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Mini-review Article

ABSTRACT

Fisheries is one of the sectors that can be developed to meet world food needs. The development
of the fisheries is influenced by the availability of quality feeds. Dunaliella salina is a unicellular
green algae that can be used as fish feeds. D. salina is known to contain many nutrients such as
protein, carbohydrates, fats, pigments, and others. D. salina has also been shown to increase the
growth rate of various types of fish. Not only for growth, but several studies have shown that D.
salina has favorable effects on immunology. This article aims to explain the nutritional content and
the effect of D. salina on the growth and health of fish. Based on the above studies, D. salina has
the potential to be used as an alternative feed for various types of fish.

Keywords: Dunaliella salina; green algae; feed, growth, immunology.

1. INTRODUCTION consumption. Based on data in 2018, about 88%
of fishery products are consumed by humans.

Fisheries is one of the sectors needed by the While 12% is used for non-food purposes [1,2]

world community. The fisheries sector plays such as pharmaceutical, cosmeceutical,

important roles as a source of nutritious food, a nutraceutical applications, as biofuel production,

source of employment opportunities, and others.  and academic purposes [3].

Fishery products are not only used for human
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Global fishery production shows an increase
from year to year [2]. However, there are several
challenges to maintaining the quality of fisheries
products. The challenges are pathogens [4] and
fish feed [5]. Bacterial infection can cause the
death of fish. The bacteria that often infect fish
are  Aeromonas  complex, Pseudomonas
fluorescens, Vibrio anguillarum, Mycobacterium
fortuitum, Mycobacterium marinum, Edwardsiella
ictaluri [6], Edwardsiella tarda [4]. Several viruses
that can infect fish are viral hemorrhagic
septicemia virus [7], infectious haematopoietic
necrosis virus, Kkoi herpesvirus, epizootic
haematopoietic necrosis virus, nervous necrosis
virus, and others [8]. Fish diseases caused by
bacteria or viruses can affect the amount of fish
production and cause economic losses [9].

Antibiotics and vaccines have been used to
overcome this problem. However, continuous
antibiotics can make fish resistant to bacteria.
The bacteria then can pass to human bodies.

Another obstacle is the Ilimited number of
vaccines that have been registered and
marketed [10]. Therefore, the search and

development of new materials that can be used
as antibacterial, antiviral, and also have a good
impact on fish growth needs to be done.

D. salina has been used as natural food. Some
researchers have also proven that D. salina can
increase the growth of several types of fish.
Nutritional contents in D. salina such as beta
carotene have also been shown to increase the
immune system of fish [11]. This article aims to
describe the nutritional content of D. salina and
its effects on the growth and health of various
types of fish.

2. CHEMICAL CONTENT OF Dunaliella
salina

Dunaliella salina is a unicellular halophilic green
algae. The flagellate microalgae, D. salina is
highly responsive to osmotic changes permitting
rapid changes in the cell color (green, orange, or
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red). This color change occurs because of the
ability of D. salina to synthesize carotene [12]. D.
salina has a thin elastic plasma membrane to
protect its cells permitting rapid changes in the
cell size. The optimum conditions for growth are
high pH 8 [13], high salinities (45 PSU), low
temperatures  (20°C), high light intensities
(18x103 lux) [14].

Dunaliella salina has been widely used as natural
food for fish because it contains a lot of nutrients.
The nutritional contents of D. salina are protein,
amino acids, carbohydrate, lipids, pigments,
vitamins, minerals, antioxidants, and others. The
amino acids contained include aspartic acid,
glutamic acid, serine, histidine, glycine, lysine,
leucine, isoleucine, phenylalanine, valine,
methionine, tyrosine, alanine, arginine, threonine
[15]. D. salina also contains saturated fatty acids
(palmitic acid, stearic acid, myristic acid,
margaric acid), monounsaturated fatty acids
(Oleic acid, Arachidonic, erucic acid), and
Polyunsaturated fatty acids (Linoleic acid,
linolenic acid). The content of total saturated fatty
acids, monounsaturated fatty acids, and
polyunsaturated fatty acids, respectively, is
1532.68 mg / g, 567.50 mg / g, 1055.97 mg / g
dry basis [16].

