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Abstract In this study, the effects of oral adminis-
tration of different levels of Dunaliella salina
(a natural B-carotene source) on growth parameters,
immunological and hematological indices, as well as
skin carotenoids, of Heros severus were investigated.
One hundred and eighty H. severus weighing
27 £ 0.5 g were divided randomly into four groups
in triplicate (15 fish in each replicate). Groups 1-4
received food supplemented with 0, 50, 100 and
200 mg kg~' D. salina powder, respectively. After
6 weeks, the growth parameters were compared
among the groups. Blood samples were taken from
each group, and hematological parameters including
red blood cell count (RBC), white blood cell count
(WBC), hematocrit (PCV), hemoglobin (Hb) and
immunological indices (serum and mucus lysozyme
and bactericidal activity, resistance against Aeromo-
nas hydrophila infection) as well as carotenoid content
of skin were evaluated. Results showed that some
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growth indices increased significantly in fish fed with
100 and 200 mg kg~ ' D. salina-supplemented food
(P < 0.05). Although serum lysozyme activity was
increased in fish fed with food supplemented with 100
and 200 mg kg~' D. salina (P < 0.05), no significant
change was observed in serum and mucus bactericidal
activity and mucus lysozyme activity among the
groups (P > 0.05). Most of the hematological param-
eters such as WBC, RBC, PCV and Hb significantly
increased in D. salina-treated fish compared with
controls (P < 0.05). Mortality induced after challenge
with A. hydrophila in 200 mg kg~' D. salina-treated
fish was 36.67 %, which significantly decreased
compared with control (P < 0.05). Skin carotenoid
content in all D. salina treatments was statistically
higher than that of control (P < 0.05). Conclusively,
D. salina as a food additive can affect positively the
growth, immunological and hematological parameters
of H. severus.

Keywords Heros severus - Dunaliella salina -
Immune response - Carotenoids

Introduction

Present trend of intensification of aquaculture is a
major concern for the outbreak of disease as fish are
predisposed to stress and subsequent infection by
various pathogens (Karunasagar et al. 1997). Various
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chemotherapeutics have been used to control bacterial
infections in fish. As a result, the incidence of
antibiotic-resistant bacteria has become a major
problem in aquaculture (Yuan et al. 2007). Hence, in
recent years, increasing attention has been given to the
use of immunostimulants in the fish farms (Alishahi
et al. 2010).

The state of immunocompetence is a sensitive
indicator of nutritional status, which comprises both
immune response and disease resistance of fish
(Kumar et al. 2005). Carotenoids are widespread
natural fat-soluble pigments that are typified by
lycopene and bicyclic B-carotene, which is an impor-
tant source of vitamin A for animals (Oslon 1989).
Carotenoids have received increasing attention in the
recent years due to their reported health benefits to
human beings (Ashish et al. 2007; Kumar et al. 2005).
Effects of carotenoids on aquatic animals are multi-
faceted: increase the larval growth and survival (Amar
et al. 2004), enhance the performance of brood stock
(Supamattaya et al. 2005) and larvae (Wyban et al.
1997), increase the resistance to various diseases
(Amar et al. 2001; Supamattaya et al. 2005), as well as
give the skin the yellow and red colors (Kop and
Durmaz 2008).

The use of microalgal biomass has been recently
investigated with regard to its potential as a coloring
agent as well as immunostimulants (Gourveia et al.
1997; Raymundo et al. 2005; Supamattaya et al.
2005). But the use of synthetic pigment sources is
more common because they are easy to obtain (Sales
and Janssens 2003).

In some fish species such as ornamental fish and
salmonids, skin and fillet color constitutes an impor-
tant quality parameter (Sigurgisladottir et al. 1997),
which improves fish coloration and increases directly
the economical value of fish (Cejas et al. 2003). Since
fish, like other animals, are unable to synthesize
carotenoids de novo (Goodwin 1984), skin color is
highly dependent on the carotenoids present in the
diet. Dunaliella salina as a natural source of B-carotene
can improve skin and fillet pigmentation in fish.

