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Abstract 
 

The present study aimed to evaluate the suitability of introduced algal culture media as an alternative to the general enriched 
seawater media in the laboratory cultivation of Isochrysis sp., a marine microalga commonly cultivated for aquaculture 
purposes. Isochrysis sp. was established into culture in three replications using three experimental algal culture media 
(Walne’s medium as a control, China-contributed culture medium (CCM) and CCM supplemented with vitamins (CCM + Vit)). 
The experiment was performed with a continuous illumination for a period of seven days at 25±1°C. The effect of introduced 
algal culture media (CCM and CCM + Vit) on the growth performance of Isochrysis sp. was highlighted. CCM demonstrated 
promising results for the cultivation of Isochrysis sp. A maximum cell density of 9.16×106 ± 5.40×105 cells mL-1, which 
corresponded to an instantaneous growth rate (r) of 0.21 cell day-1 and a doubling time (T2) of 3.29 days, was observed in 
Isochrysis sp. cultivated in CCM. In view of its potential and reduced preparation labour, CCM may be recommended as an 
alternative to the general enriched seawater media in the cultivation of Isochrysis sp. in laboratories with basic facility as 
well as small- and medium-scale aquaculture hatcheries. 
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Introduction 
 

Aquaculture is the farming of fish, shellfish and aquatic 
plants under controlled freshwater and seawater 
conditions (Food and Agriculture Organisation of the 
United Nations, 1988). It implies some form of 
intervention in the cultivation process to enhance 
production to meet the increasing demand for high 
quality protein, as well as to ensure that the existing 
fisheries remain sustainable through replenishment of 
dwindling wild stocks due to overfishing (Adewumi and 
Olaleye, 2011; Parker, 2011). In aquaculture practice, 
microalgae from the genera Chaetoceros, Dunaliella, 
Isochrysis, Nanochloropsis, Pavlova and Tetraselmis are 
commonly cultivated as essential live feed for all life 
stages of bivalves, the early larval stages of crustaceans, 
zooplankton (for example, rotifers and copepods) and to 
a lesser extent, marine finfish larvae (Meireles et al., 2003; 
Creswell, 2010; Thu et al., 2015); as well as for 
improvement of water quality in marine finfish and 
shellfish hatcheries (Khatoon et al., 2007; Priyadarshani 
et al., 2012). 
  

The cultivation of microalgae, which  can account 
for 30-40% of an aquaculture hatchery’s operating 
expenses, is an economically expensive investment (Loo 
et al., 2013). In most cases, the general enriched seawater 
media (for example, Walne’s medium and f/2 medium) 
are used in the laboratory cultivation of microalgae and a 
relatively small volume of microalgae productions can 

demand substantial resources. These economic 
challenges thus post a negative impact to the low 
investment as well as to the small- and medium-scale 
aquaculture hatcheries.  
  

Efforts are put in to promote maximal growth of 
microalgae with minimal expenditures by substituting 
general enriched seawater media with alternative algal 
culture media as well as reducing the labour 
requirements (Sipaúba-Tavares et al., 2017). However, 
studies on the use and efficacy of alternative algal culture 
media in laboratory cultivation of microalgae are meagre 
(Valenzuela-Espinoza et al., 1999, 2002).  
  

Isochrysis sp., measuring 4-6 µm in diameter 
(Thu et al., 2015), is a flagellated brown-golden marine 
microalga (Heimann and Huerlimann, 2015). It is 
conventionally used as live feed in shellfish hatcheries 
(Saoudi-Helis et al., 1994; Sánchez et al., 2000) in view of 
its good nutritional value, especially with respect to a high 
content of polyunsaturated fatty acids (PUFAs) (Wikfors 
and Patterson, 1994; Thu et al., 2015). In Guangxi Zhuang 
Autonomous Region, China, an algal culture medium with 
fewer nutrients (hereinafter referred to as the China-
contributed culture medium (CCM)) has been commonly 
used in the cultivation of Isochrysis sp. in small- and 
medium-scale aquaculture hatcheries. The CCM can thus 
be adopted as a cost-effective alternative algal culture 
medium in Malaysia, however, the efficacy of CCM as an 
alternative has never been evaluated and compared to the 
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general enriched seawater media in the laboratory 
cultivation of Isochrysis sp. Therefore, the present study 
aimed to evaluate the suitability of the introduced algal 
culture medium as an alternative to the general enriched 
seawater media through the examination of the growth 
performance of Isochrysis sp. cultivated in these algal 
culture media. 
 