However, the nutritional content of D. salina can
be influenced by the content in the growth media
used. If the medium contains nitrogen,
microalgae will use this nitrogen for protein and
amino acid synthesis [17]. However, if nitrogen is
low, algae tend to form lipids as food reserves
compared to carbohydrates. The increase in
carbohydrate content in algae can also be
caused by limited phosphorus in the medium
[18]. The content of macronutrients (protein,
lipids, and carbohydrates) and amino acids in D.
salina grown on different mediums can be seen
in Table 1 and Table 2.

Dunaliella salina can photosynthesize with the
pigments contained, namely lutein, chlorophyll a,
chlorophyll b, B-Carotene, zeaxanthin and other.

Table 1. Effect of culture media on lipid, protein, and carbohydrate content in D. salina
biomass (reference)

Medium Lipid Carbohydrate Crude Protein Reference
(%) (%) (%)

Guillard’s F/, 313 19.1 5.6 [19]

Conway 43.3 234 6.9 [19]

Johnson 28.6 38.3 11.3 [19]

Waste Water tofu 81% 0.063 15.07 17.08 [15]

+ technical fertilizer
19%




The pigments content in Dunaliella salina can be
affected by salinity. Dunaliella salina when
experiencing abiotic stress such as high salinity
will release secondary metabolites as a self-
defense mechanism. This is what causes
differences in the pigment content at different
salinity. Apart from salinity, pigment content can
also be different for each growth phase. In the
exponential phase, Dunaliella salina will produce
primary metabolites to survive. When entering
the stationary phase, Dunaliella salina will
produce more secondary metabolites such as
chlorophyll and carotenoids as a self-defense
response. However, slowly the pigment content
will decrease in line with the number of cell death
[21]. Table 3 shows the content of several
pigments in Dunaliella salina cultivated at various
salinities.

3. ANTIBACTERIAL AND ANTIVIRAL
ACTIVITY OF Dunaliella salina

Bacterial and viral infections are obstacles in the
world of fisheries. The development and
discovery of substances that have antibacterial
and antiviral activity need to be done. D. salina
can synthesize various secondary metabolites
that have potential as antibacterial and antiviral
agents. Secondary metabolites found in D. salina
are lutein [25], tannin, saponin flavonoids,
alkaloids [3], chlorophyll a, chlorophyll b, B-
carotene [22], and so on.

Flavonoid can impairment of membrane
functions, alteration of cytoplasmic membrane
fluidity, inhibition of cell wall formation, inhibition
of cell membrane formation, and interruption of
synthesis of nucleic acid, inhibition of respiratory
metabolism [26]. Terpenoids have antibacterial

Pratiwi; AJFAR, 10(2): 1-8, 2020; Article no.AJFAR.62754

activity because they can cause membrane
disruption [27]. Carotenoids are suggested to
express lysozyme, which functions to digest
bacterial cell walls [28].

Antiviral mechanisms by secondary metabolites
are carried out by interacting wisth the
extracellular viral particles and interacting with
cell receptors to hindering viral entry [29].
Flavonoid inhibits the activity of viral enzyme
(neuraminidases, DNA/RNA polymerases, and
protease of virus [30]. The antiviral mechanism of
terpenoids is inactivating virus-free particles [31].
Tannins can bind to capsid proteins, inhibit viral
replication, and inhibit viral protein synthesis
which is involved in the formation of new viral
particles [32]. Beta carotene with the in silico
approach demonstrated the ability to bind to viral
capsid proteins [33].

Several studies have shown that D. salina can
inhibit bacterial growth. This is thought to be due
to the content of secondary metabolites in D.
salina. Table 4 shows the ability of D. salina to
inhibit the growth of some bacteria. D. salina also
demonstrated antiviral activity against nervous
necrosis virus, iridovirus, and white spot
syndrome virus.

