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ABSTRACT  

The study investigates the utilization of strained yogurt wastewater 

(SYW) as a nutrient source for cultivating Arthrospira platensis and 

Haematococcus pluvialis in mixotrophic and heterotrophic conditions. 

SYW, a by-product of strained yogurt production, is rich in organic 

carbon and proteins. A. platensis was grown in Zarrouk medium (pH 

9.0, 30°C) and H. pluvialis in Bold Basal Medium (pH 7.0, 28°C). 

Mixotrophic and heterotrophic experiments were carried out by 

adding different concentrations of SYW (1, 10 and 30%, v/v) to the 

growth medium. A. platensis exhibiting superior lipid, protein, and 

carbohydrate production compared to H. pluvialis. Optimal lipid 

production was achieved in A. platensis with a 2-fold increase over H. 
pluvialis in mixotrophic conditions. In the next stage, the effect of 

magnesium, calcium and sodium metals on the lipid production of 

these two microalgae was examined. H. pluvialis achieved its highest 

lipid (2.68 mg lipid g-1 biomass) production in a non-magnesium 

heterotrophic medium. In contrast, A. platensis's highest lipid 

production (5.31 mg lipid g-1 biomass) was achieved in a medium 

where magnesium was present at three times the concentration of the 

normal growth medium. The fatty acid profiles of lipids obtained by 

both microalgae have been determined, revealing a high proportion of 

unsaturation in the total fatty acid content. This research 

demonstrates the potential of SYW, which has been used for the first 

time for microalgae cultivation, as a sustainable food source; it 

provides economic and environmental advantages in microalgae 

production, while also contributing to wastewater treatment and algal 

bloom control. 
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Süzme Yoğurt Altı Suyunun Arthrospira platensis ve Haematococcus pluvialis İçin Üretim Ortamı 

Besin Maddesi Olarak Değerlendirilmesi 
 

ÖZET  

Bu çalışma, süzme yoğurt atık suyunun (strained yogurt wastewater, 
SYW), Arthrospira platensis ve Haematococcus pluvialis 

mikroalglerinin miksotrofik ve heterotrofik koşullarda yetiştirilmesi 

için besin kaynağı olarak kullanımını araştırmaktadır. Süzme yoğurt 

üretiminin bir yan ürünü olan SYW, organik karbon ve protein 

açısından zengindir. A. platensis Zarrouk ortamında (pH 9,0; 30°C), 

H. pluvialis Bold Basal  Medium (pH 7,0; 28°C) ortamında 

büyütülmüştür. Miksotrofik ve heterotrofik denemeler, büyüme 

ortamına farklı konsantrasyonlarda SYW (%1, 10 ve 30, v/v) 

eklenmesi ile gerçekleştirilmiştir.  A. platensis, H. pluvialis’e kıyasla 

daha yüksek lipid, protein ve karbohidrat üretimi sergilemiştir. 

Miksotrofik koşullarda A. platensis, H. pluvialis'e göre 2 kat daha 

fazla lipid üretimi ile en yüksek verime ulaşmıştır. Bir sonraki 

aşamada, magnezyum, kalsiyum ve sodyum metallerinin bu iki 

mikroalg türünün lipid üretimine etkisi incelenmiştir. H. pluvialis, en 

yüksek lipid üretimini (2,68 mg lipid g-1 biyokütle) magnezyum 
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içermeyen heterotrofik ortamda elde etmiştir. Buna karşılık, A. 
platensis en yüksek lipid üretimini (5,31 mg lipid g-1 biyokütle), 

büyüme ortamında magnezyumun normal konsantrasyonunun üç 

katına çıkarıldığı koşullarda göstermiştir. Her iki mikroalgden elde 

edilen lipidlerin yağ asidi profilleri belirlenmiş ve toplam yağ asidi 

içeriğinde yüksek oranda doymamış yağ asitleri bulunduğu ortaya 

konmuştur. Bu araştırma, mikroalg kültivasyonu için ilk defa 

kullanılmış olan SYW’nin sürdürülebilir bir besin kaynağı olma 

potansiyelini ortaya koymakta; mikroalg üretiminde ekonomik ve 

çevresel avantajlar sağlarken, aynı zamanda atık su arıtımı ve alg 

patlamalarının kontrolüne katkıda bulunmaktadır.  
 

To Cite: Velioglu Tosuner, Z., & Ozturk Urek, R (2026). Valorization of Strained Yogurt Wastewater as Production 

Medium Nutrient for Arthrospira platensis and Haematococcus pluvialis  KSU J. Agric Nat 29 (6), 1353-1368. 

DOI: 10.18016/ksutarimdoga.vi.1678318. 
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Haematococcus pluvialis İçin Üretim Ortamı Besin Maddesi Olarak Değerlendirilmesi. KSÜ Tarım ve Doğa 
Derg 29 (6), 1353-1368. DOI: 10.18016/ksutarimdoga.vi.1678318. 

 

INTRODUCTION  

Global climate change has brought with it both food and energy crises. Energy consumption directly contributes to 

greenhouse gas emissions and drives climate change, and studies on renewable energy types have long been 

concentrated (Al-Shetwi, 2022). One important consequence of climate change is a food crisis due to the loss of 

productive agricultural land (Molotoks et al., 2021). The need for high-calorie, healthy food to feed the growing 

world population is rising day by day. The common solution to these two major problems is seen as microalgal lipid 

production. 

Microalgae production, which is faster and more controlled than agricultural production, can be customized 

according to the target molecule (Bhattacharya & Goswami, 2020). Studies conducted with different microalgae 

species show that lipid production and fatty acid composition vary with production conditions (Yaakob et al., 2021). 

In this way, it is possible to produce fatty acids, which can be used as a food additive, as a raw material for biodiesel, 

or as a supplementary food. Microalgae and cyanobacteria can utilize carbon, nitrogen, and phosphorus derived 

from human activities to support their growth and synthesize beneficial metabolites such as proteins, 

carbohydrates, and lipids (Eryalçın, 2018; Shahid et al., 2020; Udayan et al., 2023). Using microalgae to produce 

various metabolites not only reduces the carbon footprint but also contributes to the natural progression of the 

carbon cycle.  

