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Global seafood production relies on shrimp aquaculture, 
but disease outbreaks and diminishing water quality limit 
productivity in intensive farming methods. Probiotics are 
advertised as eco-friendly methods to improve shrimp health 
and pond performance, but field-scale evidence, particularly 
from multispecies formulations, is scarce. This study aims to 
evaluate the effectiveness of multispecies probiotics on the 
health status, production performance, and water quality of P. 
vannamei shrimp farming at a field scale. P. vannamei post-larvae 
were reared in maintenance ponds. The shrimp seeds were stocked 
in 10 plots (50×50×2 m²) and acclimated for 7 days. Multispecies 
probiotics were administered after acclimatization, and health 
status parameters, production performance, and water quality 
were measured. The results indicated that multispecies probiotics 
combined with molasses and fermented bran were ineffective 
in preventing V. parahaemolyticus growth, as evidenced by the 
health status of P. vannamei. However, multispecies probiotics 
improved production performance and water quality through 
the end of the maintenance period. This study highlights 
the effectiveness of multispecies probiotics in enhancing the 
production performance and water quality. Further research 
is needed to understand the mechanism of action of these 
probiotics in Vannamei shrimp on a field scale.
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INTRODUCTION 
Aquaculture is the most productive industry in the fisher-
ies sector, and the high demand for aquaculture products 
necessitates the implementation of intensified farming 
systems while seeking more environmentally friendly al-
ternatives (Egger & Ahern, 2022). Antibiotics were wide-
ly used in the 20th century to treat diseases and prevent 
economic losses  (Salam et al., 2023). However, the 
downside of antibiotics is their ability to exert selective 
pressure, leading to bacterial resistance and horizontal 
gene transfer among bacterial communities in reser-
voirs, which further spreads these genes into the aquatic 
environment (Serwecińska, 2020). Antibiotic residues in 
seafood and other derivative products negatively impact 
human health (Okocha et al., 2018). 

Pacific white shrimp (Penaeus vannamei) is the most pro-
ductive aquaculture commodity in Asia, including Indone-
sia (Rahardjo et al., 2022; Sani et al., 2022; Wiradana et 
al., 2019). The Intensification and expansion of farming 
activities have reduced the quality and productivity of P. 
vannamei production by decreasing disease immunity 

(El-Saadony et al., 2022). Disease outbreaks are often 
associated with uneven seed stock and feed develop-
ment, as well as the unwise use of chemicals and antibi-
otics. Infectious diseases caused by viruses, bacteria, or 
parasites are detrimental to commercial shrimp farming 
activities and result in significant economic losses (Zhang 
et al., 2016). 

Functional feed additives have been recommended in 
modern P. vannamei farming activities as a viable bio-
technology technique to address infectious diseases 
and antibiotic resistance (Srirengaraj et al., 2023). Probi-
otics are proposed as a practical solution because they 
are safer and more environmentally friendly (Hossain et 
al., 2017). Shifting towards the use of probiotics not only 
addresses existing issues but also aligns with sustaina-
ble and responsible aquaculture operations (Verdegem 
et al., 2023). Several research reports have revealed the 
effectiveness of probiotics in reducing pathogen hazards 
through competition for nutrients and adhesion sites in 
the host’s gut, synthesis of antimicrobial compounds, 
and modulation of the host’s immune system (Puvanen-
dran et al., 2021). One study reported that six isolates 
of lactic acid bacteria (LAB) showed potential as probi-
otic candidates, providing protection and enhancing the 
growth performance of P. vannamei infected with Vibrio 
harveyi (Cai et al., 2022). The probiotic Bacillus subtilis 
AQAHBS001 has been reported to improve water quali-
ty in P. vannamei rearing (Kewcharoen & Srisapoome, 
2019). A yeast-based probiotic agent, Rhodotorula palu-
digena CM33, developed for P. vannamei, was able to 
enhance essential nutritional values, including crude 
protein and crude fat content (Sriphuttha et al., 2023). 
Fermented lemon peel waste (Citrus lemon) with probi-
otic L. plantarum has potential as a feed additive for P. 
vannamei by increasing body weight, reducing feed con-
version ratios, enhancing survival rates, and providing 
resistance to V. alginolyticus infections (Lee et al., 2024).

