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Abstract: Microalgae are one of the most effective biological sources for renewable energy production. They can be produced at 

rates that can be 50 times more than that of the conventional crops. They have a production capacity throughout the year. Comparing 
with other biomass sources such as terrestrial, agricultural and solid waste, algal biomass provides a more stable and manageable 

energy production system. However, there are some constraints for efficient microalgae production such as the need for large 

quantities of nutrients, high cost of installations and operation of production systems. For these reasons, using wastewaters obtained 
from different processes as a medium to grow microalgae has attracted new research interest. In the present study, the aqueous 

phase obtained from hydrothermal carbonization of orange pomace was utilized as a nutrient source in Chlorella minutissima 

growth. Different dilution rates (50x, 100x, 200x and 400x) were used to observe the effect of aqueous phase concentration on 

algal growth during 30 days. According to the results of microalgae cultivation, the medium with the lowest dilution rate was 

determined as the optimum medium because of giving the best growth value compared to other dilution rates. 
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1. Introduction  

Microalgae have extensive application potential in different 

areas such as nutraceutical industries, renewable energy, 

and biopharmaceutical and because of this potential, they 

are considered as important resources all around the world. 

Researchers investigate several microalgae species for their 

potential to produce specific value-added products that have 

remarkable biological and pharmacological qualities. Also, 

they have the specific ability for the conversion of 

atmospheric CO2 to several products such as lipids, 

carbohydrates, protein, and different bioactive metabolites. 

Although microalgae usage in different application areas is 

a feasible way to obtain value-added products in the 

biopharmaceutical and bioenergy fields, researchers have 

identified some challenges and limitations that must be 

tackled to improve algal biotechnology systems for 

industrial application such as enhancing and stabilization of 

microalgae growth rate, efficient product synthesis, and 

pretreatment of biomass (Khan et al. 2018). To overcome 

these challenges and limitations, large scale microalgae 

cultivation must be provided by cost-effective systems and 

high-value products. According to the studies, different 

species of microalgae require different media depending on 

their needs but in general almost all species need major 

requirements that are nitrogen, iron, phosphorous, inorganic 

and organic carbon sources for their growth (Grobbelaar et 

al. 2004). This situation is a key to provide a feasible, 

sustainable and economically viable algal biotechnology 

system with the help of successful cultivation processes for 

efficient algae production. Nowadays, pollution related 

problems originated from human being are the main 

concerns of the society. Especially pollution of freshwater 

is a huge problem to ensure the continuity of life. This 

problem motivates the researchers to investigate novel 

techniques to prevent pollution. As a result of the 

investigations, they realized that microalgae species provide 

an elegant way to solve water pollution problems with 

tertiary and quinary treatment methods because they have 

specific abilities to use inorganic nitrogen and phosphorous 

during their growth processes and also they can remove 

some toxic organic compounds and heavy metals without 

secondary pollution (Richmond et al. 1986; Oswald et al. 

1988a; Tam et al. 1995; Rai et al. 1981).While the search 

for new sustainable and clean energy sources and 

wastewater treatment systems are continuing, society has 

recognized novel sustainable resources such the utilization 

of waste organic materials providing to reduce the potential 

risk and amount of greenhouse gas emissions (Hastings et 

https://orcid.org/0000-0002-0300-1581
https://orcid.org/0000-0003-1519-1711
https://orcid.org/0000-0003-2483-7617
https://orcid.org/0000-0002-2684-9622


 