Using several wastes in the growth medium is not only an environmentally friendly approach but also a strategy 

to reduce production costs. However, manufacturing processes across various food industries generate large 

quantities of waste/wastewater (Lee & Stuckey, 2022). There are numerous studies in which various wastes are 

used as substrates in microalgal production media. Whey is the most commonly used dairy industry waste in such 

studies due to its rich content (Pires et al., 2021). Recently, dairy industry by-products have been valorized into a 

wide range of value-added products, including bioplastics and fertilizers through nutrient recovery, bioenergy 

carriers like biogas and biofertilizers, as well as bioactive compounds including antimicrobial peptides, probiotics, 

organic acids, and biopolymers (Mohapatra et al., 2025; Udourioh et al., 2025). However, the use of yogurt juice, 

which is the waste of strained yogurt production, and is widely consumed, especially in our country, has not been 

observed. The commonly used 'strained yogurt' in Turkish and Greek cuisines is produced through a specialized 

straining process, distinguishing it from other yogurts (Kirdar & Narman, 2021). Through this straining process, 

the yogurt's consistency becomes denser and more solid. By removing excess water, strained yogurt not only 

acquires a richer taste but also an extended shelf life (Al-Kadamany et al., 2002).  

In the strained yogurt production process, approximately 33% of the yogurt is kept in the bag, while 67% becomes 

waste serum (Gok et al., 2023). This high volume of waste, which has a high amount of organic carbon (Table 1) 

poses a significant problem in its disposal (Yaygın, 1999). The dairy industry's waste contributes to increases in 

biochemical oxygen demand and chemical oxygen demand in wastewater due to its high organic content (Ganta et 

al., 2002). This situation reinforces the need to enhance the biological and chemical treatment of these 

wastewaters. In addition, that waste has not been adequately utilized for microalgal lipid production. Therefore, 

using this substantial quantity of waste as a carbon resource under microalgal growth conditions not only 

demonstrates its potential as a carbon resource but also provides an alternative approach to waste management. 

In addition, the fact that these waste materials, which will be used as carbon sources, contain protein will reduce 

the amount of nitrogenous compounds to be added to the growth medium, thereby reducing costs, especially in 
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large-scale production. 
 

Table 1. Component of yogurt juice (Yaygın, 1999) 

Çizelge 1. Yoğurt suyunun bileşeni (Yaygın, 1999) 

Component  Amount (%, w/v) 

Dry matter (%) 4.78-6.15 

Lipid (%) 0.01-0.09 

Protein (%) 0.17-0.44 

Lactose (%) 4.17-5.38 

Minerals (%) 0.32-1.03 
 

Arthrospira sp. are filamentous cyanobacteria that thrive in aquatic habitats characterized by elevated pH and 

abundant carbonate and bicarbonate concentrations (Vonshak, 1997). A. platensis exhibits promising potential for 

application in the beauty, culinary, and animal nutrition sectors due to its rich protein and carotenoid composition 

(Ozturk Urek & Kerimoglu, 2019). Haematococcus pluvialis, a freshwater green microalga, attracts attention for 

its exceptional production of astaxanthin, which is widely used in the cosmetics, pharmaceutical, medical, and food 

industries (Teng et al., 2023).  

Primarily, microalgae and cyanobacteria are propagated through photoautotrophic methodologies. In these 

processes, microalgae harness light as their energy source and CO2 as their carbon source through photosynthetic 

pathways (Nikkanen, 2021; Majhi, 2025). As a consequence of the annual variations in photoautotrophic 

microalgae, the production scale in an expansive open system experiences a reduction in biomass yield linked to 

diminishing photon flux from sunlight (Sivakaminathan et al., 2020). In photoautotrophic cultivation, the cost of 

CO2 or bicarbonate salts as inorganic carbon sources can be ~50% of the total microalgal biomass production cost 

(Chisti, 2013). Therefore, the use of industrial wastewater also provides an economy in microalgal production. 

As a response to the challenge encountered in photoautotrophic cultures, there has been an increase in 

heterotrophic and mixotrophic cultivation methodologies. Microalgae flourish in a medium containing an organic 

carbon and energy source, eliminating the need for light in a heterotrophic medium (Silva et al., 2021). Conversely, 

mixotrophic culture, another form of cultivation, amalgamates features of both heterotrophic and photoautotrophic 

processes. Mixotrophic media use light as their energy source while incorporating an exogenous organic carbon 

source. While microalgae show greater adaptability to mixotrophic and heterotrophic metabolism than 

cyanobacteria, cyanobacteria are also investigated under various trophic culture conditions (Carmen Muñoz-Marín 

et al., 2024; Anahas et al., 2025). Studies have indicated that mixotrophic cultures lead to increased 

microalgal/cyanobacterial cell accumulation, improved lipid production capacity, and reduced photoinhibition 

(Figueroa-Torres et al., 2022; Russo et al., 2024). The primary merits of mixotrophic and heterotrophic media 

include accelerated growth rates and enhanced biomass quality (Li et al., 2020).  

In addition to the type of cultivation and the variety of carbon resources, other factors affect microalgal metabolism. 

