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Abstract. The microalga Isochrysis galbana, due to its nutritional properties, is considered one of important feeds for 
aquaculture species. Increasing the efficiency of microalgae cultivation with minimal economic costs is the main way 
to provide live feed and increase profitability of farms. One of the approaches to addressing this issue is the use of 
phytohormones that have a stimulating effect on the production characteristics and biochemical composition of culti-
vated microalgae. This study examined the effect of indolyl-3-butyric acid, a phytohormone, at concentrations of 0.1-1 
× 10–5 mol. L–1 on the growth of the microalga I. galbana cultivated in an enrichment culture. The duration of the ex-
periment was 7 days. The production characteristics of microalgae were determined by measuring the culture density 
per 1 mL of the incubation medium as a biomass parameter. Dynamics of cell culture growth were measured using a 
CytoFLEX flow cytometer. The production characteristics of the culture were also determined on the basis of such pa-
rameters as total contents of protein, carbohydrates, lipids, and chlorophyll. The dynamics of the fatty acid composi-
tion under the exposure to the phytohormone during cultivation were assessed. The phytohormone at a concentration 
of 0.4 × 10–5 mol. L–1 was observed to have a stimulating effect on microalgae growth, resulting in a 27% increase 
over 7 days of cultivation. The effect of indolyl-3-butyric acid at a concentration of 0.4 × 10–5 mol. L–1 on the morpho-
logical and biochemical characteristics of the microalgae culture was studied. It was found that the use of the phyto-
hormone resulted in a 57% increase in microalgae cell size compared to the control group. The increase in culture 
density in the experimental group was accompanied by a 2.6-fold increase in cell aggregates. The increase in protein 
content after 7 days was 425% in the control group and 538% in the experimental group exposed to the phytohor-
mone. No difference in the carbohydrate content was observed between the control and experimental groups through-
out the experiment. Indolyl-3-butyric acid was shown to have a stimulating effect on lipid accumulation. In the exper-
imental culture of I. galbana, the total lipid production activity was 1.5-fold higher than in the control culture. An in-
creased contribution of polyunsaturated fatty acids was also noted. 
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Аннотация. Микроводоросль Isochrysis galbana благодаря своим питательным свойствам рассматривается как 
один из важных кормовых объектов для видов, культивируемых в марикультурных хозяйствах. Повышение 
эффективности культивирования микроводорослей при минимальных экономических затратах – основной 
путь обеспечения живыми кормами и повышения рентабельности рыбохозяйственных предприятий. Одним из 
подходов к решению проблемы является использование фитогормонов, оказывающих стимулирующий эф-
фект на продукционные характеристики и биохимический состав культивируемых микроводорослей. Прове-
дено исследование влияния фитогормона индолил-3-масляной кислоты в концентрации 0,1–1 × 10–5 моль на 
рост микроводоросли Isochrysis galbana, выращиваемой в накопительном режиме. Продолжительность экспе-
римента составляла 7 дней. Продукционные характеристики микроводоросли определяли по плотности куль-
туры в 1 мл инкубационной среды как показатель биомассы. Динамику роста клеточных культур определяли 
на проточном цитофлуориметре CytoFLEX. Продукционные характеристики культуры определяли по показа-
телям общего содержания белка, углеводов, липидов, хлорофилла. Определена динамика состава жирных 
кислот под влиянием фитогормона в процессе культивирования. Показано стимулирующее влияние фитогор-
мона в концентрации 0,4 × 10–5 моль на рост микроводоросли на 27 % за 7 суток культивирования. Проведены 
исследования влияния индолил-3-масляной кислоты в концентрации 0,4 × 10–5 моль на морфологические и 
биохимические показатели культуры микроводоросли. Установлено, что применение фитогормона приводило 
к увеличению на 57 % размерности клеток микроводоросли по сравнению с контрольной группой. Увеличе-
ние плотности культуры в экспериментальной группе сопровождалось ростом в 2,6 раза клеточных агрегатов. 
Увеличение количества белка в контрольной группе через 7 суток составило 425 %, в опытной под влиянием 
фитогормона – 538 %. Содержание углеводов в контрольной и опытной группах не отличалось на протяжении 
всего времени эксперимента. Установлено, что индолил-3-масляная кислота оказывает стимулирующее дей-
ствие на накопление липидов. В опытной культуре Isochrysis galbana общая продукционная активность липи-
дов была выше в 1,5 раза по сравнению с контрольной культурой. Также отмечен рост концентрации полине-
насыщенных жирных кислот.  