S.Z Tarhan et al.    Eurasian J Bio Chem Sci, 3(1):42-47, 2020 

43 
 

al. 2009; Hillier et al. 2009). As a result, hydrothermal 

processes have been accepted as environmentally friendly 

and economically viable methods. In 1913, Bergius 

discovered hydrothermal carbonization (HTC) that is a 

specific process mimicking the natural process of coal 

formation with the help of cellulose conversion into coal-

like materials. During the HTC process, lignite-like solid 

products and an aqueous phase (AP) are obtained from a 

raw biomass material (Marinovic et al. 2015). At the 

beginning of the HTC studies, researchers focused on the 

solid product from treatment, but in recent years the 

unwanted liquid part has received increased attention 

because of its potential. Current studies showed that 

aqueous phase has nitrogen, high amounts of organic carbon 

and several toxic components such as cyclic oxygen and 

heavy metals. AP from HTC may support microorganisms 

and plant growth with several essential nutrients in its 

composition. If AP is utilized as the only nutrient source, 

the dilution rate of AP is important to provide efficient 

microalgae growth, while high AP dilution causes low 

nutrient concentration in the medium. Low AP dilution 

leads obviously to growth inhibition because of excessive 

toxic substances. With a suitable dilution rate, AP may be 

used as nutrition sources for algae. For example, Chlorella 

vulgaris were grown in AP from HTC of Nannochloropsis 

oculata. Growth rates in AP were determined higher than 

synthetic growth medium (BG-11) and no inhibition was 

observed (Du et al. 2012). Biller et al. (2012) reported that 

Chlorella vulgaris, Spirulina platensis and Scenedesmus 

Dimorphous were successfully cultivated in AP. HTC 

process water from activated sludge was also used as a 

media for Chlorella sp. and Coelastrella sp. and it was 

reported that growth rates in BG-11 and AP were similar 

and no inhibition in algae growth was observed (Belete et 

al. 2019). If the challenges and problems about safe disposal 

of AP in hydrothermal treatment and necessary nutrient 

requirements for mass microalgae cultivation are 

considered simultaneously, the utilization of the liquid 

phase from HTC for microalgal growth is an excellent idea. 

This process can provide a cost-effective close-loop system 

that includes the recovery of nutrients from waste AP from 

HTC and efficient microalgal growth with the help of these 

nutrients in an integrated system. The present study aimed 

to utilize the process water from HTC of orange pomace for 

efficient microalgal cultivation and high productivity rate 

and to treat HTC process water by using this cost-effective 

and environmentally friendly method. Firstly, HTC was 

performed for orange pomace and the obtained process 

water was characterized. Subsequently, unicellular marine 

algae “Chlorella minutissima” were cultivated in HTC 

process water diluted in different ratios. Finally, microalgae 

growth in AP, characterization of algae cultivated in 

synthetic medium and for various dilutions of the HTC 

process water were evaluated and discussed. 

2. Materials and Method  

2.1  Microalgae Culture and HTC Process Water 

Wild type Chlorella minutissima obtained from the Culture 

Collection of Algae at Göttingen University (Goettingen, 

Germany) was used as the algal strain in this study. HTC 

experiments with orange pomace (Valencia-Spain) were 

carried out in a 300 ml batch reactor (Top Industries, 

France) made of a nickel-base alloy (Inconel 718). For each 

experiment, 30 g of dried orange pomace and 180 g of 

distilled water were used as 1/6 of biomass to water weight 

ratio. HTC was conducted at 200 °C for 1 h (Ozcimen et al. 

2019). Büchner filtration was used in the separation of solid 

and liquid products. The hydrochar product was dried in an 

oven at 105 °C for 24 h and stored for other studies. The 

liquid phase was weighed, stored and protected from light 

in a refrigerator at 4 °C until the use in this study. 

 

2.2 Cultivation of Algae in AP from HTC 

The algal strain was cultivated as 10% of microalgae to 

medium volume ratio in total 150 ml including BG-11 

medium and 2 g/L glucose to provide enough starting 

cultures for this study. 50x, 100x, 200x and 400x dilution 

rates were used for AP medium and dilution of AP was 

performed with distilled water. BG-11 medium was used in 

the control group to understand the growth efficiency of 

Chlorella minutissima in the aqueous phase diluted in a 

different ratio. After the inoculation of microalgae, 250 ml 

Erlenmeyer flasks that include 150 ml autoclaved medium 

and Chlorella minutissima were incubated in an illuminated 

incubator–shaker at 150 rpm, 25 ± 3 °C under continuous 

cool-white fluorescent light (8000 lx) for 30 days. To 

observe algal growth simultaneously, samples were taken 

from the culture media day by day and algal growth was 

determined with optical density measurement at 680 nm 

(OD680) using a UV-Vis spectrophotometer (PG 

Instruments T60V) and the growth rate was calculated from 

the following relationship: GR= (InODt- InOD0)/ t where 

OD0 is the optical density at the initial day, ODt is the optical 

density measured on day t (Wang et al., 2010). 

