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The physicochemical characteristics of phycocyanin extracted from cyanobacteria collected in Kau-
nas Lagoon were studied (spectrum characteristics, C-PC content in the dry mass and chemical purity). It was 
determined that the tested concentrations of C-PC in purified water should be in the range of 0.02–0.16% for 
measuring C-PC content in the dry mass and its spectrum characteristics. The two clear absorption maxima 
were detected in the spectrum of C-PC at the wavelengths of 277 and 619 nm. The content of C-PC in the dry 
powder form was in the range of 7.25% to 9.30% depending on its concentration in the solution and type of 
spectrophotometer. Furthermore, a purity factor of 1.5 was calculated, which indicated the food qualification 
of the obtained biomass of C-PC. Finally, the analytical procedure for studying the pro- and anti-oxidant 
activity of C-PC was developed and the antioxidant activity of C-PC was measured for the available markers. 
It was revealed that C-PC has dual properties (pro- and anti-oxidant ones) depending on its concentration, 
more exactly, its content in reaction mixtures with 2,2-diphenyl-1-picrylhydrazyl (DPPH). The following is-
sues were resolved during the research: the concentration of ethanol in the DPPH solution was chosen in 
order to avoid precipitation of proteins in the reaction mixtures (50%); the ratio of the solution of C-PC to the 
DPPH solution was selected; the selected concentrations of the markers for the construction of their calibra-
tion curves were chosen for quercetin and for rutin. The antioxidant activity of the obtained C-PC sample was 
determined. 

K e y w o r d s: C-phycocyanin, cyanobacteria, antioxidant activity, DPPH, rutin, quercetin.

C-Phycocyanin belongs to the family of phy-
cobiliproteins present in cyanobacteria [1]. 
Cyanobacteria contain a high amount of phy-

cobiliproteins (PBPs), which are principal metabolic 
products associated with the light-harvesting com-
plex in photosystems, called phycobilisomes (PBS). 
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PBS contain the core and rods assembly that contain 
allophycocyanin (APC) (λmax = 650–655 nm) as a 
core surrounded by C-PC (λmax = 610–620 nm) and 
occasionally C-phycoerythrin (C-PE) (λmax = 540–
570 nm) in rods [2].

The biological activities of C-PC include an-
tioxidant, antibacterial, antitumor properties, etc. 
[3-9]. C-PC stimulates the immune system and ex-
hibits hepatoprotective, antiplatelet and neuropro-
tective activities as well [10, 11]. Many authors state 
about the significant antioxidant activity of C-PC 
[9, 12, 13]. C-PC contains high levels of glutamic 
acid, aspartic acid, alanine, leucine, arginine, iso-
leucine, serine, glycine and threonine. These amino 
acids are reported to have antioxidant activity [14]. 
Antioxidants are important as substances that can 
inhibit the formation of free radicals by scavenging 
them or reducing them with hydrogen ions [9, 15]. 
An antioxidant can be defined as any molecule ca-
pable of preventing or delaying oxidation of other 
molecules, usually such as lipids, proteins or nucleic 
acids [9, 15-17]. 

DPPH test is widely used for measuring the 
antioxidant activity of C-PC [18]. Different authors 
use different markers for the calculation of the an-
tioxidant activity of C-PC. Among them mainly 
are Trolox and ascorbic acid [1, 14, 19]. Sometimes 
authors use butylated hydroxyanisole [3]. However, 
there are a few publications related to the study of 
prooxidant and antioxidant properties of C-PC si-
multaneously with reference to rutin and quercetin.

To the best of our knowledge, there are only a 
few publications giving the determination of C-PC 
content in its samples. Therefore, our primary aim 
was to test the analytical procedure for measuring 
the content and chemical purity of our sample of 
C-PC, which was obtained from Kaunas Lagoon 
(Lithuania), in order to possess the information of the 
C-PC quality. The secondary aim of the study was 
to elaborate the analytical technique of measuring 
the prooxidant/antioxidant activity of C-PC. Finally, 
our purpose was to determine the antioxidant activi
ty for such commercially available markers as rutin 
and quercetin and calculate the antioxidant activity 
of C-PC with reference to these markers.

