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Abstract. Vibrio parahaemolyticus has been reported as a pathogenic bacterium that frequently attacks 
and causes high mortality in Pacific white shrimp (Litopenaeus vannamei). Treating diseases with 
synthetic antibiotics has an impact on antibiotic resistance, polluting the environment, and endangering 
consumer health. Therefore, alternative options are needed to control  diseases in shrimp, for example, 
the use of natural ingredients with immunostimulant properties. This study aims to test the 
supplementation effect of Chlorella vulgaris flour in feed to improve growth, immune system and 
resistance to V. parahaemolyticus infection in juvenile of Pacific white shrimp. This study examined four 
treatments consisting of feed supplemented with 2%, 6%, 10%, and 14% C. vulgaris flour (Cv.2%, 
Cv.6%, Cv.10%, and Cv.14%) respectively, with three replications. Shrimp were reared and fed for 30 
days with feed according to the treatment, and on the 31st day they were challenged with V. 
parahaemolyticus. The results showed that Cv.14% resulted in the highest absolute growth, recovery 
rate, and survival compared to the other three treatments and with the lowest prevalence of vibriosis 
disease. Furthermore, based on the hemolymph profiles, the Cv.14% treatment resulted a better 
system-enhancing response than the other treatments. This study shows that Cv.14% treatment is the 
best dose to improve growth performance and the disease resistance to prevent V. parahaemolyticus 
infection in Pacific white shrimp. 
Keywords: hemocyte response, immunostimulant, microalgal additive, Pacific white shrimp, vibriosis. 

 

 

Introduction. Pacific white shrimp (Litopenaeus vannamei) is the main export 

commodity of Indonesian fisheries. Based on data from the Indonesian Ministry of 

Maritime Affairs and Fisheries (KKP), the volume of Indonesian shrimp exports in 2023 

reached 220,889 tons with a value of 1.73 billion US dollars (KKP, 2024a, b). The 

problem experienced in culture of Pacific white shrimp in ponds at this time is the attack 

of diseases that can result in shrimp harvest failure, thus threatening the development 

and sustainability of shrimp farming in Indonesia (Kusmarwati et al., 2020). One of the 

bacterial disease agents that often attacks Pacific white shrimp in ponds is the bacterium 

Vibrio parahaemolyticus. The disease caused by V. parahaemolyticus can spread rapidly 

in ponds and can cause shrimp death up to 85% (Sarjito et al., 2015). 

The control of bacterial infectious diseases in shrimp has so far used chemicals in 

the form of synthetic antibiotics which are not environmentally friendly, have an impact 

on antibiotic resistance and pollute the cultivation environment (Desbois et al., 2021; 

Hossain et al., 2022), and can accumulate in the body of aquaculture organisms, 

potentially endangering consumer health (Li et al., 2021). Therefore, it is necessary to 

find alternative options in controlling infectious diseases in Pacific white shrimp. The use 

of natural ingredients such as medicinal plants has high potential to control the impact of 
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bacterial infectious diseases in shrimp (Sethi & Singh, 2015; Bharathi et al., 2019). 

Natural ingredients such as microalgae can be proposed as an alternative to overcome 

diseases in shrimp through immunostimulation (Ma et al., 2020), so that it can increase 

the body's resistance to bacterial infections (Sethi & Singh, 2015; Charoonnart et al., 2018). 

One of the microalgae that can be used as an immunostimulant in Pacific white 

shrimp is Chlorella vulgaris. Several research results show that C. vulgaris contains 

bioactive compounds including carotenoids, flavonoids, phenolics, and alkaloids which act 

as antioxidants, anti-inflammatories and antibacterials (De Fretes et al., 2012; Abdel-

Karim et al., 2020; Reis et al., 2022). C. vulgaris also contain peridinin chlorophyll 

protein (PCP) which is useful for increasing the immune system of aquatic organisms 

(Yanuhar et al., 2024). The results of the study by Darsan et al., (2021) showed that 

supplementation of C. vulgaris in feed can increase antioxidant activity as well as protein 

and lipid content in fish feed. C. vulgaris also contains high essential nutrients, such as 

vitamins, pigments, proteins needed for growth (Ajiboye et al., 2012). 

