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ABSTRACT

Vibrio parahaemolyticus is one of the bacteria that can attack
whiteleg shrimp and cause Acute Hepatopancreatic Necrosis
Disease (AHPND) or Early Mortality Syndrome (EMS) in
shrimp. One alternative that can be used is the use of
seaweed-based immunostimulants, namely k-carrageenan.
The purpose of this study was to evaluate the effectiveness
of k-carrageenan mixed in feed with different doses on
increasing the immune system of whiteleg shrimp infected
with AHPND. This study was conducted for 60 days with an
experimental method in the form of a Completely
Randomized Design (CRD) consisting of 5 treatments and 3
replications, namely, P1 (Positive Control): Commercial Feed
+ Vibrio parahaemolyticus Infection; P2 (Negative Control):
Commercial Feed + 0.9% NaCl Infection; P3: Commercial
Feed + Kappa-carrageenan 8 g / kg + Vibrio parahaemolyticus
Infection; P4: Commercial Feed + Kappa-carrageenan 10 g/kg
+ Vibrio parahaemolyticus Infection; P5: Commercial Feed +
Kappa-carrageenan 12 g/kg + Vibrio parahaemolyticus
Infection. The results of this study indicate that the addition
of 12 g/kg of k-carrageenan to the feed affects the survival
rate and immune system of whiteleg shrimp infected with
Vibrio parahaemolyticus.

INTRODUCTION

Disease is a major obstacle that needs attention besides feed. This is because disease
attacks are generally sudden and can cause shrimp death. Praja (2018), revealed that AHPND
(Acute Hepatopancreatic Necrosis Disease) or also known as Early Mortality Syndrome (EMS)
is one of the diseases that attacks shrimp caused by Vibrio parahaemolyticus. Indonesia as a
tropical country, has vast waters with abundant seaweed and has even been intensively
cultivated. Among these seaweeds, the most widely cultivated is Kappaphycus alvarezii
(Metungun, 2012). Kappaphycus alvarezii is widely cultivated in the NTB area and is a
livelihood for fishermen when they are not at sea (Cokrowati, 2021). Seaweed of the
Kappaphycus alvarezii type produces primary metabolites of hydrocolloid compounds called
carrageenan. Carrageenan produced from Kappaphycus alvarezii type seaweed is the kappa-
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carrageenan type (Yuniati, 2011). Sulfate polysaccharides in carrageenan have beneficial
bioactive compounds as anticoagulants, antivirals, antioxidants, anticancer, and immune
modulation activation (Wijesekara et al., 2011). Polysaccharides can stimulate the non-specific
immune system of shrimp in this case is phagocytosis activity. The application of kappa-
carrageenan against Vibrio parahaemolyticus bacterial attacks has never been done, so
research is needed to determine the effectiveness of kappa-carrageenan mixed in feed with
different doses.

METHODS

Time and Place

This research was conducted in March-August 2023 at the Fish Health Laboratory,
Department of Fisheries and Marine Sciences, Faculty of Agriculture, University of Mataram.
Ethical Approval

All experimental procedures and animal husbandry were handled in accordance with
animal welfare under national accreditation no. SNI 7311:2009 of the Republic of Indonesia.
K-carrageenan & Feed Preparation

Kappa-carrageenan flour mixed with commercial shrimp feed with 40% protein content
was weighed in doses (8, 10, and 12 g/kg feed), then dissolved in a little bit of water, then
coated with egg white and air-dried at room temperature. Shrimp were fed as much as 5-7%
of the biomass weight of each container.
Vibrio parahaemolyticus Infection Procedure