Ключевые слова: Isochrysis galbana, ауксины, микроводоросли, индолил-3-масляная кислота 
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Introduction 
Scientific interest in cultivation of microalgae is 

associated with their use as a potential source for the 
energy, cosmetic, pharmaceutical, and food industries. 
Microalgae constitute the major food supply for the 
larval stages of mariculture organisms, including bi-
valves, crustaceans, echinoderms, etc. [1-4]. 

In recent years, Isochrysis galbana, which belongs 
to the class Prymnesiophyceae, has attracted increas-
ing interest due to its nutritional value. Its chemical 
composition is rich in polyunsaturated fatty acids, in-
cluding eicosapentaenoic acid (20:5n-3), vitamins B, 
C, and E, proteins, tocopherols, and pigments such as 
fucoxanthin, lutein, and β-carotene [5-7]. 

Isochrysis galbana is characterized by high plastic-
ity to changing environmental factors and a rapid 
growth rate. Variations in the biochemical composition 
of this microalga are largely determined by cultivation 
conditions, including the nutrient medium composi-
tion, temperature, salinity, and photoperiod [8]. One of 
the potential strategies for increasing microalgae bio-
mass production is the use of phytohormones [9]. 

Phytohormones are small signaling molecules that 
play a vital role in regulating and coordinating plant 
growth. They are involved in all developmental pro-
cesses, including responses to abiotic and biotic stress-
es [10]. Phytohormones act as external regulators  
of microalgae resistance to variations in environmental 

conditions and also influence the biosynthesis of lipids 
and pigments [11, 12]. 

The regulatory effect of gibberellic acid on bio-
mass production and metabolite synthesis in Isochrysis 
galbana is well documented [13, 14]. 

At low concentrations, phytohormones, such as 
auxins, promote cell growth by inducing genes respon-
sible cell division. However, at high concentrations, 
they inhibit growth by acting as herbicides [15]. 

The mechanisms of action of these hormones are 
still a subject of ongoing research [16].  

Previous studies have shown that auxins increase 
the growth rate and yield in a number of microalgae 
species [17]. 

However, these studies do not always show opti-
mum phytohormone concentrations in terms of bio-
mass and lipid production. 

The aim of the present study was to determine the 
effective concentrations of indolyl-3-butyric acid (IBA) 
and to assess its effect on the growth and biochemical 
parameters of Isochrysis galbana in an enrichment 
culture. 

 
Materials and methods 
The material for the study consisted of algologically 

pure cultures of the microalga Isochrysis galbana from 
the collection of the Far Eastern Technical University of 
Fisheries. The microalgae were grown in an enrichment 
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mode on an f/2 nutrient medium prepared using filtered 
and sterilized seawater enriched with mineral salts 
(NaNO3, NaH2PO4 × H2O, and Na2SiO3 × 9H2O), micronu-
trients (CuSO4 × 5H2O, ZnSO4 × 7H2O, CoCl2 × 6H2O, 
MnCl2 × 4H2O, Na2MoO4 × 2H2O, EDTA-Na2, and FeCl3 × 
× 6H2O), and vitamins (В1, В7, and В12) [18]. Microalgae 
cultures were maintained in an Excella E25 shaker incuba-
tor (New Brunswick) at a temperature of 20 ºC an illumi-
nation of 9 000 lux, and a light period of 8 h per day. 

Experimental cultures were grown in 1 000 mL 
conical flasks with a culture suspension volume of 
500 mL. The inoculum was added to the medium at the 
exponential stage of its growth in a volume of 100 mL. 

Indolyl-3-butyric acid was used as a growth stimula-
tor at a concentration of 0.1-1.0 × 10

–5
 mol. L

–1
 (Hebei 

Guanlang Biotechnology Co., Ltd., China). Cultures 
grown without the addition of the growth stimulator 
were used as the control group. 

The dynamics of cell culture growth were studied 
using a CytoFLEX flow cytometer (Beckman Coulter, 
USA) with a blue laser for excitation (wavelength 
488 nm). Data collection and automatic recording were 
carried out at a constant flow rate of cell suspension 
through the flow cell (50 µL/min), with the sample 
collection time limited to 60 s. 