Materials and Methods

C-PC was obtained from cyanobacteria col-
lected in Kaunas Lagoon (Lithuania). 

Extraction and purification of C-PC. The blue-
green algal biomass for the C-PC extraction was 

collected in Kaunas Lagoon in June 2021. This bio-
mass contained the different species of cyanobacte-
ria. The harvested biomass was frozen and stored at 
-20°C until analysis. To obtain the maximum amount 
of the target pigment and to reduce the production 
cost in the initial stage, the selection of a suitable 
cell wall disruption method and a buffer solution for 
the C-PC extraction was crucial. The extraction was 
performed according to the method described by 
Khazi et al. [20]. Five ml of culture centrifuged for 
5 min at 10,000 rpm. The pellet was suspended in 
5 ml of 100 mM sodium phosphate buffer (pH 7). To 
extract C-PC, the cell suspension was sonicated at a 
frequency of 20 kHz for 2 min. The suspension was 
then centrifuged at 4,500 rpm for 5 min. The purifi-
cation of C-PC was performed using gel chromatog-
raphy and ion-exchange chromatography. Sephadex 
G-25 and ion exchange Q-Sepharose XL were used 
as the sorbents for gel chromatography. C-PC in the 
powder form was obtained after lyophilisation. This 
form of C-PC was used for the analytical studies de-
scribed in this paper.

Spectral characteristics. In order to evaluate 
the spectral characteristics of the tested sample of 
C-PC, we recorded the spectrum of the C-PC solu-
tions in the range of 200 to 800 nm and determined 
their absorption maxima. The structure of the spec-
trum was compared to the published data.

Calculation of the C-PC content. The C-PC 
concentration and purity in the solutions of an appro-
priate concentration were determined by the spectro-
photometric method. 

The C-PC concentration of the solution in 
mg/ml was calculated by measuring the absorbance 
at 620 and 652 nm using the following equation [1, 9, 
21-24]:

C-PC (mg/ml) = (A620−0.474×A652)/5.34,
where A620 is the absorbance of the solution at a 
wavelength of 620 nm, A652 is the absorbance at a 
wavelength of 652 nm and 5.34 is the constant factor. 

C-PC purity. The chemical purity of C-PC was 
monitored according to the A620/A280 ratio. The ab-
sorbance at a wavelength of 620 nm indicates maxi-
mum absorption of C-PC, while the absorbance at 
a wavelength of 280 nm is related to proteins and 
nucleic acids in the solution [9, 21, 24-28]. 

Among the main tasks of the determination 
of the C-PC spectrum, content and chemical purity 
were the choice of the solution concentration for the 
studies and repeatability of the results of the studies 
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performed on different days and in different labora-
tories.

Determination of pro- and anti-oxidant activi
ty (DPPH radical-scavenging activity). The DPPH 
radical scavenging test is widely used with the 
purpose of evaluating the free radical scavenging 
activity of antioxidants, C-PC, herbal preparations, 
food products and beekeeping products [2, 9, 17, 24, 
29-31]. The antioxidant activity of the obtained sam-
ple was determined according to the elaborated pro-
cedure of the DPPH test. DPPH radical-scavenging 
activity of C-PC was determined as described by 
Hudz et al. [29] and Shanaida et al. [30] with the 
slight modifications. Briefly, about 3.0 mg of DPPH 
(1,1-diphenyl-2-picrylhydrazyl, Sigma–Aldrich, Ger-
many) were dissolved in 100 ml of 50% ethanol. This 
solution of DPPH was used on the day of its prepara-
tion after the previous determination of its absorban
ce at a wavelength of 515 nm. The absorbance of 
the DPPH solution should be in the range of 0.760 to 
0.840, namely, 0.800±5%. If the absorbance was not 
in this range, there was a correction of the solution 
by adding DPPH or 50% ethanol depending on the 
absorbance. The different volumes of the C-PC solu-
tion were added to 1.95 ml of the DPPH solution in 
2 ml tubes. Due to the blue coloration of the C-PC 
solutions, it was necessary to prepare a blank for 
the mixtures of the C-PC solution with DPPH. This 
blank consisted of the same volume of the C-PC so-
lution and 1.95 ml of 50% ethanol, while 50% etha-
nol was the blank for 0.003% solution of DPPH. The 
mixtures were then mixed vigorously and allowed 
to stand at room temperature in the dark for 40 min. 
The absorbance of the resulting mixtures was read 
at a wavelength of 515 nm each 10 min for 40 min, 
using the spectrophotometers: Genesys 20 or ULAB 
108U. The DPPH radical-scavenging activity was 
calculated according to the following equation:

