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Health &
Welfare

E�ects of a multi-species probiotic on
Paci�c white shrimp growth, resistance
against Vibrio parahaemolyticus

6 March 2023
By Christina Gruber, Ph.D. , Dan Bui-Chau-Truc, Ph.D. , Jutta C. Kesselring, Ph.D. , Ngoc Diem Nguyen,
Ph.D. , Benedict Standen, Ph.D.  and Silvia Wein, Ph.D.

Probiotic feed additives can support shrimp gut health,
improve production e�ciency and disease resistance

One of the main challenges that prevents the further growth of crustacean aquaculture is disease
outbreaks caused by bacterial pathogens, which are generally encouraged by inadequate water quality
and higher stocking densities.

Probiotics have been gaining acceptance as disease-controlling agents in aquaculture in the last few
years and they can also support improved feed e�ciency and growth performance of cultured animals.
The effectiveness of probiotics depends on the timing, dosage, administration, species and strain. The
dietary supplementations of mixed probiotic products containing Lactobacillus reuteri, Pediococcus
acidilactici, Enterococcus faecium and Bacillus subtilis have previously been reported to improve the
feed e�ciency of shrimp, compete with the pathogenic bacterium Vibrio parahaemolyticus in intensive
shrimp culture systems and increase the immune readiness of shrimp. Incorporating probiotics in
reduced marine meal diets might support improved feed e�ciency as well as resilience to pathogen

(https://www.globalseafood.org)

https://www.globalseafood.org/


3/6/2023 Effects of a multi-species probiotic on Pacific white shrimp growth, resistance against Vibrio parahaemolyticus - Respon…

https://www.globalseafood.org/advocate/effects-of-a-multi-species-probiotic-on-pacific-white-shrimp-growth-resistance-against-vibri… 2/7

pressures.

This article – summarized from the original publication (https://doi.org/10.3390/ani13030331)
(Gruber, C. et al. 2023. Diet-Independent Positive Effects of a Multi-Species Probiotic on the Growth
Performance and Resistance against Vibrio parahaemolyticus in White Leg Shrimp. Animals 2023,
13(3), 331) – reports on research to assess the effects of the commercially available multi-species
probiotic AquaStar® (a mix of live Bacillus subtilis, Enterococcus faecium, Lactobacillus reuteri and
Pediococcus acidilactici) on the growth performance and resistance against V. parahaemolyticus,
independent of the feed formulations.

Study setup
Two separate experiments testing either a 32 or a 15 percent marine meal diet were performed at the
Biomin Aquaculture Center for Applied Nutrition (Ho Chi Minh City, Vietnam). Speci�c pathogen-
resistant (SPR) postlarvae (PL9-10) of Paci�c white shrimp (Litopenaeus vannamei) from a local
hatchery were held for a 40-day acclimation period under recirculating water conditions.

Authors of this study investigated the effects of a commercial, multi-species probiotic feed supplement
in experimental feed formulations with inclusions of 15 and 32 percent marine meal on Paci�c white
shrimp growth performance and resistance against Vibrio parahaemolyticus. Photo by Darryl Jory.
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(https://link.chtbl.com/aquapod)

Both experiments were then carried out in recirculating aquaculture system (RAS) tanks, testing the
recommended supplementation level of 3 grams per kg AquaStar® at a total cell count of 1 × 10
colony forming units, CFU per gram) applied post-pelleting. In a previous study testing this probiotic, we
had evaluated the amount of viable probiotic bacteria in shrimp feed two weeks after feed preparation
and con�rmed that they maintain their viability in the expected amount of shrimp feed.

For the �rst experiment, 400 shrimp (mean body weight ± standard deviation: 2.27 ± 0.01 gram) were
randomly placed in 20 tanks (20 shrimp per tank). Two experimental groups were randomly assigned to
the tanks: 12 replicates without probiotic supplementation (control, CON) and eight replicates with
probiotic supplementation (Pro-3g) of a high marine meal diet. For the second experiment using a low
marine meal diet, 240 shrimp (mean body weight ± standard deviation: 1.78 ± 0.01 gram) were also
randomly stocked into 12 tanks (20 shrimp per tank) and assigned to the two experimental groups with
six replicates each. Compared to the high marine meal diet, the cost of the low marine meal diet was
approximately 35 percent lower.

During the feeding trials, shrimp were fed to near satiety six times per day. Feeding behavior, feed intake
and mortality were recorded for each tank daily to estimate the amount of feed provided in the
subsequent meals. The shrimp were weighed 56 days after feeding the experimental diets and the feed
consumption during the trial period was quanti�ed. After the 56-day feeding trial, a subsequent
challenge experiment with V. parahaemolyticus was conducted.