Materials and Methods 
 
Marine microalga, Isochrysis sp., was obtained from the 
Live Feed Culture Laboratory of Borneo Marine Research 
Institute, Universiti Malaysia Sabah. Prior to the start of 
experiment, all glassware such as pipettes, conical flasks, 
bottles, etc., cotton plugs, distilled water and filtered 32 
ppt saline water used in the laboratory were sterilised by 
autoclaving at 121°C for 15 minutes and allowed to cool 
to room temperature.  
 

Three different algal culture media were tested, 
namely Walne’s medium, CCM and CCM supplemented 
with vitamins (coded CCM + Vit). Walne’s medium (a 
general enriched seawater medium which was used as a 
control) was prepared following Walne (1970), whilst the 
composition and preparations of introduced algal culture 
media of CCM and CCM + Vit  are presented in Table 1. 

 
Table 1. Composition of Walne’s medium, China-

contributed culture medium (CCM) and CCM 
supplemented with vitamins (CCM + Vit) for the 

cultivation of Isochrysis sp. 
 

Constituent 

Stock 
solution 

(per litre of 
distilled 
water) 

Working 
solution 

(per litre of 
sterilised 
seawater) 

Walne’s medium:   

• Iron(III) chloride 
hexahydrate 
(FeCl3.6H20) 

1.3 g 1.0 mL 

• Manganese(II) chloride 
tetrahydrate 
(MnCl2.4H20) 

0.36 g 1.0 mL 

• Boric acid (H3BO3)                 33.6 g 1.0 mL                 

• EDTA disodium salt 
(Na2EDTA) 

45.0 g 1.0 mL 

• Sodium dihydrogen 
phosphate dihydrate 
(NaH2PO4.2H2O) 

20.0 g 1.0 mL 

• Sodium nitrate (NaNO3) 100.0 g 1.0 mL 

• Zinc chloride (ZnCl2) 21.0 g 1.0 mL 

• Cobalt(II) chloride 
hexahydrate 
(CoCl2.6H2O) 

20.0 g 1.0 mL 

• Ammonium molybdate 
tetrahydrate 
((NH4)6Mo7O24.4H2O) 

9.0 g 1.0 mL 

• Copper(II) sulphate 
pentahydrate 
(CuSO4.5H2O) 

20.0 g 1.0 mL 

• Vitamin B1 (Thiamine) 100.0 mg 100.0 µL 

• Vitamin B12 
(Cyanocobalamin) 

100.0 mg 100.0 µL 

   

China-contributed culture 
medium (CCM): 

  

• Sodium nitrate (NaNO3) 40.0 g 1.5 mL 

• Potassium 
dihydrogenphosphate 
(KH2PO4) 

30.0 g 0.6 mL 

• Iron(III) chloride 
(FeCl3) 

10.0 g 0.6 mL 

• Sodium silicate 
(Na2SiO3) 

30.0 g 0.8 mL 

• Urea (CO(NH2)2) 60.0 g 1.5 mL 

   

Vitamins:   