DPPH radical-scavenging activity (%) =
= (Acontrol – Asample×100%)/Acontrol,                    (1)

where Acontrol is the absorbance of the solution of 
DPPH against 50% ethanol, Asample is the absorban
ce of the reaction mixtures of the C-PC solutions 
with DPPH at a wavelength of 515 nm against the 
same volume of C-PC solution and 1.95 ml of 50% 
ethanol. The reaction mixture for measuring Acontrol 
consisted of 1.95 ml of 0.003% solution of DPPH and 
the same volume of 50% ethanol that was equal to 
the volume of C-PC taken for the analysis. If we ob-
tained the values Asample more than Acontrol and respec-

tively negative values DPPH radical-scavenging ac-
tivity (%), we considered them as prooxidant values 
of C-PC.

0.05 ml of the different volumes of the solu-
tions of quercetin and rutin was added to 1.95 ml of 
the DPPH solution in 2 ml tubes. The mixtures were 
then mixed vigorously and allowed to stand at room 
temperature in the dark for 40 min. The absorbance 
of the resulting mixtures was read at a wavelength of 
515 nm at each 10 min for 40 min, using the spectro-
photometers: Genesys 20 or ULAB 108U. The DPPH 
radical-scavenging activity was calculated according 
to equation 1.

Statistical analysis. The statistical analysis was 
employed for the comparison of the C-PC contents 
determined on two spectrophotometers. The deci-
sion rule in all the cases was: with α = 0.025, critical 
values of t* should be in the range of -3.18 to +3.18 or 
-4.30 to +4.30. The null hypothesis (H0) was rejected 
if the value of t* was out of these ranges [32, 33].

Excel was used for the calculations of coeffi-
cients of correlation.

Results and Discussion

C-PC is a blue powder. Its solutions are blue 
of different tincts depending on concentration. Our 
main accent was made on the spectrophotometric 
and antioxidant properties of C-PC. We found the 
suitable concentrations of C-PC in order to deter-
mine the spectral characteristics, the concentration 
of C-PC in the solution after its dissolution and C-PC 
purity. The spectrum of 0.10% solution of C-PC is 
provided in Fig. 1.

As can be seen in Fig. 1, the spectrum con-
tained two main absorption maxima at the wave-
lengths of 277 and 619 nm that is in line with the 
published data [3, 6]. Gantar et al. revealed that the 
absorbance spectrum of C-PC in the dimer form ex-
tracted from Limnothrix sp. strain 37-2-1 showed the 
absorption maximum at a wavelength of 620 nm [6]. 
The same absorption maximum was for the C-PC 
from the Saharian Arthrospira sp. strain [3]. Moreo-
ver, in all the tested concentrations there were these 
two absorption maxima.

The C-PC concentration (mg/ml) in the solu-
tion and purity were computed by measuring the 
absorbances at the wavelengths of 280, 620 and 
652 nm, using the following known equations [9, 26]:  

C−PC (mg/ml) = (A620−0.474×A652)/5.34 and 
A620/A280.

N. Hudz, V. Turkina, O. Yezerska et al.



50

ISSN 2409-4943. Ukr. Biochem. J., 2022, Vol. 94, N 5

Fig. 1. The spectrum of 0.10% aqueous solution of C-PC
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As can be seen in Table 1, we dealt with the 
food qualification of C-PC as the chemical purity 
was about 1.3−1.5. The chemical purity of the food 
qualification should be more than 0.7 and not more 
than 3.9 [5, 9, 25, 26, 34]. This qualification can also 
be acceptable for feeding animals, including aqua-
culture.