The type of bacteria used was Vibrio parahaemolyticus obtained from the collection of
the Fish Health Laboratory, Department of Fisheries and Marine Sciences, University of
Mataram. The bacterial isolate was re-cultured and purified to obtain younger and more
virulent bacteria. then re-characterization and Total Plate Count (TPC) were carried out. The
Vibrio parahaemolyticus isolate used was cultured in 25 ml of liquid SWC media for 18 hours
in a water shaker at 29°C. Furthermore, a dilution stage was carried out with a bacterial
density of 10° cfu/ml (Oktaviana, 2014). The process of injecting Vibrio parahaemolyticus
bacteria was carried out intramuscularly into the shrimp body on the 3rd walking leg as much
as 0.1 ml/tail, except for the negative control which was infected with 0.9% NaCl as much as
1 ml because it was related to its role in the study as a comparison with other post-infection
treatment conditions. Furthermore, the shrimp were reared again for 10 days to determine
the Survival Rate of the shrimp.
Research Procedure

The research method used was an experimental method using a Completely
Randomized Design (CRD) with 5 treatments consisting of 2 treatments as controls and 3
treatments with the addition of different doses of kappa-carrageenan to the feed. Each
treatment was carried out with 3 repetitions so that 15 experimental units were formed as
follows:

P1 : Commercial Feed + Vibrio parahaemolyticus Infection (Positive Control)

P2 : Commercial Feed + NaCl 0.9% Infection (Negative Control)

P3 : Commercial Feed + Kappa-carrageenan 8 g/kg + Vibrio parahaemolyticus Infection
P4 : Commercial Feed + Kappa-carrageenan 10 g/kg + Vibrio parahaemolyticus Infection
P5 : Commercial Feed + Kappa-carrageenan 12 g/kg + Vibrio parahaemolyticus Infection

Survival Rate (SR)
The survival rate can be calculated using Azhar (2014), as follows:

e-ISSN: 2798-2955 77



Journal of Fish Health, 5(1), 76-85 (2025)
Azhar et al. (2025)
https://doi.org/10.29303/jfh.v5i1.6358

Nt
SR=—x100%

No
Information:
SR : Survival rate (%)
Nt : Number of shrimps alive at the end of maintenance (shrimp)
No : Number of shrimps alive at the beginning of maintenance (shrimp)

Hemolymph Sampling

Hemolymph sampling for each treatment was carried out after 10 days of maintenance
using a 1 ml syringe. The syringe was filled with 0.6 ml of anticoagulant. Then hemolymph
samples were taken from 3 shrimps with each hemolymph taken from each shrimp as much
as 0.1 ml from the 3rd walking leg and placed in a microtube (Hidayatullah, 2019).

Total Haemocyte Count (THC)

The hemolymph that had been taken was used to measure immune response
parameters. Calculation of the Total Haemocyte Count (THC) levels was carried out by dripping
the hemolymph sample that had been taken on a hemacytometer then covered with a cover
glass. Furthermore, the hemolymph sample was observed using a microscope and the number
of cells was counted using a hemacytometer. Hemocytes were observed at a magnification of

400 times and calculated using the following formula (Oktaviana, 2014):

1
THC = Average amount cell count X X FP
Haemocytometer volume

Information:
FP : Dilution factor
Differential Haemocyte Count (DHC)

The slide was soaked in methanol for 5 minutes and dried at room temperature. The
slide was then dripped with 1 drop of hemolymph and spread evenly over the entire slide
using another slide and dried. The slide was then re-fixed by immersion in methanol for 10—
15 minutes. After drying, the slide was soaked in Giemsa solution for 10—15 minutes and air-
dried. The slide was rinsed with distilled water and dried, then observed under a microscope.
Differential Haemocyte Count (DHC) was calculated using the following formula (Muharrama,
2020):

¥ hyaline cells

Y (o) = x
DHC (hyaline) (%) ¥ hemocytes observed 100

Phagocytic Activity (PA)

Phagocytic activity measurement was carried out by mixing 100 uL of hemolymph
sample with 25 uL of Streptococcus aureus bacteria in a microplate and incubating for 20
minutes. The incubation results were dripped onto a glass slide that had been soaked in
methanol beforehand and were evenly smeared. The smear preparation was air-dried and
soaked in methanol for 10—15 minutes. Furthermore, Giemsa staining was carried out for 10—
15 minutes. The preparation was then observed under a microscope at a magnification of 400
times. Phagocytic activity is based on calculating the percentage of cells that perform

phagocytosis (Hidayatullah, 2019). The calculation of the PA value is as follows:
Yphagocytic cells x 100%