The use of monospecies probiotics may only improve the 
health of P. vannamei but does not affect the quality of 
rearing water (Amenyogbe, 2023). For example, pro-
biotics such as Bacillus spp. and Lactobacillus spp. are 
known to colonize the shrimp gut and produce various 
substances like enzymes, antimicrobial peptides, and 
long-lasting spore layers (Chien et al., 2020; Kewcharoen 

& Srisapoome, 2019). Nevertheless, monospecies pro-
biotics generally exert their effects solely within the host 
organism, without affecting the rearing water quality for 
P. vannamei. Furthermore, the utilization of probiotics 
in numerous studies remains confined to laboratory set-
tings. 

The application of multispecies probiotics (L. fermentum, 
L. plantarum, B. subtilis, Pseudomonas putida, as well as 
Nitrosomonas sp. and Nitrobacter sp.) on the production 
performance, water quality, and health status of P. van-
namei has not yet been reported. Field-scale application 
of multispecies probiotics is also limited and must con-
sider several important factors, such as bacterial viabil-
ity, preparation effectiveness, and safety for host health 

(Ramadhani et al., 2019). This study aims to monitor the 
effectiveness of multispecies probiotics on the health 
status, water quality, and productivity of P. vannamei at 
a field scale. This study can contribute to a better under-
standing of how to apply multispecies probiotics in P. van-
namei aquaculture at the field scale.

MATERIALS AND METHODS 
Study area and preparations
The study was conducted from February to May 2023 
at the P. vannamei farm owned by PT. Semeru Teknik, 
Tukak Sadai District, Bangka Belitung Province, Indone-
sia. This P. vannamei farm implements an intensive farm-
ing system with square rearing containers measuring 50 
m in length, 50 m in width, and 2 m in height. The rearing 
ponds were lined with HDPE plastic and were equipped 
with two aerator paddles for dissolved oxygen supply, ten 
8-inch water pumps, and 6-meter siphon hoses used to 
remove feed residue deposits from the pond bottom. P. 
vannamei post larvae (PL) 7 were stocked in the rearing 
ponds and fed commercial feed containing a minimum of 
46% protein from PT. Charoen Pokphand during the accli-
matization period (7 days). 

Research design 
This study employed a single-treatment design with 10 
replications (in 10 P. vannamei rearing pond plots) that 
received multispecies probiotics. The effectiveness of 
the addition of multispecies probiotics on the health of 
P. vannamei shrimp was observed through the dynam-
ics of V. parahaemolyticus in the hepatopancreas and 
intestine, the percentage of Aggregated Transformed 
Microvilli (ATM), and production performance (average 
body weight, average daily growth, survival rate, and feed 
conversion ratio). The effectiveness of multispecies pro-
biotics was also assessed based on water quality param-
eters, including temperature, dissolved oxygen, pH value, 
salinity, alkalinity, nitrite, phosphate, total organic mat-
ter, total vibrio count, and total bacterial count (Marwiyah 
et al., 2019; Sani et al., 2020; Wiradana et al., 2023).

Preparation of rearing ponds and stocking of P. 
vannamei
The test containers were square earthen ponds lined with 
high-density polyethylene (HDPE) and measured 50 m in 
length, 50 m in width, and 1.5 m in height. The total tank 
volume was 3,750 m³, with 10 tanks used. The rearing 
water height was 1.3 m, and the rearing water volume 
was 3,250 m³. The rearing ponds were equipped with 8 
paddles, one on each side. Seawater was distributed via 
a pump and 10-inch pipes to the rearing tank and was 
sterilized with UV light before being used in the main rear-
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ing pond. The water was also chemically sterilized with 
copper sulfate at 1.2 ppm for 24 hours and disinfected at 
4 ppm for 48 hours. Specific pathogen-free (SPF) P. van-
namei shrimp at PL-7 size were stocked at 200 shrimp/
m² using an intensive system. Acclimatization was car-
ried out for 7 days, and commercial feed was provided 
ad libitum. Stock P. vannamei seeds in the late afternoon 
(4:00-6:00 PM) to reduce thermal stress and align with 
peak dissolved oxygen levels (Wiradana et al., 2023).