One of these factors is salt concentration, especially NaCl. Salinity induces ionic, osmotic, or oxidative stress (Polat 

et al., 2020). It markedly influences carbon absorption, nutrient uptake, and respiration rate in microalgae by 

elevating extracellular osmotic pressure and inducing cellular stress. Magnesium (Mg) is another particularly 

important component of the microalgal growth medium. For instance, the concentration of Mg, an essential 

component of chlorophyll structure, will affect chlorophyll levels and the functioning of various metabolic pathways 

(Ermis et al., 2020; Pohland et al., 2024). The stress caused by this condition will also lead to changes in the 

microalgae's production of proteins, carbohydrates, and lipids. Furthermore, there may be alterations in the fatty 

acid characterization of the produced lipids. Similarly, calcium (Ca) plays a vital role in the growth and 

development of both plants and microalgae, influencing processes like signal transmission, resistance to pathogens, 

and tolerance to stress (Gorain et al., 2013). Additionally, it's been noted to enhance biomass yield, chlorophyll 

synthesis, and various metabolites in microalgae. Investigations into the effects of Ca, Mg, and other metal ions 

on A. platensis metabolism have likewise produced similar inferences (Ghanbarzadeh et al., 2024). In this study, 

H. pluvialis and A. platensis were cultivated in mixotrophic and heterotrophic environments using strained yogurt 

wastewater (SYW) to determine changes in their biochemical composition. 
 

MATERIAL and METHOD   

Microalga and Growth Media 

The Haematococcus pluvialis CCAP 34/12 microalga and the Arthrospira platensis (Gomont) 1892 cyanobacteria 

were supplied by Çukurova University, Faculty of Aquaculture, Türkiye. For the perpetuation of microalgae under 

photoautotrophic conditions, they were grown in Bold Basal Medium (BBM) (pH 7.0, 28°C) (Janet et al., 1973). H. 
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pluvialis remained in the green motile phase throughout the study. For the maintenance of cyanobacteria under 

photoautotrophic conditions, they were cultivated in Zarrouk’s medium (pH 9.0, 30°C) (Zarrouk, 1966). 

Cultivations were performed in batch mode in 750 mL of medium at a light intensity of 2500 lux (33.75 µmol photon 

m⁻ ² s⁻ ¹) using white fluorescent lamps with constant illumination, and the cultures were continuously shaken 

and aerated with filtered air. 
 

Mixotrophic Cultivation 

Mixotrophic cultivation was performed in BBM or Zarrouk medium, with SYW at concentrations of 1, 10, and 30% 

(v/v) as carbon sources. SYW was supplied by Balkan Dairy Products (Torbalı-Izmir, Türkiye). Prior to the 

experiment, SYW was centrifuged at 1500 rpm for 10 minutes to allow the settling of excess colloidal particles, 

thereby reducing floc formation during microalgal cell cultivation. The cultures were inoculated to an initial optical 

density (OD) of 0.2 at 600 nm for A. platensis (Buso et al., 2021) and at 680 nm for H. pluvialis (Vonshak, 1997). 

Cultivation was carried out in batch mode in 250 mL Erlenmeyer flasks with a 100 mL working volume at a light 

intensity of 1500 lux (20.25 µmol photon m⁻ ² s⁻ ²) using white fluorescent lamps with continuous illumination and 

agitation at 100 rpm. 
 

Heterotrophic Cultivation 

Heterotrophic cultivation was carried out in BBM or Zarrouk’s medium, which contained different concentrations 

of SYW (1, 10, and 30% v/v) as carbon sources. The cultures were inoculated to an initial OD of 0.2 at 600 nm for 

A. platensis (Buso et al., 2021) and at 680 nm for H. pluvialis (Vonshak, 1997). Cultivation was performed in batch 

mode in 250 mL Erlenmeyer flasks with a 100 mL working volume under dark conditions at 100 rpm. 
 

Determination of OD values 

For both microalgae, OD changes (OD600 for A. platensis and OD680 for H. pluvialis) in mixotrophic and 

heterotrophic cultures were investigated over the cultivation period. 
 

Cell Harvesting and Homogenization 

The cells were collected from the growth medium by centrifugation (10,000 rpm for 10 min at 4°C). The harvested 

microalgal cells were disrupted in 50 mM phosphate buffer (pH 7.0), and the cell residue was removed by 

centrifugation (12,000 rpm, 10 min, 4°C) (Esen & Ozturk Urek, 2015). The homogenization process was optimized 

for A. platensis at 1 minute at 8000 rpm and 1 minute at 9500 rpm, while for H. pluvialis it was optimized at 1 

minute at 8000 rpm, 1 minute at 9500 rpm, and 1 minute at 13,500 rpm. The supernatant was used to determine 

the total lipid, protein, and carbohydrate contents. 
 

Determination of Chlorophyll a Contents  

Chlorophyll-a (Chl-a) content was detected using the suggested method by Lichtenthaler and Wellburn (1983) in 

absolute ethanol homogenates prepared as described in Equation 1. 

𝐶ℎ𝑙 − 𝑎 = (13.36 𝑥 𝐴664.2) − (5.19 𝑥 𝐴648.6)                                     (Equation 1) 

Determination of Total Lipid, Total Carbohydrate, and Total Protein Contents 

The total lipid content of microalgae was determined using the method suggested by Mishra et al. (2014). The 

absorbance was measured at 530 nm against a standard (0-100 µg mL-1 oil). The total carbohydrate content of the 

production medium was estimated by the phenol-sulfuric acid assay, and a glucose solution (0-250 μg mL-1) was 

used as the standard (Dubois et al., 1956). The absorbance measurement was achieved at 470 nm against a 

standard. Total protein concentrations were measured according to Bradford (1976). The absorbance at 595 nm 

was determined against a standard (0-250 ppm bovine serum albumin). 
 

Effects of Magnesium, Calcium, and Sodium Concentrations 

After identifying the optimal trophic culture type and carbon source concentration for maximum lipid production, 

the impact of various Mg concentrations (0, 0.62 mM (BBM concentration), and 1.86 mM) on lipid production in H. 
pluvialis was assessed under batch cultivation conditions as previously explained. Once the Mg concentration that 

yielded the highest lipid production was identified, the effect of different Ca concentrations (0, 17 mM (BBM 

concentration), and 100 mM) was evaluated under the same conditions. Finally, the influence of sodium (Na) 

concentrations (0, 43 mM (BBM concentration), and 129 mM) on H. pluvialis was examined. 
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Similarly, for A. platensis, the effects of Mg (0, 1.66 mM (Zarrouk’s medium), and 4.98 mM), Ca (0, 0.36 mM 

(Zarrouk’s medium), and 2 mM), and Na (0, 17 mM (Zarrouk’s medium), and 51 mM) concentrations were analyzed 

in batch cultivation. 
 

