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Abstract

Probiotics represent a sustainable alternative to antibiotics in shrimp aquaculture, poten-
tially improving water quality, enhancing nutrient availability, and controlling pathogenic
bacteria. Sanolife® MIC (S-MIC), a commercial probiotic formulation developed specifi-
cally for marine invertebrate culture, shows potential benefits, but its optimal dosage across
different larval developmental phases remained undetermined. This 23-day study evaluated
how various concentrations of Sanolife® MIC affect Pacific whiteleg shrimp, Penaeus van-
namei, larval development, growth performance, and microbial composition from nauplii
to postlarval stage 15 (PL-15). The experimental design tested three different S-MIC con-
centrations (1, 5, and 30 g/m*/day) applied from nauplii to PL-15. Development param-
eters including growth rate, weight gain, morphological development, stress resistance, and
microbial presence were evaluated. Results demonstrated that S-MIC supplementation at
1 g/m*/day significantly accelerated larval development to PL-1 stage. The highest concen-
tration (5 and 30 g/m3/day) significantly improved larval weight at PL-6 compared to lower
concentrations. Additionally, all S-MIC-treated groups exhibited significantly reduced
Vibrio counts in both culture water and shrimp larvae. This study demonstrates that S-MIC
supplementation provides concentration-specific benefits: 1 g/m?/day for accelerated early
development and 5-30 g/m*/day for enhanced growth and robust Vibrio control in com-
mercial shrimp hatcheries. These findings provide promising preliminary evidence for the
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Highlights

o Sanolife® MIC probiotic at 1 g/m*/day significantly accelerates Penaeus vannamei development to
postlarval stage 1, improving hatchery production efficiency.

o The highest probiotic concentration (30 g/m*/day) significantly improves larval weight at PL-6 stage
compared to lower concentrations, with 30 g/m*/day promoting more uniform growth by PL-15.

o All tested probiotic concentrations significantly reduce Vibrio bacterial counts in both culture water
and shrimp larvae, potentially decreasing disease risk in commercial hatcheries.

o Probiotic supplementation shows no adverse effects on survival rates, stress resistance, or
hepatopancreas health, confirming its safety throughout larval development stages.
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strategic application of Sanolife® MIC in larval production while highlighting the need for
further studies to elucidate underlying physiological mechanisms.

Keywords Penaeus vannamei - Bacillus probiotics - Vibrio control - Shrimp larviculture -
Aquaculture disease prevention

Introduction

Probiotics have gained significant attention in aquaculture as sustainable alternatives to
antibiotics for disease prevention and growth enhancement. The wide expansion of their
usage lies especially in the capacity these live bacteria have for improving water quality
by assimilating organic matter and reducing excess nutrients in the environment, thereby
minimizing water pollution (Amenyogbe 2023). Additionally, probiotics help maintain a
balanced and healthy microbial community in the gut (Ghosh 2023). Due to their potential
for inhibiting the growth of pathogenic bacteria, probiotics may reduce the risk of infec-
tions in aquaculture systems (Knipe et al. 2021). Ultimately, they support better survival,
growth rates, and overall well-being of shrimp (Mathan Muthu et al. 2024).

Especially during larval development, which is considered one of the most critical peri-
ods in the production cycle, shrimp have higher susceptibility to changes in environmental
conditions, feed quality, and bacterial infections. These are strong causes of poor larval
development, mass mortalities, and losses (Xue et al. 2016; Pefialosa-Martinell et al. 2020).
Moreover, considering disease outbreaks caused by bacteria, vibriosis remains a constant
threat to the shrimp production industry worldwide (Kumar et al. 2016; Abdel-Latif et al.
2022). In this context, and in view of all the key aspects mentioned above, probiotics have
great potential to maintain both environmental and shrimp conditions at standards that pro-
mote optimal larval development.

A diversity of bacterial species has been used as probiotics for aquaculture (Van Hai
2015); however, Bacillus species possess specific characteristics which make them better
probiotic candidates (Kuebutornye et al. 2019). For instance, they can produce antimicro-
bial compounds that are active against many microbes. Additionally, Bacillus species are
proven to be non-toxic and non-pathogenic. The fact that they are spore-forming bacteria
represents an advantage in terms of survival under different conditions and longer shelf-life
(Abriouel et al. 2011; Kavitha et al. 2018).

Sanolife® MIC (S-MIC) (INVE Technologies) is a unique proprietary commercial
probiotic formulation of three Bacillus strains (B. subtilis, B. licheniformis, and B.
pumilus; min. 5% 10'° cfu/g) designed specifically for marine invertebrate culture. Its
application produces several benefits, such as gut colonization, inhibition of or com-
petition with Vibrios, resulting in fewer potential pathogens, and enhanced stimulation
of the animal’s immune systems (Mufioz et al. 2014). While this latter study clearly
demonstrated improved survival rates in Pacific whiteleg shrimp, Penaeus vannamei,
from nauplii through PL-3, and showed that continued probiotic treatment through
PL-15 increased both overall postlarvae production and animal size, further research is
needed to determine the effectiveness of S-MIC at various concentrations during larval
shrimp development. Supporting these findings, Silva et al. (2013) demonstrated that
Bacillus species probiotics (Sanolife® MIC) enhanced survival rates and weight gain
during early larval development (zoea and mysis phases) when applied through direct
water supplementation. Their research showed that while probiotic treatment effectively
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reduced pathogenic Vibrio bacterial loads in both culture water and shrimp tissue during
larval stages, contributing to improved biosecurity, the effects on growth performance
and survival were less pronounced in the postlarval phase.

This study, therefore, aimed to evaluate the effects of three different S-MIC concen-
trations on P. vannamei, larval development, focusing on growth parameters, health
indicators, and microbial control from nauplii to postlarvae (PL) stage 15.

This study represents the first step in a phased evaluation of Sanolife® MIC across
different stages of P. vannamei production. The present trial focused specifically on
operational performance during the early larval phase, recognizing the constraints of
working within commercial hatchery conditions.

Materials and methods
Experimental design

The experiment was conducted in twelve 300 L tanks (73 x 81 x 55 cm?, salinity 30 ppt),
each stocked with 50,000 nauplii (acquired from an undisclosed commercial supplier
in Phuket province, Thailand). Four treatment groups were established with three rep-
licates per treatment: (1) control (T1)—no probiotic addition; (2) treatment 2 (T2)—
S-MIC at 1 g/m3/day; (3) treatment 3 (T3)—S-MIC at 5 g/m3/day; and (4) treatment
4 (T4)—S-MIC at 30 g/m’/day. S-MIC was applied to the rearing water 1 day before
stocking and maintained throughout the experimental period.