Feed preparation and application
Fermented feed and rearing-water regimens were formu-
lated utilizing multispecies probiotics. For feed fermenta-
tion, 2 L of molasses was combined with 500 mL of pro-
biotics, diluted with water to a total volume of 25 L, and 
incubated for 24 hours. The fermented solution was used 
as a feed additive at 200 mL per kilogram of feed. The 
multispecies probiotics included in the feed comprised 
Lactobacillus fermentum, Lactobacillus plantarum, 
Bacillus subtilis, and Pseudomonas putida. The probiot-
ic-enriched feed was provided five times daily at a feeding 
rate corresponding to 20% of the average body weight of 
Penaeus vannamei, following previously established pro-
tocols (Yudiati et al., 2016; Wiradana et al., 2019; Yudiati 
et al., 2019). 

In addition to their use in dietary applications, probiotics 
were employed in rearing media to maintain water qual-
ity stability through microbial degradation. Briefly, 25 kg 
of bran was combined with 1,000 mL of probiotics and 
35 liters of water, then incubated for 24 hours prior to be-
ing uniformly distributed into the rearing pools at 09:00 
a.m. The aquatic probiotics primarily comprised Nitro-
somonas sp. and Nitrobacterium sp. and were adminis-
tered continuously for 14 days at a dosage of 500 mL of 
probiotics mixed with 5 L of molasses.

Observation of P. vannamei health status
Health status observation of P. vannamei is per-
formed by sampling five prawns from each rearing 
pond plot. The P. vannamei specimens are collected 
live and transferred to sample containers for labora-
tory examination. Observations were performed on 
the intestine, lipids, and tubular structures of the P. 
vannamei hepatopancreas. Briefly, the hepatopa-
ncreas of each sample was excised by exposing the 
carapace. The hepatopancreas is subsequently asep-
tically excised with sterile forceps and positioned on 
a glass slide. The intestine is excised by severing a 
segment at the base of the tail and carefully removed 
with sterile forceps. The intestine is washed with ster-
ile distilled water and subsequently positioned on 
a glass slide. The intestinal health, lipid deposition, 
and tubular architecture of the hepatopancreas were 
evaluated separately for each crustacean (Sani et al., 
2020). The percentage change for each parameter 
was calculated relative to the control group using the 
following equation:
Percentage Change (%) = [Treatment Mean Score - Con-
trol Mean Score) / Control Mean Score] × 100

Detection of V. parahaemolyticus
The presence of V. parahaemolyticus was identified by 
culturing the P. vannamei hepatopancreas sample on 
sterile ChromAgar media. Briefly, 18.6 g of ChromAgar 
media was weighed and placed into a 300 mL Erlenmey-
er flask, and 150 mL of physiological solution is added. 
The media solution was sterilized in an autoclave at 121 

°C for 15 minutes. P. vannamei hepatopancreas sam-
ples were randomly collected using surgical scissors 
and tweezers. The hepatopancreas was removed by 
opening the carapace of the P. vannamei between the 
cephalothorax and abdomen. The hepatopancreas sam-
ples were then placed in microtubes and labeled. The 
hepatopancreas samples in the microtubes were diluted 
with physiological saline and homogenized with a vortex. 
Subsequently, 100 μL of hepatopancreas homogenate 
was taken using a micropipette and inoculated on Chro-
mAgar media, homogenized, and incubated at 30°C for 
24 hours (Ha et al., 2023). 

Counting of Vibrio parahaemolyticus colonies 
The total number of Vibrio parahaemolyticus in the 
hepatopancreas was counted after a 2-hour incubation 
period. V. parahaemolyticus colonies that grow on the 
media were marked by purple-colored colonies. The total 
bacteria count of V. parahaemolyticus was calculated us-
ing the following equation:

Observation of production performance 
Production performance data were obtained using the 
following equations: 

Average body weight (ABW)
The average body weight per shrimp was calculated using 
the equation from Wiradana et al. (2019):

Average daily growth (ADG)
The daily weight gain of shrimp over a period was calcu-
lated using the equation from Nederlof et al. (2023):

Survival rate (SR)
The survival rate was calculated to determine the final 
shrimp population using the equation from Wiradana et 
al. (2019): 

Feed conversion ratio (FCR)
The FCR was calculated to determine the amount of feed 
consumed by shrimp converted into body weight using 
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the equation from Lee et al. (2023): 

Water quality measurement
The water quality of the vannamei shrimp rearing ponds 
was measured by assessing physical, chemical, and bio-
logical parameters, including dissolved oxygen (DO), pH 
value, salinity, temperature, alkalinity, nitrite, total ammo-
nia, total organic matter, total Vibrio count (TVC), and total 
bacterial count (TBC) (Riandi et al., 2021; Wiradana et al., 
2022). 

