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Abstract. This study aimed to investigate the effects of adding endophytic bacterial isolates and
Sargassum sp. algae extract to enhance the growth performance and non-specific immune response of
cobia (Rachycentron canadum) fry. The research employed a Completely Randomized Design (CRD)
experimental method with three treatments and five replications. The treatments consisted of: (A)
commercial feed without any additives, (B) commercial feed supplemented with 15 mL of Sargassum sp.
extract, and (C) commercial feed supplemented with 15 mL of endophytic bacterial isolates from
Sargassum sp. at a concentration of 108 CFU mL™. The fish fry were reared for 30 days, followed by a
14-day challenge test with Vibrio alginolyticus bacteria at a density of 107 CFU mL?, using the
intraperitoneal (IP) injection method. Parameters observed included absolute weight gain, absolute
length gain, specific growth rate (SGR), feed conversion ratio (FCR), feed efficiency (FE), total
erythrocyte count, total leukocyte count, leukocyte differential, clinical symptoms, survival rate, and
water quality. Data on absolute weight gain, absolute length gain, SGR, FCR, FE, total erythrocyte count,
total leukocyte count, and survival rate were analyzed using ANOVA with a 95% confidence level,
followed by Duncan's post hoc test for significant differences. Leukocyte differentials, clinical symptoms,
and water quality data were analyzed descriptively. The main findings revealed that the addition of
endophytic bacterial isolates and Sargassum sp. algae extract could enhance the growth and non-specific
immune response of kobia fry. Treatment C proved to be the most effective, as evidenced by the
increased values of absolute weight gain (35.72 g), absolute length gain (11 cm), SGR (3.17%), FCR
(1.19%), FE (84.13%), total erythrocyte count (2.89x106 mm3), total leukocyte count (38.56x103 mm-~
3), and leukocyte differential percentages (lymphocytes 82.2%, monocytes 4.4%, neutrophils 8.8%), as
well as the fastest recovery time (7 days) after the challenge test, with the highest survival rate of
90.7%.
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Introduction. Cobia (Rachycentron canadum) is found across tropical and subtropical
waters worldwide, offering significant potential for aquaculture due to its rapid growth
rate and commercial appeal (Ademola 2024). However, the industry faces some threats,
including viral, bacterial, and parasitic diseases (Lavilla-Pitogo et al 1990; Rajan et al
2001), particularly in regions where cobia aquaculture is established. Bacterial disease is
a prevalent disease in marine aquaculture. Specifically in vibriosis, it impacts numerous
species of economically important aquatic organisms globally, leading to significant
challenges for the industry (Sem et al 2023). Vibriosis, caused by various Vibrio species,
emerges as a primary disease affecting marine fish in both salt and brackish waters,
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resulting in substantial economic losses within the mariculture industry and impacting
numerous cultured and wild fish and shellfish species (Mohamad et al 2020). Disease
outbreaks are often linked to increased water temperatures in late summer, especially in
shallow and near-shore waters. While Vibrio alginolyticus was traditionally considered
part of the normal marine flora (Chart 2012), it has been implicated as a pathogen
affecting several marine fish species, including silver sea bream (Pagrus auratus)
(Rameshkumar et al 2017), cobia (Rachycentron canadum) (Rajan et al 2001;
Rameshkumar et al 2014), grouper (Epinephelus sp.) (Glamuzina & Rimmer 2022), and
Asian seabass (Lates calcarifer) (Islam et al 2024).

Diseases in fish can be caused by various infectious agents such as viruses,
bacteria, fungi, and parasites. Fish that present wounds, nutrient deficiencies, and poor
water quality may experience decreased immunity, potentially leading to disease due to
the imbalance between host factors, pathogens, and the environment (Putra et al 2018).
Among the diseases most commonly affecting cobia, vibriosis caused by Vibrio sp.
bacteria is notable, leading to hemorrhage, loss of appetite, and mass mortality
(Mohammed et al 2021). Disease prevention methods in fish can be accomplished
through oral or immersion vaccination and the administration of immunostimulants (Zhao
et al 2019).