Comparing the results of the determination of 
the C-PC content obtained on the two spectropho-
tometers, it was revealed that these results slightly 
differed. The values obtained on the spectrophotome
ter “Genesys 20” (8.22±0.02%) slightly differed from 
ones obtained on the second spectrophotometer, 
namely, the first results (8.22±0.02%) were in the 
range of the second results (8.78±0.59%) (line 1 of 
Table 2). Secondly, using the null hypothesis it was 
confirmed that there was no influence of the spec-
trophotometers on the content of C-PC. Moreover, it 
was revealed that there is no effect of different days 
of the analysis on the content of C-PC performed 
on the same spectrophotometer (line 2 of Table 2). 
However, there was an influence of the spectropho-
tometers on the content of C-PC if we compared 
the values provided in line 3 (Table 2) that could be 
explained by using different C-PC concentrations 
(0.02%, 0.1% and 0.1%, 0.16 %).

The hydrogen atom or electrons donating 
ability of C-PC was measured from the change of 
the purple color of the ethanolic solution of DPPH 
(0.003%). The free radical scavenging activity of 
the C-PC solutions of an appropriate concentration 
was measured, based on the scavenging activity of 
the stable DPPH free radical. Fifty percent ethanol 
was used for dissolving DPPH because 96% etha-
nol precipitated the proteins that were present in the 
tested sample of C-PC, especially in the case of a 
concentration of 4% that made it impossible to per-
form spectrophotometric analytical studies. The 
C-PC solution was added to the ethanolic solution of 
DPPH in an appropriate ratio. The absorbance was 
read at a wavelength of 515 nm after 10, 20, 30 and 
40 min in order to study kinetics parameters of the 
reaction, establish an optimum time of the reaction 
of C-PC with DPPH and calculate the percentage of 
scavenging activity.

Studying the antioxidant activity of individual 
compounds or their mixtures, scientists often use 
IC50 value (inhibitory concentration), which is de-
fined as the concentration of test compounds that can 
decrease the content of free radicals by 50%. The 
smaller IC50 value, the higher is the activity of reduc-
tion of free radicals [35].
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In our studies C-PC showed the dual abilities, 
namely, generating and scavenging DPPH radicals 
depending on its concentration – in other words, 
C-PC had prooxidant and antioxidant properties de-
pending on its concentration (Table 2, Fig. 2). These 
studies are in line with the published studies [36]. 
In these studies, C-PC has the opposite abilities of 
generating and scavenging hydroxyl radicals gene
rated by the iron/H2O2 system. The generation of 
radicals was facilitated by illumination and low con-
centrations of C-PC. However, when the hydroxyl 
radical generating ability reached an optimum, it 
started to reduce if the concentration of C-PC in-
creased [36].

As can be seen in Table 1, reducing by 11.9% 
means that 2 hours are not acceptable for the storage 
of C-PC solutions in the concentration of 0.02%. 
Using the spectrophotometer “Genesys 20,” the so-
lutions in the concentrations of 0.02% and 0.10% 
give the same content of C-PC. The content of 
C-PC was 8.22% (Xmean±SD = 8.22±0.02%). Re-
ducing by 1.6% means that 2 hours are acceptable 
for the storage of C-PC solutions in the concentra-
tion of 0.10%. Using the spectrophotometer “ULAB 
108U,” the content of C-PC ranged from 8.14% to 
9.30% (Xmean±SD  =  8.78±0.59%). The chemical 
purity was characterized as 1.29–1.38. Measuring 
the content of C-PC another day, it was established 
that the content of C-PC ranged from 9.10% to 
9.30% and this interval was in the previous range 
(Xmean±SD = 9.20±0.14%). The chemical purity was 
1.56. The absence of changes in the content meant 
that 1 hour was acceptable for the storage of the 
C-PC solutions in the concentration of 0.10 and 
0.16%.

As can be seen in Table 3, the C-PC solution in 
the concentration of 0.02% did not have antioxidant 
activity. The C-PC solution in the concentration of 
0.10% did not have antioxidant activity as well. On 
the contrary, we can say about prooxidant activity. It 
was revealed that DPPH should be dissolved in 50% 
ethanol in order to avoid the precipitation of proteins 
present in the sample. It was found that increasing 
in the amount of C-PC increased antioxidant activ-
ity, namely, there is a strong correlation between the 
antioxidant activity and the C-PC mass in the range 
of 2 to 4 mg (R2 = 0.9818). There is a deviation of 
36.8–26.3 = 10.5% that could be explained by illu-
mination in the different days, special features of the 
analytical procedure itself and other unknown fac-
tors.

