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Abstract　Chromochloris zofingiensis has ability to produce high value pharmaceutical and nu-
traceutical pigments in autotrophic, mixotrophic or heterotrophic nutritional mode which makes 
it a promising microalgal species. In this study, we observed the effect of dilution on growth and 
biomass concentration in three different nutritional modes. When the cells in auto-, mixo- and 
hetero-trophic nutritional modes, in this study, reached the highest optical density (OD), they 
were diluted to ensure they remained in linear range of optical density detection and to under-
stand the morphological differences between each nutritional mode. As a result, the cell behavior 
changed in each nutritional mode due to difference in conditions. The heterotrophic cells reached 
the highest biomass concentration (1.11 g L-1) due to largest cell size and possible accumulation 
of intracellular compounds in the dark phase. On the other hand, cells in mixotrophic and auto-
trophic nutritional mode reached biomass concentration, 0.88 and 0.40 g L-1, respectively. Our 
study showed a correlation between growth and dry weight, where cells in each nutritional mode 
showed almost similar growth with different biomass concentration. We observed an accurate 
comparison between biomass between conditions where cell shapes might have influenced OD 
independently of biomass. Thus, it can be said that the differences in nutritional modes affected 
the cell physiological characteristics of C. zofingiensis.
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Chromochloris zo f ingiensis, a eukaryotic green 

microalga, has attracted attention due to its high growth 

rate, biomass and natural production of high-value 

compounds such as astaxanthin and canthaxanthin (Liu 

et al. 2014, Zhang et al. 2017, Chowdhary et al. 2022, 

2025). C. zofingiensis can be easily cultured under several 

nutritional modes such as autotrophic, mixotrophic and 

heterotrophic based on various carbon sources (Sun 
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et al. 2008, Li et al. 2009, Chen et al. 2015, Sun et al. 

2019). However, cells tend to change their cell growth, 

carotenoids, physiological characteristics such as cell size, 

and intracellular compounds such as starch, lipids when 

cultured into different nutritional modes. In our previous 

study, we showed that cultivation of C. zofingiensis 

through transition of nutritional modes affects not only 

the growth but also the physiological characteristics 

(Chowdhary et al. 2023). We also reported the mechanism 

of multinucleation followed by multiple fission and 

changes in intracellular compounds by transition of 

nutritional modes in C. zofingiensis. The high optical 

density can be affected by both cell numbers and cell 

density based on the nutritional modes in C. zofingiensis.  

However, the dilution of high biomass concentration to 

understand the relationship between growth and cell dry 

weight has not been explored. It is possible that diluting 

high optical density (OD) cells might help reduce the 

influence of cell shape and size on light scattering, by 

improving the reliability of OD as a proxy for biomass 

across varying nutritional modes. The difference in 

nutritional modes leads to change in cell behavior and 

physiological characteristics which might be explained 

by possible dilutions. Thus, in this study we elucidated 

a more reliable relationship of whether cell physiology 

affects the biomass and growth of C. zofingiensis in 

different nutritional modes with dilution strategy.

Chromochloris zo f ingiensis (ATCC 30412) was 

obtained from the American Type Culture Collection 

(ATCC, Rockville, MD, USA). The modified Bristol’s 

medium (MBM) (Ip & Chen 2005) was used for 

maintaining the microalgal stock in 250 mL Erlenmeyer® 

flasks at 25 ℃ under a light intensity of 60 µmol m-2 s-1 

at a 12 h-L/12 h-D photoperiod. This study analyzed 

the relationship between optical density (λ =750 nm) 

with cell dry weight (g L-1). Cells from the stock phase 

were cultured into three nutritional modes each, namely, 

autotrophic (with 260 µmol m-2 s-1 continuous light 

intensity), mixotrophic (10 g L-1 glucose with 260 µmol 

m-2 s-1 continuous light intensity), and heterotrophic (dark 

with 10 g L-1 glucose) mode with continuous aeration (0.2 

vvm) in MBM at 25 ℃ until the stationary phase. When 

the cells reached optical density >1.2 (original sample, 

Ori.) in each nutritional modes, cells were diluted (1x, 

Fig. 1. Cultivation of Chromochloris zofingiensis  in three nutritional 
modes and observation of growth using a dilution strategy from the orig-
inal (Ori.) sample, with high optical density in each nutritional mode.
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2x, 3x, 4x, 5x, 6x, and 7x) with distilled water. After 

preparation of different dilutions, the optical density 

and the cell dry weight of the diluted culture in each 

nutritional mode was observed (Fig. 1). The cultures were 

conducted in monoplicate. 

The cell dry weight analysis was performed by using 

pre-weighed glass fiber filters with a pore size of 0.7 

µm (GF/F, Whatman, USA). The filtered cells were 

washed three times with distilled water and dried at 80

°C for 8 h for the dry weight measurements. The growth 

was measured by using a UV-visible spectrophotometer 

(UV-2450, Shimadzu, Japan) at optical density (OD), 

λ =750 nm. Two different types of hemacytometer, a 

bacteria counter (SLGC, Koshigaya, Japan) and Thoma 

(Hirschmann, Germany), were used depending on cell 

length and density. 