• B1 (Thiamine) 100.0 mg 100.0 µL 

• B12 (Cyanocobalamin) 100.0 mg 100.0 µL 

 
 Three replications of 100 mL conical flasks were 

prepared for the cultivation of Isochrysis sp. in the 
experimental algal culture media with the proportion of 
1:1 (Isochrysis sp.: fresh algal culture media). The 
inoculated cultures, with initial cell densities between 
1.95×106 ± 4.70×105 cells mL-1 and 2.16×106 ± 3.40×105 
cells mL-1, were illuminated continuously with a 
fluorescent lamp (23 W E27 cap cool daylight bulb, Philips 
Lighting Commercial Malaysia Sdn. Bhd., Selangor Darul 
Ehsan, Malaysia) at 25±1°C. To keep out dust and reduce 
evaporation, all nine experimental flasks were stoppered 
by means of cotton plugs and covered with aluminium foil 
(Becker, 1994; Renaud et al., 2002). Throughout the 
experimental period of seven days (Valenzuela-Espinoza 
et al., 2002), the cultures were shaken gently twice daily 
in the morning and afternoon to accelerate the growth of 
Isochrysis sp. (Ilavarasi et al., 2011; Idenyi et al., 2016; 
Eshak and Wan-Omar, 2017). 
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During the course of the experimental period, 10 
µL aliquot from each culture was sampled into a 
microcentrifuge tube to which 10 µL of Lugol’s iodine was 
added to fix the Isochrysis sp. Cell densities of Isochrysis 
sp. were quantified in duplicate every 24 h with a 
haemocytometer (Double cell standard improved 
Neubauer, OPTIK-Labor, Görlitz, Germany) placed under 
a light microscope (Zeiss Axiostar, Carl Zeiss Inc., 
Göttingen, Germany).         
 

At the end of the experiment, instantaneous 
growth rate (r), divisions per day (k) and doubling time 
(T2) of Isochrysis sp. cultivated in the experimental algal 
culture media were calculated according to the formulae 
as follows (Michelle-Wood et al., 2005): 

 

𝑟 =
lnNt − lnN0

∆t
 

where r is the instantaneous growth rate (cell day-1) of 
Isochrysis sp., Nt is the population size of Isochrysis sp. at 
the end of the time interval, N0 is the population size of 
Isochrysis sp. at the beginning of the time interval and ∆t 
is the length of the time interval (tt–t0).     
 

𝑘 =
log2(Nt/N0)

∆t
 

where k is the divisions per day of Isochrysis sp., Nt is the 
population size of Isochrysis sp. at the end of the time 
interval, N0 is the population size of Isochrysis sp. at the 
beginning of the time interval and ∆t is the length of the 
time interval (tt–t0). 

𝑇2 =
0.6931

𝑟
 

where T2 is the doubling time of Isochrysis sp. and r is the 
instantaneous growth rate (cell day-1) of Isochrysis sp.  
  

Data collected were analysed by one-way 
analysis of variance (ANOVA). Tukey’s multiple 
comparison test was conducted to examine the 
significance of difference (P < 0.05) in means among the 
treatments when the results of one-way ANOVA were 
significant. Prior to conducting the one-way ANOVA, 
Shapiro-Wilk test and Levene's test were performed to 
assess the assumptions of normality and homogeneity of 
variance, respectively. These statistical analyses were 
performed using IBM SPSS Statistics ver. 20 (IBM Corp., 
New York, USA). 
 

Results 
 
The growth of Isochrysis sp. expressed in cell density in 
different experimental algal culture media is presented in 
Figure 1. A maximum cell density of 1.22×107 ± 4.59×106 
cells mL-1 was observed in Isochrysis sp. cultivated in 
Walne’s medium on day six of the experimental period. By 
contrast, maximum cell densities of 9.16×106 ± 5.40×105 
cells mL-1 and 7.36×106 ± 4.31×105 cells mL-1 were 
observed in Isochrysis sp. cultivated in CCM and CCM + Vit, 
respectively on day seven of the experimental period.   

 
 
Figure 1. Cell densities (mean ± standard deviation) of 
Isochrysis sp. cultivated in (a) Walne’s medium, (b) China-
contributed culture medium (CCM) and (c) CCM 
supplemented with vitamins (CCM + Vit). 
 