 

2.3 Characterization Analysis 

After the 30 days cultivation period, algae were analyzed 

for the total carbohydrate, protein, lipid content and dry 

weight determination. Total carbohydrate, protein, and lipid 

content were determined with the phenol-sulfuric acid 

method (Dubois et al. 1965), modified Lowry method 

(Lowry et al.1951) and modified Bligh and Dyer (1959) 

method, respectively. The functional groups of microalgae 

cultivated in different media were analyzed by Fourier 

transform infrared spectroscopy (FTIR) using FT-IR 

spectrometer (Bruker Alpha). Each spectrum was recorded 

in a wavenumber range from 4000 cm−1 to 500 cm−1. For 

the analysis of the aqueous phase, pH and electrical 

conductivity were measured by M1000 Benchtop pH and 

conductivity meters (labForce). The acidity value analysis 

of the process water was determined with a wet analysis 

method (ASTM D1067–16). Total organic carbon (TOC) 

was measured with a TOC analyzer (VarioTOC) with 0.2 

mL injection volume and the aqueous phase was analyzed 

for chemical oxygen demand (COD) using COD Cell Test 

Tube C4/25 tube in S6 photometer (photoLab). Formic acid, 

lactic acid, acetic acid, hydroxymethylfurfural (HMF), and 

furfural analysis were conducted with HPLC (Spectra 

Physic). 
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3. Results and Discussion 

3.1 Characterization of Hydrothermal Process Water 

Hydrothermal carbonization of orange pomace was 

performed at 200°C for 1 h to analyze. The AP from HTC 

was used for algal cultivation. Lower temperature and 

shorter treatment time were applied to prevent the formation 

of toxic compounds limiting algal growth and loss of 

energy. To determine the most suitable dilution rate of AP 

for algal growth, AP was analyzed and physicochemical 

properties were revealed as it is seen in Table.1. The pH of 

AP from hydrothermal treatment may vary from 3.7 to 10.0 

depending on biomass composition. In this study, this value 

was determined as 4.2. Its acidic structure and high 

carbohydrate/low protein content of biomass may lead to 

organic acid  release to AP and also insufficient ammonia 

derived low protein content can be the reason of low pH of 

AP. Orange pomace is a complex source including pectins, 

carotenoids, polyphenols and flavonoids (Benelli et al. 

2010) and it was reported that those compounds mostly 

dissociated at 1750C in water treatment (Hoshino et al. 

2009; Wang et al. 2014; Wijngaard et al. 2012; Wijngaard 

and Brunton, 2009). Also, orange pomace consists of lignin 

in small quantities, cellulose, and hemicellulose. 