C. vulgaris as direct feed or as a feed additive (supplementation) for various aquatic 

organisms has been researched. Research on C. vulgaris supplementation in feed has 

been conducted to improve the immune system and growth of freshwater fish (Enyidi, 

2017; Aly et al., 2022; Pradhan et al., 2023), marine fish (Saberi et al., 2017; Reis et al., 

2022), freshwater prawn Macrobrachium rosenbergii (Radhakrishnan et al., 2015; Sukri 

et al., 2016; Maliwat et al., 2017; Maliwat et al., 2021), and green tiger prawn, Penaeus 

semisulcatus (Al-Musalam et al., 2014). Research on supplementation of C. vulgaris in 

feed to improve growth, immunity and resistance to disease caused by Vibrio 

parahaemolyticus infection in Pacific white shrimp has actually been conducted by Eissa 

et al., (2024). However, considering that the supplementation of 3% C. vulgaris as the 

highest dose, in Eissa et al., (2024), resulted in better growth and immune response than 

other treatments, this study was designed by increasing the dose of C. vulgaris 

supplemented in feed on growth performance and disease resistance against V. 

parahaemolyticus infection in Pacific white shrimp. Therefore, this study aims to examine 

the supplementation effect of C. vulgaris, with a higher dose than previous research, in 

feed on growth performance and disease resistance against V. parahaemolyticus infection 

in Pacific white shrimp. 

   

Material and Method 

 

Study period and location. The study was conducted from March 2023 to June 2023 at 

the Hatchery and Production Unit Laboratory, Faculty of Fisheries and Marine Science, 

Halu Oleo University, Kendari. Bacterial preparation and hemolymph observation of 

shrimp were performed at the Productivity and Aquatic Environment Laboratory, Faculty 

of Fisheries and Marine Science, Halu Oleo University, Kendari. 

 

Experimental feed. The C. vulgaris flour used was a Seduh brand product. The 

experimental feed given was commercial feed supplemented with 2, 6, 10, and 14% C. 

vulgaris flour (Cv.2%, Cv.6%, Cv.10%, and Cv.14%) respectively. The commercial feed 

to be used was first ground into flour, then the C. vulgaris flour was mixed into the 

commercial feed flour according to the experimental design. Carboxyl methyl cellulose 

(CMC) as much as 1% of the total material was added as a binder, then stirred until 

evenly mixed. Furthermore, the mixture of ingredients was then added with enough 

warm water to form a dough. The feed dough was then molded and dried in an oven at a 

temperature of 40-50oC (Darsan et al., 2021). 

 

Rearing of the test animal. The Pacific white shrimp used in the study were juvenile-

sized, 7-10 g shrimp-1. The number of shrimps used in this study was 180. This study 

used 12 aquariums (35cm L × 35cm W × 40cm H). Before use, the aquariums were 

cleaned and then dried. The sea water was put into a container until it reached 3/4 of the 

height of the aquarium. The media was seawater with 20-25 ppt salinity. The water was 

supplied with oxygen using aeration. The feeding experiment with C. vulgaris-

supplemented feed was conducted for 30 days. Then on the next 7 days, during the 
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pathogenic bacterial challenge test stage, the feed given was feed without C. vulgaris 

supplementation. Feeding was carried out twice a day, namely in the morning and 

evening as much as 5% of the weight of the shrimp body biomass. Siphoning of the 

remaining feed and water replacement was carried out every 2 days. Water replacement 

was carried out as much as 30% of the water volume in the aquarium. 

 

Preparation of Vibrio parahaemolyticus. V. parahaemolyticus was obtained from the 

Takalar Brackish Aquaculture Center, South Sulawesi Province, Indonesia. V. 

parahaemolyticus were rejuvenated in Thiosulfate Bile Salt Sucrose (TCBS) media, then 

incubated for 1×24 hours at 30oC. After that, bacterial culture was carried out on TSB 

NaCl 2.5% media which was incubated in a shaker for 1×24 hours at 30oC. Bacteria that 

had grown on TSB NaCl 2.5% media were put into a 15 mL tube and then centrifuged for 

5 minutes at a speed of 3000 rpm. The upper solution was discarded so that bacterial 

sediment remained. The remaining pellet was washed using PBS solution and then 

centrifuged again for 5 minutes. The bacterial washing procedure was carried out 3 

times. The density of bacteria used in the challenge test was 108 CFU mL-1. The density 

of bacteria used was determined indirectly, referring to Rosmania & Yanti, (2020). This 

method consists of 4 stages including (1) making a 0.5 McFarland as a standard solution, 

(2) adjusting the standard solution levels with the help of UV-spectrophotometry, (3) 

measuring and aligning the turbidity of the bacterial suspension with a standard solution, 

(4) diluting the bacterial suspension with a ratio of 1:16 to obtain bacteria with a density 

equivalent to 108 CFU mL-1. 