Immunostimulant substances can be derived from chemicals such as vitamins,
minerals, and natural materials including plants and animals. Extracts from seaweed
Sargassum spp. containing bioactive compounds have the potential to enhance immune
responses in fish (Pratiwy & Pratiwi 2020). The use of vaccines is relatively more
expensive and specific, targeting the prevention of specific disease agents, whereas the
use of plant-derived immunostimulants is relatively cheaper and can be used for the
prevention of various disease agents in a non-specific manner (Permatasari et al 2019).

Research conducted by Sujatha et al (2019) demonstrated that Sargassum
swartzii seaweed extract contains bioactive compounds such as tannins, terpenoids,
flavonoids, saponins, and phenols, showing antibacterial activity against pathogenic
bacteria Staphylococcus aureus, Aeromonas hydrophila, Pseudomonas aeruginosa, and
Vibrio vulnificus. Another study on Sargassum polycystum seaweed extract also revealed
bioactive compounds such as alkaloids, flavonoids, saponins, steroids, and terpenoids,
showing antibacterial activity against S. aureus (Riwanti et al 2021).

Endophytic bacteria are a type of bacteria whose life cycle largely involves
interacting with host plants without causing disturbance or damage. Bioactive compounds
produced by these endophytic bacteria have potential as antibacterials against several
pathogenic bacteria attacking the host (Hasiani et al 2015). Endophytic bacteria are
easily cultivable microorganisms with short life cycles capable of producing bioactive
compounds in large quantities in a short time, thus holding great potential for utilization
in aquaculture (Sukmawaty et al 2016).

Research on the benefits of active ingredients in seaweed extracts conducted by
Kasanah et al (2019) showed that extracts from red algae Gracilaria edulis contain active
ingredients that can potentially enhance fish immune responses against pathogenic
bacteria such as Vibrio spp. and Aeromonas hydrophila at doses adjusted to fish species,
size, and age. Kusumaningrum (2007) explained that immunostimulant substances from
brown algae extracts contain active compounds such as phenols and flavonoids with
antibacterial activity. Research conducted on Sargassum sabrepandum showed the
presence of endophytic bacteria Bacillus sp. with antibacterial activity against pathogens
S. aureus and P. aeruginosa (Ahmed et al 2016). Therefore, based on the previous
studies, the aim of this study is to evaluate the potential of Sargassum sp. extracts and
endophytic bacteria isolated from Sargassum sp. as immunostimulants to enhance
growth performance and non-specific immune response in cobia fry, thereby improving
their resilience against diseases caused by Vibrio sp.

Material and Method
Method. The main research was conducted at the Center for Marine Aquaculture (BBPBL)

Lampung from February to March 2022. Preliminary research was previously conducted
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from June to October 2021 at the Chemistry Laboratory, Graduate Building D6, Faculty of
Mathematics and Natural Sciences (FMIPA), Singaperbangsa Unpad, Bandung, the
Biology Laboratory, FMIPA, Universitas Padjadjaran, Jatinangor, and PT Genetika Science,
Tangerang. The preliminary research, conducted in collaboration with other research
teams, aimed to identify the best algae extracts and endophytic bacteria to be used in
the main research. The research method used is the experimental method with a
completely randomized design (CRD), with 3 treatments and 5 replications. The
treatments used are Sargassum sp. extract and endophytic bacteria, which were added
to feed at the following doses: A - control (no addition); B - Sargassum sp. algae extract
at 15 mL kg!; C - endophytic bacteria isolated from Sargassum sp. at 15 mL kg™.

The CRD utilized a linear model (Gaspersz 1991), with the following calculation
formula:

YI= (M + ti + €ij)

Where: Yi - observation result on the i-th observation and i-th replication; p - general
mean value; pi - effect of treatment i; €ij - random factor effect of treatment i and
replication j.

After 30 days of rearing, fish were challenged by infection with Vibrio sp., with the
immersion method. The bacterial solution was put into each aquarium (10 mL).
Observations after the challenge test were carried out for 14 days.