Dunaliella salina is a halotolerant unicellular
microalgae—bi-flagellate, naked, green alga (Chloro-
phyta, Chlorophyceae)—which is widely distributed
and found in hypersaline waters (Borowitzka and
Borowitzka 1988). Dunaliella spp. are grown as a food
source in aquaculture, and D. salina is the richest algal
source of B-carotene and glycerol (Ben-Amotz and
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Avron 1983; Raja et al. 2007). D. salina can produce
B-carotene up to 14 % of its dry weight under stress
conditions such as high salinity, light and temperature,
as well as nutrient limitation.

Recently, ornamental fish industry has been
increasingly developed in Iran. Heros severus is one
of the most important ornamental fish in Iran.
Although this species is native of Central America, it
has become widespread because of important priority
such as bright yellowish color, calm behavior, fast
adaptation to environment, comparatively easy repro-
duction (Morad khany et al. 2008) and associated with
densely vegetated areas and feeds on small inverte-
brates and plant material (lowe-McConnell 1969;
Merigoux et al. 1998). Besides, bacterial infections
(especially motile Aeromonas infection) are very
common health problems in this species in Iran, which
lead the aquarists to use large amount of antibiotics. So
substances that induce skin pigmentation and stimu-
late immune response and resistance against bacterial
infections of this species can be the best choice as food
additive.

Decision on the source of pigments to be used in
fish diet is made based on the price and efficiency of
them (Baker et al. 2002).

Although carotenoids are known to enhance
immune function and disease resistance in higher
animal (Bendich and Shapiro 1986; Thompson et al.
1995), little information is available for aquatic animal
especially for fish (Amar et al. 2004; Ashish et al.
2007). Therefore, in this study, the effects of different
levels of D. salina on skin carotenoids, growth
performance, immune responses, hematological
parameters and disease resistance of H. severus were
evaluated.

Materials and methods
Fish

Severum fish (Heros severus) weighing 23.1 £ 23 g
(Mean=+ SD), which have no color on their body, were
obtained from an ornamental fish hatchery in Ahvaz,
Iran. Fish were transferred to aquarium room of the
fish health laboratory in the Faculty of Veterinary
Medicine, Shahid Chamran University, Ahvaz, Iran.
Fish were maintained, on a commercial diet (Biomar,
France), without any supplementation for 1 month to



Fish Physiol Biochem (2014) 40:57-65

59

acclimate and ascertain the constant color of fish, so at
the initial stage of the study, the mean weight of fish
was 27 £ 0.5 g.

Dunaliella salina extract

The native isolate of D. salina coded as Dunaliella M1
was cultivated within a 14-1 photobioreactor using the
modified Junson medium described by Hejazi et al.
(2010). NaCl concentration of the medium was 1.5 M.
The photobioreactor was illuminated by Osram lamps
(SPOT R8ONATURA E27/ESW) with the average light
intensity of 400 pmol m ™2 s™'. The temperature and
pH were controlled at 25 &= 0.5 and 7.5 % 0.3, respec-
tively. After 7 days, stress condition was applied for
over-production of B-carotene. During the stress stage,
NaCl concentration of the medium and the average light
was increased to 3 M and 2,000 pmol m~? s_l, respec-
tively. The cells were harvested after 8 days when the
color of the photobioreactor turned to orange (Hejazi
etal. 2010). The harvested D. salina was lyophilized and
stored in refrigerator until use. For making the exper-
imental foods, D. salina was suspended in sterile water
and mixed with distinctive amount of food.

Experimental design

One hundred and eighty severum fish 27 + 0.5 g
(mean £ SD) were randomly divided into four equal
groups, each group in triplicate and 15 fish in each
group, in 50-1 aquaria equipped with external biofilters
(Athmann, China), following a completely random-
ized design (CRD). Groups 1, 2 and 3 were fed with a
diet supplemented with 50, 100 and 200 mg kg™’
D. salina powder, respectively, whereas group four
(Control group) received the same food without
supplementation. Fish sex was not taken into consid-
eration, and feeding trial was conducted for 6 weeks.
Fish were hand-fed 1.5 % of biomass and twice a day.
The fish were weighed just before the start and at the
end of study. Blood samples (300-500 pl) were taken
randomly from 6 fish of each replicate of experimental
groups after 6 weeks. Sera samples were separated via
centrifugation at 3,000 g for 10 min and stored in
separated at —20 °C until used. Skin samples (around
0.5 g) of lateral flank near to dorsal fin were taken
from fish after bleeding and euthanized with 1 g 1™
MS222 (Choubert and Storebakken 1989). Nine fish in
each replicate were challenged with live Aeromonas

hydrophila, and cumulative mortality was recorded for
10 days after challenge (Schaperclaus et al. 1991).