 

Challenge test with V. parahaemolyticus. To determine the immunostimulant 

potential of feed supplemented with C. vulgaris, a bacterial challenge test was conducted 

on test animals. The challenge test with pathogenic bacteria was carried out on day 31. 

Bacteria of V. parahaemolyticus with a dose of 0.1 mL with a density of 108 CFU mL-1 was 

injected into each test animal. Injection of pathogenic bacteria was carried out on the 

second abdominal segment. Furthermore, the level of healing, survival, and hemolymph 

profile of test animals were observed on the 7th day after the challenge test. 

 

Observation variables 
 

Growth, prevalence, recovery rate and survival rate. The parameters measured in this 

research were weight gain, prevalence, recovery rate, and survival rate. The observed 

hemocyte profile parameters were total hemocyte count (THC) and differential hemocyte 

count (DHC). The hemolymph profile observation were carried out on days 0, 30, 34, and 

37 (Figure 1).   
 

 
 

 
 

 
 
 
 
 

 
 
 

Figure 1. Time schedule of treatments and observation (OH1 - first observation of hemolymph 
profiles; OH2 - second observation of hemolymph profiles; OH3 - third observation of hemolymph 
profiles; OH4 - fourth observation of hemolymph profiles; WG - weight gain; CT - challenge test 

with V. parahaemolyticus; P - prevalence; RR - recovery rate; SR - survival rate). 

 

Weight gain was calculated using the formula: Weight gain (g shrimp-1) = final mean 

weight – initial mean weight. The prevalence and recovery rate were calculated using 

modified formulas from Hasmin et al., (2025). Prevalence (%) = number of sick shrimp / 
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total number of shrimp × 100. Recovery rate (%) = number of recovered shrimp / 

number of sick shrimp × 100. Survival rate (%) = number of shrimp at the beginning of 

rearing / number of shrimp at the end of rearing × 100.  
 

Hemolymph examination. Hemolymph samples were collected from three shrimps per 

treatment. The THC was calculated using the Blaxhall & Daisley, (1973) method. While 

DHC, consisting of hyaline, semi-granular and granular cells, was calculated according to 

Martin & Graves, (1985). The characteristics of each cell are that hyaline cells have 

cytoplasm that appears clear because it does not have granules, semi-granular cells have 

small granules in small numbers, while granular cells have large and dense granules in 

the cytoplasm. 

 

Statistical analysis. Data on growth, prevalence, recovery rate, survival rate, total 

hemocyte count (THC), and differential hemocyte count (DHC) were subjected to analysis 

of variance (ANOVA) at a 95% confidence level (p < 0.05) using SPSS 25.0. 

 

Results 

 

Growth and health profile. Supplementation of C. vulgaris with different doses in feed 

significantly (p < 0.05) affected the growth, disease prevalence, recovery and survival 

rate of whiteleg shrimp, as presented in Table 1. Supplementation of 14% C. vulgaris in 

feed resulted in the highest growth, recovery and survival rate parameters in shrimp with 

values of 3.80±0.31g, 83.33±28.87%, and 93.33±11.55%, respectively. Meanwhile, the 

lowest disease prevalence was found in shrimp fed with feed containing 14% C. vulgaris 

with a value of 33.33±11.55%. 
 

Table 1 
Growth performance parameters, disease prevalence, recovery and survival rate of Pacific white 

shrimp during the experiment 
 

Parameter 
Treatment 

Cv.2% Cv.6% Cv.10% Cv.14% 

WG (g) 1.93±0.15a 2.97±0.29b 3.11±0.51b 3.80±0.31c 
P (%) 86.67±11.55b 86.67±11.55b 73.33±11.55b 33.33±11.55a 

RR (%) 38.33±12.58a 53.33±5.77ab 55.56±9.62ab 83.33±28.87b 
SR (%) 46.67±11.55a 60.00±0.00ab 66.67±11.55b 93.33±11.55c 

 

Hemolymph examination. The results of hemolymph examination including the THC 

and DHC of granular and semi-granular cells, as well as hyaline cells are presented in 

Table 2.  
 