Preparation of test feed. Commercial marine fish pellets for juvenile fish, with a
minimum crude protein content of 40% were used as control for each treatment feeds.
The endophytic bacteria used were Pseudomonas sp. isolated from Sargassum sp., which
have been diluted to 103. The endophytic bacteria isolates were measured to obtain a
density value up to 108 CFU mLt. The Sargassum sp. extract and endophytic bacteria
were added into a spray containing water and a binder consisting egg white (2% of the
feed weight) (Rafsyanzani & Hidayatullah 2016). This mixture was sprayed onto the feed
while stirring until it was evenly distributed. In the control treatment, egg white was also
added in the same amount, without the addition of any extract or bacteria. The feed
mixing was performed daily throughout the fish maintenance period.

Preparation of test fish and maintenance of test fish. The cobia used were 45 days
old, with a weight of 6+3.2 g and a length of 8+1.5 cm, obtained from the hatchery at
the Lampung Marine Aquaculture Research Institute (BBPBL) in Lampung, Indonesia.
Before stocking, the fish were graded to obtain uniform sizes, and their health condition
was checked before treatments were applied. The fish were stocked at a density of 15
individuals per cage (1.25 m3). A concrete pond with a maximum volume capacity of 4
tons of seawater was equipped with 15 hapa nets, each measuring 0.5x0.5x0.5 m3,
which were used as containers for the cultivation of cobia fry. Before use, the ponds were
cleaned and disinfected. Subsequently, the ponds were dried and filled up to 70% of their
volume, with two aeration points in each pond. The ponds were equipped with an inlet at
the top and an outlet at the bottom, including a drainage pipe. The test fish were
maintained for 22 days. Feeding was carried out three times a day in the morning at
07:00, at noon at 12:00, and in the evening at 17:00 WIB ad-libitum, with a minimum
total feed at 5% of the fish biomass per treatment. Any remaining feed was removed by
siphoning, and water was partially replaced by 50-70% once a day in the morning.

Clinical symptoms after infection. Bacterial infection was carried out using an
intramuscular injection method with a density of 1.5x107 CFU mL™. Pathogenic bacteria
were injected at a concentration of 0.1 mL per fish. Macroscopic clinical symptoms
observed were changes in body surface damage, response to shock and response to feed.
The damage of body surface was observed after 48 hours of experimental period. The
sampling time was 4, 6, 12, 24, 32, and 48 h.
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Cobia immunity. Total erythrocytes and total leukocytes cell count served as an
indicator of fish health during the experimental treatment period. The procedure for
obtaining red blood cells and total leukocytes was based on Blaxhall & Daisley (1973).
The test fish were removed from the aquarium and an incision was made at the base of
the caudal fin using a scalpel.

Water quality parameters. The water quality parameters measured include
temperature, pH, salinity, dissolved oxygen (DO), total ammonia, and total nitrite. In situ
water quality parameters included temperature, pH, salinity, and DO. Parameters tested
in the laboratory according to the SNI 06-6989.11-2004 standards included total
ammonia and total nitrite. Observations of all parameters was conducted every 20 days.

Statistical analysis. The absolute weight growth (H), absolute length growth (L),
specific growth rate (SGR), feed conversion ratio (FCR), feed efficiency (FE), total
erythrocytes, total leukocytes, and survival rate (SR) data obtained were analyzed using
analysis of variance (ANOVA) with a confidence level of 95%. However, if there was a
significant difference observed among treatments, the post-hoc Duncan test was used
further (Gaspersz 1991). The data on leukocyte differentials was determined after
Amlacher (1970). Mean time to death (MTD), and water quality were analyzed
descriptively.

Results

Fish growth rate. The results of the data collection on the cobia growth parameters are
presented in Table 1.