Data analysis
Data analysis was conducted using descriptive statistics. 
In this study, the research design was uncontrolled, and 
only one treatment was used to assess the effectiveness 
of probiotics and fermentation materials on the presence 
of Vibrio parahaemolyticus and on the health and growth 
of vannamei shrimp at a field scale. The data were ana-
lyzed using descriptive statistics, including the mean and 
standard deviation. Water quality measurement data 
were compared with the National Standard of Indonesia 
(SNI) No. 8008:2014 regarding vannamei shrimp produc-
tion. The data were then presented in tables, graphs, and 
charts to help visualize the data and results.

RESULTS AND DISCUSSION
The use of probiotics to control pathogenic bacteria in aq-
uaculture has been widely studied in recent years, show-
ing promising results in some cases (Simón et al., 2021). 
However, the effectiveness of probiotics can vary with 
several factors, including the specific bacterial strains 
used, dosages and application methods, and environ-

mental conditions in shrimp rearing ponds, particularly 
at the field scale. The fermentation method used in this 
study involved molasses and bran. Fermentation can 
produce various biological products beneficial for aq-
uaculture, including probiotics, enzymes, and bioactive 
compounds (Manan et al., 2023). However, the efficacy of 
fermentation in reducing pathogenic bacteria in aquacul-
ture has not been extensively studied. The findings from 
this study indicate that multispecies probiotic and fer-
mentation treatments were ineffective at reducing Vibrio 
parahaemolyticus levels in shrimp ponds. This is consist-
ent with previous research reports, including a study that 
found that probiotic treatments containing Lactobacillus 
plantarum and Bacillus amyloliquefaciens were ineffec-
tive at reducing AHPND infection in Penaeus vannamei 
(Amiin et al., 2023). 

The presence of V. parahaemolyticus in the hepato-
pancreas of vannamei shrimp was identified in sever-
al rearing ponds. The probiotic treatment used in this 
study contained Lactobacillus plantarum, Lactobacillus 
fermentum, Bacillus subtilis, and Pseudomonas puti-
da. However, it did not reduce the presence of V. para-
haemolyticus in the hepatopancreas of vannamei shrimp. 
Consequently, mortality of vannamei shrimp was still 
observed in some rearing ponds due to Acute Hepatopa-
ncreatic Necrosis Disease (AHPND) caused by Vibrio pa-
rahaemolyticus infection. The identification results of the 
presence of V. parahaemolyticus in the hepatopancreas 
of vannamei shrimp in each rearing pond are shown in Ta-
ble 1. 

Table 1 shows that on the 35th day of the rearing period, 
some vannamei shrimp rearing plots were positive for V. 
parahaemolyticus infection. Plot C10 was identified as 
being infected with V. parahaemolyticus at 1.717 CFU/g, 
higher compared to ponds C1 and C7. Meanwhile, the 

Table 1. Identification results of V. parahaemolyticus in the hepatopancreas of P. vannamei.

Ponds DOC
Vibrio parahaemolyticus
(CFU/g) *

C1 36 824*

C2 36 0
C3 36 0
C4 36 0
C5 36 0
C6 35 0
C7 35 237*
C8 35 0
C9 35 0
C10 35 1717*

Note: CFU = Colony Forming Unit; DOC = Days of Culture.

other rearing ponds yielded negative results upon exam-
ination using CHROMAgar media. These results indicate 
that the use of probiotics and fermentation materials 
has not been effective in preventing V. parahaemolyti-
cus infection naturally at the field scale. The presence 
of Vibrio parahaemolyticus in the hepatopancreas of 
vannamei shrimp is correlated with a high mortality rate 
observed within a short period in rearing plots. Mortality 
in some ponds was observed on the 40th day of rearing, 

consistent with the onset of AHPND symptoms (Kumar et 
al., 2021)as a high-protein animal food commodity, are 
one of the fastest growing food producing sectors in the 
world. It has emerged as a highly traded seafood product, 
currently exceeding 8 MT of high value. However, disease 
outbreaks, which are considered as the primary cause 
of production loss in shrimp farming, have moved to the 
forefront in recent years and brought socio-economic and 
environmental unsustainability to the shrimp aquacul-
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ture industry. Acute hepatopancreatic necrosis disease 
(AHPND. Despite the addition of multispecies probiotics 
and fermentation using molasses and bran, Vibrio pa-
rahaemolyticus was still identified in some ponds, indi-
cating that eliminating pathogens completely from the 
shrimp pond environment remains challenging. Addition-
ally, fermentation can create a conducive environment for 
the growth of harmful bacteria, especially if not properly 
controlled (Zokaeifar et al., 2012). 