Table 2 
Results of hemolymph examination on the parameters of THC, DHC granular and semi-granular 

cells, and DHC hyaline cells 
 

Parameter/ 

treatment 

Before the challenge test After the challenge test 

Day 0 Day 30 Day 34 Day 37 

THC (cells mL-1) 
Cv.2% 4.91±0.21 6.31±1.35 5.52±0.55 9.91±0.40 
Cv.6% 4.91±0.21 6.63±1.59 5.99±1.31 10.19±1.58 
Cv.10% 4.91±0.21 7.20±0.94 5.43±0.94 11.03±0.94 

Cv.14% 4.91±0.21 7.57±0.93 5.65±0.40 12.32±6.59 

Granular and semi-granular cells (%) 
Cv.2% 63.00±2.65 66.00±4.58a 49.67±5.13a 56.67±9.87 
CV.6% 63.00±2.65 68.67±3.51ab 57.67±3.51ab 66.67±3.79 
Cv.10% 63.00±2.65 68.67±5.13ab 59.33±5.51b 66.33±3.21 
Cv.14% 63.00±2.65 74.33±2.89b 63.00±4.36b 73.00±3.61 

Hyaline cells (%) 
Cv.2% 37.00±2.65 34.00±4.58 50.33±5.13b 43.33±9.87 
CV.6% 37.00±2.65 31.33±3.51 42.33±3.51ab 33.33±3.79 

Cv.10% 37.00±2.65 31.33±5.13 40.67±5.51a 33.67±3.21 
Cv.14% 37.00±2.65 25.67±2.89 37.00±4.36a 27.00±3.61 
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Discussion  

 

Growth and health profile. The results of this study indicate that Pacific white shrimp 

fed without C. vulgaris produced the growth of 1.82 g, while Pacific white shrimp fed with 

C. vulgaris flour supplementation produced higher growth of 2.97-3.80 g. Among the four 

treatments of feeding supplemented with C. vulgaris flour, the highest of growth was 

obtained in the C. vulgaris flour supplementation treatment of 14% (Cv.14%) compared 

to other treatments. This is very possible because the nutritional intake contained in the 

feed is higher with an increase in the ratio of C. vulgaris in the feed. C. vulgaris 

microalgae are known to have a high total protein content of 43-58% of dry weight, 

contain vitamins (Safi et al., 2014), important minerals (Yusof et al., 2011), and all types 

of essential amino acids (Safi et al., 2013). Supplementation of C. vulgaris flour in feed 

as much as 10-15% C. vulgaris has been reported to increase the growth of Paralichthys 

olivaceus fish (Rahimnejad et al., 2017). The weight gain of shrimp in this study was 

actually lower than the results of the study by Eissa et al., (2024). This is thought to be 

due to the gap in crude protein content in the basic feed. The protein content of the basic 

feed in this study was 18.89% (the basic feed used was the same as the feed used by 

Abidin et al., (2024) while the protein content of the basic feed in the study by Eissa et 

al., (2024) is reached 38.70%). However, increasing protein intake in feed significantly 

affects the growth of white shrimp (Araujo et al., 2025). 

The recovery rate of Pacific white shrimp in this study was determined through 

visual observation of clinical signs. Based on clinical assessment, shrimp infected with V. 

parahaemolyticus exhibited pale or reddish body discoloration, reddening of the 

pleopods, red spots on the dorsal region, and necrotic lesions on the tail. Infected shrimp 

may also display lethargy and reduced feed intake, which are commonly reported clinical 

manifestations of vibriosis and V. parahaemolyticus-associated disease in penaeid shrimp 

(Mastan & Begum, 2016). In contrast, recovered shrimp were characterized by the 

disappearance of red spots on the body, normalization of pleopod coloration, and the 

absence of visible necrosis on the tail (Figure 2). 

 

 
Figure 2. Morphology of sick (a) and recovered (b) Pacific white shrimp. Sick shrimp (a) 

shows reddish body and pale tail due to necrosis. 

  

The treatment of Cv.14% also had an impact on the resistance of shrimp to V. 

parahaemolyticus infection. The treatment of Cv.14% has succeeded in suppressing the 

number of infected shrimp (prevalence) of V. parahaemolyticus infectious disease, which 

is 33.33% with a recovery rate of 83.33%. While in Cv.2%, the prevalence of V. 

parahaemolyticus infectious disease was the highest, which was 86.67% and with the 

lowest recovery rate of all treatments, which was 38.33%. The increase in the 

percentage of C. vulgaris flour supplementation (up to 14% in this study) had an impact 

on increasing the quantity of active compounds and the effect of these active compounds 

a 

b 
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in increasing the immune response. The results of this study indicate that the higher the 

levels of C. vulgaris in the feed, the stronger the shrimp's resistance to disease caused by 