4. EFFECT OF Dunaliella salina ON
GROWTH PERFORMANCE OF FISH

Research on D. salina as an alternative feed has
been widely carried out. This algae has been
shown to increase growth in rainbow trout
(Oncrohynchus  mykiss) [36], red tilapia
(Oreochromis spp.) [37], Dicentrarchus labrax
[38], and nile tilapia (Oreochromis niloticus) [39].

Table 2. Amino acids in D. salina (reference)

Amino acids

MH Medium (%) [20]

19% (%) [15]

Aspartic 13.3 0.73
Threonine 3.13 0.29
Serine 3.25 0.37
Glutamic 11.46 0.73
Glycine 12.76 0.39
Alanine 13.44 0.46
Valine 4.74 0.37
Isoleucine 2.56 0.29
Leucine 9.24 0.45
Tyrosine 242 0.21
Phenylalanine 3.58 0.32
Histidine 0.89 0.07
Lysine 4.70 0.25
Arginine 2.80 0.33

Waste Water tofu 81% + technical fertilizer
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Table 3. Chlorophyll a, chlorophyll b, carotene b, and caratenoid content in D. salina at
different salinity according to previous researches

Pigments Salinity
20 ppt 25 ppt 30 ppt 35 ppt 40 ppt Reference
chlorophyll 9.232 9.900 10.961 9.046 8.873 [22]
a (mg/l)
Chlorophyll 3.092 3.1 3.636 3.048 2.833 [22]
b (mg/l)
b-karotene 0.4845 - 2.3120 - 0.9520 [23]
(mg/l)
Karotenoid 0.25 - 0.67 - 0.95 [24]
(pg/ml)

Table 4. Antibacterial activity of D. salina

Bacterial strains Extract Inhibition zone Reference
(mm)
Escherichia coli ethanol 11.33+0.52 [33]
Klebsiella pneumonia ethanol 12.37+0.41 [33]
Staphlycoccus aureus ethanol 8.73+0.12 [33]
Proteus vulgaris ethanol 6.17+0.12 [33]
Lactococcus garvieae ethanol 18.21+0.09 [34]
Yersinia ruckeri ethanol 18.21+0.09 [34]
Vibrio anguillarum m1 ethanol 15.44+0.25 [34]
Salmonela enteritidis rskk ethanol 15.28+0.12 [34]
171
Vibrio alginolyticus hexane 16.92+0.53 [34]
Pseudomonas hexane 10.90+0.21 [34]
aeruginosa
Bacillus cereus s rskk 863 metanol 16.53+0.13 [35]
Pectobacterium ethanol 11.0£ 01 [35]

carotovorum subsp.

carotovorum dsm30168

Bacillus subtilis et-1 ethanol 21.0+£0.2 [35]
Edwardsiella tarda hexane 20.07+0.19 [4]

Table 5. Effect of dietary D. salina on growth weight of Nile tilapia, red tilapia, and rainbow
trout according to previous researches

Fish Dunaliella Initial Final Body Reference
salina Weight (g) Weight (g) Weight
Gain (g)
Red Tilapia 200 mg/kg 3.04 13.14 10.10 [37]
400 mg/kg 3.03 13.59 10.57
600 mg/kg 3.09 12.52 9.43
Nile Tilapia 11 g/kg 44.00 70.63 26.63 [39]
Rainbow 5 g/kg 100 450 350 [36]
trout 7 g/kg 100 500 400
9 g/kg 100 526 426
11 g/kg 100 550 450