For detailed information on the experimental design, diets and animal husbandry; sample collection
and testing; results and statistical analysis, refer to the original publication.
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Results and discussion
Independent of the diet, the probiotic supplementation signi�cantly increased the survival rate and the
speci�c growth rate of the shrimp while at the same time decreasing feed consumption and feed
conversion ratio when compared to the control. When the high marine meal diet was supplemented
with the probiotic, body weight after eight weeks of feeding the experimental diets was on average 6
percent higher and the body weight gain was 12 percent higher than in the control.

The percentage of dead shrimp 14 days after immersion challenge with V. parahaemolyticus was
signi�cantly decreased by 13.33 percent with probiotic supplementation in the high marine meal diet
experiment and numerically decreased by 11.67 percent in the low marine meal diet experiment (Fig. 1).

In the high marine meal experiment, we additionally examined a negative control group for the
challenge, i.e., the animals only received the ammonia immersion challenge but not the V.
parahaemolyticus challenge. The mortality 14 days after the ammonia immersion challenge without V.
parahaemolyticus immersion was 6.67 ± 5.77 percent (mean ± standard deviation), which was
signi�cantly lower than the mortality in the group with the V. parahaemolyticus immersion (65 ± 5.48
percent, p < 0.001).

To determine the cause of death after the immersion challenge, shrimp samples were collected during
the challenge trial to test for detection of Acute Hepatopancreatic Necrosis Disease (AHPND). The real-

Limited decomposition enhances PCR
detection of AHPND Vibrio in shrimp

A study confirmed the utility for improved polymerase chain reaction
(PCR) detection of the Vibrio bacteria that cause acute
hepatopancreatic necrosis disease (AHPND) in asymptomatic shrimp by
permitting the shrimp to expire and decompose for several hours prior to
preservation and PCR processing.
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time PCR analysis did not detect AHPND in the pooled samples of shrimp sacri�ced prior to the
immersion challenge or in the pooled samples of shrimp that died during the experiment in the group
that received only the ammonia challenge. However, the 4–5 dead shrimp sampled 3–7 days after the
bacterial challenge were AHPND-positive in both experiments, indicating that the cause of mortality
was the bacterial infection.

Probiotics can provide a defense against pathogens and improve shrimp growth performance, feed
conversion ratio and their overall survival, and this is supported by the results of our two experiments.
Using a repeatable bath immersion challenge model with V. parahaemolyticus in the experiments
demonstrated that the groups supplemented with the probiotic feed additive had a more than 10
percent lower mortality two weeks after the bacterial challenge compared to the non-supplemented
control group, independent of the marine meal inclusion level of the basal diet.

Fig. 1: Mortality percent of L. vannamei at 14 days after the immersion challenge with V.
parahaemolyticus. The group mean is represented by the red dot and standard deviation is indicated
using the red whiskers. The dark dots are the mortality of the speci�c replicates per group. CON = diet
without probiotic supplementation; Pro-3g = diet with probiotic supplementation.
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The �ndings are likely based on general mechanisms, predominantly and likely the nutritional effects of
the multi-species probiotic. In both experiments, all shrimp receiving a multi-strain probiotic preparation,
independent of the underlying feed formulation, showed improved survival and speci�c growth rates
paralleled by decreased feed consumption and FCR compared to the control-fed animals. This is likely
due to the nutritional effects of the probiotic supplementation and speci�cally the ability to improve
protein usage for growth or tissue deposition.

Shrimp feed manufacturers have decreased the inclusion level of �shmeal almost by half during the
last 20 years, to around 11–23 percent with a continuing downwards trend. However, replacing
�shmeal with plant-based protein in shrimp feed often results in increasing mortality if the diet is not
additionally supplemented with essential amino acids or other functional additives. Hence, the low
survival rate in the low marine meal control group is likely due to nutrient de�ciencies. Interestingly, the
surviving shrimp in the low �shmeal diet with only 9 percent �shmeal had a generally good growth rate.
Further advances in feed formulation are needed to increase the survival rates of shrimp on low marine
meal diets.

Perspectives
The results of the two experiments demonstrate that probiotic feed additives are promising strategies
to improve shrimp production and provide increased protection against V. parahaemolyticus infection,
independent of the marine meal level in the diet. Incorporating probiotics in reduced marine meal diets
could support improved feed e�ciency as well as resilience to pathogen pressure.

Further studies are needed to clarify the contribution of each component of the probiotic mix to
optimize the probiotic product formulation for low marine meal diets. And to clarify the mode of action,
additional analyses to investigate gut and water microbiota, immune defense and digestibility are
needed.
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