S-MIC at 1 g/m?/day represents the manufacturer’s recommended daily dosage for
routine application following nauplii stocking. A concentration of 5 g/m*/day is com-
monly employed within the industry during challenge conditions, particularly when
managing Vibrio outbreaks. The inclusion of a third concentration at 30 g/m?/day was
designed to evaluate its efficacy based on anecdotal reports from commercial hatcheries
in Latin America regarding its use under severe challenging conditions.

Water quality management

Water parameters were maintained within optimal ranges: temperature 28-30 °C, dis-
solved oxygen >4 mg/L (YSI Pro20 Handheld for DO/Temp, USA), pH 7.8-8.3 (Para®
test kits, Thailand), alkalinity 170—180 ppm (Para® test kits, Thailand), and salinity
at 30 ppt (refractometer, Atago, Japan). Total ammonia nitrogen (TAN) thresholds
were stage-specific: <0.5 ppm for zoea,<1 ppm for mysis stages,<3 ppm for PLI1-
5, and <8 ppm for PL6-15. Nitrite and nitrate levels were maintained below 0.5 ppm
and 10 ppm, respectively. Water parameters were measured daily using the salicylate-
hypochlorite method for TAN determination (Bower and Holm-Hansen 1980) and
standard methods for nitrite and nitrate analysis (Strickland and Parsons 1972). Water
was exchanged daily at different rates depending on the developmental stage of the
shrimp; 10% water exchange at zoea 3, 20% water exchange during mysis 1 to PL6, 40%
water exchange during PL7 to PL9, and 50% water exchange during PL10-PL15 (see
Supplementary materials S1).
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Table 1 Determination of growth performance parameters in Penaeus vannamei postlarval stages PL-1,
PL-6, and PL-15 following treatment with Sanolife® MIC

PL stage
PL-1 PL-6 PL-15
% PL-1 (n=100) Weight (0.5 g dry weight) Weight (1 g dry weight)
Deformity (n=>50) % Survival rate
Muscle/gut ratio (n=100) Stress test (n=100)
Hepatopancreas health (n=50)
N Z1 M1 PL1 PL6 PL15
Vibrio test Larval growth performance Larval growth performance Larval growth performance
- Whole shrimp sample - %PL - Weight - Weight
- Water Vibrio test Vibrio test PL quality
- Whole shrimp sample - Whole shrimp sample - HP status (wet mount)
- Water - Water - Stress test
Mysis 1 - Survival
Vibrio test Vibrio test
- Whole shrimp sample - Whole shrimp sample
- Water - Water

Fig. 1 Sampling protocol to determine the development of Penaeus vannamei larvae from nauplius through
to postlarvae stage 15. Abbreviations: CV, coefficient of variation; HP, hepatopancreas; MGR, muscle-to-
gut ratio; PL, postlarvae

Feeding protocol

Feed types and feeding schedules were adjusted throughout the 23-day study (i.e., zoea
to PL15) according to developmental stages following standard commercial hatchery pro-
tocols (see Supplementary materials S2). All treatment groups received identical feeding
regimens throughout the experiment.

Sample collection and analysis

Larval development was evaluated at PL-1, PL-6, and PL-15 stages (see Table 1 and
Fig. 1). The percentage of larvae reaching PL-1 stage was recorded on days 9—11. Shrimp
development was assessed at three critical postlarval time points: PL-1, PL-6, and PL-15.
Postlarval stage 1 represents a key metamorphic transition from mysis 3, characterized by
the development of functional pleopods and a shift from vertical swimming behavior to
active forward swimming. PL-15 represents the standard commercial stage at which post-
larvae are typically sold by hatcheries and stocked into growout ponds. PL-6 was selected
as an intermediate assessment point based on rostral spine development, as larval shrimp
are conventionally staged by the sequential appearance of rostral spines (approximately one
spine every 3 days). When the second rostral spine is fully developed at PL-6, this stage
therefore provides an appropriate intermediate time point for evaluating postlarval perfor-
mance and development.

Larvae were classified as PL-1 based on morphological characteristics observed under
a stereomicroscope at X4 magnification, including active forward swimming behavior and
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the development of the rostrum and pleopods. Weight measurements were conducted at
PL-6 and PL-15 stages by recording wet weights of 0.5 g samples at PL-6 and 1 g samples
at PL-15. These developmental stages were selected for weight analysis because they pro-
vide more accurate and reliable weight data compared to earlier larval stages.

e Morphological deformities were assessed by microscopic examination using a com-
pound microscope (Olympus CX23) atx4 andx 10 magnification. Observations
included malformations of the rostrum, pleopods, or abdominal segment alignment and
were recorded using a standardized scoring system adapted from Racotta et al. (2003).

e The muscle-to-gut ratio (MGR) was also determined microscopically using Pixit Pro
software (Lanoptik Technologies, Guangzhou, China), based on measurements from
100 larvae per group (Racotta et al. 2003).

e Hepatopancreatic health was evaluated by examining oil droplet concentration
under X 4 magnification, based on the count of visible lipid vacuoles in hepatopancreas
squashes of PL-15 larvae.

e Stress tolerance, as a measure of PL quality, was assessed at the PL-15 stage using
a salinity stress test, in which larvae were transferred from 30 ppt to freshwater (0
ppt) for 30 min. Survival rates are recorded as indicators of physiological robustness
(Racotta et al. 2003).

e Vibrio populations were monitored using thiosulfate—citrate—bile salts—sucrose agar
(TCBS) agar in both rearing water and shrimp larvae samples collected at zoea, mysis
I, PL-1, PL-6, and PL-15 stages (n=3 per replicate) using the methods detailed in Van-
denberghe et al. (1999). The inoculated TCBS plates were incubated at 30 °C for 16 h
before counting total Vibrio colonies.

Statistical analysis

Data were analyzed using one-way analysis of variance (ANOVA) with IBM SPSS soft-
ware. The normality (Shapiro—Wilk test) and homogeneity (Levene’s test) of variance were
assessed (p>0.05) prior to conducting ANOVA. Tukey’s range test was applied for multi-
ple comparisons between treatment means, with significance established at p <0.05.

Ethics statement

This experiment was approved by the Animal Ethics Committee of Rajamangala Univer-
sity of Technology Tawan-Ok, Thailand (RMUTTO-AUC-2-2025-004).