The phycobilin moiety is the principal part of 
C-PC involved in scavenging hydroxyl radicals [36]. 
Other authors showed that the antioxidant activities 
of phycocyanobilin and C-PC in equal concentra-
tions with reference to the phycocyanobilin basis 
in the AAPH-containing reaction mixture were al-
most the same. C-PC was taken from spray-dried 
Spirulina [27].

Our studies showed that C-PC concentration 
directly affects the prooxidant/antioxidant activity 
of C-PC, namely, C-PC had the opposite abilities to 
generate and scavenge DPPH radicals depending on 
its concentration. The low concentrations of C-PC 
had the properties of the generation of DPPH radi-
cals – in other words, C-PC had prooxidant proper-
ties. We suppose that if the radical generating abili
ty reached an optimum, it started to decrease at the 
increase in the concentration of C-PC. The antioxi-
dant activity finally enhances if the content of C-PC 
significantly increases in the reaction mixtures with 
DPPH (Fig. 2). 

Moreover, we observed a real increase in the 
antioxidant activity if the content of C-PC increased 
in the reaction mixtures (Fig. 2). Finally, the coef-
ficient of correlation was very high in the range of 
the content of 2.0 to 4.0 mg of C-PC in the reaction 
mixtures (R2 = 0.9818) (Fig. 2).

One more task of our study was to establish 
an appropriate time for the reaction of C-PC with 
DPPH. Different authors use various times in the 
DPPH test. For example, Gabr et al. used 30 min as 
the time of the reaction and Venugopal et al. used 
20 min [19, 24].

As can be seen in Table 4, 40 min is enough 
for the reaction between DPPH and C-PC. It can 
be explained by that the coefficients of correlation 
are significantly decreased at 40 min compared to 
30 min. Moreover, such a time was also established 
for the extracts of Schizandra chinensis according to 
the same analytical technique [37].

One more task was to study the interday pre-
cision in the determination of antioxidant activity. 
It was revealed that the antioxidant activity was 
36.77%. Such a difference (approximately 10%) 
could be mainly explained by the influence of illu-
mination, which did not undergo the control of an 
analyst and by other unknown reasons. Zhou et al. 
stated that illumination facilitates the generation 
of free radicals [36]. According to the developed 
technique, the half-maximal effective concentra-
tion (EC50) value of rutin and quercetin is about 
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Fig. 2. Prooxidant and antioxidant properties of C-PC depending on its content in the reaction mixture with 
DPPH
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Fig. 3. The calibration curves of rutin and quercetin for the elaborated procedure of the DPPH test
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188 and 88 mg/l (Fig. 3). Such a difference could be 
explained by the chemical structure of these flavo-
noids. One drawback of our study was not reaching 
a reduction of the absorbance of the DPPH solution 
by 50% in order to establish the EC50 value of C-PC. 
This drawback could be explained by the following 
factors. Firstly, our analytical technique was develo
ped for 2.0 ml for herbal preparations. At 50 µl of 
4% solution of the sample and 1.95 ml of solution of 

DPPH, AA was 18.2%. Secondly, we did increase 
the volume of 4% solution of the sample to 60, 80 
and 100 µl violating insignificantly the total volume 
of the reaction mixture to 2.05 ml (2.5%). The next 
increase would have induced a higher deviation. 
Therefore, we did not increase the volume of 4% 
solution of the sample in order to reach 50% of the 
absorbance of the DPPH solution.
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T a b l e  4. Kinetics characteristics of the reaction between DPPH and C-PC depending on the mass of C-PC