Fatty Acid Methyl Ester (FAME) Determination 

The cells obtained via centrifugation were lyophilized. FAME production was directly carried out using the dried 

cells (Indarti et al., 2005). A mixture containing 15 mg of lyophilized cells and 3 mL of a solution (methanol: sulfuric 

acid: chloroform, 1.7:0.3:2, v/v) was prepared and incubated at 100°C for 30 minutes. After cooling to room 

temperature, 1 mL of distilled water was added and mixed. The denser phase from the two resulting layers was 

separated, transferred into a tube, and dried in an oven. To analyze the fatty acid profile of the lipid, 1 mL of 

hexane was added to the dried lipid, and gas chromatography (GC) was used.  

For FAME analysis, a flame ionization detector and a 60 m x 0.25 mm capillary column were utilized. Helium was 

employed as the carrier gas at a flow rate of 1.3 mL min-1. The injector and detector temperatures were set to 250°C 

and 270°C, respectively. The oven temperature was increased to 175°C and held for 10 minutes, then raised at 3°C 

min-1 to 220°C, where it was maintained for 5 minutes. A Sigma FAME MIX (C14–C22) fatty acid mixture was 

utilized as the standard. 
 

Statistical Analysis 

All experiments were performed in three independent biological replicates with seven technical replicates, and the 

results are presented as mean ± standard deviation (SD). Data normality and homogeneity of variances were 

assessed using the Shapiro–Wilk and Levene’s tests, respectively. 

Differences among trophic conditions (mixotrophic and heterotrophic), SYW concentrations (1%, 10%, and 30%, 

v/v), and cultivation time were analyzed using one-way, two-way, or repeated-measures analysis of variance 

(ANOVA), as appropriate. Tukey’s honestly significant difference (HSD) test was applied for post hoc comparisons. 

When ANOVA assumptions were not met, the Kruskal–Wallis test followed by Dunn’s post hoc test with Bonferroni 

correction was used. Pairwise comparisons between cultivation modes were performed using an independent-

samples t-test or a Mann–Whitney U test. 

The effects of Mg, Ca, and Na concentrations on lipid production were evaluated using one-way ANOVA. Fatty 

acid methyl ester (FAME) profiles were compared among microalgal species using independent-samples t-tests. 

Statistical significance was accepted at p ≤ 0.05. All analyses were conducted using SPSS (version 25.0) and 

GraphPad Prism (version 9.0). 
 

RESULTS 

In the present study, H. pluvialis and A. platensis were grown in mixotrophic and heterotrophic cultivations with 

various concentrations of SYW. The proliferation and lipid synthesis of microalgae are contingent upon nutrient 

availability, pH, light exposure, and temperature. Consequently, the formulation and cost of the medium play 

essential roles in the generation of microalgal biometabolites. 
 

Growth of H. pluvialis in Mixotrophic and Heterotrophic Media in the Presence of SYW 

When growth curves of H. pluvialis cultivated in heterotrophic or mixotrophic environments, including various 

concentrations of SYW, were examined, it was observed that the microalgae exhibited better growth in mixotrophic 

environments with high SYW concentrations (10% and 30%), whereas they showed relatively limited growth in 

low-concentration (1%) mixotrophic and heterotrophic environments. The highest OD value (M =1.61, SD = 0.03, 

n = 7, 95% CI [1.58, 1.66]) was obtained on the 18th day of the cultivation period in a mixotrophic environment 

including 10% SYW, while the highest specific growth rate (µ=0.05 day-1) was determined in a mixotrophic 

condition containing 1% SYW. It was determined that pH values remained nearly constant throughout the 

incubation period in both mixotrophic and heterotrophic environments, but showed an increasing trend in the 

latter days of the cultivation period in the mixotrophic environment, including 1% SYW. 

When examining changes in Chl-a over the cultivation period, high Chl-a levels were observed in the mixotrophic 

environment containing 10% SYW, whereas relatively lower Chl-a values were observed throughout the incubation 

period in other mixotrophic and heterotrophic environments. The highest Chl-a value (M = 105.92, SD = 6.13, n = 

7, 95% CI [98.06, 115.15] mg Chl-a g-1 biomass) was estimated on the 14th day of the cultivation period in the 

mixotrophic medium consisting 10% SYW. 

The highest content of protein (M = 2.13, SD = 0.72, n = 7, 95% CI [1.38, 2.90] mg protein g -1 biomass) in SYW-

containing medium was estimated on the 14th day of cultivation period in the mixotrophic environment containing 
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10% waste (Figure 1) (p < .043). In contrast, the protein values in heterotrophic environments continued to decrease 

in the later days of cultivation period, suggesting that H. pluvialis may not have adapted to the heterotrophic 

media. 

Figure 1. Protein content variation of H. pluvialis grown in mixotrophic and heterotrophic media (♦ 1%, ■ 10%, ▲ 

30%, v/v SYW). The values are the mean ±SD for three separate experiments (Significant at p ≤ .043) 

Şekil 1. Miksotrofik ve heterotrofik ortamlarda yetiştirilen H. pluvialis'in protein içeriğindeki değişim (♦ %1, ■ 
%10, ▲ %30, v/v SYW). Değerler, üç ayrı deney için ortalama ±SD'dir (p ≤ .043’te anlamlı) 

 

 

Figure 2. Intracellular and extracellular total carbohydrate content variation of H. pluvialis grown in mixotrophic 

and heterotrophic media (♦ 1%, ■ 10%, ▲ 30%, v/v SYW). The values are the mean ±SD for three separate 

experiments (Significant at the p ≤ .043) 

Şekil 2. Miksotrofik ve heterotrofik ortamda yetiştirilen H. pluvialis'in hücre içi ve hücre dışı toplam karbohidrat 
içeriğindeki değişim (♦ %1, ■ %10, ▲ %30, v/v SYW). Değerler, üç ayrı deney için ortalama ±SD'dir (p ≤ 
.043’te anlamlı) 

 

When examining the change in total carbohydrate content in this cultivation condition, a decrease was observed 

throughout the incubation period (Figure 2). It can be seen that after the 14th day of cultivation, the total 

carbohydrate value did not vary significantly across environments with low SYW concentrations (1% and 10%). 