Results
Water quality parameters

All water quality parameters remained within acceptable ranges throughout the experimen-
tal period. Temperature, pH, dissolved oxygen, and alkalinity were maintained at optimal
levels for larval development across all treatment groups. TAN, nitrite, and nitrate con-
centrations remained below threshold levels in all groups and stages, except for slightly
elevated TAN during the mysis stage in the T4 group (30 g/m*/day) (see Supplementary
materials S3-S4).
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Table 2 The number of Penaeus

PL-1 D

vannamei postlarvae PL stage 1 Group i (mean +5D)

(%) during the supplementation DOC9 DOCI10 DOC11

with Sanolife® MIC in the

rearing water. Superscript letters  T] 11.00£1.32 69.33+1.53" 100.00£0.00

indicate significant differences 3. 17.00+£0.87° 74002 1.80° 100.00+0.00

at p-value <0.05
T3 16.00+3.04° 65.00+3.91® 100.00+0.00
T4 15.33+2.47% 62.67 £2.25" 100.00+0.00
p-value 0.035 0.003

Abbreviations: DOC day of culture

BTl mT2 T3 T4

120 _ - Water

DOC9 DOC10 DOC11

Fig.2 Comparisons of the percentage of Penaeus vannamei postlarvae at the PL-1 stage (%PL-1) in rearing
water supplemented with varying concentrations of Sanolife® MIC, compared to the control group without
S-MIC supplementation. DOC, day of culture

Larval development

The progression to PL-1 stage was significantly enhanced by S-MIC supplementation
(see Table 2 and Fig. 2). On day 9, the control group (T1) showed 11.00 £ 1.32% of lar-
vae reaching PL-1, while S-MIC-treated groups demonstrated higher PL-1 percentages:
17.00+0.87% in T2, 16.00 +3.04% in T3, and 15.33 +2.47% in T4. The difference was
statistically significant between T1 and T2 (p =0.035). This trend continued on day 10,
with T2 maintaining significantly higher PL-1 percentages compared to T1. By day 11,
all treatment groups had completed the transition to PL-1 stage.
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0.025 + mPL6 mPL15

0.020 +

0.015 +

Weight (9)

0.010 +

0.005 +

0.000

T T2 T3 T4

Fig. 3 Comparisons of the average weight of Penaeus vannamei postlarvae at the PL-6 and PL-15 stages in
rearing water supplemented with varying concentrations of Sanolife® MIC, compared to the control group
without S-MIC supplementation. T1, control (i.e., no probiotic addition); T2, S-MIC at 1 g/m3/day; T3,
S-MIC at 5 g/m*/day; T4, S-MIC at 30 g/m*/day

0.020 -

a
a
8 a
0.015
0.010
0.005
0.000
T1 T2 T3 T4

Fig.4 Comparisons of the average weight gain at the Penaeus vannamei postlarval PL-15 stage in rearing
water supplemented with varying concentrations of Sanolife® MIC, compared to the control group without
S-MIC supplementation. T1, control (i.e., no probiotic addition); T2, S-MIC at 1 g/m3/day; T3, S-MIC at
5 g/m3/day; T4, S-MIC at 30 g/m*/day

1 i
T T 1

3
T

Weight gain PL6-15 (g)

Growth performance

Regarding weight, there was no significant difference in the weight of PL-6 among
S-MIC supplemented groups and the control group (p >0.05). However, PL-6 larvae
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Table 3 Summary of the

Weight Weight gai
average weight (g) of Penaeus 18 c1gnt sam
vannamei postlarvae at the PL-6 . .
and the mean weight gain from Group (g; mean SD) (g; mean+SD)
PL-6 to PL-15 stages of larval PL-6 PL-6-PL-15
development. Superscript letters T1 0.0019 +0.0001% 0.016+0.002*
indicate significant differences at ™ 0.0018 +0.00012 0.012 +0.004%

-val 0.05 - B
prvalue < T3 0.0020+0.0003 0.014£0.002
T4 0.0020 +0.0001° 0.015+0.004*
p-value 0.033 0.088

in the T4 group were significantly heavier than those in the T2 group, indicating a
positive effect of higher S-MIC concentrations on early postlarval growth (Figs. 3 and
4). Although there was a significant difference in weight between groups at PL-15
(»p=0.033), no significant difference in weight gain was detected (p=0.088) (see
Table 3 and Fig. 4).

Morphological and physiological parameters

No deformities were observed in any treatment group at PL-6, indicating that S-MIC sup-
plementation did not adversely affect morphological development. Similarly, no significant
differences were detected in muscle-to-gut ratio among all groups, suggesting comparable
digestive system development.

Survival rates at PL-15 ranged from 85.70+3.94% in the control group to approximately
86-87% in S-MIC-treated groups, with no statistically significant differences between treat-
ments. All groups exhibited high tolerance to salinity stress, with post-stress survival rates

Table 4 Summary of the survival

Group Mean +SD
rate and stress test results at the
Penaeus vannamei postlarval Survival rate at PL-15 (%)  Survival rate
PL-15 stage of development. after stress test
Superscript letters indicate (%)
significant differences at p-value
<0.05 T1 85.70+3.94° 98.00+3.46%
T2 86.00+3.61% 99.33 +1.00°
T3 87.00+4.36" 99.33 +1.00°
T4 86.67 +4.16* 99.56+0.88%
p-value 0.978 0.314
Table 5 Summary. of tl}e oil Group Oil droplet con-
droplet concentrations in the : .
centrations (%;
hepatopancreas at the Penaeus
. mean + SD)
vannamei postlarval PL-15 stage
of devglopment. .Superscrlpt Tl 98.0+1.73°
letters indicate significant .
differences at p-value <0.05 T2 98.6+1.51
T3 99.3+0.70%
T4 99.4+0.53%
p-value 0.514
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Table 6 Summary of the total Vibrio count in the culture water during Penaeus vannamei larval develop-
ment. Superscript letters indicate significant differences at p-value <0.05

Group Total Vibrio count (CFU/mL; mean + SD)

Zoea Ml PL1 PL6 PL15
Tl 5.33+0.38x10°* 7.00+£0.96x10°* 5.67+0.87x10°* 8.78+0.15x10°* 5.94+0.01x10°*
T2 3.62+0.38%x10°" 555+0.22x10°° 2.78+0.48x10°° 5.00+0.76x10°" 2.78+0.19x10°®
T3 3.89+0.44%x10°" 5.12+0.10x10°° 2.56+0.01x10°" 5.33+0.76x10°® 1.44+0.01x10°¢
T4 3.88+0.27x10°" 546+0.17x10°° 2.56+0.84x10°" 5.33+0.67x10°® 1.28+0.01x10°¢
p-value 0.002 0.008 0.001 0.001 0.001

Table 7 Summary of the total Vibrio count in Penaeus vannamei larvae during their development. Super-
script letters indicate significant differences at p-value <0.05

Group Total Vibrio count (CFU/g; mean + SD)

Zoea Ml PLI PL6 PL15
Ti 1.02+0.01x10°? 1.27+0.01x10°% 3.02+£0.25%10*? 2.43+0.10x10*? 5.17+0.33x10%?
T2 3.36+0.48x10%° 8.56+0.26x 10*° 1.12+0.18x 10*® 8.67+0.44x10°° 1.44+0.26%10%°
T3 2.57+0.38x10°° 6.36+0.01 x 10*° 7.72+0.39%10°%  9.11+0.75x10°° 1.72+0.19%x10°®
T4 227+037%x10°° 2.15+0.01x10*¢ 6.56+0.48%10°¢ 9.94+0.75x10%° 1.56+0.26x 10°®
p-value  <0.001 <0.001 <0.001 <0.001 <0.001

between 98.0 and 99.5%, indicating that probiotic supplementation did not significantly
impact stress resistance (Table 4).

