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ABSTRACT 
Wastes left over from human food production is commonly used to produce feed for animals, 
which is an important issue for a rational utilization of food sources globally, and a topic that 
attracts researcher for the establishment of best food production management. Whey as a side 
product from cheese production has great potentials in terms of nutritional value for both human 
food and animal feed production. This study aimed to investigate the possible use of whey (1, 10 
and 30%, v/v) as an external carbon source for mixotrophic and heterotrophic cultivation of the 
cyanobacterium Arthrospira platensis. The highest specific growth rate (µ = 0.2 day-1), protein 
(3.76 ±0.14 mg/ g cell) and lipid (4.67 ±0.18 mg/g cell) contents were detected in heterotrophic 
culture while the highest chlorophyll-a (292.39 ±1.31 mg/ g cell) and total carbohydrate (1.42 
±0.07 mg/ g cell) contents were found in mixotrophic culture. In heterotrophic cultivation, it can 
be noted that the absorbed organic carbon source increased cell counts and triggered especially 
lipid production. In the mixotrophic cultivation, carbon absorbed from the culture medium or CO2 
captured with chlorophyll was utilized in the production of total carbohydrate. This study provides 
evidence that a cyanobacterium can adapt to heterotrophic conditions without light, creating an 
example for an economic and ecological production model for biochemical components. 

Keywords:  Arthrospira platensis, Biochemical composition, Heterotrophic cultivation,         
Mixotrophic cultivation, Whey
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Introduction 
Agricultural activities are remarkably influenced by the in-
creasing environmental problems. The demand for high util-
ity food for the increasing world population is a challenging 
issue for the food production industry.  Whey is a side product 
of cheese production. Approximately 80-90 L of whey is 
formed from cheese produced from 100 L of milk (Božanić, 
Barukčić, and Lisak, 2014; Ghobrini et al., 2020). Nutritional 
composition of whey is dependent on cheese type. In average, 
it may contain lactose (46-52 %), protein (6-10 %), calcium 
(0.4-0.6 %), and phosphate (1-3 %). About 70 % of whey is 
used as raw material in different industries, while the remain-
ing part is generally considered as waste (Božanić, Barukčić, 
and Lisak, 2014). This proportion of waste may have negative 
influences on the environment, due to its remarkably high bi-
ological oxygen demand (>35,000 ppm) and chemical oxy-
gen demand (>60,000 ppm), which in fact can be further con-
verted into a value product through microbial growth process 
(Bentahar et al., 2019; Smithers, 2008).  

The cyanobacteria Arthrospira sp. has important nutritional 
properties with high protein, essential amino acid and vitamin 
contents (Rosas et al., 2018; Sivakumar et al., 2018). Produc-
tion type for cyanobacteria is usually called phototrophic cul-
ture (Ozturk Urek & Kerimoglu, 2019). Heterotrophic culti-
vation is an alternative culture type with an organic carbon 
source but without light (Meireles et al., 2017). Another op-
tion for cyanobacteria production is mixotrophic cultivation 
that contains organic and inorganic carbon sources and also 
light (Joannesa et al., 2016; Velioglu Tosuner & Ozturk Urek, 
2021). In our previous study the biomass, chlorophyll, and 
total lipid production of A. platensis was investigated with 
mixotrophic production in presence of sucrose (Velioğlu To-
suner & Öztürk Ürek, 2020). 

Heterotrophic and mixotrophic cultures have some ad-
vantages over phototrophic cultivation in terms of better 
growth rate, higher biomass, protein, lipid production etc. De-
spite of many advantages of these culture types, there are 
some problems such as higher cost due to organic carbon 
source and contamination risk (Wang et al., 2017; Zhan et al., 
2017).  The cost for carbon source is approximately 50% of 
total microalgae cultivation medium (Chandra et al., 2014), 
hence it also affects the choice of carbon source type (Lutzu 
et al., 2016). Whey is seen as an important carbon source can-
didate due to its low cost, high amount and rich content. 