Intracellular total carbohydrate contents indicated a similar trend in both cultivation environments. While the 
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intracellular total carbohydrate value remained low in environments with low waste concentrations (1%), it 

increased in environments with higher waste concentrations (10% and 30%) (Figure 2). The highest values were 

determined to be M = 4.39, SD = 0.23, n = 7, 95% CI [4.10, 4.68] and M = 4.11, SD = 0.37, n = 7, 95% CI [3.70, 4.52] 

mg total carbohydrate g-1 biomass on the 14th day of cultivation in mixotrophic environments consisting 10% and 

30% SYW, respectively, (p >.051).  
 

Growth of A. platensis in Mixotrophic and Heterotrophic Media in the Presence of SYW 

When examining the growth curves of A. platensis cultivated in a mixotrophic medium containing various 

concentrations of SYW, it is observed that the microalgae adapted to these three media at different times. The 

highest OD value (M = 2.737) was achieved on the 21st day of incubation in an environment consisting 1% waste. 

The highest specific growth rate (µ = 0.065 day-1) was achieved in a mixotrophic environment containing 10% SYW. 

Additionally, it was estimated that pH values increased over time. When the OD curves of A. platensis grown in a 

heterotrophic medium were examined, it was observed that the highest value (M = 1.66) and the highest specific 

growth rate (µ=0.267 day-1) were obtained on the 17th day of the cultivation period in a medium consisting 30% 

SYW. It can be said that the pH values did not differ significantly across the three media. 

When examining the change in Chl-a during the cultivation period, Chl-a levels increased in the later days of the 

cultivation period in environments with low concentrations (1% and 10%, v/v), while low values were detected in 

the medium consisting of 30% waste. The highest Chl-a (M = 377.39, SD = 15.84, n = 7, 95% CI [359.55, 395.29] µg 

Chl-a g-1 biomass) value was estimated on the 19th day of the cultivation period, respectively, in the mixotrophic 

medium containing 10% SYW (p < .039). In a heterotrophic medium, the amount of Chl-a produced was 

significantly lower compared to that produced in a mixotrophic medium. The highest Chl-a level (M = 35.83, SD = 

1.24, n = 7, 95% CI [30.49, 40.17] µg Chl-a g-1 biomass) in a heterotrophic environment was estimated on the 14th 

day of cultivation in a medium consisting 1% SYW (p < .039). 

 

Figure 3. Protein content variation of A. platensis grown in mixotrophic and heterotrophic media (♦ 1%, ■ 10%, ▲ 

30%, v/v SYW). The values are the mean ±SD for three separate experiments (Significant at the p ≤ .041) 

Şekil 3. Miksotrofik ve heterotrofik ortamlarda yetiştirilen A. platensis'in protein içeriğindeki değişim (♦ %1, ■ 
%10, ▲ %30, v/v SYW). Değerler, üç ayrı deney için ortalama ±SD'dir (p ≤ .041’te anlamlı) 

 

In the presence of SYW, protein quantity declined during the cultivation period in media containing 10% and 30% 

waste, whereas it increased in the environment containing 1% waste. The highest content of protein (M = 1.78, SD 

= 0.12, n = 7, 95% CI [1.60, 2.11] mg protein g-1 biomass) was detected on the 25th day of the cultivation period in 

the mixotrophic medium consisting 1% waste (Figure 3) (p < .041). Studies have shown that high organic carbon 

concentrations in the cultivation medium can inhibit biomass accumulation (Gao et al., 2021). A similar result was 

obtained in this research, with low protein values determined in environments with high waste content. The fact 

that the highest OD600 and protein values were obtained with 1% SYW supports this finding. The protein content 

in the heterotrophic media remained lower compared to that in the mixotrophic media. This effect could be 

attributed to A. platensis being unable to adapt to the heterotrophic medium. In the heterotrophic study, the 

highest protein content (M = 878.94, SD = 41.16, n = 7, 95% CI [830.07, 930.36] µg protein g-1 biomass) was detected 

on the 14th day of cultivation in a growth medium consisting 1% SYW (p < .041). 

When examining the change in total carbohydrates in the growth medium, a decreasing trend throughout the 

cultivation time was observed (Figure 4). However, an increase in intracellular total carbohydrate levels was 

observed during cultivation (Figure 4). The highest result (M = 1.63, SD = 0.15, n = 7, 95% CI [1.40, 1.84] mg total 

carbohydrate g-1 biomass) was reached on the 28th day of cultivation in the mixotrophic condition consisting 10% 

SYW (p < .046). 
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Figure 4. Intracellular and extracellular total carbohydrate content variation of A. platensis grown in mixotrophic 

and heterotrophic media (♦ 1%, ■ 10%, ▲ 30%, v/v SYW). The values are the mean ±SD for three separate 

experiments (Significant at p ≤ .046) 

Şekil 4. Miksotrofik ve heterotrofik ortamda yetiştirilen A. platensis'in hücre içi ve hücre dışı toplam karbohidrat 
içeriğindeki değişim (♦ %1, ■ %10, ▲ %30, v/v SYW). Değerler, üç ayrı deney için ortalama ±SD'dir (p ≤ 
.046’te anlamlı) 

 
Total Lipid Contents of H. pluvialis and A. platensis in Mixotrophic and Heterotrophic Media in the Presence of 