Oil droplet concentrations in the hepatopancreas were similar across all treatment groups
(98.0-99.4%), suggesting comparable nutritional status and metabolic processing regardless
of probiotic supplementation (Table 5).

Microbial control

All S-MIC-supplemented groups exhibited lower total Vibrio counts in both culture water
(Table 6) and larval samples (Table 7) compared to the control group across all developmental
stages. The inhibitory effect on Vibrio counts was consistently observed in the culture water
of all stages, particularly at the PL-15 stage, where S-MIC supplementation (T2-T4) resulted
in Vibrio counts that were 2.1-4.6 times lower than those in the control (T1) (p <0.05). Simi-
lar reductions were observed in shrimp larvae across all stages. In larval samples, significant
differences were detected at the mysis I and PL-1 stages. At mysis I, the T4 group showed
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TT2T3T4 | TIT2T3T4 | TIT2T3T4 | TIT2T3 T4 | TIT2T3 T4

Zoea M-1

PL-1 PL-6 PL-15

Fig.5 Comparisons of total Vibrio counts in Penaeus vannamei larval shrimp reared in culture water sup-
plemented with varying concentrations of Sanolife® MIC, compared to the control group without S-MIC
supplementation, during larval development. T1, control (i.e., no probiotic addition); T2, S-MIC at 1 g/m?/
day; T3, S-MIC at 5 g/m3/day; T4, S-MIC at 30 g/m*/day

Table 8 Summary of all the parameters measured during the Penaeus vannamei larval development

Parameters Results

% PL-1 On day 10, T2 showed a significantly higher percentage of
PL1 stage, compared to T1

Weight at PL6 stage Both T3 and T4 revealed significantly higher weights

Survival rate (%)

Total Vibrio count (in water and shrimp)

Deformity
Muscle/gut ratio

Quantity of oil droplets in the hepatopancreas

compared to T1

No significant differences in survival rate were observed
among the tested groups

S-MIC groups (T2-T4) showed a significantly lower total
Vibrio count compared to the control group (without
S-MIC)

No significant differences in deformity were observed
among the tested groups

No significant differences in the muscle-to-gut ratio were
found among the tested groups

No significant differences in the quantity of oil droplets in
HP were observed

significantly lower Vibrio counts than T2 and T3, while at PL-1, both T3 and T4 demonstrated
significantly lower counts compared to T1 (Table 7, Fig. 5).
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Discussion

This study employed a comprehensive assessment approach, evaluating multiple intercon-
nected parameters of larval health and development (Table 8) to provide a holistic under-
standing of S-MIC probiotic effects. The results demonstrated that S-MIC probiotic sup-
plementation positively influences several aspects of shrimp larval development and health,
with distinct dose-dependent effects across different developmental parameters. These find-
ings provide important insights into optimal probiotic application strategies for commercial
shrimp hatcheries.

The accelerated progression to PL-1 stage observed in the T2 group (1 g/m*/day) sug-
gests that even low concentrations of S-MIC can enhance early developmental transitions.
This finding has significant practical implications for commercial hatcheries, as faster
development to postlarval stages can improve production efficiency and reduce the time
larvae spend in vulnerable early stages. The mechanism underlying this accelerated devel-
opment may involve enhanced nutrient availability through probiotic-mediated improve-
ments in water quality and microbial balance, as suggested by previous studies demonstrat-
ing that Bacillus-based probiotics can enhance digestive enzyme production and nutrient
absorption (Ghosh 2023).

Beyond nutrient availability enhancement, well-documented mechanisms of Bacillus-
based probiotics likely contributed to the observed developmental and microbial control
benefits in this study. Bacillus species are known producers of diverse antimicrobial com-
pounds, including bacteriocins, lipopeptides, and organic acids, which can directly inhibit
pathogenic bacteria while promoting beneficial microbial communities (Zokaeifar et al.
2012; Simons et al. 2020). Additionally, Bacillus probiotics stimulate both innate and adap-
tive immune responses in crustaceans, enhancing phagocytic activity, phenoloxidase activ-
ity, and antimicrobial peptide production (Rengpipat et al. 2000; Verschuere et al. 2000).
These immune-stimulating properties, combined with antimicrobial compound production,
provide a comprehensive explanation for the consistent Vibrio count reductions observed
across all treatment groups and developmental stages. The enhanced immune status may
also contribute to the improved stress tolerance and overall larval quality observed in this
study, as immunocompetent larvae are better equipped to handle environmental challenges
and pathogenic encounters.

The growth performance results revealed interesting dose-dependent patterns that
warrant detailed interpretation. At PL-6, larvae in the T4 group (30 g/m’/day) were sig-
nificantly heavier than those in the T2 group (1 g/m*/day), but not significantly different
from T3 (5 g/m®/day) or the control group. This specific pattern suggests a threshold effect
where moderate to high probiotic concentrations (5-30 g/m>/day) provide growth bene-
fits, while very low concentrations (1 g/m*/day) may be insufficient to stimulate significant
weight gain during early post-larval stages. The lack of significant differences between T4
and the control group, despite T4 showing higher mean weights, likely reflects the high
variability typical in larval weight measurements and the relatively small sample sizes for
weight determination.

Interestingly, these weight differences were not maintained through PL-15, suggesting
that the growth advantage conferred by higher probiotic concentrations may be temporary
or that compensatory growth occurs in non-treated groups over time. This pattern is con-
sistent with findings from Silva et al. (2013), who observed that probiotic effects on growth
performance were more pronounced during early larval stages (zoea and mysis phases)
than in later post-larval phases. The early growth advantage, while temporary, may still
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contribute to overall production efficiency by improving larval uniformity and reducing
size variation within cohorts.

The comprehensive quality assessment parameters employed in this study represent
industry-standard methodologies for evaluating postlarval fitness and commercial viability.
The absence of morphological deformities across all treatment groups demonstrates that
S-MIC supplementation does not adversely affect normal developmental processes, which
is crucial for commercial application.