Table 1
Fish growth data based on the utilization of Sargassum extract and endophytic bacteria

Treatment Standard
A B C (BBPBL 2020)

Observation parameters

Mean final fry weight Fry age 60-70 days
(@) 33.84+0.87 38.38+0.55 40.24+0.77 (weight £25-33 g)

Absolute weight growth

(9)

Average final fry length

28.12+0.442 33.36+0.44° 35.72+0.66¢

17.82+0.77 19.24+1.48  21.02+1.03 Fry age 60-70 days

(cm) (length £17-20 cm)
Absolute '(irrf)th growth ¢ 4410500  9.92+1.33° 11+0.86¢
. B Weight growth rate &
0, 1 a b c
SGR (% ind days™) 2.58+0.08 2.95+0.07 3.17+0.07 daily length is 2.3 %
FCR (%) 1.2740.02°  1.2240.02°  1.19%0.01c 'R rf”f;_slbfstwee”
%FE ranges between
b
FE (%) 78.48+1.01°  82.00+1.41°  84.13+0.86¢ e85 120k
Fry aged >60 days
[o)
SR (%) 100+0.00 100+0.00 100£0.00 oY g P e 90%
FR (%) 5.6-6.0 5.6-6.8 5.4-6.6 FR r%?g‘j/ofrom
TFC (g) 717+17.332  814+16.14>  849+23.93¢

Note: FCR - feed conversion ratio; FE - feed efficiency (%); FR - feeding rate (%); SGR - specific growth rate
(%); SR - survival rate (%); TFC - total feed consumption (g).

Figure 1 indicates that the absolute weight growth of fish in all treatments exhibits
varying values. Treatment A (control) produced the lowest absolute weight growth value,
28.12+0.44 g, while Treatment C produced the highest absolute weight growth value,
35.72+0.66 g.
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Figure 1. Absolute weight growth of cobia (Rachycentron canadum) fry under 3 different
treatments: A - control feed; B - feed with extract of Sargassum sp.; and C - feed with
endophytic bacteria. Different letters above bars show significant differences p<0.05.

The final length of cobia fry subjected to treatment C gave optimal results with an
average length of 21+1.03 cm, representing a 110% increase from the initial length of
the fish, which was 10 cm (Figure 2). In treatment B, there was a 106% increase in the
length of cobia fry. This showed that the improvements observed in treatments B and C
were relatively comparable in contrast to the control treatment, which only exhibited an
84% increase in length.
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|

9,68

Average length of Cobia Fry (cm)
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0 8 15 22 30
Days

Figure 2. Average length growth cobia (Rachycentron canadum) fry.

Specific growth rate (SGR). SGR is a growth parameter that explains the percentage
of fish growth per day. Factors that influenced the SGR include the quantity of fish feed,
the fish meal level, which closely corresponds to the feeding rate, and the interaction
with nutrient absorption (feed acceptability) by the fish (Li et al 2006). The value of the
daily growth rate is closely related to absolute weight growth, signifying that optimal
increases in fish weight within a specific time unit can elevate the SGR value. The fry
stage is considered the most opportune phase for evaluating the SGR value. This is
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attributed to the fact that the SGR curve during the fry stage maintains an exponential
form when compared with the SGR value in the adult fish stage, which exhibits a linear
pattern (Lugert et al 2016).

3,5 3,17 +0,07c
2,95+0,07b T

3 2,58 +0,08a

SGR % ind/days

A (Control) B (Extract Sargassum sp.) C (Endophytic Bacteria)
Feed Treatment

Figure 3. Specific growth rate (SGR) of cobia (Rachycentron canadum) fry under 3
different treatments: A - control feed; B - feed with Sargassum sp. extract, and C - feed
with endophytic bacteria. Different letters above bars show significant differences
p<0.05.

Feed conversion ratio (FCR). Based on Figure 4, treatment C produced the lowest FCR
value, at 1.19%, indicating that the use of feed containing endophytic bacterial isolates is
the most effective in enhancing the biomass of cobia fry. FCR in treatment B was not
significantly different from that of treatment C, but significantly different from that of
treatment A (p<0.05).

14
. 1,27 +0,02a
L . .. 1,22+0,02b 1,19£0,01c

1

0,8

0,6

FCR %

0,4

0,2

A (Control) B (Extract Sargassum sp.) C (Endophytic Bacteria)
Feed Treatment

Figure 4. Feed conversion ratio (FCR) of cobia (Rachycentron canadum) fry under 3
different treatments: A - control feed; B - feed with extract of Sargassum sp.; and C -
feed with endophytic bacteria. Different letters above bars show significant differences

p<0.05.
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Feed efficiency (FE). According to Figure 5, treatment A produced the lowest FE value
compared to treatments B and C, with a value of 78.48%. Meanwhile, treatments B and
C showed a significant increase in FE values (p<0.05).