The production characteristics of microalgae were 
determined using the culture density per 1 mL of incu-
bation medium as biomass values [13]. 

Total carbohydrate content was quantified by acid hy-
drolysis of samples with the addition of L-tryptophan [19]. 

Sample preparation for protein assay was per-
formed according to Herbert et al. [20]. Protein content 
was measured by the Lowry protein assay [21]. 

Lipid extraction was performed using the Bligh and 
Dyer method [22]. Total lipid content was measured 
photometrically by sulfo-phospho-vanillin reaction [23]. 

Lipid esterification for production of fatty acid me- 

thyl esters (FAME) was performed using a freshly 
prepared acetyl chloride/methanol mixture (1 : 10, v/v) 
methylation mixture. 

Fatty acid methyl esters were analyzed on an Agilent 
6890 gas chromatograph with a flame ionization detec-
tor. An HP Innowax capillary column (30 m × 0.25 mm) 
was used for separation. The separation parameters were 
as follows: evaporator temperature of 230 ºC, detec- 
tor temperature of 240 ºC, and column temperature of  
200 ºC (isothermal mode). Helium (He) was used as the 
carrier gas with a linear flow velocity of 35 cm/s. 

Identification of monounsaturated fatty acids (MUFA) 
was carried out by comparing the relative retention 
times of the FAME sample with standard “carbon num-
ber” values based on the calculation of equivalent chain 
length [24], and by comparing with known standards. 

Pigment extraction was carried out according to 
Сarneiro et al. [25]. The quantitative content of chlo-
rophylls was measured spectrophotometrically at 
wavelengths of 630, 647, 664, and 750 nm. Ninety 
percent acetone was used as the control [26]. 

Statistical analysis was performed using the STA-
TISTICA 12.0 program. Data from measurements in at 
least triplicate were used in the analysis. The data were 
evaluated by one-way analysis of variance (ANOVA) 
and a two-tailed Student’s t-test. The significance 
threshold was p < 0.05. 

 
Results and discussion 
The effect of exposure to IBA in the concentration 

range of 0.1-1 × 10
–5

 mol. L
–1

 on the growth dynamics 
of Isochrysis galbana in an enrichment culture was 
studied. The study showed a slight stimulating effect on 
culture growth (15.5%) after 5 days of cultivation only 
at a phytohormone concentration of 0.4 × 10

–5
 mol. L

–1
. 

The figure shows average culture density values from 
experiments in triplicate (p ≤ 0.05) (Fig. 1). 
 

 
 

Fig. 1. Effect of different concentrations of indolyl-3-butyric acid (0.1-1.0 × 10–5 mol. L–1) 
 on the density dynamics of Isochrysis galbana culture: С – control  
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Further cultivation showed no stimulating effect 

for any of the studied phytohormone concentrations, 

except for 0.4 × 10
–5

 mol, compared to the control.  

A 27% stimulation of culture growth was observed on 

day 7 of cultivation under the phytohormone exposure 

at this concentration. The culture density was 6.61 mil- 

lion cells/mL in the experimental culture and 5.2 mil-

lion cells/mL in the control culture. 

The effect of IBA on the dynamics of the biochem-

ical composition and morphological characteristics of 

Isochrysis galbana culture cells was studied at an ef-

fective phytohormone concentration of 0.4 × 10
–5

 mol. 

During cultivation, changes in the morphological 

characteristics of the I. galbana culture were observed. 

Error whiskers represent standard deviation from the 

mean value (p ≤ 0.05) (Fig. 2).  

 

 
 

c                                                                                     d 

 

Fig. 2. Effect of indolyl-3-butyric acid (IBA) at a concentration of 0.4 × 10–5 mol L–1 on the morphological characteristics  

of Isochrysis galbana culture compared to the control (% of the change in the indicator to the control):  

a – size; b – granularity; c – debris; d – aggregates 

 

By day 7 of cultivation, a 57% increase in cell size 

was recorded for the experimental group compared to 

the control (Fig. 2, a). The increase in cell size was ac-

companied by increased granularity of the culture, indi-

cating enlargement of mature microalgal cells (Fig. 2, b). 

