2. Materials and Methods
2.1. Materials.

Three samples of Spirulina platensis were used in the current study. The first sample
(SP1) is a commercially available dry biosample obtained from the Zoya on-line market. The
second (SP2) and third samples (SP3) were kindly donated from a producer of Spirulina
platensis cultivated in Bulgaria. The second sample was lyophilized, while the third one was
used as frozen biomass.

2.2. Pigment analysis.

For the analyses of chlorophyll a (Ca), chlorophyll b (Cb), and the total carotenoids
(Cx+b), each of three Spirulina samples were extracted with 100% acetone in solid ratio to the
solvent to (1:50 wi/v) extract in duplicate. The extraction procedure was carried out in an
ultrasonic bath VWR (Malaysia) with frequency 45 kHz, power 30W at 40°C for 20 min. The
extraction procedure was repeated twice; the acetone extracts were filtered through a filter
https://biointerfaceresearch.com/ 9297
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paper. The absorbance of the combined final extracts was measured at three wavelengths 662,
645, and 470 nm. The amount of these pigments was calculated according to equations (from
1 to 3) reported by Lichtenthaler and Wellburn [23].

Ca, pg/ml = 11.75x A662 — 2.35xA645 (1)
Cb, pg/ml = 18.61xA645 — 3.96xA662 (2)
Cx+b, pg/ml = [1000xA470 — 2.27xCa — 81.4xCh}]/227 3)

2.3. Extraction of phycocyanin.
2.3.1. Conventional extraction.

Spirulina samples (2 g) were weighed in 50 ml centrifuge tubes, and they were extracted
with distilled water (1:25 w/v) on a magnetic stirrer with a hot plate and under constant stirring
for 1, 2, 3, 24, and 48 hours at temperature 35° C. This extraction was listed as classical
extraction (CA). Then the samples were filtered and used for further analysis.

2.3.2. Ultrasound-assisted extraction.

Spirulina samples (2 g) were weighed 50 ml centrifuge tubes with screw caps, and the
samples were extracted with distilled water (1:25 wi/v) in duplicate in ultrasonic baths operating
at different condition, as follows:

1) An ultrasonic bath VWR (Malaysia) with frequency 45 kHz, power 30W - (UAE 45 kHz)
2) An ultrasonic bath SIEL (Bulgaria) with frequency 35 kHz, power 300W - (UAE 35 kHz)

The ultrasound-assisted extraction was done under two frequencies for 1, 2, 3, 24, and
48 hours at temperature 35° C. The extracts were filtered through a paper filter and then used
for further analyses.

2.4. Phycocyanin analysis.

After filtration, the absorbance of extracts was measured by spectrophotometer
Camspec M107 (Spectronic-Camspec Ltd., Leeds, UK) at two wavelengths - 615 and 652
nm, respectively. Phycocyanin concentration (PC) was calculated using equation (1), according
to Bennett and Bogorad [24]:

A6151m—-0.474xA652 nm
5.34

Phycocyanin,mg/mL = (@)

The purity of phycocyanin extract was monitored spectrophotometrically by the
A615/A280 ratio [25].

Yield = ";;V, )
Where PC is the crude C-phycocyanin in mg/ml, V is the volume of extract used in ml,

and DB is the dry biomass in grams.

2.5. Statistical analysis.

All analyses were performed in triplicate. The data obtained were expressed as the mean
+ standard deviation, considering a level of 95% confidence (p<0.05).
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3. Results and Discussion
3.1. Chlorophylls and carotenoids content.

It is known that Spirulina provides the pure form of chlorophyll an at the lowest
production costs since most of the chlorophyll (approximately 90%) that exists in Spirulina is
in the form of chlorophyll a [6,7]. In particular, the demand for chlorophyll a has recently
increased because its biological activity, such as antioxidant activity, is considered to be higher
than that of other chlorophylls, such as chlorophyll b or ¢ [7].

The chlorophyll content found in Spirulina samples was presented in Figure 1.
However, in this study, the total carotenoids were not detected at all in these samples. The
presented results demonstrated that chlorophyll b dominated in all samples in comparison with
chlorophylls a. The highest values of chlorophyll b were found in SP 1 (Spirulina platensis dry
biosample) — 4843 ug/g dw. The values of chlorophyll a was between 589 and 4237 ug/g dw.
Near to our results were the findings of Marzorati et al. [22] for chlorophyll a chlorophyll b
content obtained by CO: supercritical extraction from dry Spirulina - 5.7 +0.2 mg g land 3.4
+ 0.3 mg g* weights, respectively.