Mass of C-PC, mg
40 min 30 min

Equation and R2 Coefficient of the 
correlation (r) Equation and R2 Coefficient of the 

correlation (r)
2.0 y = 0.166x + 12 

R2 = 0.9535
0.976 y = 0.21x + 11.267 

R2 = 0.997
0.998

2.4 y = 0.215x + 12.65 
R2 = 0.9716

0.986 y = 0.26x + 
11.9 R2 = 1

1.000

3.2 y = 0.197x + 15.8 
R2 = 0.9263

0.962 y = 0,265x + 14.67 
R² = 0.9999

1.000

4.0 y = 0.151x + 20.65 
R2 = 0.9385

0.969 y = 0,19x + 20 
R² = 0.9678

0.984

Patel et al. indicated the dose-dependent anti
oxidant activity of C-PC with a value of 72.85±2.1% 
at the dose of 200 μg/ml, whereas DPPH-scaven
ging activity of ascorbic acid was 99.82±1.9% at 
200 μg/ml [2]. However, these authors did not pro-
vide the correlation coefficients between the anti-
oxidant activity and concentration. This actually 
complicates the evaluation of antioxidant activity as, 
from our experience with the antioxidant activity of 
ascorbic acid in the DPPH test, it was revealed that 
antioxidant activity did not increase if the ascorbic 
acid concentration increased in the defined range. 
For example, at concentrations of 0.4 and 0.6 mg/ml, 
the antioxidant activity was equal to 92% [29].  

In the process of our studies measuring antioxi-
dant activity, the following issues were sorted out: 
the concentration of ethanol in the solution of DPPH 
was selected with the purpose of avoiding the pre-
cipitation of proteins in the reaction mixtures; the 
ratio of the C-PC solutions to the DPPH solution; 
the calibration curves of quercetin and rutin were 
constructed (y = 0.6232x-4.5352, R2 = 0.9774 and 
y = 0.228x+7.0992, R2 = 0.9945, respectively); the 
antioxidant activity was determined in the range of 2 
to 4 mg of C-PC in the reaction mixture with DPPH. 

Conclusions. We identified C-PC by the spec-
trophotometric method. The spectrum had two main 

absorption maxima: 277 and 619 nm. The purity of 
C-PC was about 1.5, which indicates the possible 
usage of the obtained C-PC in the food industry and 
as colorant in the pharmaceutical industry. As a re-
sult of our studies, we determined the antioxidant 
activity of the obtained sample of C-PC. It was equal 
to 0.831 mg quercetin equivalents/g and 1.627 mg ru-
tin equivalents/g at a value of the antioxidant activi
ty of the C-PC solution of 36.68%. It was revealed 
that C-PC had dual properties depending on its con-
centration: prooxidant and antioxidant. Prooxidant 
properties were expressed at low concentrations 
(0.02 and 0.1%).
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Вивчено фізико-хімічні характеристи-
ки C-фікоціаніну (C-ФЦ), екстрагованого з 
ціанобактерій, зібраних у Каунаській лагуні 
(спектральні характеристики, вміст C-ФЦ в 
сухій масі й хімічна чистота). З’ясовано, що 
досліджувані концентрації С-ФЦ в очищеній 
воді повинні бути в межах 0,02–0,16% для 
вимірювання вмісту С-ФЦ у сухій масі і його 
спектральних характеристик. У спектрі С-ФЦ 
виявлено два чітких максимуми поглинання за 
λ 277 і 619 нм. Вміст C-ФЦ у сухому порошку зна-
ходився в діапазоні від 7,25% до 9,30% залежно 
від його концентрації в розчині і типу спектро-
фотометра. Розраховано коефіцієнт чистоти 1,5, 
який вказує на харчову кваліфікацію отриманої 
біомаси C-ФЦ. Запропонована аналітична 
методика дозволила виявити, що С-ФЦ має 

про-/антиоксидантні властивості залежно від 
концентрації, а саме його вмісту в реакційних 
сумішах із 2,2-дифеніл-1-пікрилгідразилом 
(DPPH). У ході досліджень вирішено наступні 
питання: підібрано концентрацію етано-
лу в розчині DPPH для уникнення осаджен-
ня протеїнів у реакційних сумішах (50%); 
підібрано співвідношення розчину С-ФЦ до роз-
чину DPPH; побудовано калібрувальні криві для 
кверцетину й рутину; визначено антиоксидант-
ну активність отриманого зразка С-ФЦ.

К л ю ч о в і  с л о в а: С-фікоціанін, 
ціанобактерії, антиоксидантна активність, 
DPPH, рутин, кверцетин.
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