Phagocytic Activity =

Ywhole hemocyte cells

Bacterial Population Calculation in the Intestine

The calculation of the number of bacteria in the intestine was carried out at the end of
the treatment (day 60). The calculation of the number of bacteria in the shrimp intestine
consists of the Total Viable Bacterial Count (TBC) and the Total Presumptive Vibrio Count
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(TVC). The intestine was taken as much as 0.1 g collected from 3-5 shrimps and then
homogenized in 0.9 ml of Phosphate Buffer Saline (PBS) solution. Bacterial counting used the
spread plate counting method, using Sea Water Complete (SWC) media for TBC calculations
and specific TCBS Thiosulfate Citrate Bile Salt Sucrose (TCBS) media for TVC calculations
(Oktaviana, 2014).

Data Analysis
Data from the research results will be analyzed using Analysis of Variance (ANNOVA)
with SPSS at a significance level of 5% to determine the effect of the treatment in the study.

If the data shows a real effect, then further analysis is carried out with Duncan's advanced
test.

RESULTS

Survival Rate
The survival rate of whiteleg shrimp after 60 days of maintenance with commercial feed
in various treatments and added k-carrageenan ranged from 42.22-84.44% (Figure 1).
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Description: P1 (Positive Control); P2 (Negative Control); P3 (8 g/kg k-carrageenan); P4 (10 g/kg k-carrageenan);
(12 g/kg k-carrageenan).

Figure 1. Survival Rate

Total Haemocyte Count
The total haemocyte count of shrimp after 60 days of maintenance with commercial

pellet feed in various treatments and added k-carrageenan ranged from 9.46 x 10° — 19.77 x
106 cells/ml (Figure 2).
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Description: P1 (Positive Control); P2 (Negative Control); P3 (8 g/kg k-carrageenan); P4 (10 g/kg k-carrageenan);
(12 g/kg k-carrageenan).

Figure 2. Total Haemocyte Count
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Differential Haemocyte Count

Differential Haemocyte Count of whiteleg shrimp after 60 days of maintenance with
commercial feed in various treatments and added k-carrageenan (Figure 3).
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Description: P1 (Positive Control); P2 (Negative Control); P3 (8 g/kg k-carrageenan); P4 (10 g/kg k-carrageenan);
(12 g/kg k-carrageenan).
Figure 3. Differential Haemocyte Count

Phagocytic Activity
The phagocytic activity of whiteleg shrimp after being maintained for 60 days with
commercial feed in various treatments and added k-carrageenan was 40.9-71.7% (Figure 4).
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Description: P1 (Positive Control); P2 (Negative Control); P3 (8 g/kg k-carrageenan); P4 (10 g/kg k-carrageenan);
(12 g/kg k-carrageenan).

Figure 4. Phagocytic Activity

Total Bacteria Count

Total bacteria in the intestines of vaname shrimp after maintenance for 60 days with
commercial feed in various treatments and added k-carrageenan was 3.15-3.84 nm (Figure 5).
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(12 g/kg k-carrageenan).

Figure 5. Total Bacteria Count

Total Vibrio Count
Total vibrio in the intestines of vaname shrimp after being maintained for 60 days with
commercial feed in various treatments and added k-carrageenan was 2.56-3.79 nm (Figure 6).
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Description: P1 (Positive Control); P2 (Negative Control); P3 (8 g/kg k-carrageenan); P4 (10 g/kg k-carrageenan);
(12 g/kg k-carrageenan).

Figure 6. Total Vibrio Count
DISCUSSION

Survival Rate

The results of the analysis of variance (ANOVA) showed that the addition of k-
carrageenan to the feed had a significant effect (P < 0.05) on the survival rate of whiteleg
shrimp infected with Vibrio parahaemolyticus. In P1 (positive control) showed results that
were not significantly different, namely 42.22% with P2 (negative control) of 53.33%, and P4
of 55.56% but significantly different from P3 of 60%, and P5 84.44%. P5 showed the highest
value at the survival rate level and showed significantly different results with all treatments.