The total chlorophyll content was in the range from 1925 to 9080 ug/g dw (Figure 1).
The lowest values were detected in lyophilized samples 1925 mg/g dw. The domination of
chlorophyll b was also detected in the infusions [26], while in dry Spirulina platensis samples,
chlorophyll a were reported to be 0.6 mg/g dw [5]. In our study, the content of chlorophyll an
obtained by ultrasonic extraction at 45 kHz from the dry Spirulina samples was near to the
previous reports for acetone extraction by sonification (between 2.6-4.7 mg/g) [21] and for 24
h extraction (4.91 - 5.27 mg/g dw) [6,7]. However, its values were twice times lower than the
results obtained by a high-pressure homogenization process at 650 bar with a shear stress of
approximately 20,000 (1/s) - 9.85 mg/g [6]. According to Choi and Lee [7], the optimal
ultrasonic extraction conditions for chlorophyll a with ethanol was 20.52 kHz, 32.59 °C, for
4.91 h and yield 17.98 mg/g. The increase in extraction temperature and time could be caused
by the breakdown of the chlorophylls in Spirulina at higher temperatures since chlorophylls
are known to be heat sensitive [7].
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Figure 1. Chlorophyll content in three samples Spirulina platensis, where SP1- dry biosample, SP2-
lyophilized sample and SP3-fresh biomass
In addition, chlorophyll content depends on cultivation media and environmental

factors [8,10,19].
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3.2. Influence of different extraction conditions on the phycocyanin extraction.

The results for phycocyanin content in water extracts and its purity during different
extractions and forms of biomass were summarized in Table 1.

Table 1. Comparison of different methods for extraction of phycocyanin from three samples Spirulina
platensis (mean values +SD).

Sample! Extraction methods Time, h Phycocyanin,  Purity ratio References
mg/ml (As15/280)
1 2.04 0.25
. . 2 2.47 0.55
Classical extraction o4 294 079
SP1 48 3.97 0.80
Ultrasound-assisted L 113 0.63
extraction at 45 kHz 2 3.08 0.75
3 2.90 0.81
Ultrasound-assisted ; gg; g;g
extraction at 35 kHz 3 305 0.86
Classical extraction 1 0.38 0.22
2 1.57 0.24
Sp2 24 1.42 0.26
48 1.20 0.25
Ultrasound-assisted 1 0.18 0.24
extraction at 45 kHz 2 0.94 0.20 In this study
3 1.16 0.22
Ultrasound-assisted 1 0.09 0.55
extraction at 35 kHz 2 1.18 0.32
3 1.43 0.22
1 0.50 0.29
Classical extraction 2 0.53 0.35
SP3 24 0.53 0.39
48 0.32 0.36
Ultrasound-assisted 1 0.39 0.29
extraction at 45 kHz 2 0.57 0.30
3 0.68 0.32
Ultrasound-assisted 1 0.24 0.23
extraction at 35 kHz 2 0.50 0.30
3 0.65 0.32
Spirulina Cold maceration 4°C 24 0.57+0.05 0.149+0.07 [16]
platensis dry Sonification 40 kHz 40 min 0.26+0.05 0.0740.02
powder
Spirulina platensis 24 0.01+0.00 Absent [5]
Aqueous extraction 0.34+0.00
3.73+0.12 0.4-0.5 [27]

1 SP1- dry biosample, SP2- lyophilized sample, and SP3-fresh biomass.

Our results for phycocyanin yield from dry Spirulina samples reached 3.25 mg/ml and
were close to the reports of [14, 27], who reported C-PC yield of 3.27£0.09 mg/ml. In our case,
the yield of phycocyanin from the dry sample after 24 h was 2.94 mg/ml (Table 1) that was
near to the values reported by the same extraction conditions [27]. The phycocyanin purity was
calculated as the phycocyanin absorbance at 620 nm (A620) were devided on the absorbance
from aromatic amino acids in all proteins at 280 nm (A280)[21]. It was clearly observed that
with increasing the extraction time, the concentration and purity of phycocyanin also increased.
The purity varied between 0.2 to 0.86. However, the highest yield and good purity (0.86) were
obtained from dry Spirulina (SP1) by UAE for 3 hours at 30 °C (Table 1).