100
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82,00+ 1,41b 84,13+ 0,86¢
80 78,48 £1,01a T
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Feed Treatment

Figure 5. Feed efficiency (FE) of cobia (Rachycentron canadum) fry under 3 different
treatments: A - control feed; B - feed with extract of Sargassum sp.; and C - feed with
endophytic bacteria. Different letters above bars show significant differences (p<0.05).

FE in treatment B was not significantly different from that of treatment C, but
significantly different from that of treatment A. Treatment C proved to be optimal,
recording an FE value of 84.13%. Treatment C allows fish to utilize the feed more
efficiently, providing more energy for growth compared to treatments A and B. Optimal
growth can occur when the consumed feed has good efficiency, resulting in greater
energy availability. Fish growth heavily relies on the energy obtained from feed, with
needs for metabolism, hormonal systems, and other body activities. Hence, a surplus of
energy is required for fish growth (Heinsbroek & Kreuger 1992).

The FE results for treatments A and B fall within the normal range, while the FE in
treatment C was slightly higher than the standard FE for cobia fry, ranging between 75-
82% (BBPBL 2020). This suggests that a higher FCR value signifies better feed
management to avoid waste of feed and the production costs incurred (Besson et al
2016).

Immunity results (challenge test)

Erythrocytes. The average red blood cell count before treatment ranged from 2.49x10°6-
2.63x10° cells mm3. After treatment, there was a significant increase in the number of
erythrocytes in treatments B and C, which ranged from 2.89 x106-2.92x10°% cells mm-3,
while treatment A experienced a slight decrease in the number of erythrocytes, 2.5x10°
cells mm=3 (Figure 6). The highest number of erythrocytes in cobia fry after treatment
was in treatment B, namely 2.92x10° cells mm3. However, this increase is within the
normal range, signifying that the juvenile cobia are in a healthy and non-stressed
condition. An excessive increase in red blood cell count beyond the normal range may
indicate stress due to environmental changes or disruptions in the metabolic system (Cui
et al 2010).
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Figure 6. Red blood cell count of cobia (Rachycentron canadum) fry during research.
Control (A), feed with 15mL extract Sargassum (B), feed with 15 mL endophyte bacteria
of Sargassum (C).

The number of erythrocytes in cobia fry after being infected with Vibrio alginolyticus
bacteria had significant differences depending on previous treatments. Treatment A
produced significantly different results from treatments B and C, while the number of
erythrocytes in treatment B was not significantly different from that in treatment C. The
highest erythrocyte value was obtained in treatment C, at 2.39x10° cells mm=3, while
treatment A produced the lowest erythrocyte value, below the normal limit of 1.97x10°
cells mm=3 (Table 2). Cui et al (2010) stated that the average number of erythrocytes
count in healthy cobia fry ranges from 2.1x10%-4.1x10° cells mm3,

Table 2
Percentage of increase/decrease in total erythrocytes during research

Averages of total erythrocytes numbers  Changing of erythrocytes

(cell mm3) numbers (%)
Treatments Before After Challenge After Ch’://ftee; e
treatments  treatments test treatments tes tg
A (control) 2.63 2.50 1.97 -4.72% -21.10%
B (15 mL extract of 2.51 2.92 2.25 16.60%  -22.93%
Sargassum sp.)
C (15 mL endophyte
bacteria from Sargassum 2.49 2.89 2.40 16.22% -17.14%

sp.)

Note: (-) shows a decrease in total of erythrocytes.

Leukocytes. The average number of leukocytes count before treatments ranged from
29.08x103 to 32.16 x103 cells mm3. After treatment, an increase in the number of
leukocytes count was evident in treatments B and C, ranging from 38.09 x103 to
38.56x103 cells mm™3, while the control experienced a slight increase in the number of
leukocytes, up to 30.69x103 cells mm-3 (Figure 7). Thus, the bioactive ingredients from
endophytic bacterial isolates and Sargassum extract can increase leukocyte levels in the
fish's body. Pratiwy & Pratiwi (2020) explain that Sargassum extract added at a
concentration of 15 g kg! of feed administered to catfish (Clarias sp.) is capable of
helping the immune system, indicated by an increase in the production of leukocytes and
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erythrocytes, the extract containing several active substances (alkaloids, phenols, and
triterpenoids) and polysaccharides (fucoidan).
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Figure 7. Number of leukocytes in cobia (Rachycentron canadum) fry during the research.