In this study, A. platensis was grown in heterotrophic and 
mixotrophic cultivation conditions with different concentra-
tions of whey. Effects of whey concentrations and trophic 
culture types on biomass increase chlorophyll, protein, total 
carbohydrate and total lipid were investigated. This study 

provides comparative beneficials from biotechnological ap-
plication of mixotrophic and heterotrophic cultivations. 

Material and Methods 
Microalgae and Growth Media 

The microalgae Arthrospira platensis (Gamont) Geitler 1952 
was provided by Çukurova University, Faculty of Aquacul-
ture, Türkiye. For the sustenance of cyanobacteria under pho-
toautotrophic culture, it was grown in Zarrouk’s Medium (pH 
9.0) (Zarrouk, 1966). Batch cultivation was implemented in 
750 mL working volume/1 L serum bottle with continuous 
illumination (2500 lux (33.75 µmol photon m-2 s-2) by white 
fluorescent lamps), at 30°C and the cultures were mixed and 
aerated using filtered air continuously.  

Mixotrophic and Heterotrophic Cultivation 

Mixotrophic and heterotrophic cultures were applied in Zar-
rouk’s Medium (pH 9.0) which contained different concen-
tration of whey (1, 10 and 30%, v/v) as organic carbon source. 
Whey was provided by Balkan Süt Ürünleri, Izmir, Türkiye. 
Culture was inoculated to an initial optical density (OD= 600 
nm) of 0.2. Since A. platensis is a filamentous microorgan-
ism, before reading, the OD the culture was transferred to 
spectrophotometer cuvette and the cuvette was turned upside 
down for three times (Velioğlu Tosuner & Öztürk Ürek, 
2020).  

Batch cultivation was operated in 100 mL working volume/ 
250 mL Erlenmeyer at 100 rpm, 30°C for both cultivations. 
For mixotrophic culture, continuous illumination (1500 lux 
or 20.25 µmol photon m-2 s-2) was provided by white fluores-
cent lamps.  

Cyanobacteria was incubated in dark environment for hetero-
trophic culture. Specific growth rate (µ) was calculated ac-
cording to the equation below. 

µ = ln X1−X0
t1−t0

  (X: amount of microorganism, t: time as 
day). 

Determination of Total Lipid Content  

Total lipid content of cyanobacteria was determined by using 
freshly prepared phospho-vanillin reagent and the absorbance 
was measured at 530 nm against a reference sample (Mishra 
et al., 2014). 

Determination of Chlorophyll a and b Content 

Chlorophyll a and b contents were measured as described by 
Lichtenthaler and Wellburn (1983). The algal suspension was 
collected by centrifuged (5000 rpm, 15 min, 4°C) and then 
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homogenized in absolute ethanol by 8000 rpm for 1 min and 
9500 rpm for 1 min with 30 seconds intervals (Esen and Oz-
turk Urek, 2015). The obtained supernatant (12000 rpm, 10 
min, 4°C) was measured at 664.2 and 648.6 nm. Chlorophyll 
contents were calculated according to the equations below. 

Chl a = 13.36 × Abs664.2 – 5.19 × Abs648.6   

Chl b = 27.43 × Abs648.6 – 8.12 × Abs664.2 

Determination of Total Protein Content 

Cells collected by centrifugation were homogenized with 50 
mM, pH 7.0 phosphate buffer, followed by centrifugation 
(12000 rpm, 10 min, 4°C), and the supernatant was used for 
the analysis of protein content (Esen and Ozturk Urek 2015).  
Protein quantification was carried out by the Bradford 
method at 595 nm. Bovine serum albumin in concentrations 
ranging from 0-250 ppm is used as standard (Bradford, 1976). 
To prepare Bradford reagent, 100 mg of Coomassie Brillant 
Blue G-250 is dissolved in 50 mL of 95% ethanol. To the so-
lution is added 100 mL of 85% phosphoric acid and complete 
with water to a total volume of 1000 mL. 100 µL of sample 
(100 µL of pure water as a reference) is mixed with 900 µL 
of reagent and allowed to stand at room temperature for 2 
minutes and the absorbance is measured at 595 nm against 
the blank. 