SYW 

Total lipid contents of H. pluvialis and A. platensis were detected depending on cultivation time (Figure 5). H. 
pluvialis achieved low lipid production in mixotrophic conditions consisting 1% and 30% SYW (Figure 5). Similarly, 

lipid production was estimated to be low in heterotrophic media consisting of 30% SYW. The highest amount of 

lipid (M = 2.32, SD = 0.16, n = 7, 95% CI [2.10, 2.51] mg lipid g-1 biomass) was detected on the 21st day of cultivation 

in heterotrophic conditions consisting 10% SYW (p < .042). Lipid production showed a similar trend in A. platensis 

cultures grown in heterotrophic and mixotrophic media (Figure 5). The highest amount, M = 1.88, SD = 0.14, n = 

7, 95% CI [1.70, 2.09] mg lipid g-1 biomass, was obtained on the 11th day of mixotrophic cultivation with 30% SYW 

(p < .044). 

After determining the optimum trophic culture type and organic carbon resource concentration for H. pluvialis and 

A. platensis, the effects of Mg, Ca, and Na metal concentrations on lipid production were investigated. Figure 6 

shows that the lipid production trend is similar across varying Mg concentrations in H. pluvialis cultures. However, 

the absence of, or high concentrations of, Ca and Na (Figure 6) negatively affected lipid production. It was found 

that the optimum concentrations of Ca and Na for lipid production were the same as those of BBM. The highest 

lipid (M = 2.68, SD = 0.17, n = 7, 95% CI [2.48, 2.90] mg lipid g-1 biomass) production was obtained on the 18th day 

of the cultivation period in heterotrophic conditions consisting 10% SYW as organic carbon in the BBM medium 

without Mg. When examining H. pluvialis lipid production, it was observed that lipid production in a heterotrophic 

environment lacking Mg is 12.93% higher compared to the heterotrophic media containing Mg (p < .041). 

Surprisingly, the high concentration of all metal ions positively affected the lipid production of A. platensis (Figure 

7). However, the highest lipid (M = 5.31, SD = 0.35, n = 7, 95% CI [4.90, 5.70] mg lipid g-1 biomass) production was 

estimated in the mixotrophic (30% SYW) growth condition, where the Mg concentration was three times higher 

than the concentration in Zarrouk’s growth medium (Figure 7) (p < .038). In mixotrophic conditions, lipid 

production of A. platensis indicated a 1.86-fold raise in the existence of 51 mM NaCl (Figure 7) (p < .038).  
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Figure 5. Total lipid content variation of H. pluvialis and A. platensis in mixotrophic (♦ 1%, ■ 10%, ▲ 30%, v/v) 

and heterotrophic (◊1%, □ 10%, Δ 30%, v/v) cultures. The values are the mean ±SD for three separate 

experiments (Significant at the p ≤ .044) 

Şekil 5. Miksotrofik (♦ %1, ■ %10, ▲ %30, v/v) ve heterotrofik (◊ %1, □ %10, Δ %30, v/v) kültürlerde H. pluvialis 
ve A. platensis'in toplam lipid içeriği değişimleri. Değerler, üç ayrı deney için ortalama ±SD'dir (p ≤ .044’te 
anlamlı) 

 

 

Figure 6. Total lipid content variation of H. pluvialis in heterotrophic cultures which contains 10% SYW with 

different concentrations of Mg (♦ 0 mM, ■ 0.62 mM, ▲ 1.86 mM), Ca (♦ 0 mM, ■ 17 mM, ▲ 100 mM) and 

Na (♦ 0 mM, ■ 43 mM, ▲ 129 mM). The values are the mean ±SD for three separate experiments 

(Significant at the p ≤ .041) 

Şekil 6. Farklı Mg (♦ 0 mM, ■ 0,62 mM, ▲ 1,86 mM), Ca (♦ 0 mM, ■ 17 mM, ▲ 100 mM) ve Na (♦ 0 mM, ■ 43 mM, 
▲ 129 mM) konsantrasyonlarına sahip %10 SYW içeren heterotrofik kültürlerde H. pluvialis'in toplam 
lipid içeriği değişimleri. Değerler, üç ayrı deney için ortalama ±SD'dir (p ≤ .041’te anlamlı) 

 
 
Fatty Acid Profile Determination 

In this study, the fatty acid components of lipids produced from H. pluvialis and A. platensis under the determined 

optimum conditions were detected by GC (Table 2).  
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Figure 7. Total lipid content variation of A. platensis in mixotrophic cultures, which contains 30% SYW with 

different concentrations of Mg (♦ 0 mM, ■ 1.66 mM, ▲ 4.98 mM), Ca (♦ 0 mM, ■ 0.36 mM, ▲ 2 mM), and 

Na (♦ 0 mM, ■ 17 mM, ▲ 51 mM). The values are the mean ±SD for three separate experiments 

(Significant at p ≤ .038) 

Şekil 7. Farklı Mg (♦ 0 mM, ■ 1,66 mM, ▲ 4,98 mM), Ca (♦ 0 mM, ■ 0,36 mM, ▲ 2 mM) ve Na (♦ 0 mM, ■ 17 mM, 
▲ 51 mM) konsantrasyonlarına sahip %30 SYW içeren miksotrofik kültürlerde A. platensis'in toplam 
lipid içeriği değişimleri. Değerler, üç ayrı deney için ortalama ±SD'dir (p ≤ .038’te anlamlı) 

 

Table 2. FAMEs of fatty acids produced from H. pluvialis and A. platensis in optimal conditions (Significant at the 

p ≤ .049) 

Çizelge 2. H. pluvialis ve A. platensis'ten optimum koşullarda üretilen yağ asitlerinin FAME’leri (p ≤ .049’te 
anlamlı) 

Fatty Acid Type Percentage of Fatty Acid of 

H. pluvialis lipid 

Percentage of Fatty Acid of 

A. platensis lipid 

C16:0 (palmitic acid) 8.50±0.29 9.16±0.31 

C18:0 (stearic acid) 15.11±0.75 17.24±0.78 

C18:1n9t (trans-9 elaidic acid) 6.98±0.24 7.41±0.27 

C18:2 (linoleic acid) 26.47±1.22 34.64±1.75 

C18:3 (linolenic acid) 20.93±1.06 31.54±1.73 

C22:0 (behenic acid) 22.99±1.17 n.d. 