The results of one-way ANOVA showed that there 
was no significant difference (P > 0.05) among the growth 
performance of Isochrysis sp. cultivated in different 
experimental algal culture media. However, a tendency 
towards higher growth performance was observed in 
Isochrysis sp. cultivated in Walne’s medium (see Table 2). 
Isochrysis sp. grew at a rate (k) of 0.37 division day-1 had 
a doubling time (T2) of 2.67 days and an instantaneous 
growth rate (r) of 0.26 cell day-1. In CCM, Isochrysis sp. 
exhibited an instantaneous growth rate (r) of 0.21 cell 
day-1, which corresponded to a rate (k) of 0.30 division 
day-1 and a doubling time (T2) of 3.29 days. Meanwhile, an 
instantaneous growth rate (r) of 0.18 cell day-1, 
corresponding to a rate (k) of 0.25 division day-1 and a 
doubling time (T2) of 3.95 days, was observed in Isochrysis 
sp. cultivated in CCM + Vit.  
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Table 2. Instantaneous growth rate (r), divisions per day (k) and doubling time (T2) of Isochrysis sp. cultivated in the 
Walne’s medium, China-contributed culture medium (CCM) and CCM supplemented with vitamins (CCM + Vit), 

respectively. 
 

  Time interval (Day) 

  0-1 1-2 2-3 3-4 4-5 5-6 6-7 0-3 5-7 0-7 

Instantaneous 
growth rate, r 
(cell day-1)a 

Walne’s 0.58 0.29 0.61 -0.03 0.27 0.11 -0.02 0.49 0.05 0.26 

CCM 0.57 0.24 0.28 0.04 -0.04 0.10 0.28 0.36 0.19 0.21 

CCM + Vit 0.44 0.52 0.13 -0.05 -0.10 0.21 0.09 0.36 0.15 0.18 

Divisions per 
day, k 

Walne’s 0.84 0.42 0.88 -0.04 0.38 0.16 -0.02 0.71 0.07 0.37 

CCM 0.82 0.34 0.41 0.06 -0.06 0.15 0.40 0.53 0.27 0.30 

CCM + Vit 0.63 0.75 0.18 -0.07 -0.15 0.30 0.13 0.52 0.21 0.25 

Doubling time, T2 

Walne’s 1.19 2.38 1.14 -26.72 2.61 6.43 -45.64 1.40 14.96 2.67 

CCM 1.21 2.90 2.44 15.82 -16.63 6.73 2.51 1.90 3.65 3.29 

CCM + Vit 1.58 1.34 5.46 -14.71 -6.67 3.35 7.92 1.92 4.71 3.95 

a Assuming exponential growth and zero mortality 

 
Discussion  
 
The introduced algal culture medium of CCM 
demonstrated promising results for the cultivation of 
Isochrysis sp. A basic algal culture medium is composed of 
macronutrients, trace elements and vitamins (Watanabe, 
2005; de Carvalho et al., 2019). The composition of algal 
culture media is an important factor in the growth 
performance of microalgae (Lin et al., 2007; Li et al., 2010; 
de Carvalho et al., 2019). The principle macronutrients 
that microalgae require are nitrate, phosphate and 
silicate (form of nitrogen, phosphorus and silicon, 
respectively) (Takeda, 1998; Perumal et al., 2015). In the 
present study, CCM could be a good source of nitrogen, 
phosphorus and silicon for cultivating Isochrysis sp. 
Nitrogen, which is vital in the formation of chlorophyll for 
photosynthesis and synthesis of proteins (Verma et al., 
2015), was sourced from sodium nitrate (NaNO3) and 
urea (CO(NH2)2). Potassium dihydrogenphosphate 
(KH2PO4) was the source of phosphorus, a key factor that 
regulates the growth and metabolism of cells (Liang et al., 
2013). Sodium silicate (Na2SiO3), source of silicon/silicate 
in the present study, is responsible for alkaline buffering 
in algal culture media (Idenyi et al., 2016). Furthermore, 
trace element iron is essential in metabolic functions of 
microalgae, for example, photosynthetic electron 
transport as well as metabolism of oxygen (Sunda et al., 
2005; Yalcin-Duygu et al., 2018), and iron(III) chloride 
(FeCl3) in CCM served as the iron source for the present 
study. Vitamins, which are essential to normal metabolic 
functioning of microalgae (Del-Mondo et al., 2020), are 
commonly present in the composition of most algal 
culture media (Andersen et al., 2005). In the present 