Determination of Total Carbohydrate Content  

The supernatant of homogenized cell was used to determine 
total carbohydrate content by phenol-sulphuric acid method 
(Dubois et al., 1956). Homogenization procedure was applied 
as explained in the previous section. The absorbance was 
measured at 470 nm against a reference sample.  

FTIR Analysis 

The FTIR (Perkin Elmer Spectrum BX) spectra were rec-
orded in the 4000- 400 cm-1 spectral region. Cells separated 
from growth medium were dried at 70°C overnight before 
analysis. Approximately 1 mg of dried cell sample was milled 
with approximately 100 mg of dried KBr and then pressed to 
form a pellet for measurement. 

Statistical Analysis 

All experiments were carried out in triplicates (n=3) and re-
peated 3 times. Each value is an average of 3 parallel repli-
cates. Data were presented as mean ± standard deviation. The 
data were analyzed by analysis of variance (TUKEY) to iden-
tify the significantly different groups at (p<0.05) by one-way 
TUKEY test using SPSS software statistical program (SPSS 
for windows ver. 21.00, USA). 

Results and Discussion 

The cyanobacteria A. platensis was incubated under mixo-
trophic and heterotrophic cultivation conditions, in the pres-
ence of different concentrations of whey. The highest optical 
density value (2.737) was detected in mixotrophic medium 
containing 1% (v/v) whey and the highest specific growth 
rate (µ = 0.2 day-1) was found in heterotrophic medium con-
taining 30% (v/v) whey (p<0.05). The high organic carbon 
source concentration provides carbon skeleton and continu-
ous energy supply for the maintenance of cyanobacteria 
(Chandra et al., 2014). Several earlier investigations reported 
that mixotrophic culture supports growth more than hetero-
trophic culture (Wang et al., 2017; Zhan et al., 2017). The 
heterotrophic medium with higher concentration of whey 
may have created the favorable condition for the growth of 
the cyanobacteria, resulting in higher specific growth rate. In 
the mixotrophic medium containing high whey concentra-
tion, high OD and specific growth rates have not been deter-
mined.  In this medium, the required conditions for the sim-
ultaneous work of two metabolisms may not have been met. 
In mixotrophic cultivation, cells require a lower organic car-
bon source than heterotrophic cultivation because higher car-
bon source concentration can have an inhibition effect (Joan-
nesa et al., 2016).  

When chlorophyll change was examined during the incuba-
tion period, chlorophyll-a values increased in the last days of 
incubation in mixotrophic cultures containing 1% (v/v) and 
10% (v/v) whey, but did not show a significant change in the 
medium containing 30% (v/v) whey (Figure 1). The highest 
chlorophyll-a (292.39 ±1.31 mg/ g cell) was determined on 
the 28th day in the medium containing 10% (v/v) whey, and 
the chlorophyll-b (67.585 ±0.31 mg/ g cell) value was deter-
mined on the 21st day of the incubation in the heterotrophic 
medium containing 1% (v/v) whey (p<0.05). The reason for 
the increase in the amount of chlorophyll in the mixotrophic 
medium containing 10% (v/v) whey in the last days of incu-
bation could be attributed to its use of organic carbon source 
in the medium in the first days of incubation and then acti-
vated its phototrophic metabolism. This is also supported by 
the total carbohydrate content data (Figure 3). Chlorophyll 
content was determined at higher values in mixotrophic cul-
ture as expected. In mixotrophic cultures, CO2, fixed by chlo-
rophyll, in addition to the external carbon source, provides a 
carbon source that can be used in biochemical components 
production (Zhu et al., 2016). The low amount of chlorophyll-
a in heterotrophic cultivation indicates that the cell is adapted 
to this type of cultivation and that only the heterotrophic me-
tabolism is active. In the dark environment chlorophyll mol-
ecules oxidized and degradation occurs (Maroneze et al., 
2019). The cell uses energy to biomass growth instead of 
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chlorophyll production. Different studies show that more 
chlorophyll-a degradation occurs while chlorophyll-b oxida-
tion and degradation less happen (Maroneze et al., 2019). 