The ineffectiveness of the combination of probiotics 
and the fermentation process in preventing the growth 
of Vibrio parahaemolyticus can be attributed to several 
factors, such as improper dosage or application timing, 
suboptimal environmental conditions, or the presence of 
other bacterial strains that can interfere with the perfor-
mance of multispecies probiotics (Grumet et al., 2020). 
Controlling Vibrio parahaemolyticus in shrimp ponds 
requires a synergistic approach that considers not only 
probiotics and fermentation but also strategies such as 
water quality management, biosecurity measures, and 
selective breeding of disease-resistant shrimp (Tran et al., 
2013; Wiradana et al., 2023).

The probiotics used in the study contained Lactobacil-
lus fermentum, Lactobacillus plantarum, Bacillus subti-
lis, and Pseudomonas putida, combined with molasses 
and bran fermentation. Lactobacillus fermentum and 
Lactobacillus plantarum, which are lactic acid bacteria, 
have shown promising results in improving growth per-
formance and disease resistance in aquatic organisms 
(Dawood et al., 2015). Bacillus subtilis, a spore-forming 
bacterium, has been reported to produce antimicrobi-
al substances and stimulate the host’s immune system 

(Kamaruddin et al., 2021). Pseudomonas putida, known 
for its ability to degrade organic matter, has potential in-
hibitory effects on pathogen growth (Jamal et al., 2019). 
The fermentation process using molasses and bran aims 
to provide a suitable environment for the growth and met-

abolic activity of beneficial microorganisms (Khanjani et 
al., 2023). Fermentation can increase the production of 
antimicrobial compounds, organic acids, and other bio-
active substances that contribute to disease control and 
gut health improvement (Zhang et al., 2021). Despite the 
inclusion of probiotic strains and fermentation, the pres-
ence of Vibrio parahaemolyticus and the occurrence of 
mild-to-moderate intestinal infections indicate that the 
methods employed were ineffective in reducing patho-
gens or restoring shrimp gut health.

The hepatopancreas functions as a crucial organ for lipid 
metabolism, including lipid synthesis, storage, and mobi-
lization in shrimp (Wang et al., 2014). Infection by Vibrio 
parahaemolyticus causes alterations in lipid metabolism 
in vannamei shrimp, including decreased lipid accumula-
tion in the hepatopancreas, triggering an inflammatory re-
sponse and disrupting lipid metabolism-related enzymes 

(Tassanakajon et al., 2013). The observed reduction in 
lipid content indicates the impact of AHPND on lipid me-
tabolism in vannamei shrimp (Xu et al., 2018). Disruption 
of lipid metabolism can result in reduced energy reserves 
and affect growth rates (Wiradana et al., 2022). A study on 
shrimp found that V. parahaemolyticus, causing AHPND, 
disrupts lipid metabolism and acid synthesis (Ng et al., 
2018). V. parahaemolyticus infection can cause changes 
in lipids because many pathogens can modulate shrimp 
lipid metabolism (Wang et al., 2022).

The health condition of vannamei shrimp was observed 
based on lipid, tubule structure, and morphometric con-
dition of the intestine. The health observation of shrimp 
was conducted on the 35th day of the rearing period. The 
health observation results of vannamei shrimp are shown 
in Table 2. 

Macroscopic observations of vannamei shrimp intes-
tines showed mild to moderate infections. This indicates 
that the administration of multispecies probiotics has 

Table 2. Observation results of P. vannamei health.
No. Sample Intestinal Condition Lipid (%) Tubule Condition
1. C1 Full, normal intestine 80-100 Good
2. C2 Full, mild-moderate infection intestine 80-100 Good Shrinkage 5%
3. C3 Full, normal-mild infection intestine 80-90 Good Shrinkage 5%
4. C4 Partially full-empty, normal-moderate infection 

intestine
90-100 Good

5. C5 Full, normal intestine 70-80 Good Shrinkage 5%
6. C6 Full, mild infection intestine 80 Shrinkage 5-10%
7. C7 Partially full-empty, normal intestine 100 Good Shrinkage 10%
8. C8 Partially full-empty, normal intestine 80-100 Shrinkage 5-10%
9. C9 Partially full-empty, normal-moderate infection 