The muscle-to-gut ratio (MGR) analysis provides critical insights into postlarval nutri-
tional status and development. MGR serves as a fundamental morphological indicator for
postlarval quality assessment in commercial aquaculture, measuring the proportional rela-
tionship between ventral muscle width and intestinal tract width at the sixth abdominal
segment. This parameter directly indicates nutritional status, muscle development, and
overall health condition, providing predictive value for survival and growth performance in
growout systems (Saurabh et al. 2006). The lack of significant differences in MGR among
treatment groups suggests that while S-MIC supplementation enhances certain growth
parameters, it does not fundamentally alter the balance between muscle and digestive sys-
tem development. This finding indicates that probiotic supplementation maintains normal
physiological proportions while potentially enhancing overall larval condition.

The assessment of lipid droplets within R-cells of the hepatopancreas provides valu-
able insights into postlarval nutritional status and metabolic health. High lipid droplet con-
tent correlates with improved survival rates and growth performance under growout con-
ditions, making this assessment valuable for predicting aquaculture success (Cervellione
et al. 2017). The similar oil droplet concentrations observed across all treatment groups
(98.0-99.4%) suggest that S-MIC supplementation does not significantly alter lipid metab-
olism or energy storage patterns in the hepatopancreas. This consistency indicates that pro-
biotic treatment maintains normal metabolic function while potentially providing benefits
through other mechanisms.

The salinity stress testing results provide important insights into postlarval quality and
commercial viability. This methodology has become the most widely adopted standard
practice for evaluating postlarval quality, robustness, and pond-stocking fitness among
commercial producers and hatcheries globally. The test involves transferring PL15 post-
larvae from 30 ppt seawater to freshwater (O ppt) for 30 min, with survival rates of 75% or
higher indicating good postlarval quality (Samocha et al. 1998; Pattanavivat et al. 2006;
Jory 2016).

All treatment groups exhibited exceptionally high stress tolerance, with post-stress
survival rates between 98.0 and 99.5%, well above the industry standard of 80-100% for
high-quality postlarvae. These results indicate that S-MIC supplementation does not com-
promise the physiological robustness of postlarvae under acute stress conditions. The pre-
dictive value of salinity stress testing for stocking success has been demonstrated through
correlation analysis, where survival was positively correlated with postlarval length (Alva-
rez et al. 2004). The consistently high survival rates across all groups suggest that larvae
from all treatments would be suitable for pond stocking, with probiotic supplementation
providing additional benefits without compromising stress resistance.

Perhaps the most consistent and significant effect of S-MIC supplementation was the
reduction in Vibrio counts in both culture water and larval samples across all develop-
mental stages. This finding represents a critical advantage for commercial aquaculture, as
Vibrio species are common opportunistic pathogens that pose constant threats to shrimp
production worldwide (Kumar et al. 2016; Abdel-Latif et al. 2022). The dose-dependent
reduction in Vibrio populations suggests that S-MIC effectively modulates the microbial
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environment through multiple mechanisms, potentially including competitive exclusion,
production of antimicrobial compounds, or enhancement of the host’s immune response.

The particularly pronounced Vibrio reduction at the PL-15 stage, where S-MIC supple-
mentation resulted in counts 2.1-4.6 times lower than the control, has important implica-
tions for disease prevention during the critical transition from hatchery to growout systems.
This reduction in pathogenic bacterial load could significantly decrease the risk of vibriosis
outbreaks, which remain a major cause of economic losses in shrimp aquaculture.

The substantial Vibrio reductions achieved through S-MIC supplementation have direct
implications for managing critical diseases that plague shrimp hatcheries worldwide. Acute
hepatopancreatic necrosis disease (AHPND), caused by V. parahaemolyticus strains carry-
ing the pVAI plasmid, has devastated shrimp production across Asia and Latin America,
with mortality rates often exceeding 70% in affected farms (Tran et al. 2013; Shinn et al.
2018; Kumar et al. 2020). Translucent post larvae disease (TPD), caused by a V. para-
haemolyticus strain carrying a thermolabile hemolysin gene, similarly causes devastating
mortality rates of 80-100% within 24-48 h in P. vannamei shrimp post larvae and has
emerged as a major threat to aquaculture operations in China and Vietnam since 2020 (Zou
et al. 2020; Shinn et al. 2024). The 2.1-4.6 fold reduction in Vibrio counts observed at
PL-15 stage could significantly reduce the probability of vibriosis (i.e., AHPND, TPD)
transmission from hatcheries to growout facilities, as lower initial pathogen loads correlate
with reduced disease incidence in production settings.

Similarly, classical vibriosis caused by V. harveyi, V. alginolyticus, and other Vibrio
species remains a persistent challenge in hatchery operations, particularly during stressful
periods such as metamorphosis and transportation (Austin & Zhang 2006; Flegel 2012;
Intriago et al. 2024). The consistent Vibrio suppression achieved across all developmental
stages suggests that S-MIC supplementation could serve as a preventive strategy, reduc-
ing the microbial reservoir of potential pathogens before larvae reach critical vulnerabil-
ity windows. In production-scale applications, this prophylactic approach could reduce
the reliance on therapeutic antibiotics, supporting sustainable aquaculture practices while
maintaining biosecurity standards. The dose-dependent nature of Vibrio control also pro-
vides hatchery managers with flexibility to adjust probiotic concentrations based on his-
torical disease pressure and risk assessment, allowing for targeted intervention strategies
during high-risk periods or in facilities with recurring vibriosis challenges.

These findings complement research by Patil et al. (2021), who demonstrated that
S-MIC application significantly alters gut microbial communities in Penaeus indicus lar-
vae, with their 16S rRNA-based analysis revealing higher microbial richness in probiotic-
treated groups. Interestingly, while our study showed reduced overall Vibrio counts using
culture-dependent methods, Patil et al. observed a higher relative abundance of Vibrio
in their probiotic-treated group using DNA sequencing techniques. This apparent con-
tradiction may reflect methodological differences between culture-based and sequencing
approaches, differences in species-specific responses (P. vannamei versus P. indicus), or
changes in community structure where certain Vibrio species decline while others increase
proportionally within the overall gut microbiome.

The results of this study support the implementation of S-MIC supplementation in com-
mercial shrimp hatcheries, with optimal application strategies varying by production objec-
tive. For hatcheries prioritizing rapid larval development and production efficiency, the 1 g/
m?>/day concentration appears most effective for accelerating progression to PL-1 stage. For
operations focusing on early growth enhancement and microbial control, concentrations of
5-30 g/m3/day provide additional benefits in terms of larval weight and Vibrio reduction.
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The safety profile demonstrated across all tested concentrations is particularly important
for commercial adoption, as it indicates that S-MIC supplementation can be implemented
without risk of adverse effects on survival, stress resistance, or metabolic health. The con-
sistent microbial control benefits across all concentrations provide additional value through
reduced disease risk and improved biosecurity.