An increase in culture density was accompanied by the 

formation of cell aggregates. According to the experi-

mental data, the number of Isochrysis galbana cell ag-

gregates in the experimental group treated with IBA was 

2.6-fold higher than in the control group (Fig. 2, d). In 

addition, the results showed a substantial increase in the 

amount of cell fragments (debris) in the culture exposed 

to IBA. The values of this parameter in the experimental 

culture were higher than those in the control 10.7-13.5-

fold at different cultivation periods (Fig. 2, c). 

% % 

%                               a %                                 b 

      C                        IBA       C                        IBA 

      C                           IBA       C                         IBA 
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The high growth rate of Isochrysis galbana culture 

under the IBA exposure was apparently accompanied 

by accelerated maturation of cells and their subsequent 

apoptosis (Fig. 3: еrror whiskers represent standard 

deviation from the mean value (p ≤ 0.05)). 

 

 
Fig. 3. Dynamics of protein accumulation in Isochrysis galbana culture exposed  

to 0.4 × 10–5 mol. L–1 IBA compared to control  

 

The study demonstrated that IBA had a stimulating 

effect on protein biosynthesis in the Isochrysis galba-

na culture. Over 7 days of cultivation, the protein con-

centration increased by 425% in the control group and 

by 538% in the experimental group. 

Carbohydrate synthesis activity is a key  characteris- 

tic in plant development. On day 3 of cultivation, IBA 

was found to stimulate carbohydrate accumulation by 

15% compared to the control group (Fig. 4: еrror 

whiskers represent standard deviation from the mean 

value (p ≤ 0.05)). 

 

 
 

Fig. 4. Dynamics of carbohydrate accumulation in Isochrysis galbana culture exposed  

to 0.4 × 10–5 mol. L-1 indolyl-3-butyric acid compared to the control 

 

By the end of the experiment, on day 7 of cultiva-

tion, the carbohydrate concentrations in the experi-

mental and control groups did not differ significantly. 

Lipids are the main energy component of microal-

gae. The study of lipid dynamics in Isochrysis galbana 

culture showed that under the IBA exposure the lipid 

content in the experimental group on day 3 of cultiva-

tion was 17.9 µg/mL. Further cultivation did not have 

an effect on the lipid content in either the experimental 

or control groups (Fig. 5: error whiskers represent 

standard deviation from the mean value (p ≤ 0.05)). 

Days 

Protein, 

µg/ml 

C 

IBA 

Carbohydrates, 
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Fig. 5. Dynamics of lipid accumulation in Isochrysis galbana culture exposed  

to 0.4 × 10–5 mol. L–1 IBA compared to the control (C) 
 

In the experimental group, lipid accumulation was 
observed throughout the cultivation period, reaching 
12.5 µg/mL on day 7. By the end of the experiment, 
the difference in lipid content between the experi-
mental and control groups was 46%. 

The photosynthetic activity of the Isochrysis gal-
bana culture was assessed on the basis of quantitative 
chlorophyll content (Fig. 6: error whiskers represent 
standard deviation from the mean value (p ≤ 0.05)). 

 
Fig. 6. Dynamics of chlorophyll accumulation in Isochrysis galbana culture exposed to 0.4 × 10–5 mol. L–1 IBA 

 compared to the control 
 

The dynamics of chlorophyll accumulation showed 
that on day 7 of cultivation, its content in the experi-
mental group was 2.66 µg/mL, which was by 39% 
higher than in the control group. Over the cultivation 
period, the total increase in chlorophyll content was 
269.2% in the control group and 411.5% in the exper-
imental group (Fig. 6). 

Production characteristics of the microalgae were 
assessed as described by Madani et al. [13], using the 
culture density per 1 mL of incubation medium as bio-
mass values. Table shows mean values of the parameter 
under study from experiments in triplicate ± standard 
error of the mean (p ≤ 0.05) (Table 1). 