Hemicellulose decomposes at 1800C and affects AP 

composition. Total organic carbon (TOC) provides the 

determination of organic molecules or pollutants in the 

sample, chemical oxygen demand (COD) is the amount of 

oxygen needed for oxidizing all organic carbon completely 

and the COD value is used for the interpretation of inorganic 

material in the sample. In the study of Erdogan et al. (2015), 

TOC value was determined as 22.79 g/l and COD value was 

0.90 g/l for orange pomace. For the HTC treatment 

performed at 1750C for 60 min, TOC and COD values were 

reported as ~25 g/l and ~65 g/l, respectively.For different 

treatments conducted at 1900C for 60 min, values were 

reported as ~ 22g/l and ~58g/l. TOC (22.79 g/l) was much 

more than COD value (0.90 g/l) and this shows that the 

amount of organic substances was higher compared with 

inorganic substances in AP. Generally, the carbon content 

calculated from the percentage of TOC is referred as the 

yield of AP, and high yield of AP was obtained from 

lignocellulosic biomasses (Panisko, Wietsma, and Lemmon 

et al. 2015) and food wastes (Maddi, Panisko, and Wietsma 

et al. 2017). Madsen et al. (2016) showed that decrease in 

the TOC values of AP from hydrothermal treatment was 

observed in the order of protein, carbohydrate and lipid, 

which means that TOC concentration of AP is mostly 

affected by the protein content of biomass. In our study, 

formic acid, lactic acid and acetic acid content of AP were 

analyzed using HPLC and determined as 2193.5, 1823 and 

1646.5 ppm, respectively. According to studies of Erdogan 

et al. (2015) for HTC treatment performed at 1750C for 60 

min, those values were reported as 0.9, 4.1, 1.7 g/l. For 

different treatments conducted at 1900C for 60 min, formic 

acid, lactic acid, acetic acid contents of AP were reported as 

1.9, 5.2 and 2.5 g/l respectively. Short-chain organic acids 

such as acetate or acetic acid that are mainly formed with 

the decomposition of proteins and carbohydrates are mostly 

abundant organic acids in AP from hydrothermal treatment. 

It is a known fact that acetate or acetic acid promotes 

mixotrophic growth rate of algae that increases recycling 

carbon and productivity as acting substrate (Bhatnagar et al. 

2011). Also, the acid content in AP is affected by the 

decomposition of hemicellulose derivatives. 9.99% 

hemicellulose content in biomass reported by Rivas-Cantu 

et al. (2013) may have affected the AP content and increased 

the acid content and acidity (Li, Zhang, and Zhu et al. 2017). 

In our study, the concentration of HMF and furfural were 

also analyzed and found as 2617.9 and 794.7 ppm, 

respectively. In the study of Erdogan et al. (2015), the 

concentrations of HMF and furfural were reported as 312.1, 

679.2 for HMF and 1585.2, 1180.1 for furfural ppm for two 

different temperature conditions (175 and 1900C). The 

degradation of polyphenol and organic acid derived from 

sugars leads to the formation of furfurals (Wijngaard and 

Brunton 2009). The concentration of HMF and furfural that 

was higher than 1 mM caused a decrease in the algal growth 

rate and the time needed to achieve maximum population 

density was prolonged. If those values were greater than 7 

mM, complete inhibition was observed for algal growth due 

to direct inhibition of photosynthesis system. However no 

inhibitory effect was observed at concentrations lower than 

1 mM (Yu et al. 1990). To decrease the inhibitory effect of 

these toxic compounds and observe the effect of nutrient 

concentrations on algal growth, different dilution rates (50x, 

100x, 200x, 400x) were used in AP for the growth medium 

of algae. 

Table 1. Physicochemical characteristics of AP from HTC 

 

3.2  Algal Growth and Characterization of Algae 

Algal growth in terms of optical density was observed 

during 30 days at 680 nm and the growth curve was plotted 

using these data as it is seen in Figure 1. Chlorella 

minutissima directly adapted to the diluted AP medium 

besides synthetic growth medium (BG-11). The shorter 

adaptation time provides a time-efficient growth process to 

obtain maximum population density in a short time interval. 

The growth rate of microalgae was calculated for different 

dilution rates and synthetic medium. For BG-11, 50x, 100x, 

200x and 400x diluted AP, those values were determined as 

0.0607, 0.054, 0.05, 0.047, 0.046 g l-1 day-1 and final 

biomass concentration were 1.313, 1.06, 0.887, 0.871 and 

0.848 g/l; respectively. The growth rate of Chlorella 

minutissima in BG11 is compatible with the result of Jena 

et al. (2011). The high final biomass concentrations and 

productivity rate were observed with diluted AP medium. 

Among the four dilutions of the aqueous phase from HTC, 

both concentrations of final biomass and biomass 

productivity were in the following order: 50x > 100x > 200x 

> 400x. These results show that nutrient amount in AP 

decreased with the increasing dilution rate. In higher 

concentrations growth inhibition of toxic substances was 

not observed. However the maximum biomass productivity 

(0.054) among different dilutions was lower than synthetic 

medium with minor deviation. The most possible reason for 
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this decline may be the extremely low COD value of AP. As 

mentioned before, COD is an indirect measure of inorganic 

compounds in the sample. Especially in low concentrations 

of AP, COD was in extremely low concentration and this 

situation may have caused inorganic nutrient deficiencies in 

algae. 