intestine
80-90 Shrinkage 5-10%

10. C10 Full-empty, normal-mild infection intestine 75-100 Shrinkage 10-20%

not been effective in maintaining the overall intestinal 
health of vannamei shrimp at a field scale. Infected intes-
tines were marked by the appearance of red spots on the 
intestines (Figure 1). Similarly, the lipid condition in the 
hepatopancreas of vannamei shrimp ranged from an av-
erage of 70% to 100%. The decrease in lipid percentage 
is suspected to be due to V. parahaemolyticus infection 
causing AHPND, marked by the reduction of lipid points in 

the tubules, as seen in Figure 2B. 

Damage to the tubule shape and structure indicates that 
V. parahaemolyticus infection induces structural changes 
in the tubules. Observations showed that tubule shrink-
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age occurred under normal conditions, with a reduction 
of up to 20%. The ineffective use of multispecies probiot-
ic methods and suboptimal aquaculture environments in 
preventing natural V. parahaemolyticus infections led to 
tubule shrinkage in the hepatopancreas organ (Figure 3). 
Aggregated Transformed Microvilli (ATM) were also ob-
served in the hepatopancreas, ranging from 5% to 10%. 
This observation indicates structural changes in the mi-

A B
Figure 1. Fresh preparate of P. vannamei intestine. A. intestine indicated to be infected by V. parahaemolyticus, and B. 

normal intestine.

A B
Figure 2. Lipid droplet in the hepatopancreas of P. vannamei. A. normal lipid points and B. lipid points reduced by up to 

crovilli of Penaeus vannamei in response to treatment 
interventions and rearing environment conditions (Figure 
4). The percentage of ATM observations in the samples is 
shown in Table 3.

Table 3 shows the percentage of ATM ranging from 5-10% 
in the observed samples. The presence of ATM in the 
hepatopancreas indicates cell damage in the hepatopa-

                               A                                  B
Figure 3. Tubule condition of P. vannamei. A. normal tubule structure and B. shrunken tubules.
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ncreatic tubules, leading to transformation in the tubule 
structure. The formation of ATM is believed to be triggered 
by bacterial toxin secretion, which alters gene expression 
involved in microvilli formation. Aggregated Transformed 
Microvilli (ATM) is a term used to describe the abnormal 
clustering and aggregation of microvilli in the hepatopan-
creas of vannamei shrimp infected with Acute Hepatopa-
ncreatic Necrosis Disease (AHPND), also known as Early 
Mortality Syndrome (EMS). 

Tubule shrinkage occurs due to epithelial peeling and 
necrosis in the tubules of the hepatopancreas in the late 
stages of V. parahaemolyticus infection (Soto-Rodriguez 
et al., 2015). Acute Hepatopancreatic Necrosis Disease 
(AHPND) causes tubule deformation in the hepatopancre-
as of shrimp, including vannamei shrimp (Morales-Covar-

                             A                            B

                          C                             D

Figure 4. Condition of Aggregated Transform Microvilli (ATM) in the hepatopancreas of P. vannamei. A and B. 
ATM present in the hepatopancreas; C and D. no ATM present in the hepatopancreas.

rubias et al., 2018). The PirB toxin, involved in the peeling 
and damage of epithelial cells in the tubules, is detected 
in the hepatopancreas and shows histological damage 

(Zheng et al., 2021). The PirB toxin also targets and dam-
ages cells in the hepatopancreas, causing necrosis and 
structural changes (Soto-Rodriguez et al., 2022). The Pir-
AB toxin disrupts the normal function of hepatopancreas 
cells, particularly those involved in digestion, absorption, 
and nutrient metabolism. This disruption interferes with 
the normal processes of lipid and carbohydrate metabo-
lism in the hepatopancreas (Kumar et al., 2019).

The effectiveness of multispecies probiotics and fer-
mentation materials was also observed based on growth 
aspects. The growth of vannamei shrimp was analyzed 
based on sampling data. Sampling was conducted at 

Table 3. Percentage of aggregated transform microvilli (ATM).
Sample Percentage ATM (%)
C1 5
C2 5-10
C3 5-10
C4 5
C5 5
C6 5-10
C7 5
C8 5
C9 5-10
C10 5-10
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5-day intervals. The results can be seen in Table 4. The 
average weight of shrimp during the study showed signif-
icant differences in each pond. An increase in average 
weight in each pond was observed at each sampling pe-
riod. The final ABW obtained during the study ranged from 
3.29-7.96 g/shrimp. Some ponds experienced early har-
vest due to high mortality caused by V. parahaemolyticus 
infection. The application of probiotics and fermentation 

materials positively impacted the shrimp’s digestive sys-
tem but was not effective in preventing V. parahaemo-
lyticus infection, ultimately affecting shrimp metabolism 
and growth rates. 