While this study demonstrated improvements in key production parameters, future
research should investigate the underlying mechanisms of probiotic action, including
immune response modulation, digestive enzyme activity, and detailed histological analy-
sis. Additionally, economic analyses of probiotic supplementation in large-scale produc-
tion settings would provide valuable insights into the cost—benefit relationships of different
application strategies.

Conclusion

Sanolife® S-MIC probiotic supplementation demonstrates concentration-specific benefits
for enhancing P. vannamei larval development. Lower concentrations (1 g/m>/day) effec-
tively accelerate development to PL-1 stage, improving production efficiency in commer-
cial hatcheries. Higher concentrations (5-30 g/m*/day) enhance early growth parameters at
PL-6 stage, with the highest concentration (30 g/m?/day) showing particular effectiveness
for weight improvement. Most importantly, all tested concentrations (1-30 g/m®/day) sig-
nificantly reduce Vibrio populations in both culture water and larval samples, providing
consistent microbial control benefits throughout larval development. These findings sup-
port the strategic use of S-MIC as an effective probiotic supplement in commercial shrimp
hatcheries, with application strategies tailored to specific production objectives: 1 g/m*/day
for accelerated development and 5-30 g/m>/day for enhanced growth and robust microbial
control. The demonstrated safety profile across all tested concentrations, with no adverse
effects on survival, stress resistance, or physiological health, confirms the suitability of
S-MIC for routine hatchery operations. Future research should investigate the mechanisms
underlying these concentration-specific effects and evaluate the economic benefits of tar-
geted probiotic supplementation strategies in large-scale production settings.

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s10499-025-02193-4.

Acknowledgements This work was supported by internal research funding from INVE Aquaculture.

Author contribution Barbara Hostins conceived the study and designed the experimental trials; Siriwan
Khidprasert, Chanadda Kasamechotchung, and Rungkarn Suebsing performed the experiments; Siriwan
Khidprasert, Chanadda Kasamechotchung, Rungkarn Suebsing, and Kallaya Sritunyalucksana analyzed the
data; Andrew P. Shinn, Ratchakorn Wongwaradechkul, Barbara Hostins, Olivier Decamp, Siriwan Khidpra-
sert, and Chanadda Kasamechotchung drafted the manuscript; all authors critically revised the manuscript.
[PJAT]LE: As per special instruction, full names should be used in presenting the “Author Contribution.”
Hence, the statement has been modified. Please check if correct; otherwise, kindly amend.

Funding This study was made possible through internal research funding provided by INVE Aquaculture. It
was also partly supported by Mahidol University (Fundamental Fund, fiscal year 2023) through the National
Science Research and Innovation Fund (NSRF) (grant no. FF-056/2566).

Data availability No datasets were generated or analysed during the current study.

@ Springer


https://doi.org/10.1007/s10499-025-02193-4
https://doi.org/10.1007/s10499-025-02193-4

Aquaculture International (2025) 33:515 Page 150f17 515

Declarations

Conflict of interest The authors declare no competing interests.

References

Abdel-Latif HMR, Yilmaz E, Dawood MAO, Ringo E, Ahmadifar E, Yilmaz S (2022) Shrimp vibriosis and
possible control measures using probiotics, postbiotics, prebiotics, and synbiotics: a review. Aquacul-
ture 551:737951. https://doi.org/10.1016/j.aquaculture.2022.737951

Abriouel H, Franz CMAP, Ben Omar N, Galvez A (2011) Diversity and applications of Bacillus bacteri-
ocins. FEMS Microbiol Rev 35:201-232. https://doi.org/10.1111/j.1574-6976.2010.00244.x

Alvarez AL, Racotta IS, Arjona O, Palacios E (2004) Salinity stress test as a predictor of survival during
growout in pacific white shrimp (Litopenaeus vannamei). Aquaculture 237(1-4):237-249. https://
doi.org/10.1016/j.aquaculture.2004.03.029

Amenyogbe E (2023) Application of probiotics for sustainable and environment friendly aquaculture
management - a review. Cogent Food Agric 9:2226425. https://doi.org/10.1080/23311932.2023.
2226425

Austin B, Zhang XH (2006) Vibrio harveyi: a significant pathogen of marine vertebrates and inverte-
brates. Lett Appl Microbiol 43(2):119-124. https://doi.org/10.1111/j.1472-765X.2006.01989.x

Bower CE, Holm-Hansen T (1980) A salicylate-hypochlorite method for determining ammonia in sea-
water. Can J Fish Aquat Sci 37(5):794-798. https://doi.org/10.1139/f80-106

Cervellione F, McGurk C, Berger Eriksen T, Van den Broeck W (2017) Effect of starvation and refeed-
ing on the hepatopancreas of whiteleg shrimp Penaeus vannamei (Boone) using computer-assisted
image analysis. J Fish Dis 40(11):1707-1715

Flegel TW (2012) Historic emergence, impact and current status of shrimp pathogens in Asia. J Inver-
tebr Pathol 110(2):166—173. https://doi.org/10.1016/j.jip.2012.03.004

Ghosh AK (2023) Functionality of probiotics on the resistance capacity of shrimp against white spot
syndrome virus (WSSV). Fish Shellfish Immunol 140:108942. https://doi.org/10.1016/j.£5i.2023.
108942

Intriago P, Montiel B, Valarezo M, Romero X, Arteaga K, Cercado N, Burgos M, Shinn AP, Montenegro
A, Medina A, Gallardo J (2024) Las bolitas syndrome in Penaeus vannamei hatcheries in Latin
America. Microorganisms 12:1186. https://doi.org/10.3390/microorganisms12061186

Jory DE (2016) Acclimating shrimp postlarvae before pond stocking. Global Seafood Alliance. 21st
October 2016. Available at: https://www.globalseafood.org/advocate/acclimating-shrimp-postl
arvae-before-pond-stocking/

Kavitha M, Raja M, Perumal P (2018) Evaluation of probiotic potential of Bacillus spp. isolated from
the digestive tract of freshwater fish Labeo calbasu (Hamilton, 1822). Aquac Rep 11:59-69. https://
doi.org/10.1016/j.aqrep.2018.07.001

Knipe H, Temperton B, Lange A, Bass D, Tyler CR (2021) Probiotics and competitive exclusion of
pathogens in shrimp aquaculture. Rev Aquacult 1:324-352. https://doi.org/10.1111/raq.12477