Physico-chemical parameters of water

Water quality parameters viz., temperature, dissolved
oxygen, pH, total hardness, ammonia, and nitrate were
recorded at 7-day interval during the entire experi-
mental period. Mean £ SD of the parameters such as
temperature, pH, total hardness, dissolved oxygen,
NH;, NO, and NO; were 27 £ 1.3 °C, 8 £ 04,
515 £ 45 pz em™2, 7.9 £+ 0.3, >0.01, >0.005 and
0.1 & 0.02 mg 17", respectively.

Mucus sample preparation

The fish were placed with the ventral side of the body
facing downward, and cutaneous mucus from the
dorsal side of the fish was collected by a cell scraper
and transferred to a tube with 200 pl, pH 6.0. Samples
were kept on ice during transportation to the labora-
tory and kept frozen to avoid bacterial growth and
degradation at —80 °C until used. The mucus centri-
fuges (3,000 rpm for 10 min) and supernatant were
used for lysozyme activity and antibacterial activity of
mucus. (Thompson et al. 1995).

Mucus and serum lysozyme activity

Serum lysozyme activity was measured as described
by Ellis (1990). Briefly, 10 pl of serum/mucus was
mixed with 200 pl of a Micrococcus lysodeichticus
(Sigma) suspension at 0.2 mg ml~" in 0.05 M sodium
phosphate buffer (pH 6.2). The mixture was incubated
at 27 °C, and its OD was detected after 1 and 6 min at
530 nm using an ELISA (enzyme-linked immunosor-
bent assay) plate reader (Dynatech, the Netherland).
One unit of lysozyme activity was defined as the
amount of enzyme that caused a decrease in absor-
bance of 0.001 min ml~" serum. Lysozyme concen-
trations were calculated using a standard curve of
lysozyme from hen egg white (Sigma) concentrations.

Mucus and serum bactericidal activity
The method used for serum bactericidal activity was a
modified version of that adopted by Kajita et al. (1990)

with slight modification. The serum samples were
diluted three times with 0.1 % gelatin-veronal buffer
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(GVB; pH 7.5, containing 0.5 mM ml Mg and
0.15 mM ml Ca), and mucus samples were used
without dilution. A. hydrophila (live washed cells) were
suspended in the same buffer to make a concentration of
1 x 10° cfu ml™". The diluted sera and bacteria were
mixed at aratio of 1:1 and incubated for 90 min at25 °C
and continuously agitated. The number of viable
bacteria was then calculated by counting the resultant
colonies from the incubated mixture on TSA (Tryptic
Soy Agar) plates after incubation for 24 h in duplicate.

Growth performance analysis

The average daily weight gain (AWG), specific
growth rate (SGR), feed conversion ratio (FCR) and
protein efficiency ratio (FER) were calculated accord-
ing to the following equations:

AWG (g/fish) = Average final weight

— Average initial weight (g)
/Experimental period (day).

SGR (%/day) = 100 [Ln Final body weight (g)
— Ln Initial body weight (g)]
/Experimental period (day)

FCR = Feed intake (g)/Weight increase (g)
PER = Wet weight gain (g) /Protein intake (g)

Total carotenoids

Total carotenoid content of skin of 5 fish in each replicate
was determined at the end of the experiment under a
spectrophotometer (Suzuki and Katoh 1990). Briefly,
1 g of skin was homogenized in 10 ml ethyl alcohol.
Then 1 ml of suspension was picked up and mixed with
1 ml ethyl alcohol 95 % and 3 ml N-hexane, and the
yield mixture centrifuged for 10 min at 2,000 rpm.
Upper phase was picked up, their optical density was
read at 453 nm wavelength on the spectrophotometer,
and B-carotene content was determined according to the
following formula:

B — carotene (mg/dl) = absorption 453 nm/0.00258
Challenge study with A. hydrophila

After 6 weeks of feeding, 10 fish per group were
challenged with virulent A. hydrophila (AHO4
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obtained from Aquatic Animal Health department,
Tehran university, Tehran, Iran). Initially, the patho-
genic isolates of A. hydrophila were grown on nutrient
broth for 24 h at 30 °C in a BOD incubator and
harvested by centrifuging the culture broth at
10,000 rpm for 10 min at 4 °C. The cells were then
washed twice in sterile PBS (pH = 7.2), and final
concentration was maintained at 10 CFU ml™". The
fish in each experimental group were intraperitoneally
injected with 0.2 ml of bacterial suspension. Mortality
was recorded for 10 days. Tissues were taken from the
dead fish for bacteriological culture to confirm
A. hydrophila as the cause of death. The percentage
of cumulative mortality in different groups was
indicated.