In this study, the survival rate of whiteleg shrimp infected with Vibrio parahaemolyticus
and given kappa-carrageenan treatment showed better results compared to the treatment
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without kappa-carrageenan. This shows that the administration of immunostimulants in the
form of kappa-carrageenan can be applied to maintain the survival rate of whiteleg shrimp.
According to Widigdo (2013), the survival rate of vaname shrimp after being infected with
bacteria with results >70% is still categorized as good.

Total Haemocyte Count

The results of the analysis of variance (ANOVA) showed that the addition of k-
carrageenan to the feed had a significant effect (P < 0.05) on the Total Haemocyte Count of
whiteleg shrimp infected with Vibrio parahaemolyticus. In P1 (positive control) showed
significantly different results from P4 and P5. The highest total number of haemocytes was in
P5. The results obtained in P1 (positive control) were 9.46 x 10° cells/ml, in P2 (negative
control) namely 12.92 x 10° cells/ml, and P3 which had a Total Haemocyte Count of 10.44 x
106 cells/ml, then the highest Total Haemocyte Count in P5 namely, 19.77 x 106 cells/ml, and
followed by P4 of 16.78 x 10° cells/ml.

Haemocytes are one of the most important components in the cellular defense system
which is non-specific. Hemocytes play a role in the process of phagocytosis, encapsulation,
degranulation, and nodular aggregation of pathogens and foreign particles as well as the
production and release of prophenoloxidase (Sahoo et al., 2008). Based on the research that
has been done, the administration of kappa-carrageenan can increase the total hemocytes. It
is proven that P5 showed higher results compared to P1 which was only given commercial
feed. This indicates that the high value of hemocytes in P5 after the Vibrio parahaemolyticus
challenge test is suspected to be due to the immune response reaction in the shrimp body in
responding to foreign particles that enter because it is influenced by the administration of
kappa-carrageenan.

Differential Haemocyte Count

The results of the analysis of variance (ANOVA) showed that the addition of k-
carrageenan to the feed had a significant effect (P < 0.05) on the Differential Haemocyte Count
of whiteleg shrimp infected with Vibrio parahaemolyticus. Haemocytes in shrimp consist of
hyaline, semi-granulocytes and granulocytes. The hyaline value showed significantly different
results between P1 (positive control) which was 45.7% followed by P2 (negative control) of
50% and P3 66%, P4 62% and P5 70.7%. The semi-granulocyte value in P1 (positive control) of
8.3% showed significantly different results with P2 (negative control) of 5.3%, P3 of 8% but
not significantly different with P4 of 6.3% and P5 of 10%. Meanwhile, the granulocyte value
showed significantly different results between P1 (positive control) of 31.7% with P2 (negative
control) of 25.7%, P3 of 23%, P4 of 21.7% and P5 of 42.3%.

Kurniawan (2018), reported that the percentage of hyaline in normal vaname shrimp
consists of 60% -93% of total hemocytes. From this statement, it shows that hyaline cells in
the test shrimp are still in the normal range. The decrease in the percentage of hyaline cells in
this study is not a negative effect of the administration of kappa-carrageenan but is an
implication of an increase in granular cells. The difference in the high value of hyaline cells
between the control and the treatment given kappa-carrageenan indicates that there is an
effort to resist the test shrimp against Vibrio parahaemolyticus which has been previously
infected into the shrimp's body. Darwantin (2016), stated that the shrimp body's defense
mechanism does not have immunoglobulin like other fish, immunoglobulin in shrimp is
replaced by Prophenoloxidase Activating Enzyme (PPA) which is located in the shrimp's
granular hemocyte cells. In this study, PPA was activated by immunostimulants that entered
the shrimp's body, which could induce hyaline cells to increase their activity in the
phagocytosis process.
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The low total semi-granulocytes in the treatment added with kappa-carrageenan was
due to the low production of semi-granulocyte cells which are the maturation of hyaline cells.
Munaeni et al. (2014) stated that semi-granulocyte cells are characterized by the presence of
granules in the cytoplasm. These cells are capable of carrying out the encapsulation process
and play a small role in the phagocytosis process. Encapsulation is a defense reaction against
particles in large numbers and cannot be phagocytosed by hemocyte cells.