Kuebutornye FKA, Abarike ED, Lu Y (2019) A review on the application of Bacillus as probiotics in aqua-
culture. Fish Shellfish Immunol 87:820-828. https://doi.org/10.1016/j.aquaculture.2022.737951

Kumar V, Roy S, Meena DK, Sarkar UK (2016) Application of probiotics in shrimp aquaculture: impor-
tance, mechanisms of action, and methods of administration. Rev Fish Sci Aquac 24(4):342-368.
https://doi.org/10.1080/23308249.2016.1193841

Kumar V, Roy S, Behera BK, Bossier P, Das BK (2020) Acute hepatopancreatic necrosis disease
(AHPND): virulence, pathogenesis and mitigation strategies in shrimp aquaculture. Toxins
13(8):524. https://doi.org/10.3390/toxins 13080524

Mathan Muthu CM, Vickram AS, Bhavani Sowndharya B, Saravanan A, Kamalesh R, Dinakarkumar Y
(2024) A comprehensive review on the utilization of probiotics in aquaculture towards sustainable
shrimp farming. Fish Shellfish Immunol 147:1-15. https://doi.org/10.1016/].£si.2024.109459

Muiioz MJJ, Pinzon MFM, Rivera FR, Decamp O (2014) Bacillus probiotics improves hatchery, nursery
production in EMS-hit Mexico. Global Aquaculture Advocate, Sept/Oct, 2014: 50-51. Available
at:  https://www.globalseafood.org/advocate/bacillus-probiotics-improve-hatchery-nursery-produ
ction-ems-hit-mexico/

Patil PK, Vinay TN, Aravind R, Avunje S, Vijayan KK (2021) Effect of Bacillus spp. on the composi-
tion of gut microbiota in early life stages of Indian white shrimp, Penaeus indicus. J Appl Aquac
35(3):1-11. https://doi.org/10.1080/10454438.2021.2011527

@ Springer


https://doi.org/10.1016/j.aquaculture.2022.737951
https://doi.org/10.1111/j.1574-6976.2010.00244.x
https://doi.org/10.1016/j.aquaculture.2004.03.029
https://doi.org/10.1016/j.aquaculture.2004.03.029
https://doi.org/10.1080/23311932.2023.2226425
https://doi.org/10.1080/23311932.2023.2226425
https://doi.org/10.1111/j.1472-765X.2006.01989.x
https://doi.org/10.1139/f80-106
https://doi.org/10.1016/j.jip.2012.03.004
https://doi.org/10.1016/j.fsi.2023.108942
https://doi.org/10.1016/j.fsi.2023.108942
https://doi.org/10.3390/microorganisms12061186
https://www.globalseafood.org/advocate/acclimating-shrimp-postlarvae-before-pond-stocking/
https://www.globalseafood.org/advocate/acclimating-shrimp-postlarvae-before-pond-stocking/
https://doi.org/10.1016/j.aqrep.2018.07.001
https://doi.org/10.1016/j.aqrep.2018.07.001
https://doi.org/10.1111/raq.12477
https://doi.org/10.1016/j.aquaculture.2022.737951
https://doi.org/10.1080/23308249.2016.1193841
https://doi.org/10.3390/toxins13080524
https://doi.org/10.1016/j.fsi.2024.109459
https://www.globalseafood.org/advocate/bacillus-probiotics-improve-hatchery-nursery-production-ems-hit-mexico/
https://www.globalseafood.org/advocate/bacillus-probiotics-improve-hatchery-nursery-production-ems-hit-mexico/
https://doi.org/10.1080/10454438.2021.2011527

515 Page 16 of 17 Aquaculture International (2025) 33:515

Pattanavivat S, Limsuwan C, Chuchird N, Pattarakulchai N (2006) A comparative study of different
methods for larval selection on survival rate, growth and yield of black tiger shrimp (Penaeus
monodon Fabricius). Fish Res Bull Kasetsart Uni 30:19-26

Pefialosa-Martinell D, Vela-Mangafia M, Ponce-Diaz G, Araneda-Padilla E (2020) Probiotics as envi-
ronmental performance enhancers in the production of white shrimp (Penaeus vannamei) larvae.
Aquaculture 514:734491. https://doi.org/10.1016/j.aquaculture.2019.734491

Racotta IS, Palacios E, Ibarra AM (2003) Shrimp larval quality in relation to broodstock condition.
Aquaculture 227:107-130. https://doi.org/10.1016/S0044-8486(03)00498-8

Rengpipat S, Rukpratanporn S, Piyatiratitivorakul S, Menasaveta P (2000) Immunity enhancement
in black tiger shrimp (Penaeus monodon) by a probiont bacterium (Bacillus S11). Aquaculture
191(4):271-288. https://doi.org/10.1016/S0044-8486(00)00440-3

Samocha TM, Guajardo H, Lawrence AL, Castille FL, Speed M, McKee DA, Page KI (1998) A simple
stress test for Penaeus vannamei postlarvae. Aquaculture 165(3—4):233-242. https://doi.org/10.1016/
S0044-8486(98)00264-6

Saurabh S, Kumar V, Karanth S, Venkateshwarlu G (2006) Selection of high-health postlarvae: a prerequi-
site for sustainability of the Indian shrimp industry. Aquac Asia 11(2):4-9. Available at: https://enaca.
org/?1d=376. Accessed 29 Jul 2025

Shinn AP, Pratoomyot J, Griffiths D, Trong TQ, Vu NT, Jiravanichpaisal P, Briggs M (2018) Asian shrimp
production and the economic costs of disease. Asian Fish Sci S 31:29-58. https://doi.org/10.33997/j.
afs.2018.31.S1.003

Shinn A, Wongwaradechkul R, Piazza J, Decock B, Raynaud T, Medina A, Léger E (2024) Translucent post
larvae disease — a deadly Vibrio infection affecting farmed shrimp. AAP Nov/Dec 2024:11-12. [Avail-
able at: https://aquaasiapac.com/2025/02/05/translucent-post-larvae-disease-a-deadly-vibrio-infection-
affecting-farmed-shrimp/]

Silva EF, Soares MA, Calazans NF, Vogeley JL, do Valle BC, Soares R, Peixoto S (2013) Effect of probi-
otic (Bacillus spp) addition during larvae and postlarvae culture of the white shrimp Litopenaeus van-
namei. Aquac Res 44:13-21. https://doi.org/10.1111/j.1365-2109.2011.03001.x

Simons A, Alhanout K, Duval RE (2020) Bacteriocins, antimicrobial peptides from bacterial origin: over-
view of their biology and their impact against multidrug-resistant bacteria. Microorganisms 8(5):639.
https://doi.org/10.3390/microorganisms8050639