Administration of 11 g/kg D. salina diet to nile
tilapia can increase the weight of tilapia
compared to control. The weight of initial tilapia
before treatment was 44.00 g £ 0.58, after giving
D. salina for 60 days it reached 70.63 g + 0.41.
Meanwhile, the weight of tilapia that was not
given D. salina after 60 days only reached 63.57
+ 0.72 [39]. Supplementation of D. salina also
increased the weight of red tilapia compared to
control. The body weight gains of red tilapia that
are given 200, 400, and 600 mg/kg diets D.
salina are 10.10 g, 10.57 g, and 9.43 g,
respectively. These values are higher than the
control (8.00 g) [37]. Giving D. salina 5, 7, 9, and
11 g/kg diets to rainbow trout (O. mykiss) can
also increase the bodyweight of fish, namely 450
g, 500 g, 526 g, and 550 g, respectively.
Supplementation of D. salina can also increase
the body length of D. labrax larvae cultured for
25 days [38].

The increase in fish weight can be caused by the
nutritional contents found in D. salina. Lipids,
carbohydrates, and proteins in D. salina not only
for the basal metabolic needs of fish but are also
effectively used for growth. D. salina is one of the
algae species that contains high  carotene. This
pigment has been shown to increase the growth
of Nile tilapia [39].

The provision of D. salina can also reduce the
feed conversion ratio and increase the survival
rate of red tilapia and nile tilapia. The feed
conversion ratio for nile tilapia given 11 g/kg of D.
salina was 36.37 at 1.37, while for control was
1.63. The feed conversion ratio for red tilapia
given 200, 400, 600 mg/kg D. salina was 2.47,
2.36, 2.47 respectively, while the FCR in the
control was 2.84. The lower feed conversion ratio
indicates that the performance of feed
supplemented with D. salina is better than the
control. This can occur because of the high
protein content in D. salina. The higher the
protein content in the feed, the greater the
amount of protein that can be used for growth so
that the FCR value can be lower. The low FCR
value also indicates that the total cost required
for fish production is also low.

5. EFFECT OF Dunaliella salina ON
HEALTH OF FISH

Several studies have proven that small amounts
of D. salina in fish diets gives positive effects on
health. Administration of 5 mg and 10 mg of lead
acetate to nile tilapia caused the darkening of the
fish skin, increased mucus secretion, and
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abnormal swimming. The mortality rates of nile
tilapia given 5 mg and 10 mg of lead acetate
were 13.3% and 22.2%, respectively. However,
the mortality rates were decreased to 0.00% (5
mg lead acetate) and 4.45% (10 mg lead
acetate) when the nile tilapia were given 11
mg/kg of D. salina. This is because [ carotene in
D. salina acts as an antioxidant, thereby
increasing the performance of serum antioxidant
enzymes and reducing malondialdehyde.
Malondialdehyde is a dialdehyde compound that
shows the level of lipid peroxidase. Low
malondialdehyde indicates that the lipid oxidation
process in the cell membrane is low [39]. The
results of this study are also in line with studies
on red tilapia given 200, 400, and 600 mg/kg D.
salina. The value of TBAR (index of lipid
peroxidation and oxidative stress) in fish given D.
salina was lower than that in control [37].

Viral nervous necrosis (VNN) is a virus that is a
problem in the world of fisheries. One indicator of
the virus infection is NFKB. NFKB (Nuclear
Factor Kappa Beta) is a protein that controls the
immune response to viruses. If VNN infects the
fish body, the NFKB will be expressed and
activate the immune response. D. salina has the
potential to be developed as a VNN antiviral
agent. NFKB levels in Grouper that was given
250, 300, 350 and 400 mg/kg D. salina
compared to controls. Thus, it can be said that D.
salina can act as a VNN antiviral [40].

The immunoglobulin (igM) content of rainbow
trout which was given 5, 7, 9 and 11 grams of D.
salina was increased compared to control. The
result proves that D. salina can increase the
body's immune response to rainbow trout [36].

6. CONCLUSION

In conclusion, D. salina gives a positive effect on
the growth and health of fish. D. salina can
increase the weight of fish. D. salina also has
antibacterial and antiviral effect. So, this algae
may be an excellent source to develop as a fish
feed ingredient, antibacterial, and antivirus agent.
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