Table 1 
Effect of indolyl-3-butyric acid on the production activity of Isochrysis galbana culture, µg/mL 

Parameter Experimental group* 
Experiment duration, days 

0 3 7 

Carbohydrates 
C 

0.0855 ± 0.002 
0.0855 ± 0.003 0.31 ± 0.009 

IBA 0.323 ± 0.009 0.385 ± 0.010 

Protein 
C 

0.0395 ± 0.001 
0.324 ± 0.008 0.939 ± 0.024 

IBA 0.317 ± 0.009 0.819 ± 0.019 

Lipids 
C 

0.0827 ± 0.002 
0.809 ± 0.018 1.06 ± 0.030 

IBA 0.696 ± 0.021 1.42 ± 0.039 
 
* C – control.  

Days 

Lipids, µg/ml 

 C 

 IBA 
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Chlorophyll µg/ml 

 C 
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According to the data presented in Table 1, carbo-

hydrate production in the control group was observed 

from days 3 to 7 of cultivation. The total production 

activity for the cultivation period increased 3.61-fold 

compared to the initial values. In the experimental 

group, the maximum carbohydrate production oc-

curred within the first 3 days of cultivation. During 

this period, the production activity increased 3.8-fold 

in the experimental group and 4.5-fold in the control 

group compared to the initial values. The differences 

in carbohydrate production activity between the con-

trol and experimental groups were 1.2-fold. 

The protein production activities in the experi-

mental and control groups were comparable during the 

first 3 days of cultivation. However, by day 7, the pro-

tein production activity in the control group was higher 

than in the experimental group. Over the cultivation 

period, the total protein production activity increased 

20.7-fold in the experimental group and 23.8-fold in 

the control group. 

The production activity of lipids in the Isochrysis 

galbana culture tended to increase throughout the culti-

vation period. The maximum lipid production activity 

was observed in the control group, 9.8-fold within the 

first 3 days of cultivation compared to the initial value. 

In the experimental group, this value was 8.4-fold. Fur-

ther cultivation led to a 1.31-fold increase in the control 

group and a 2.04-fold increase in the experimental 

group. Overall, the total lipid production activity over 

the cultivation period increased 12.8-fold in the control 

group and 17.2-fold in the experimental group com-

pared to the initial value (Table 1). 

This study showed the effect of IBA on fatty acid 

(FA) biosynthesis in microalgae. Table presents mean 

values of the parameter under study from experiments in 

triplicate ± standard error of the mean (p ≤ 0.05) (Table 2: 

fatty acids with percentage contents below 1% are not 

shown in Table 2, but they were included in the calcula-

tion of general parameters).  