There was a significant change in the number of leukocytes in cobia fry after being
infected with V. alginolyticus. The number of leukocytes in fish from treatment A was
significantly different from that of treatments B and C, while the number of leukocytes in
fish from treatment B was not significantly different from that of treatment C. The
highest leukocyte value was obtained in treatment A, at 47.7x103 cells mm=3, followed by
treatments B and C, with 39.29x103 and 38.71x103 cells mm3, respectively (Table 3).
The number of leukocytes in treatment A exceeded the normal limit for the number of
leukocytes in cobia fry, while treatments B and C experienced a trend of decreasing
leukocyte numbers, but within normal limits. The number of leukocytes in healthy cobia
ranges from 28.6x103 to 37.97x103 cells mm=3 (Amenyogbe et al 2022). A significant
increase in leukocytes indicates that the fish is being infected by a pathogen.

Table 3
Total leukocytes during research

Averages of total leukocytes Increase in leukocytes (%)

(cell mm>3)
Treatments Before After Challenge After After challenge
treatment treatment test treatment test
A (Control) 29075 30685 47705 5.54% 55.47%
B (15 mL extract of 32160 38090 39290 18.44% 3.15%
Sargassum sp.)
C (15 mL endophyte
bacteria from Sargassum 31680 38560 38710 21.72% 0.39%

sp.)

Differential leukocytes

Lymphocytes. Lymphocytes are the primary indicator of the formation of the body's
immunity through humoral and cellular mechanisms (adaptive immune system), which
function to recognize antigens, produce antibodies and destroy foreign substances that
enter the body (Rojo-Cebreros et al 2018). Figure 8 shows that the percentage of
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lymphocytes before treatment ranged from 73-76%. After treatment, there was a
significant increase in treatments B and C, namely 85% and 87%, respectively, while
treatment A experienced a decrease to 73%.
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Figure 8. Lymphocytes in cobia (Rachycentron canadum) fry during research.

An increase in lymphocyte count was observed after the fry were treated with feeds B
and C, as illustrated in Figure 8. This increase was attributed to the addition of
endophytic bacterial isolates and Sargassum extracts, which contain various bioactive
compounds acting as immunostimulants. The percentage of lymphocyte numbers after
the challenge test showed a decrease in all treatments.

Monocytes. Monocytes represent one of the differentiated forms of leukocytes with
phagocytic functions against antigens or foreign substances that successfully enter the
body. Monocytes become active following induction by neutrophils and lymphocytes when
an infection or inflammation occurs. The percentage of monocytes before treatment
ranged from 4.2 to 4.6% (Figure 9). The addition of endophytic bacterial isolates and
Sargassum sp extract did not affect the percentage of monocytes in cobia fry. According
to Pratiwy & Pratiwi (2020), extract of Sargassum sp. provides effective results in
increasing erythrocytes and lymphocytes, but does not have a significant effect on the
percentage of monocytes and neutrophils. According to BBPBL (2020), the number of
monocytes in healthy cobia ranges from 1.3-5.3%.
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Figure 9. Percentage of monocytes in cobia (Rachycentron canadum) fry during research.
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The percentage of monocytes after the challenge test indicates a significant increasing
trend in all treatments A, B and C, namely 10.80%, 8.80% and 5.40%, respectively. The
highest increase in monocytes was obtained in the control, while the lowest increase was
in treatment C. The higher increase in the percentage of monocytes indicates the high
virulence in the fish, meaning that more bacteria or pathogens enter the body.