The daily weight gain of shrimp during the study exhibited 
varying growth rates across sampling periods. In the sec-
ond sampling period, the growth rate ranged from 0.12 to 
0.3 g/day. According to SNI-01-7246-2006, the standard 

Table 4. Production performance of P. vannamei with multi-species probiotics at field scale.
No. Parameter Range Value SNI Standard Notes
1. Average Body Weight (ABW) 3.29-7.96 g/shrimp 25 g/shrimp Not optimal
2. Average Daily Growth (ADG) 0.04 - 0.39 g/day 0.2 g/day Not optimal
3. Survival Rate (SR) 23 - 72% 75% Not optimal
4. Feed Conversion Ratio (FCR) 1.02 - 3.23 1.5 Not optimal

value for daily weight gain of shrimp is 0.2 g/day. During 
the second sampling period, the average weight gain of 
shrimp remained within a reasonable range relative to 
the standard value. In the third sampling period, the daily 
growth rate in pond C3 declined to 0.05 g/day, represent-
ing only 0.25 g over five days. The third sampling period, 
conducted on the 45th day of rearing, showed a decrease 
in the average daily weight of shrimp, likely due to the 
spread of V. parahaemolyticus infection in the rearing 
area.

Based on the results of this study, the average weight 
of shrimp increased. According to Suryana et al. (2023)
Shrimp infected with AHPND generally weigh between 0.2 
and 2.5 g. The observed increase in average weight can 
be attributed to several factors associated with the use of 
probiotics and fermentation. Probiotics such as Lactoba-
cillus fermentum, Lactobacillus plantarum, Bacillus sub-
tilis, and Pseudomonas putida are reported to improve 
growth performance and feed utilization in various aquat-
ic species (Shawky et al., 2023). The impact of Vibrio para-
haemolyticus on ADG can be explained by several factors. 
First, bacterial pathogens can affect the hepatopancreas, 
the shrimp’s main digestive organ, leading to reduced nu-
trient absorption and digestive disturbances. This results 
in suboptimal feed conversion into growth, contributing 
to lower ADG values (Santos et al., 2020). Rearing ponds 
C3, C4, C5, and C10 were flushed, with mortality reaching 
100%. Pond C1 had a survival rate of 44%, the lowest af-
ter the ponds that experienced flushing. Pond C2 had the 
highest survival rate at 72%. All rearing ponds were har-
vested early due to mortality observed across all ponds. 
Early harvesting was undertaken as a precaution against 
increased mortality. This condition creates an environ-
ment conducive to bacterial growth and compromises the 
shrimp’s immune system, making them more susceptible 
to infection and death (Emerenciano et al., 2022).

The survival rate (SR) at the end of the rearing period 
ranged from 23-72%. Mortality among vannamei shrimp 
occurred during the rearing period, indicating that V. pa-
rahaemolyticus infection caused high mortality within a 
relatively short period. The occurrence of V. parahaemo-
lyticus infection resulted in rapid death, leading to a low 
survival rate that did not meet the standard. According to 
SNI-01-7246-2006, the standard survival rate for van-
namei shrimp farming is 75%. In addition to the low surviv-
al rate, V. parahaemolyticus infection also caused early 

harvesting and flushing in several rearing ponds. 

The feed conversion ratio (FCR) relates to the efficiency of 
feed utilization relative to the total biomass of the shrimp. 
According to SNI-01-7246-2006, the standard FCR is 1.5. 
The FCR values in this study ranged from 1.02 to 3.23. 
An FCR of 1.02 to 1.1 in the rearing ponds was achieved 
within a rearing period of 48-49 days. The low FCR values 
were attributable to the short rearing period resulting 
from early harvesting and indications of cannibalism in 
the rearing ponds, which contributed to increased shrimp 
biomass. 

Water quality was measured periodically to assess condi-
tions during the rearing period. The measurement results 
indicated that some water quality parameters were out-
side the suitable range for vannamei shrimp habitat. The 
average water quality measurements during the study 
are shown in Table 5.