Table 2 

Fatty acid composition of Isochrysis galbana culture, % of total fatty acids 

Fatty acid* 

Inoculum Control IBA* 

Experimental time, days 

0 3 7 3 7 

14:0 9.80 ± 0.30 14.89 ± 0.45 14.40 ± 0.40 4.02 ± 0.12 10.34 ± 0.31 

16:0 17.86 ± 0.54 13.75 ± 0.41 12.50 ± 0.39 9.36 ± 0.27 17.10 ± 0.44 

16:1n-9 1.98 ± 0.06 0.39 ± 0.01 4.02 ± 0.12 1.15 ± 0.03 1.50 ± 0.05 

16:1n-7 4.63 ± 0.14 3.96 ± 0.12 0.78 ± 0.03 2.17 ± 0.07 4.07 ± 0.14 

16:4n-3 0.62 ± 0.04 0.42 ± 0.01 0.43 ± 0.02 6.79 ± 0.19 1.42 ± 0.04 

18:0 3.64 ± 0.11 1.13 ± 0.02 0.83 ± 0.03 3.36 ± 0.11 2.45 ± 0.05 

18:1n-9 26.05 ± 0.76 14.87 ± 0.45 13.17 ± 0.37 12.05 ± 0.34 25.96 ± 0.76 

18:1n-7 8.94 ± 0.27 1.24 ± 0.04 1.40 ± 0.04 3.62 ± 0.11 3.84 ± 0.09 

18:2n-6 1.99 ± 0.06 3.56 ± 0.11 3.13 ± 0.08 8.92 ± 0.27 3.27 ± 0.10 

18:3n-3 1.89 ± 0.06 5.22 ± 0.16 5.46 ± 0.16 0.87 ± 0.04 3.30 ± 0.09 

18:4n-3 4.24 ± 0.13 13.30 ± 0.39 15.91 ± 0.44 10.36 ± 0.31 7.40 ± 0.22 

20:1n-11 2.10 ± 0.05 5.52 ± 0.15 6.32 ± 0.18 0.98 ± 0.03 1.52 ± 0.04 

20:2n-6 
not detected 

6.78 ± 0.19 

not detected 20:4n-3 5.56 ± 0.14 

20:5n-3 1.16 ± 0.04 0.59 ± 0.03 1.24 ± 0.06 not detected 

22:5n-6 2.37 ± 0.06 3.02 ± 0.09 3.15 ± 0.08 5.51 ± 0.17 2.61 ± 0.07 

22:6n-3 6.90 ± 0.19 12.35 ± 0.37 12.24 ± 0.36 3.20 ± 0.10 6.91 ± 0.18 

SFA 34.32 ± 1.03 32.11 ± 0.92 30.03 ± 0.89 26.41 ± 0.72 35.07 ± 1.01 

MUFA 45.56 ± 1.34 28.02 ± 0.83 28.02 ± 0.78 21.98 ± 0.63 39.63 ± 1.14 

PUFA 20.12 ± 0.57 39.87 ± 1.12 41.96 ± 1.21 51.61 ± 1.29 25.30 ± 0.67 
 
* IBA – indolyl-3-butyric acid, 0.4 × 10–5 mol. L–1; SFA – saturated fatty acids; MUFA – monounsaturated fatty acids; PUFA – polyun-

saturated fatty acids.  

 

In the control group, a decrease in the concentration 

of 16 : 0 and 18 : 0 FA was observed during cultivation. 

The concentration of 14 : 0 FA increased by 4.6%. 

In the experimental group exposed to IBA, the total 

content of saturated fatty acids (SFA) significantly 

decreased on day 3 of cultivation. However, during 

this period, the concentration of 16 : 0 FA increased 

1.8-fold. 

The dynamics of FA composition in the experi-

mental group on day 3 day of cultivation showed a de-

crease in concentration of MUFA and a twofold in-

crease in concentration of PUFA. Despite the significant 

increase in PUFA, the synthesis of 20:5n-3 acid by the 

microalgae culture was inhibited under the IBA expo-

sure. Additionally, the formation of docosahexaenoic 

acid in the experimental culture was also suppressed. 
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An interesting aspect of PUFA dynamics was ob-

served in the culture exposed to the phytohormone. On 

day 3 of cultivation, the accumulation of 20:2n-6 

(6.78%) and 20:4n-3 (5.56%) FA was detected in the 

microalgal cells, which might indicate the activation of 

an alternative pathway of PUFA biosynthesis under the 

IBA exposure. 

The PUFA composition of the control culture was 

mainly represented by such FA as 18:3n-3, 18:4n-3, and 

22:6n-3, with their concentrations increased multifold 

by day 7 of cultivation.  

 

Conclusion 

The development of an environmentally friendly 

method for microalgae cultivation is a key factor for 

scaling up the algae mariculture technology. However, 

evidence for the actual physiological and growth-

promoting roles of auxins in microalgae remains lim-

ited. Synthetic auxins such as indoleacetic acid and in-

dolebutyric acid at a concentration of 1 mM have been 

shown to stimulate increase in culture density by 53 and 

46%, respectively. 

In our study, IBA had  a  growth-stimulating  effect  

on the Isochrysis galbana culture within a narrow con-

centration range. The efficiency of culture density in-

crease reached 27%. The effect of the phytohormone 

was manifested as an increase in cell size and a decrease 

in granularity. The rise in culture density led to the for-

mation of cell aggregates and a multifold increase in the 

number of destroyed cells (debris).  

This study showed that the IBA exposure had a stim-

ulating effect on the synthesis of proteins, carbohydrates, 

and lipids in microalgae in the enrichment culture. An 

increased carbohydrate productivity was observed on 

day 3, and an increased lipid productivity was observed 

on day 7 of cultivation. Furthermore, there was a direct 

correlation between the chlorophyll concentration and 

the lipid synthesis under the IBA exposure. 

Indolyl-3-butyric acid had little effect on the FA 

composition of Isochrysis galbana lipids. The general 

trend in the FA composition was characterized by  

a decrease in the MUFA content and an increase in 

PUFA levels. 

Thus, the conducted study has demonstrated feasi-

bility of modulating the composition of Isochrysis gal-

bana components under the effect of IBA. 
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