The growth of Chromochloris zofingiensis in all 

three nutritional modes, autotrophic, mixotrophic and 

heterotrophic, reached about 1.29, 1.40, and 1.21 (OD) 

respectively. The specific growth rate was the highest 

in mixotrophic (0.89 d-1) as compared to autotrophic 

and heterotrophic nutritional modes (0.72 and 0.50 d-1, 

respectively). The highest growth rate in mixotrophic 

cultivation mode was possibly because C. zofingiensis 

can utilize both light and carbon sources for growth 

(Chen et al. 2017, Sun et al. 2019, Chowdhary et al. 

2022). However, the physiological characteristics of C. 

zofingiensis changed with respect to different nutritional 

modes. The cells were larger in size in heterotrophic 

(14.6 µm), as compared to mixotrophic and autotrophic 

nutritional modes (9.17 and 5.44 µm, respectively) (Fig. 

2). The largest cell size of C. zofingiensis in heterotrophic 

cultivation led to highest cell dry weight, 1.11 g L-1, 

possibly due to accumulation of intracellular compounds 

and multiple nuclei (Chowdhary et al. 2023). The cell dry 

weight in mixotrophic and autotrophic nutritional mode 

reached 0.88 and 0.40 g L-1, respectively. The lowest dry 

weight in autotrophic nutritional mode can perhaps be due 

to smaller cell size and low accumulation of intracellular 

compounds (Chowdhary et al. 2022, 2023). Even though 

cells were smaller in size in autotrophic nutritional 

mode, the growth (OD) reached almost similar to cells 

cultured in two other nutritional modes; mixotrophic and 

heterotrophic. Different nutritional modes are known to 

stimulate production of nuclei, intracellular compounds 

such as starch, lipids, and biosynthesis of carotenoids 

(Chowdhary et al. 2023, 2025).

In this study, the relationship between C. zofingiensis 

cell growth (OD) and biomass concentration was also 

Fig. 2. Pictures of Chromochloris zofingien-
sis cells cultured in (a) auto-, (b) mixo-, and (c) 
hetero-trophic nutritional modes. 
Scale bar 20 µm
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observed. After reaching highest cell growth, cells were 

diluted (1x to 7x) and later the growth of cells in each 

nutritional mode was observed (Fig. 3). At high cell 

densities, OD sometimes can become non-linear due to 

light scattering or change in shapes. The dilution strategy 

in this study generated a more reliable relationship 

between OD and actual biomass, which enabled 

correction across the nutritional modes (Fig. 4). It also 

helped limit the influence of cell shape and size on OD 

measurements. It is known that C. zofingiensis has unique 

cellular characteristics which change with nutritional 

modes (Azaman et al. 2017, Chowdhary et al. 2022). In 

this study, it was noticed that C. zofingiensis cells cultured 

in autotrophic nutritional mode showed similar growth 

(OD, λ =750 nm) to cells cultured in mixotrophic and 

heterotrophic modes, but due to smallest cell size the 

dry weight did not reach as high as other two nutritional 

modes (Fig. 4). It is possible that the cellular content 

or cell density of C. zofingiensis possibly led to higher 

growth in autotrophic nutritional mode (Chowdhary 

et al. 2022). However, the large size of heterotrophic 

C. zofingiensis cells probably led to accumulation of 

higher cellular content (lipids, starch, nuclei) producing 

highest biomass as compared to the cells in autotrophic 

nutritional mode (Chowdhary et al. 2023). The cells in 

mixotrophic nutritional mode, on the other hand, showed 

high growth and biomass possibly due to larger cell size (9 

µm) and high intracellular content. In our previous study, 

the highest growth rate and biomass productivity was 

observed in mixotrophic nutritional mode (Chowdhary et 

al. 2022). The highest dilution (7x) also showed that with 

the same growth (about 0.2, OD), biomass concentration 

in each nutritional mode was different. The differences 

can be owed to the change in cell size, or cell density in C. 

zofingiensis in autotrophic, mixotrophic and heterotrophic 

nutritional mode.

The differences in physiological characteristics were 

noticeable due to the dilution of the cells in different 

nutritional modes when they reached high biomass. In 

a previous study, it was found that the light efficiency 

increased when the cells were diluted and transferred for 

efficient production of astaxanthin (Wan et al. 2015, Zhang 

et al. 2017). It is possible that improved light efficiency in 

Fig. 3. Growth (λ=750 nm) of Chromochloris 
zofingiensis  after dilutions, starting from 0 to 
7, where 0 is the original sample and 1, 2, 3, 
to 7 are the dilution factors 1:1, 1:2, 1:3 until 
1:7, respectively. 

Fig. 4. Relationship between growth (λ= 750 
nm) and cell dry weight 
(g L -1) in Chromochloris zofingiensis  in auto-
, mixo-, and hetero-trophic nutritional modes 
with dilution strategy.
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C. zofingiensis during the biomass production phase with 

dilution might also improve the biomass and affect the 

cellular characteristics. Thus, future studies are required 

to examine the effect of dilution on cell biomass and 

cellular characteristics in different nutritional modes in C. 

zofingiensis for improved biomass production.
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