A well-maintained rearing environment supports the 
smooth metabolism and growth of vannamei shrimp. The 
optimal temperature range for vannamei shrimp farm-
ing is 28.5-31.5℃ (Marwiyah et al., 2019). Temperature 
affects appetite and metabolic processes in shrimp. The 
availability of DO in the rearing ponds was generally ade-
quate. The difference in dissolved oxygen levels between 
morning and night is due to higher dissolved oxygen levels 
from morning to noon because of plankton photosynthe-
sis, while at night, plankton do not perform photosynthe-
sis and become oxygen competitors for shrimp (Yoshika-
wa et al., 2007; Sani et al., 2022). 

A low water pH can cause stress in shrimp, resulting 
in soft shells and reduced survival rates (Wiyoto et al., 
2016). Generally, pond water pH is higher in the after-
noon than in the morning. This is due to photosynthesis by 
natural feed, such as phytoplankton, which absorbs CO2. 
The decline in pond water pH is caused by the decomposi-
tion of organic matter by microorganisms, which releases 
CO2 in the process, reducing oxygen concentration and 
water pH (Supriatna et al., 2023). High salinity can slow 
shrimp growth as more energy is absorbed for osmoreg-
ulation rather than growth (Liu et al., 2024). Nitrite levels 
increased between the 41st and 48th days of rearing. High 
nitrite levels are influenced by elevated total ammonia 
and high organic matter concentrations during the rear-
ing period. The increase in nitrite levels is due to a darker 
water color from rising organic matter content and poor 
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performance of nitrifying bacteria (Furtado et al., 2016). 
The availability of ammonia stimulates the activity of am-
monia-oxidizing bacteria, thereby increasing nitrite levels. 
Nitrite (NO2) at the maximum limit (0.06 mg/L) is the max-
imum threshold for vannamei shrimp farming (Widigdo et 
al., 2021).

The need for phosphate for optimal shrimp growth is influ-
enced by the form of nitrogen compounds (Iber & Kasan, 
2021). In this study, TOM values were high from the 23rd 
and 24th days of rearing, reaching 92.93 mg/L, and con-
tinued to increase thereafter. High TOM levels (>60 mg/L) 
indicate declining water quality and can increase the po-
tential for pathogen growth in the rearing environment, 
including Vibrio parahaemolyticus (Urquhart et al., 2016). 
The total Vibrio count increased significantly from the 
5th to the 6th checking period. In the 5th checking period, 
there was a decrease in total Vibrio. The reduction in total 
Vibrio during the 5th period was due to the addition of a 
probiotic dose of 2 mg/L in the rearing medium. Sudden 
changes in water chemical properties, such as tempera-
ture and salinity, as well as high larval density, can accel-
erate the growth of Vibrio sp (Sampaio et al., 2022). The 
TBC obtained during the rearing period ranged from 1.8 
x 10³ to 5.7 x 104 CFU/mL. Total bacteria are influenced 
by the concentration of organic matter during the rearing 
period. The TBC values obtained during the study were 
within the tolerance range. Bacterial density in water ex-
ceeding 106 CFU/mL can cause 90% mortality in larval 
and post-larval shrimp and adult shrimp (Kennedy et al., 
2006).

CONCLUSION AND RECOMMENDATION
Conclusion
The use of multispecies probiotics containing Lactoba-
cillus plantarum, Lactobacillus fermentum, Bacillus sub-
tilis, and Pseudomonas putida, combined with molasses 
and bran fermentation, has not been effective in pre-
venting the growth of Vibrio parahaemolyticus in shrimp 
ponds. While the administration of multispecies probiot-
ics and fermentation materials has benefits for shrimp 
health, it has not been effective in preventing V. para-
haemolyticus infection, ultimately affecting the overall 
health status of shrimp. The administration of multispe-
cies probiotics and fermentation materials benefits the 
growth of vannamei shrimp; however, it has not been ef-
fective in preventing V. parahaemolyticus infection, which 
ultimately affects growth and causes mortality within a 
relatively short period.

Recommendation
Further research is needed to investigate the effective-
ness of different probiotic strains, doses, and fermenta-
tion methods in controlling Vibrio parahaemolyticus and 

other pathogenic bacteria in vannamei shrimp. Maintain-
ing optimal water quality conditions is crucial to prevent-
ing AHPND in P. vannamei aquaculture.
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