Neutrophils. Neutrophils are the first type of leukocyte cells from the immune system to
respond to infections and inflammations caused by bacteria or other foreign substances.
Neutrophils send signals to alert immune cells (monocytes and other types of
macrophages) to help destroy the bacteria or viruses that have entered the body
(Soehnlein et al 2017). As shown in Figure 10, the percentage of neutrophils before
treatment ranged from 19.40% to 22.2%. Based on the results obtained after the
treatment, the percentage of neutrophils showed a decrease. This finding is consistent
with the observations of Yuliana et al (2021), who reported a similar trend in the average
percentage of neutrophils in the blood of pomfret (Trachinotus blochii). Their study
showed that after administering feed containing Sargassum sp. extract, the neutrophil
percentage tended to decrease. The percentage of neutrophils increased during the
challenge test.
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Figure 10. Percentage of neutrophils in cobia (Rachycentron canadum) fry during the
research.

Clinical symptoms after infection

Body surface damage. In treatment B and C, the fish had showed no damage until 24 h,
and presented hemorrhages in 32 h to 48 h of exposure (Table 4). Clinical symptoms in
cobia fry began to appear in treatment A at the 12t hour post-infection, manifested by
blackened bodies and the emergence of hemorrhagic red spots in the operculum area
extending to the gill region (Figure 11d), while in treatments B and C, the clinical
symptoms of blackened bodies and hemorrhage occurred at the 32" hour. Clinical
symptoms such as fin erosion (Figure 11c) began to appear in treatment A at the 24t
hour post-infection with V. alginolyticus (Table 5). According to Rameshkumar et al
(2017), cobia fry affected by vibriosis disease exhibit physical changes such as
blackening of the body, followed by red spots on the fins, near the operculum and
abdominal area, ulcerated lesions, swollen abdomen (dropsy), and protruding eyes
(exophthalmia) (Figure 11). The onset of vibriosis disease symptoms usually occur
between the 12t and 24%™ hours post-infection with the vibriosis agent (Nguyen et al
2017).
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Damage of body surfaces after 48 hours

Table 4

Treatment Duration
4h 6 h 12 h 24 h 32 h 48 h
A -- -- D cd cd Cd
B - —- - —- d D
C - - - —- d D

Note: b - ulcer; c - fin rot; d - hemorrhage.

(-) Healthy Fish (No Damage) (c) Fin Rot

(a) Dropsy (d) Hemorrhage

Ash v

(‘b).iljlccly' S ' | (e) Exophthalmos

_—

Figure 11. Clinical symptoms in cobia (Rachycentron canadum) fry.

Table 5

Damage of body surfaces after challenge test

Treatment Replication Day

1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 d d bcd Abc abc bc bcd bcd bc b -- - -- -
2 d cd bc Abc bce bce bcde cde <ce bce be e E E
A 3 d cd bcd Be be bce bcde ce ce e e -- -- --
4 d d cd Be be cde ce bce bce e e - -- -
5 -- cd cd bce bce cde ce ce bce ce ce ¢ -- --
1 - - d C c bc  bce bc  bc b b - - -
2 - - d Bc bc bc bc bc bc b - e e -
B 3 - d o Bc bce bc bc b C c - e e -
4 - d c Bc bc bc bc b B b - - - -
5 - d cd Bc bc bc [¢ bc Bc b -- - -- -
1 - d d C C C C bc C -- - e e -
2 - - d C c c bc b B S —
C 3 - - d C C C b b B b -- -- -- --
4 - d d C bc bc bc b B b -- -- -- --
5 - d ¢ C bc bc bc b B b -- -- -- -

Note: a - dropsy; b - ulcer; c - fin rot; d - hemorrhage; e - exophthalmos.

Survival rate. The SR did not have significant differences, because all treatments had an
SR of 100%. However, after the 14-day challenge test, there were significant differences

AACL Bioflux, 2024, Volume 17, Issue 4. 1596
http://www.bioflux.com.ro/aacl



in the SR of cobia fry. The SR values after the challenge test showed that the best
treatment was C, with a value of 90.7%. Treatment A had the lowest SR value of 66.7%
(Figure 12). Treatments B and C had a significant influence on the SR of fry. Treatments
B and C did not produce significant differences in SR. However, the SR in B and C are
significantly different from that in treatment A, with treatment A producing the lowest
SR.