V. parahaemolyticus (the prevalence of the disease decreased) and the rate of recovery 

from the disease also increased. The content of active compounds in C. vulgaris are 

flavonoids, terpenes, phenolics, and alkaloids (Dineshkumar et al., 2017; Thangaraj et 

al., 2022), they are thought to have increased the immune response of Pacific white 

shrimp. Flavonoids and alkaloids are known to be compounds that act as 

immunomodulators (Behl et al., 2021). Flavonoids also function as natural anti-

inflammatory agents (Choy et al., 2019). Supplementation of C. vulgaris extract in feed 

has also been reported to be able to modulate the health status of gilthead seabream 

(Sparus aurata) juveniles (Reis et al., 2022). Chlorella-suplemented in Nile tilapia 

(Oreochromis niloticus) diets meaningfully boosted the antioxidative capability of fish and 

the innate immune indices such as phagocytic activity (PA), respiratori burst activity 

(RBA) and alternative complement activity (ACH50) (Abdel-Tawwab et al., 2023). Feed 

supplemented with C. vulgaris has been shown to improve the immune system of Gibel 

carp (Carassius auratus gibelio) by increasing the content of immunoglobin M (IgM) in 

the blood (Zhang et al., 2014).  

The survival rate of shrimp in this study is in line with the recovery rate value. The 

ability of shrimp to defend themselves from the impact of pathogen infection and the 

ability to heal after infection greatly supports their survival. The survival of shrimp in 

Cv.14% produced the highest value (93.33%) compared to other treatments. The higher 

the level of C. vulgaris given in the feed, the greater the survival of shrimp. In a similar 

study conducted by Eissa et al., (2024), supplementation of 3% C. vulgaris into the feed 

has increased the survival rate of Pacific white shrimp compared to treatment with lower 

doses. Research conducted on Nile tilapia, fish fed with C. vulgaris flour supplementation 

and then challenged with Aeromonas hyrophilla had a lower prevalence value with a 

higher survival rate compared to feed without C. vulgaris flour supplementation (Aly et 

al., 2022). 

 

Hemolymph examination. THC showed no significant differences during the 

maintenance and challenge test periods. However, THC increased with increasing 

concentrations of C. vulgaris flour supplements in the feed. This also indicates that 

supplementation of C. vulgaris flour into the feed successfully increased the immune 

response of Pacific white shrimp. THC on the 30th day for each treatment with C. vulgaris 

flour supplementation increased. On the 34th day or 3 days after the challenge test, the 

THC value decreased, which is suspected to be the shrimp's immune response due to V. 

parahaemolyticus infection. The results of observations on the 37th day showed that the 

THC value increased again in each treatment. The results of previous studies have shown 

that immunostimulant supplementation in feed causes the production of Pacific white 

shrimp hemocyte cells to increase 3 days after infection. Hemocyte cells carry out 

defense activities against foreign substances or pathogens that enter the shrimp's body 

(Munaeni et al., 2020; Nur et al., 2020). The increase in the immune system as a result 

of providing feed containing C. vulgaris has also been tested on aquaculture organisms 

other than shrimp. Reis et al., (2022) reported that supplementation of C. vulgaris 

microalgae extract in feed has been beneficial as a modulator of health and inflammatory 

responses in Sparus aurata.  

DHC is a calculation of the percentage of each hemocyte cell including granular and 

semigranular cells and hyaline cells. Hemocyte cells play an important role in the immune 

system of crustaceans including Pacific white shrimp. The results of observations on the 

34th day or 3 days after the challenge test showed that the percentage of hyaline cells 

increased in all treatments and the highest occurred in the C. vulgaris flour 

supplementation treatment of 14% (Cv.14%). This increase is thought to be caused by 

the presence of bacteria entering the shrimp's body resulting in a decrease in the 

percentage of granular cells after the challenge test. This is thought to be related to the 

activity of granular cells in cytotoxic reactions causing the number of granular cells to 

decrease. Hauton, (2012) stated that granular cells contribute to producing antimicrobial 

peptides and are also involved in cytotoxic reactions while hyaline cells play a role in 
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phagocytosis. The hyaline cells in this study appeared to increase on the 34th day and 

decreased again on the 37th day. This may indicate that the pathogen phagocytosis 

process is ongoing. 

 

Conclusions. The result showed that supplementation of C. vulgaris flour in feed can 

increase the growth of Pacific white shrimp. The treatment of supplementation of C. 

vulgaris flour as much as 14% is the best treatment that can be used to increase immune 

respon and  resistance to prevent  V. parahaemolyticus infection disease in Pacific white 

shrimp. These results indicate that C. vulgaris has promising potential as a natural 

immunostimulant feed additive for sustainable Pacific white shrimp culture. Its 

application may help improve shrimp growth and resistance to V. parahaemolyticus while 

reducing reliance on synthetic antibiotics. 
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