Hematological parameters

Blood samples were immediately analyzed for the
estimation of numbers of erythrocytes, hemoglobin
(Hb) and hematocrit (Hct) according to Thrall (2004).
White blood cell (WBC) was counted as described by
Schaperclaus et al. (1991).

Statistical analysis

Data were tested for normal distribution with Shapiro—
Wilk’s test and for homogeneous variance with
Levene’s test. Statistical analysis consisted of one-
way ANOVA, using the probability level of 0.05 for
rejection of the null hypothesis. After ANOVA,
significant differences among means were determined
by Duncan’s multiple range test. All statistical anal-
ysis was performed using SPSS for Windows software
version 16.0.

Results
Growth performance

The results of the effect of D. salina on H. severus
were shown in Fig. 1. Although a deep influence of
D. salina (100 and 200 mg kg~' food) was indicated
in the growth performance of H. severus (P < 0.05),
no significant differences were seen in growth factors
of fish fed with food including 50 mg kg~' D. salina
(P > 0.05).
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Fig. 1 Effect of D. salina on growth parameters [specific
growth ratio (SGR), food conversion ratio (FCR), average daily
weight gain (AWG) and protein efficiency ratio (FER)] of
H. severus fed for 6 weeks. G2, G3 and G4 fish groups fed with
commercial basal diet containing 50, 100 and 200 mg kg™’
D. salina, respectively. GI commercial basal diet free from

D. salina. Mean + SD from 18 fish. Groups with different letter
on SD bar were significantly different (P < 0.05)

Mucus and serum lysozyme activity

The serum lysozyme activity was significantly
increased in 100 and 200 D. salina-treated fish
compared with the control group (Fig. 2). Mucus
lysozyme activity not varied markedly among treat-
ments (P > 0.05).

Serum and mucus bactericidal activity

Serum and mucus bactericidal activity of fish fed
different levels of D. salina were shown in Fig. 3. Not
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Fig. 2 Effect of D. salina on serum and mucus lysozyme
activity of H. severus. G2, G3 and G4 fish groups fed with
commercial basal diet containing 50, 100 and 200 mg kg™’
D. salina, respectively. GI group fed with commercial basal diet
free from D. salina. Mean £ SD from 18 fish. Groups with
different letter on SD bar were significantly different (P < 0.05)

only serum but also mucus bactericidal activity was
not affected by the oral administration of D. salina-
treated food (P > 0.05).

Skin carotenoid rate

Supplementation of the food with 100 and
200 mg kg~' D. salina for 6 weeks significantly
(P < 0.05) increased the skin carotenoid rate of
H. severus (Fig. 4).

Hematological parameters

Supplementation of the food with 100 and
200 mg kg~' D. Salina for 6 weeks significantly
(P < 0.05) increases the hematological indices rate
of H. severus (Table 1). Hematocrit (Hb), RBC and
WBC significantly increased in G3 and G4 (P < 0.05),
whereas no change was seen in G2 when compared
with control groups (P > 0.05).

Challenge study with A. hydrophila

Percentage cumulative mortality of H. severus after
challenging with A. hydrophila in different experi-
mental groups was represented in Fig. 5. The lowest
mortality (36.67 % =+ 5.78) was recorded in fish fed
with 200 mg kg~ ' D. salina. Post-challenge mortality
in G2 (80 £ 10) and G3 (60 £ 10) was not signif-
icantly changed when compared with control
(70 £ 5.78). The clinical signs observed in fish were
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Fig. 3 Effect of D. salina on serum and mucus bactericidal
activity of H. severus. G2, G3 and G4 fish groups fed with
commercial basal diet containing 50, 100 and 200 mg kg™'
D. salina, respectively. GI group fed with commercial basal diet
free from D. salina. Mean £ SD from 18 fish. Groups with
different letter on SD bar were significantly different (P < 0.05)
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Fig. 4 Skin carotenoid rate of H. severus fed different levels of
D. salina for 6 weeks. G2, G3 and G4 fish groups fed with
commercial basal diet containing 50, 100 and 200 mg kg™’
D. salina, respectively. G1 group fed with commercial basal diet
free from D. salina. Mean £ SD from 18 fish. Groups with
different letter on SD bar were significantly different (P < 0.05)

as follows: swollen abdomen, reddish vent exophthal-
mia and loss of equilibrium.