(n.d., not determined) 

 

The results reveal the potential of both microalgae to serve as dietary supplements due to their fatty acid content. 

For H. pluvialis, lipid saturated fatty acid (SFA) data were determined as 46.60%, monounsaturated fatty acid 

(MUFA) data were determined as 6.98%, and polyunsaturated fatty acid (PUFA) data were determined as 47.40%. 

For A. platensis, lipid SFA content was 26.40%, MUFA content was 7.41%, and PUFA content was 66.18%. The 

high degree of unsaturation in fatty acids leads to a pronounced tendency toward oxidation, which is a favorable 

trait for fuels. Nonetheless, short, highly unsaturated fatty acids increase viscosity, thereby altering flow 

properties, particularly at low temperatures (Srinivasan et al., 2020). The elevated PUFAs content supports the 

potential use of the generated lipid as a famine supplement, alongside its biodiesel attributes. Although A. 
platensis is recognized as a protein producer, these cyanobacteria harbour significant amounts of nutritional 

compounds, such as PUFAs. 
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DISCUSSION 

Studies on microalgal lipid production using dairy industry waste exist (Lee & Stuckey, 2022; Gupta et al., 2024; 

Zibarev et al., 2024). Nevertheless, strained yogurt is a product specific to Turkish culture, and it has been observed 

that the large volume of wastewater generated during its production has not been utilized in microalgal production 

before. Yogurt, an ancient culinary tradition integrated into human diets for millennia, has long been recognized 

as a nourishing staple (Wajs et al., 2023). The SYW proved conducive to the cultivation of microalgae such as A. 
platensis and H. pluvialis without dilution. 

OD, Chl-a, and protein values were determined to follow the growth for H. pluvialis and A. platensis. When these 

data were evaluated, it was determined that both organizations showed better adaptation and growth in the 

mixotrophic media. It has been interpreted that the decrease in growth and biomass at the beginning of incubation, 

as A. platensis encounters an external carbon source for the first time, indicates adaptation to the environment 

(Narayan et al., 2005). The increase in Chl-a levels towards the end of cultivation in environments with low 

concentrations of SYW can be explained as a result of the microalgae requiring more photosynthesis owing to the 

decrease in carbon resources in the growth condition. This situation has been interpreted as follows: in 

environments with sufficient extra carbon sources, microalgae do not need to perform photosynthesis, whereas in 

environments with low carbon sources, the decline in the concentration of the extra carbon resource in the later 

days of cultivation leads to increases in Chl-a values. 

In a heterotrophic medium, cells cannot perform photosynthesis due to the absence of light; therefore, they are 

obliged to utilize only the readily available carbon source present under the growth conditions. In this case, the 

maximum growth in a heterotrophic medium is expected to occur in a medium containing 30% SYW. It can be said 

that in environments with lower levels of SYW, there may not be sufficient carbon available to adequately support 

cell growth. High carbon content disrupts the normal physiology of cyanobacterial cells and induces alternative 

metabolic pathways. In lipid synthesis, acetyl-CoA carboxylase (ACCase) converts acetyl-CoA into malonyl-CoA, 

which is further processed to produce fatty acids. Lipid formation mainly depends on fatty acids and sn-glycerol-

3-phosphate as key precursors. ACCase catalyzes the first step in the fatty acid biosynthesis pathway. When 

carbon availability is high, the excess carbon taken up by the cell is redirected into the Krebs cycle, stimulating 

triacylglycerol (TAG) accumulation (De Morais et al., 2020). In media with higher levels of waste, Chl-a levels 

remained low because the quantity of an external carbon source in these media was sufficient to support cell growth 

without the need for photosynthesis. 

In the heterotrophic media of A. platensis, the extracellular total carbohydrate content showed a general 

decreasing trend, while no significant difference was observed in the total carbohydrate level within the cell. This 

situation could be interpreted as the carbohydrate taken up by the cell being used to form various cellular building 

blocks. The total intracellular carbohydrate content is lower in the heterotrophic media compared to that in the 

mixotrophic media. 

Some studies have shown that carbon flow in microalgae is directed toward energy-rich compounds, such as lipids 

and carbohydrates, under stress (Wang et al., 2016). Microalgae are an important source of carbohydrates. They 

can be divided into three groups: structural cell wall, reserve, and extracellular carbohydrates. Extracellular ones 

are released into the environment by the microalgal cell, where they form a surrounding layer to help withstand 

adverse and extreme environmental conditions. 

During the investigation of lipid production in H. pluvialis, it was noted that in a heterotrophic setting without 

Mg, lipid production is 12.93% greater compared to the heterotrophic medium containing Mg (p < .041). The lack 

of Mg is expected to impede cellular division and chlorophyll production, thereby reducing growth output (Salman 

et al., 2023). This outcome may be ascribed to the decline in biomass yield observed in the absence of Mg. 

Additionally, Ca concentrations exceeding 17 mM do not affect lipid production in H. pluvialis. The lower or upper 

concentrations of Na in the BBM medium did not create a significant difference in lipid production of H. pluvialis 

in the heterotrophic medium. 