In lyophilized Spirulina (SP2), the purity did not exceed 0.6. Our results were higher
than some reports with water as a solvent [5,16]. However, in literature, after extraction with
salts, ultrafiltration, dialyzes can be obtained purity 2.2 [16, 17, 20, 21].
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According to Rito-Palomares et al. [28], phycocyanin preparations with A620/A280
lower than 0.7 are suitable for food grade. However, those with A620/A280 in the range from
0.7 to 3.9 are reagent grade, while those with A620/A280 greater than 4.0 are the analytical
grade. Moreover, companies sell C-PC, with purities between 0.5 to 1.5 for use as a food dye,
between 1.50 and 2.50 for use as a cosmetic dye, between 2.5 and 3.5 for use as a biomarker,
and purity greater than 4 for use in biomedical applications and as a therapeutic agent [29].
Therefore, all obtained extracts in our study at 1 hour are suitable for food-grade purposes. All
UAE extracts from dry biosample S. platensis were with purities (0.6-0.8) and can be
considered as food coloring purposes (Tabel 1).

The yield of phycocyanin from different S. platensis (dry biosample, lyophilized
sample, and fresh biomass) using different extraction techniques were presented in Figure 2.
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Figure 2. Extraction yield of phycocyanin from different S. platensis where (a) SP1- dry biosample, (b)SP2-
lyophilized sample and (c) SP3-fresh biomass using different extraction techniques (CA-classical extraction,
UAE — ultrasound-assisted extraction)

The highest yield of phycocyanin was obtained from a dry bio S. platensis sample (SP1)
for 3 hours at 35 kHz - 2.5 mg/g dw (Figure 2 a). For all S. platensis samples, the results showed
that ultrasonic extraction reduced the time for extraction, as the yield of phycocyanin at first
hour was comparable with yields obtained by classical extraction for 24 and 48 hours. The best
extraction yield for frozen sample (Figure 2 ¢) was found at 45 kHz UAE — 1.2 mg/g dw. In
case with dry bio and frozen samples (Figure 2 a and c) the extraction of phycoctanin was
obtained in good yields for 1 hour at 45 kHz. However, in most of the cases for 3 hours at 35
kHz sonification, the highest yield was detected (Figure 3) -2.4-2.5 mg/g dw with the highest
purity 0.8 (Table 1). The optimum yield of 8.25 mg/g dry biomass and purity of 0.6 were
obtained using phosphate buffer as the solvent at 37 kHz for 25 minutes [30]. The lowest yields
were obtained from lyophilized samples — 0.2 mg/g. Enhanced extraction yields obtained from
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UAE can also be attributed to the fact that the cavitation breaks down the cell walls and
facilitates the washing out of the cell content [17]. In some previous reports, the extraction
using an ultrasonic bath at 50 kHz was the most efficient method. The phycocyanin yields
varied between 0.57 mg.g-1 (sonication) and 43.75 mg.g-1 with a C-phycocyanin concentration
of 0.21 mg.mL (sonication with glass pearls), 56% higher than using freezing and thawing (the
method most frequently used) [31].
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0,000 - -. ‘
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Sample

Figure 3. Phycocyanin yield obtained by ultrasound-assisted extraction from three samples Spirulina
platensis, where SP1- dry biosample, SP2- lyophilized sample and SP3-fresh biomass

In other study, the highest C-phycocyanin concentration of 6 mg ml* was obtained
from freeze-dried samples extracted by 0.01 M sodium phosphate buffer (pH 7) and the
biomass-solvent ratio of 1:15, with extract purity and yield of 0.6 and 60 mg g *[32]. The
content of and purity of phycocyanin depended not only on the extraction procedure[17,31],
but also from growing conditions [33, 34].

4. Conclusions

In the current study, chlorophylls and phycocyanin from Spirulina platensis in the
different physical forms of biomass (dried, lyophilized, and frozen) were determined.
Additionally, the purity and yield of phycocyanin using various extraction methods (classical
and ultrasonic irradiation at two frequencies) were evaluated. In conclusion, phycocyanin
extraction from dry S. platensis biomass was found as more suitable than frozen and lyophilized
biomasses. In general, the highest yield and purity of phycocyanin were obtained from dry bio
Spirulina platensis after 3 hours ant 35 kHz. Hence, the physical form of the biomass extraction
methods should be determined considering the targets in the extraction process.
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