Discussion

Natural B-carotene sources have been reported to be
potent immunostimulants in fish (Gourveia et al. 1997,
Raymundo et al. 2005; Supamattaya et al. 2005).
Supplementation of food with D. salina (100 and
200 mg kg™') significantly affected growth perfor-
mance index, including specific growth ratio, food
conversion ratio, average daily weight gain and
protein efficiency ratio (P < 0.05). Contrary results
were reported regarding the effect of oral administra-
tion of carotenoids on growth parameters: Nevejana
et al. (2003) reported the growth stimulation following
administration of D. salina as a natural source of
B-carotene in Argopecten purpuratus. However, Amar
et al. (2001), (2004) and Choubert et al. (2006)
reported no change in growth indices following

Table 1 Hematological parameters

8

g

20 -

Cumulative mortality (%)
8

1 2 3 4 5 6 7 8 9 10
Days after challenge

Fig. 5 Cumulative mortality (%) of H. severus following
injection of Aeromonas hydrophila. G2, G3 and G4 fish groups
fed with commercial basal diet containing 50, 100 and
200 mg kg~' D. salina, respectively. GI group fed with
commercial basal diet free from D. salina

administration of food supplemented with not only
natural but also synthetic carotenoid sources in
rainbow trout.

In fish, the effectiveness of carotenoid source in
terms of deposition and physiological function is
species-specific. In addition, all fish species not
possess the same pathways for the metabolism of
carotenoids; therefore, there is no universal transfor-
mation of carotenoids in fish tissues (Kop and Durmaz
2008).

Contrary to those in mammals, there are few studies
examining the role of carotenoids in immunity in fish.
(Thompson et al. 1995). In this study, serum lysozyme
activity and resistance against bacterial infection were
significantly increased followed by administration of
D. salina-supplemented food (P < 0.05). The lyso-
zyme activity is an important indicator of the immune
defense in both invertebrates and vertebrates (Ellis
1990).

Serum lysozyme activity increased with the addi-
tion of D. salina at 100 and 200 mg kg~'. B-carotene

Gl G2 G3 G4
PCV 2542 + 4.27° 22.86 + 2.04° 28.13 + 4.29° 28.08 + 5.63*
Hb 6.40 £ 3.72° 5.54 + 1.5° 9.79 + 4.91% 9.70 £ 4.50°
WBC 0.77 £ 0.21° 0.65 &+ 0.104° 1.26 £ 0.22° 1.47 £+ 0.192%
RBC 1.53 4+ 0.30° 1.35 + 0.16° 1.62 + 0.41%° 1.89 + 0.34°

Hematological parameters of H. severus fed different levels of D. salina for 6 weeks. G2, G3 and G4: fish groups fed with
commercial basal diet containing 50, 100 and 200 mg kg™' D. salina, respectively. G1: group fed with commercial basal diet free
from D. salina. Mean £ SD from 18 fish. Means in the column with different superscripts were significantly different (P < 0.05)
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is a vitamin A precursor and a quencher of singlet
oxygen and as such could affect the immune system
through both the antioxidant and retinoid pathways.
D. salina also contains large amounts of 9-cis
-carotene, which has been shown to be more potent
than all-trans B-carotene in enhancing cell—cell inter-
action through gap junctions (Zhang et al. 1992).
Lysozyme is secreted by leukocytes and is a marker of
leukocyte activity, increasing concomitantly with
phagocytic activity (Paulsen et al. 2001). The aug-
mentation of lysozyme activity by B-carotene could be
via its stimulation of phagocytic cells as is the case
with most immunostimulants. The increased lysozyme
activity has been reported in rainbow trout fed with
astaxanthin and D. salina-supplemented food (Amar
et al. 2001, 2004).