Strickland JDH, Parsons TR (1972) A practical handbook of seawater analysis. Fisheries Research Board of
Canada, Ottawa, Nr 167 (2" ed.), p 310. https://doi.org/10.25607/OBP-1791

Tran L, Nunan L, Redman RM, Mohney LL, Pantoja CR, Fitzsimmons K, Lightner DV (2013) Determina-
tion of the infectious nature of the agent of acute hepatopancreatic necrosis syndrome affecting penaeid
shrimp. Dis Aquat Org 105(1):45-55. https://doi.org/10.3354/dac02621

Van Hai N (2015) Research findings from the use of probiotics in tilapia aquaculture: a review. Fish Shell-
fish Immunol 45(2):592-597. https://doi.org/10.1016/j.f51.2015.05.026

Vandenberghe J, Verdonck L, Robles-Arozarena R, Rivera G, Bolland A, Balladares M, Gomez-Gil B, Cal-
deron J, Sorgeloos P, Swings J (1999) Vibrios associated with Litopenaeus vannamei larvae, postlar-
vae, broodstock, and hatchery probionts. Appl Environ Microbiol 65:2592-2597. https://doi.org/10.
1128/AEM.65.6.2592-2597.1999

Verschuere L, Rombaut G, Sorgeloos P, Verstraete W (2000) Probiotic bacteria as biological control agents
in aquaculture. Microbiol Mol Biol Rev 64(4):655—671. https://doi.org/10.1128/MMBR.64.4.655-671.
2000

Xue M, Wen C, Liang H, Ding M, Wu Y, Li X (2016) In vivo evaluation of the effect of commercial Bacil-
lus probiotics on survival and development of Litopenaeus vannamei larvae during the early hatchery
period. Aquac Res 47:1661-1669. https://doi.org/10.1111/are.12719

Zokaeifar H, Balcazar JL, Saad CR, Kamarudin MS, Sijam K, Arshad A, Nejat N (2012) Effects of Bacillus
subtilis on the growth performance, digestive enzymes, immune gene expression and disease resist-
ance of white shrimp, Litopenaeus vannamei. Fish Shellfish Immunol 33(4):683-689. https://doi.org/
10.1016/j.£s1.2012.05.027

@ Springer


https://doi.org/10.1016/j.aquaculture.2019.734491
https://doi.org/10.1016/S0044-8486(03)00498-8
https://doi.org/10.1016/S0044-8486(00)00440-3
https://doi.org/10.1016/S0044-8486(98)00264-6
https://doi.org/10.1016/S0044-8486(98)00264-6
https://enaca.org/?id=376
https://enaca.org/?id=376
https://doi.org/10.33997/j.afs.2018.31.S1.003
https://doi.org/10.33997/j.afs.2018.31.S1.003
https://aquaasiapac.com/2025/02/05/translucent-post-larvae-disease-a-deadly-vibrio-infection-affecting-farmed-shrimp/
https://aquaasiapac.com/2025/02/05/translucent-post-larvae-disease-a-deadly-vibrio-infection-affecting-farmed-shrimp/
https://doi.org/10.1111/j.1365-2109.2011.03001.x
https://doi.org/10.3390/microorganisms8050639
https://doi.org/10.25607/OBP-1791
https://doi.org/10.3354/dao02621
https://doi.org/10.1016/j.fsi.2015.05.026
https://doi.org/10.1128/AEM.65.6.2592-2597.1999
https://doi.org/10.1128/AEM.65.6.2592-2597.1999
https://doi.org/10.1128/MMBR.64.4.655-671.2000
https://doi.org/10.1128/MMBR.64.4.655-671.2000
https://doi.org/10.1111/are.12719
https://doi.org/10.1016/j.fsi.2012.05.027
https://doi.org/10.1016/j.fsi.2012.05.027

Aquaculture International (2025) 33:515 Page 170f17 515

Zou Y, Xie G, Jia T, Xu T, Wang C, Wan X, Li Y, Luo K, Bian X, Wang X, Kong J, Zhang Q (2020) Deter-
mination of the infectious agent of translucent post-larva disease (TPD) in Penaeus vannamei. Patho-
gens 9(9):741. https://doi.org/10.3390/pathogens9090741

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of such publishing agreement and applicable
law.

Authors and Affiliations

Siriwan Khidprasert'® . Chanadda Kasamechotchung'® - Rungkarn Suebsing’® .
Kallaya Sritunyalucksana?® - Olivier Decamp®® . Andrew P. Shinn®® .
Ratchakorn Wongwaradechkul*® - Barbara Hostins®

P« Barbara Hostins
b.hostins @inveaquaculture.com

Siriwan Khidprasert
siriwan_kh@rmutto.ac.th

Chanadda Kasamechotchung
chanadda_ka@rmutto.ac.th

Rungkarn Suebsing
rungkarn.sue @ gmail.com

Kallaya Sritunyalucksana
kallaya@biotec.or.th

Olivier Decamp
o.decamp @inveaquaculture.com

Andrew P. Shinn
a.shinn@inveaquaculture.com

Ratchakorn Wongwaradechkul
r.wongwaradechkul @inveaquaculture.com

! Rajamangala University of Technology Tawan-Ok (RMUTTO), Bang Phra Subdistrict,
Si Racha District, Chonburi Province 20110, Thailand

National Center for Genetic Engineering and Biotechnology (BIOTEC), National Science
and Technology Development Agency (NSTDA), Bangkok, Thailand

3 INVE Aquaculture (Thailand), 471 Bond Street, Bangpood, Pakkred, Nonthaburi 11120, Thailand
4 INVE Technologies, Hoogveld 93, 9200 Dendermonde, Belgium

@ Springer


https://doi.org/10.3390/pathogens9090741
http://orcid.org/0009-0000-8710-0351
http://orcid.org/0009-0002-9480-6584
http://orcid.org/0000-0002-5308-2033
http://orcid.org/0000-0001-8967-1588
http://orcid.org/0009-0001-9331-8792
http://orcid.org/0000-0001-5487-7607
http://orcid.org/0000-0001-7659-9409
http://orcid.org/0000-0003-4980-7174

	Early-stage performance evaluation of Sanolife® MIC in enhancing shrimp larval development and reducing pathogenic Vibrio under hatchery conditions
	Abstract
	Introduction
	Materials and methods
	Experimental design
	Water quality management
	Feeding protocol
	Sample collection and analysis
	Statistical analysis
	Ethics statement

	Results
	Water quality parameters
	Larval development
	Growth performance
	Morphological and physiological parameters
	Microbial control

	Discussion
	Conclusion
	Acknowledgements 
	References