The amount of protein did not change significantly during the 
incubation in mixotrophic media containing 10% and 30% 
whey whereas an increase was observed in the medium con-
taining 1% (v/v) whey (Figure 2). This result is also sup-
ported by the OD data. In the mixotrophic cultures, the pro-
tein content has been detected to be very low. The highest 
protein value (1.51 ±0.68 mg/ g cell) was determined on the 
21st day of incubation in a mixotrophic medium containing 
1% (v/v) whey (p<0.05). The highest protein content was de-
tected as 3.76 ±0.14 mg/ g cell in heterotrophic culture with 
1% (v/v) whey (Figure 2) (p<0.05). The high protein content 
of whey might have triggered this result. The protein content 
in the heterotrophic cultivation (1% (v/v) whey) is 2.49 fold 
higher than the protein content in the mixotrophic cultivation 
(1% (v/v) whey) (p<0.05).  Furthermore, it can be stated that 
the cells in this medium use the carbon they take from the 
growth medium in the production of protein causing the lipid 
level remain low. 

When the total carbohydrate change in the growth medium 
was examined, an increasing trend was observed during the 
incubation period (Fig 3). The highest value (1.42 ± 0.07 mg/ 
g cell) was detected on 21st day of incubation in a mixotrophic 
medium containing 10% (v/v) whey (p<0.05). In the hetero-
trophic cultures, the maximum total carbohydrate content was 
detected as 0.72 ± 0.08 mg/ g cell on the 14th day in the pres-
ence of 1% (v/v) whey. The total carbohydrate content in the 
mixotrophic cultivation (10% (v/v) whey) is 1.92 fold higher 
than the total carbohydrate content in the heterotrophic culti-
vation (1% (v/v) whey) (p<0.05). While the carbohydrate 
contents remained low values, the protein level reached 
higher values in the heterotrophic medium containing whey. 
The presence of both organic and inorganic carbon sources in 
the mixotrophic culture caused both metabolisms to work. 
For this reason, the total carbohydrate amount was deter-
mined at higher levels than in the heterotrophic medium. 
However, 30% (v/v) whey creates a high carbon concentra-
tion for the mixotrophic medium. Based on the chlorophyll, 
protein and total carbohydrate values that the cells could not 
adapt to this medium (Figure 1, 2 and 3).

Figure 1.  Chlorophyll-a and chlorophyll-b content changes depending on the incubation period of 
A. platensis grown in mixotrophic and heterotrophic cultures containing whey at varying 
concentrations (1, 10 and 30%, v/v) (A: Chlorophyll-a in mixotrophic culture, B: Chlo-
rophyll-b in mixotrophic culture, C: Chlorophyll-a in heterotrophic culture, D: Chloro-
phyll-b in heterotrophic culture). The values are the mean ±SD for experiments of three 
separate experiments
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Figure 2.  Protein content changes according to the incubation period of A. platensis grown in mixo-
trophic and heterotrophic cultures containing whey at varying concentrations (1, 10 and 
30%, v/v). The values are the mean ±SD for experiments of three separate experiments 

 

 