Putri (2018), reported that the percentage of granulocyte cells in normal shrimp ranges
from 17-40% of the total hemocytes. This shows that the range of granulocyte cells in this
study is still within the normal range. Ekawati (2012), stated that the function of granulocyte
cells is more focused on the process of producing phenoloxidase enzymes which have an
important role in the non-specific defense system.

Phagocytic Activity

The results of the analysis of variance (ANOVA) showed that the addition of k-
carrageenan to the feed had a significant effect (P < 0.05) on the phagocytic activity of
whiteleg shrimp infected with Vibrio parahaemolyticus. In P1 (positive control) showed
significantly different results with all treatments. The highest total number of hemocytes was
in P5. The value of P1 (positive control) was 55.2% while in P2 (negative control) it had a lower
value of 40.9%. In contrast to P3 which had a value of 64.6% cells/ml, then the highest
phagocytic activity value was in P4, namely 52.1%, and P5 was 71.7%.

Phagocytosis is a non-specific cellular defense mechanism that can generally protect
against pathogen attacks (Jasmanindar, 2009). Based on the research that has been done,
after giving kappa-carrageenan P5 produced a higher phagocytic activity value compared to
P1 without giving kappa-carrageenan. According to Febriani et al. (2013), phagocytic activity
is influenced by total hemocytes, increasing total hemocytes will increase the ability of cells
to phagocytize. The high value of phagocytic activity in the treatment given kappa-
carrageenan after the challenge test is caused by the high value of hemocytes after the
challenge test. According to Rodriguez & Moullac (2000), a high value of phagocytic activity
illustrates that the organism has the ability to produce higher phagocytic cells, so that when
exposed to pathogens, phagocytic cells are ready to perform phagocytosis.

Total Bacteria Count

The results of the analysis of variance (ANOVA) showed that the addition of k-
carrageenan to the feed had a significant effect (P < 0.05) on the total intestinal bacteria of
whiteleg shrimp. In P1 (positive control) which was 3.69 nm showed a significantly different
result from P2 which was 3.27 nm. P3 which was 3.53 nm showed a significant difference with
P4 which was 3.15 nm and P5 which was 3.84 nm. From the results of research conducted by
Zhu (2017), it was found that oxidized k-carrageenan can damage bacterial cell walls and
cytoplasmic membranes which effectively suppress bacterial growth.

Total Vibrio Count

The results of the analysis of variance (ANOVA) showed that the addition of k-
carrageenan to the feed had a significant effect (P < 0.05) on the total vibrio in the intestines
of whiteleg shrimp. In P1 (positive control) which is 3.40 nm showed results that were not
significantly different from P2 (negative control) which is 3.05 nm, P4 which is 2.78 nm, and
P5 3.79 nm, but significantly different from P3 which is 2.56 nm. This shows that the treatment
with the addition of k-carrageenan shows better results or can suppress the growth of vibrio
bacteria in the shrimp intestines compared to the treatment without the addition of k-
carrageenan to the feed. From the results of Junior (2021), it was stated that the antibacterial
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activity of N-alkyl-kappa-carrageenan derivatives was compared with N-alkyl-(1-deoxylactitol-
1-yl)-amine using a microdilution test, which showed higher antibacterial activity.

CONCLUSION

Based on the results of this study, the addition of 12 g/kg k-carrageenan had a significant
effect on increasing the immune system of whiteleg shrimp infected with Vibrio
parahaemolyticus, with the SR results obtained being 84.44%, THC being 19.77 x 108 cells/ml,
DHC with a hyaline percentage of 70.7%, semi-granulocytes being 10%, and granulocytes
being 42.3%, PA being 71.7%, TBC being 3.84 nm and TVC being 3.79 nm.
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