According to results from mixotrophic cultivation of A. platensis, lipid production increased 2.82-fold under these 

conditions (p < .036). Additionally, increases of 2.4-fold and 1.86-fold in lipid production were observed in the 

presence of 3 times higher concentrations of Ca and Na, respectively, compared to Zarrouk's growth medium (p < 

.039). The role of Mg ions can be explained by their activation of the acetyl coenzyme A carboxylase enzyme which 

catalysis the initial phase of fatty acid biosynthesis (Salman et al., 2023). Moreover, Mg ions are effective in the 

active functioning of the pyruvate dehydrogenase enzyme complex, which contributes acetyl CoA and NADH for 

the synthesis of fatty acids, particularly at high concentrations. Polat et al. (2020) obtained results similar to ours, 

finding that Auxenochlorella protothecoides lipid production increased by 1.1-fold in an environment with 20 mg 

L-1 Mg2+. Ca plays a vital role in the growth and maturation of plants, including signal transmission, and has been 

associated with enhanced stress tolerance, as evidenced by heightened chlorophyll synthesis (Feng et al., 2023). 
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Therefore, it can be stated that with a three-fold increase in Ca concentration, ATP and NADPH synthesis also 

increase, along with the chlorophyll synthesis, which was determined to be low in the presence of 30% SYW in the 

normal Zarrouk's medium (Gorain et al., 2013). 

Under mixotrophic circumstances, the lipid output of A. platensis exhibited a 1.86-fold augmentation when 51 mM 

NaCl was present (p < .038). This parallels the earlier result of Hasnain et al. (2023), in which higher lipid 

production was observed in several microalgal species under NaCl stress, and the findings of this study are 

interpreted as the cell's response to protect itself against osmotic stress by increasing lipid production. 

Additionally, high salt concentration in the mixotrophic cultivation of A. platensis may induce oxidative stress in 

the cell. Furthermore, it has been reported that more neutral lipids are produced to regulate the entry of mineral 

ions into the cell (Elloumi et al., 2020). Additionally, elevated salinity stress primarily influences membrane 

permeability and flexibility (Song et al., 2022).  

In this study, contrary to expectations, the highest biomass and biochemical content values were not obtained in 

environments containing 30% SYW. This outcome can be attributed to substrate inhibition due to excessive organic 

matter load, reduced light penetration limiting photosynthesis, and osmotic stress induced by elevated solute 

concentrations. These results highlight the need to maintain an optimal range of waste concentrations to ensure 

the efficient growth and metabolic activity of H. pluvialis and A. platensis. Consistent with these findings, previous 

studies by Cheirsilp and Torpee (2012) and Liang et al. (2009) also reported that high concentrations of organic 

matter could suppress microalgal growth and impair photosynthetic performance. 

In the presence of SYW, the fatty acid components of lipids produced by two microalgae can vary both 

quantitatively and qualitatively depending on the culture conditions and microalgae strains (Velioglu Tosuner & 

Ozturk Urek, 2021a, b). Microalgae can withstand moderately harsh conditions by storing lipids within their cells 

(Song et al., 2022). Nutrient stress, including metal stress, can affect microalgal lipid production. This phenomenon 

may arise from alterations in fundamental biochemical processes, such as electron transport and light utilization, 

due to reactive oxygen species or oxidative stress induced by cellular stress. In response, microalgal cells may 

increase lipid accumulation to protect themselves from oxidative damage (Qiao et al., 2021). In addition, the PUFA 

content of 47.4% in H. pluvialis and 64.18% in A. platensis supports the adaptation of these microalgal cells to 

environmental conditions (Cao et al., 2014). The fatty acid components of the lipid produced in a study in which 

different microalgae species were grown in dairy industry wastewater are consistent with the results of our study 

(Zibarev et al., 2024). The SFA percentage of the lipids produced was determined to be above 23, and the PUFA 

percentage was above 43. A. platensis, as a cyanobacteria, has been extensively investigated for its protein 

production potential; however, its capacity for lipid accumulation and its applicability in different areas, such as 

biodiesel production and food supplements, remains relatively underexplored. Moreover, the high proportion of 

PUFAs in its lipid profile suggests that these compounds could be safely employed as dietary supplements for both 

humans and animals. 

Microalgae, recognized as primary producers, play a vital role in sequestering approximately 50% of the world's 

carbon (Dahai et al., 2024) while simultaneously generating O2. Among the most prized nutritional elements of 

microalgae are lipid reservoirs. The accumulation of lipids in microalgae is also contingent upon their 

developmental stage. At the conclusion of the stationary stage, the peak lipid yield is documented owing to the 

synthesis of non-growth-associated products. This type of product formation corresponds to the highest metabolic 

rate achievable with zero growth, and is attributed to the absence of at least one essential substrate in the medium. 

Consequently, during the late stationary phase, the foremost accumulation of the product occurs rather than an 

augmentation in cellular growth. 

Along with the preceding factors, lipid production in microalgae can also be influenced by the nature of the culture, 

whether it is autotrophic or heterotrophic. Moreover, lipids synthesized also act a paramount role in the adaptation 

and tolerance of organisms to extreme conditions (Song et al., 2022).  
 

CONCLUSION  

In conclusion, A. platensis shows approximately a 2-fold increase in maximum lipid production compared to H. 
pluvialis under mixotrophic cultivation with SYW. Additionally, A. platensis achieved 1.83 and 1.68-fold increases 

in maximum protein and carbohydrate production, respectively, under these conditions. Based on the results 

obtained, it can be said that in the presence of SYW, the essential nutritional components of microalgae, like lipids, 

proteins, and carbohydrates, are more significantly stimulated in the blue-green microalga A. platensis compared 

to the green microalga H. pluvialis. The unsaturated fatty acid content of lipids produced in the production media 

has a healthy profile suitable for human and animal consumption. This study presents a novel approach that 

utilizes SYW, a dairy industry by-product, as an alternative nutrient source for microalgal cultivation under 

different trophic conditions. To the best of our knowledge, this is the first report to systematically compare the 
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effects of SYW on the growth and biochemical composition of these two species while investigating the roles of Mg, 

Ca, and Na ions in lipid production. These findings provide new insights into the dual role of SYW as both a 

sustainable nutrient source for microalgal bioprocesses and a potential tool for wastewater valorization. 
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