Figure 3.  Total carbohydrate content changes depending on the incubation period of A. platensis 
grown in mixotrophic and heterotrophic cultures containing whey at varying concentrations 
(1, 10 and 30%, v/v). The values are the mean ±SD for experiments of three separate ex-
periments
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In terms of total lipid content, the highest values were de-
tected in heterotrophic cultures (Figure 4).  The highest lipid 
content was detected as 4.67 ±0.18 mg/g cell with 1% (v/v) 
whey in heterotrophic cultivation on 18th day (Figure 4) 
(p<0.05). In the higher whey concentrations, the maximum 
lipid production was observed in the later days of incubation. 
In mixotrophic cultures, the maximum lipid production (3.76 
±0.16 mg/ g cell) was detected with 10% (v/v) whey on the 
14th day of incubation. The highest lipid values were obtained 
at the beginning of the stationary phase (Figure 4). The total 
lipid content in the heterotrophic cultivation (1% (v/v) whey) 
is 1.24 fold higher than the total lipid content in the mixo-
trophic cultivation (10% (v/v) whey) (p<0.05). The low chlo-
rophyll production in the heterotrophic culture provides more 
acetyl CoA which are used in lipid synthesis pathway. Addi-
tionally, the amount of produced lipid is 1.27 fold higher than 
our previous study in which sucrose was used as organic car-
bon source (Velioğlu Tosuner & Öztürk Ürek, 2020). 

In a study where A. platensis was grown mixotrophically in 
the presence of whey, increased protein contents and decrease 
carbohydrates were recorded with the increase of whey con-
centrations, however no significant changes were found for 
the lipid levels (Pereira et al., 2019). Although these results 
are similar to our results, higher whey concentration was 
tested in our study and substrate inhibition effect was ob-
served (Figue 3). In addition, in our study it was shown that 
A. platensis can adapt to heterotrophic conditions and more-
over, it can synthesize lipid and protein at a higher rate. 

According to the FTIR data, -CH2OH, -CH3 peaks of carbo-
hydrate structure were determined in cells grown in mixo-
trophic medium. The cells grown in heterotrophic cultures 
shows N-H and C-N stretching on protein structure and C=O 
and CH2 peaks on lipid structure. These results are supported 
by the spectroscopic analysis results of total carbohydrate, li-
pid and protein. 

 

 

Figure 4.  Total lipid content of A. platensis cell with different concentration of whey (1, 10 and 30 
%, v/v) in mixotrophic or heterotrophic cultures. The values are the mean ±SD for experi-
ments of three separate experiments 
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Conclusion 
This study provided an alternative way for the disposal of a 
waste material by turning it into a value-added product. Not 
all microalgae cells could adapt in mixotrophic and especially 
heterotrophic cultures. This study shows that A. platensis is 
adapted to mixotrophic and heterotrophic conditions with dif-
ferent whey concentrations. Valuable materials such as pro-
tein, lipid and carbohydrate have been produced by using 
whey in the microbial growth medium as a carbon source. 
Whey is mentioned as a waste which is difficult to treat and 
comes out in high amounts.  

It is very difficult for cyanobacteria to survive in the absence 
of light. However, heterotrophic cultivation type, which does 
not need light, is more economical and easier to implement 
for large-scale productions. This study has shown that, A. 
platensis adapted to the heterotrophic medium in the presence 
of whey and produced protein and lipid.  It can be concluded 
that assimilation of organic carbon source by A. platensis in 
mixotrophic and heterotrophic cultures cell growth and bio-
chemical content is not rigidly reliant on photosynthetic path-
way. The organic carbon was transferred into cell and redi-
rected towards carbohydrate synthesis in mixotrophic culti-
vation while it was used in protein and lipid synthesis path-
way in heterotrophic cultivation. In the heterotrophic condi-
tions the produced lipid and protein levels were higher than 
mixotrophic culture 1.24 and 2.49 fold, respectively. Pro-
duced lipid and protein are value-added products that can be 
evaluated in different fields, including human and animal 
healthy nutrition. Thus, the potential of their both economic 
and an ecological production system were revealed. 
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