 

Figure 1. Algal growth curves in controlled media and different 

dilutions of AP 

Dry weight, carbohydrate, protein and lipid contents of 

Chlorella minutissima cultivated in different dilution ratios 

and BG-11 medium were analyzed. Total carbohydrate, 

protein and lipid content based on dry weight are shown in 

Table 2. Among all nutrients accumulated in the algae 

structure, carbohydrate was detected with the highest 

amount. Microalgae may be used for different uses 

depending on their structural composition. Thus, it is very 

important to determine carbohydrate, protein and lipid 

contents of algae cultivated in AP from HTC. Also, 

analyzing the effect of different dilution rates of AP on the 

algal content is important to determine the efficiency of the 

AP medium. The lipid content of algae is an important 

parameter because it may be utilized in biodiesel 

production. It is seen in Table 2 that microalgae cultivated 

in all dilutions of AP had higher lipid content compared to 

that cultivated in BG-11. However, Chlorella minutissima 

grown in BG-11 had higher lipid content than the reported 

results (Sharma et al. 2016; Khan et al. 2018). The algal 

biomass after cultivation can be utilized as protein-rich high 

quality aquacultural or animal feed additives (Molino et al. 

2018; Beneman et al. 2013). 

Table 2. Dry weight, carbohydrate, protein and lipid content 

analysis of microalgae cultivated in BG-11 and different dilutions 

of AP 

 BG-11 50X 100X 200X 400X 

Dry weight 

(g/l) 
0.345 0.279 0.233 0.229 0.223 

Carbohydrate 

(%) 
36.33 35.22 34.80 34.13 34.73 

Protein (%) 33.08 32.56 33.14 32.32 31.80 

Lipid (%) 23.19 25.13 23.60 24.06 24.68 

Fourier transform infrared spectroscopy (FTIR) was 

performed in a wavenumber range from 4000 cm−1 to 500 

cm−1.  FTIR spectra of microalgae cultivated in various 

dilutions of AP and BG-11 are shown in Figure 2 which 

shows that spectra for microalgae cultivated in AP and 

synthetic medium are similar. 

 

Figure 2. The FTIR spectra of microalgae cultivated in different 

media 

The FTIR spectrum of Chlorella minutissima showed 

different characteristic peaks around 3300 cm-1, 2900- 2800 

cm-1, 1750-1500 cm-1 and 1085-1050 cm-1. The absorption 

at 3300 cm-1 can be assigned to the stretching vibrations of 

OH groups (Radhika and Mohaideen 2015) and derived 

moisture content of algae (Gibbons et al. 1968; Karbowiak 

et al. 2011). The weak peak around 2900-2800 cm-1 is 

typical for C-H stretching derived vibration of CH2
 . The 

peaks around 1750 cm-1 and 1085-1050 cm-1 are related 

with C=O and C-O stretching, respectively (Yang et al. 

2015). According to Giordano et al. (2010) the typical band 

around 1750-1500 cm-1 can be  assigned to lipids bands, 

1160-1540 cm-1 were characteristics of proteins and the 

bands at 1085-1050 cm-1 were characteristics of 

carbohydrates. 

5. Conclusion  

The concentration of AP from HTC of orange pomace was 

optimized for higher productivity of Chlorella minutissima. 

The highest productivity was observed for 50x dilution of 

AP. Content analysis of microalgae cultivated in dilutions 

of AP and BG-11 showed that microalgae may be utilized 

for different usages such as agricultural, animal feed or 

biodiesel sources because of their high protein and lipid 

contents. These results proved that the aqueous phase 

obtained as a waste from the HTC process can be used in 

the cultivation of Chlorella minutissima. It  is then 

demonstrated that the waste HTC liquid can be used as an 

alternative growth medium instead of using the high-cost 

media required for the production of algae. In addition, the 

HTC process water can be disposed with a cost-free and 

environmentally friendly method as well. 
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