Results also showed that supplemented diet with
D. salina increased the serum bactericidal activity, but
not to a significant extent (P > 0.05). Divyagnanes-
wari et al. (2007) in tilapia and Kajita et al. (1990) in
rainbow trout reported an increase in serum bacteri-
cidal activity after administration of biological
immune stimulants.

Bactericidal activity is due to various antimicrobial
peptides such as lysozyme, complement component
and so on. Carotenoid-supplemented diets affect bio-
defense mechanisms in rainbow trout and found that
serum lysozyme and complement activity in -caro-
tene supplement fed groups were significantly higher
than those of control fish (Amar et al. 2001).

In this study, the skin carotenoids significantly
increased in all D. salina-treated groups (P < 0.05);
meanwhile, skin carotenoids rate correlates with
D. salina concentration in food. It can be due to
deposition of carotenoids in skin which can change the
color of skin as well. Tejera et al. (2007) found that
different carotenoid sources can affect skin carote-
noids of red porgy and its rate correlate with the
concentration of astaxanthin. Similar reports con-
firmed increased skin carotenoids following oral
administration of different carotenoid sources (Ha
et al. 1993; Rehulka 2000).

It is known that food component can affect
hematological parameters, such as erythrocyte num-
ber, Hb amount, hematocrit value and hemoglobin
indexes (Schaperclaus et al. 1991). In this study,
significant increase (P < 0.05) in PCV, RBC, hemo-
globin and WBC was observed in fish fed with food
that contains 100 and 200 mg kg~' D. salina. PCV

and RBC are general indicators for fish health and help
describe abnormalities caused by immunostimulants
(Selvaraj et al. 2005). The increase in erythrocyte
number and hemoglobin content observed in this study
may be due to the stimulating effect of the D. salina
extract component on the erythropoietic tissue as a
result of which the viability of the cells might be
affected (Tavares et al. 1999). The differential leuko-
cytic count is an indicator of health in fish (Magna-
do’ttir 2006). Probably, the increase in the leukocyte
count might have resulted in the enhancement of the
nonspecific defense, because leukocytes are the key
elements in the immune system and are the major
affecter and effectors cells on which D. salina exerts
its activities.

There are various reports of elevated PCV, Hb,
RBC and WBC value after administration of some
herbal immunostimulants in fish (Harikrishnan et al.
2003; Alishahi et al. 2010). Contrary results were
observed among previous studies on interaction of
carotenoids and hematological parameters in fish.
Nakano et al. (1995) reported that hematological
parameters increased in carotenoids-treated fish. But
Rehulka (2000) reported that rainbow trout fed diet
containing astaxanthin had significantly lower levels
of RBC, PCV and hemoglobin. This finding shows that
dietary carotenoids influenced blood components.
These controversial results could be explained by the
different species of fish, the route and dose of
administration and physiological situation.

Supplementation of dried algal cells caused retar-
dation of growth in black tiger shrimp (Liao et al.
1993) and striped jack (Watanabe et al. 1990).

It is important to estimate bacterial infection
resistance of treated fish to determine the efficiency
of an immunostimulant. In the present study, the
lowest mortality after challenge with A. hydrophila
was registered in fish treated with 200 mg kg™
D. salina, which was significantly lower than that of
control group (P < 0.05). Then, food supplementation
with D. salina had a positive influence on the survival
of H. severus by increasing its resistance against
A. hydrophila infection. Probably, carotenoid contents
or unknown ingredients in the D. salina enhanced
resistance against bacterial infection in fish. Decreased
mortalities after challenge with A. hydrophila were
reported not only in Cyprinus carpio, fed on Aloe
vera and viscum album extracts (Alishahi et al. 2010,
2012) and Chinese herbs (Astragalus radix and
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Ganoderma lucidum) (Yin et al. 2008), but also in
Indian major carp, using tuftsin Yin et al. (2008).

Based on the results, it can be concluded that
incorporation of D. salina powder in food (100 and
200 mg kg™ ") in H. severus may lead to an increase in
growth parameters, stimulate some hematological and
immunological parameters and resistance against
bacterial infection. However, the mechanism of
immunostimulation in fish is still not completely
clear, and we suggest to do further studies on
mechanism of D. salina function. Also, other effects
of D. salina on fish as well as other routs of
administration should be investigated.
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