study, among the three experimental algal culture media, 
only Walne’s medium and CCM + Vit contained vitamins. 
The growth performance of Isochrysis sp. cultivated in 
Walne’s medium was not significantly differed (P > 0.05) 
from those cultivated in CCM and CCM + Vit. In addition, 
by comparing between the two introduced algal culture 
media, a tendency towards higher growth performance 
was observed in Isochrysis sp. cultivated in CCM. These 
results indicated that a change in the composition of algal 
culture media did not affect the growth performance of 
Isochrysis sp. (Valenzuela-Espinoza et al., 2002). Since no 
significant changes was observed in the growth 
performance of Isochrysis sp. (with or without vitamins in 
the present study), we believed that CCM was able to 
provide necessary nutrients for the growth of Isochrysis 
sp. and may be recommended as a cost-effective 
alternative algal culture medium.    
  

Doubling time (T2) refers to the time required for 
microalgae to divide (Michelle-Wood et al., 2005). A 
shorter doubling time corresponds to a higher 
instantaneous growth rate (r) (Liu et al., 2011). In the 
present study, Isochrysis sp. cultivated in Walne’s 
medium, CCM and CCM + Vit had a doubling time of 2.67, 
3.29, 3.95 days, corresponding to an instantaneous 
growth rate of 0.26, 0.21, 0.18 cell day-1, respectively. 
With respect to the growth performance of Isochrysis sp. 
cultivated in Walne’s medium (T2 = 2.67; r = 0.26 cell day-

1), the microalga had a lower growth than Isochrysis 
maritima (r = 0.52-0.82 cell day-1) (Eshak and Wan-Omar, 
2017) and Isochrysis galbana (r = 0.62 cell day-1) 
cultivated in Walne’s medium (Zhu et al., 1997). On the 
other hand, Isochrysis sp. cultivated in CCM (T2 = 3.29; r = 
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0.21 cell day-1) had a higher growth than Isochrysis 
galbana cultivated in Walne’s medium (T2 = 3.85; r = 0.18 
cell day-1) (Sukarni et al., 2018). These indicated that 
growth performance of Isochrysis may vary among 
species or strains (Liu et al., 2013) and each microalga 
species has specific requirement for optimal growth 
(Alvarez-Cobelas et al., 1998). Apparently, the differences 
in growth performance of microalgae can be attributed to 
the composition of algal culture media and a combination 
of different environmental factors, such as temperature, 
light intensity, photoperiod, pH, concentration of carbon 
dioxide and rate of aeration (Kumar and Das, 2012; 
Krishnan et al., 2015; Idenyi et al., 2016). Although the 
aforementioned comparisons provide a general overview, 
cultivation of Isochrysis sp. may be improved by 
environmental factors and culture modes optimising, 
with regard to introduced algal culture medium of CCM. 
 

Conclusion 
 
In conclusion, CCM is a promising alternative algal culture 
medium next to Walne’s medium to cultivate Isochrysis sp. 
In consideration of its potential and reduced preparation 
labour (i.e., less tedious and time-consuming in algal 
culture media preparation compared with the procedure 
for general enriched seawater media preparation), CCM 
may be recommended as an alternative to the general 
enriched seawater media in the cultivation of Isochrysis 
sp. in laboratories with basic facility as well as small- and 
medium-scale aquaculture hatcheries. However, further 
study on optimisation of environmental factors and 
culture modes for the cultivation of Isochrysis sp. in CCM 
is necessary to present optimal cultivation conditions for 
Isochrysis sp. Additionally, the biochemical composition 
of Isochrysis sp. cultivated in CCM and other algal culture 
media will greatly determine the value of Isochrysis  sp. in 
economic considerations as well as production efficiency 
in aquaculture.    
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