100 90.7 £0,86¢

85.3 t-l‘i,41bc

90

80

66.7 41,01a

70

B (A) Control
B (B) Extract Sargassum sp.
H (C) Endophyte Bacteria

60

50

Survival Rate (%)
After Challlenge Test

40

30

20

Figure 12. Survival rate of cobia (Rachycentron canadum) fry after the challenge test.
Different letters above bars show significant differences (p<0.05).

Discussion. The addition of Sargassum extract to feed increases fish weight based on
the chemical compounds contained in the algae extract. Sulfated polysaccharides (fucose,
glucose, fucoidan, and mannose) and secondary metabolites (tannins, alkaloids,
saponins) have antitumor, antiviral, antibacterial, antioxidant, and immunostimulant
properties (Telles et al 2018). Sivagnanavelmurugan et al (2018) observed that adding
Sargassum wightii extract containing 3% sulfated polysaccharides (fucoidan) increased
feed intake and successfully enhanced SGR and average weight of Penaeus monodon.

In treatment C, the addition of endophytic bacteria isolated from Sargassum sp.
produced secondary metabolites identical to its host. Although endophytic bacteria do not
have the exact same major chemical compounds as Sargassum, they can act as active
probiotics in enhancing immune defenses and facilitating digestive metabolism within the
fish's body (Kenawy et al 2021).

Bioactive substances from Sargassum extract and endophytic bacterial isolates
have effects on increasing fish feed intake. This is explained in the study of Grandiosa
(2010), where bioactive substances such as alkaloids and phenols influence increased
feed intake by enhancing palatability and metabolism rate. The feeding rate values of
cobia fry in treatments B and C were 6.8 and 6.6%, respectively, with the control
presenting a FR of 6%. The increased FR values indicate improved daily growth rates of
cobia fry, indicating healthier fish and better digestion metabolism.

Differences in FCR are related to the digestibility of the feed administered. There
is a slight difference in FCR values between treatments B and C, suggesting that the
addition of endophytic bacterial isolates to the feed may be slightly superior to
Sargassum extract due to the probiotic nature of the endophytic bacteria.

The increase in erythrocyte count in treatments B and C may be due to the effect
of bioactive substances in Sargassum extract and endophytic bacteria. Pratiwy & Pratiwi
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(2020) explained that Sargassum sp. extract contains several bioactive substances
(alkaloids, triterpenoids, steroids, saponins, phenolics, and flavonoids) that function as
immunostimulants, antibacterials, and antioxidants. The antioxidant activity mechanism
in the body prevents an increase in free radicals and protects against early erythrocyte
cell damage.

Endophytic bacteria have the ability to produce secondary metabolites (bioactive
compounds) that function as immunostimulants and can also act as probiotics in the
fish's digestive tract to enhance immunity. Probiotics work by improving nutrient
absorption on the intestinal surface, stimulating the formation of intraepithelial
leukocytes and goblet cells, and secreting antibacterial compounds (Pratiwy & Pratiwi
2020).

The percentage of lymphocyte count after the challenge test shows a decreasing
trend in all treatments, indicating a decrease in leukocyte count due to infection with V.
alginolyticus, causing inflammation and hyperaemia. Hyperaemia is the accumulation of
blood in a specific tissue or organ due to inflammation, leading to capillary narrowing.
Inflammation also triggers the migration of lymphocytes to infected tissue, where they
recognize specific antigens to produce antibodies. Some Ilymphocytes perform
phagocytosis on bacteria and then undergo lysis, signaling the body to produce
differentiation of other leukocyte cells (monocytes and neutrophils) to help destroy
pathogens entering the body (Pratiwy & Pratiwi 2020).

Conclusions. The incorporation of Sargassum extract and endophytic bacterial isolates
into fish feed has shown promising effects on fish growth, feed intake, and immune
response. Additionally, endophytic bacteria act as probiotics, aiding in nutrient absorption
and boosting immunity within the fish's digestive system. These findings suggest that
utilizing Sargassum algae extract and endophytic bacteria in fish feed formulations could
be a valuable strategy for promoting sustainable aquaculture practices and improving fish
health and productivity. Further research is warranted to optimize dosage levels and
investigate long-term effects on fish growth and immune function.
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