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Health &
Welfare

Improving the health and Fusarium
resistance of Paci�c white shrimp
through dietary supplementation

27 February 2023
By Dr. Hala F. Ayoub

Shrimp growth, immunity and resistance to the harmful
fungi found on plants and in water improved with β-1,3
glucan supplementation

The Paci�c white shrimp (Litopenaeus vannamei) is the most signi�cant shrimp species farmed in
most shrimp farming countries, including Egypt. Among various diseases that affect this species under
culture conditions is the black spot disease (BSD) caused by the fungus Fusarium spp., considered a
major concern in shrimp-producing sectors.

Fusarium spp. are widespread fungi commonly found on plants, in soil, freshwater and brackish water.
They can cause several diseases in plants and animals, resulting in decreased crop yields, lethal
mycotoxins and disease emergence. L. vannamei is highly susceptible to BSD, with most naturally
infected shrimp having black gill symptoms and serious tissue damage with high mortality. The
pathogenic fungus Fusarium solani also affects a wide range of cultured shrimp, including the green
tiger shrimp (Penaeus semisulcatus) in Israel, the Kuruma shrimp (Marsupenaeus japonicus) in Japan,
and the Paci�c white shrimp in China.

(https://www.globalseafood.org)
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Prebiotics (non-digestible foodstuffs found in the digestive tract that stimulate growth or development
of bene�cial bacteria and thereby improving the intestinal balance of the organism) are effective in
preventing various infections from spreading during shrimp culture operations, as well as having the
ability to increase growth e�ciency, innate immunity and disease resistance. Prebiotics also improve
the host’s ability to absorb nutrients and to boost the performance of probiotics in the form of
synbiotics (food ingredients or dietary supplements combining probiotics and prebiotics in a form of
synergism) during growth in the digestive system. Among these, fructooligosaccharides (FOS) and
β-1,3 glucan are promising prebiotics that have demonstrated their immunomodulation activity in
several species.

This article – summarized from the original publication (https://doi.org/10.3390/�shes8020105)
(Eissa, E-S.H. et al. 2023. Potential Symbiotic Effects of β-1,3 Glucan, and Fructooligosaccharides on
the Growth Performance, Immune Response, Redox Status, and Resistance of Paci�c White Shrimp,
Litopenaeus vannamei to Fusarium solani Infection. Fishes 2023, 8(2), 105) – reports on a study that

This study investigated the potential effects of dietary supplementation with β-1,3 glucan and
fructooligosaccharides (β-1,3 GF) on antioxidant activities, immunological response and growth
performance of Paci�c white shrimp (Litopenaeus vannamei) was investigated. The overall
recommendation was that β-1,3 GF at an optimal dietary level of 1.5 grams per kg could enhance
growth performance and improve the antioxidant activities, non-speci�c immunity and disease
resistance of L. vannamei. Photo by Fernando Huerta.

https://doi.org/10.3390/fishes8020105
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investigated the potential effects of dietary supplementation with β-1,3 glucan and
fructooligosaccharides (β-1,3 GF) on antioxidant activities, immunological response, and growth
performance of Paci�c white shrimp.

(https://events.globalseafood.org/responsible-seafood-summit)

Study setup
The study was carried out at a private shrimp farm in Damietta, Egypt, where 360 L. vannamei juveniles
(3 ± 0.5 grams for 75 days) were reared at 22 ppt salinity in a rectangular pond �tted with 12 identical
hapas (netting enclosures). Shrimp were randomly distributed into 12 net enclosures at a density of 30
shrimp per net and the 75-day experiment was performed in triplicate.

The shrimp were fed four iso-energetic and iso-nitrogenous experimental diets with different levels of
β-1,3 GF (0, 0.5, 1.0 and 1.5 grams per kg) were fed to the shrimp, with three replicates per treatment.
The animals were fed twice daily at a rate of 6 percent of their body weight. The shrimp were weighed
in bulk every two weeks and the feeding amount adjusted accordingly. All water quality parameters
were maintained close to the permissible levels for shrimp culture.

For detailed information on the experimental design, animal husbandry and diet preparation; and
sample and data collection and analyses, refer to the original publication.

Results and discussion

Prebiotics are widely regarded as one of the most important and practical dietary supplements for
sustainable shrimp farming. Incorporating synthetic prebiotics into shrimp meals is now one of the
most widely used alternative disease control and preventive strategies in aquaculture. However, their
e�cacy may vary depending on the species, dosage, and synergism of the combined compounds. In
this study, β-1,3 GF enhanced the growth performance and feed utilization of L. vannamei at an
inclusion level of 1.5 grams per kg. Additionally, animals had much lower feed conversion and higher
weight gain than the control. These �ndings were in accordance with earlier �ndings that revealed that
the feeding of β-glucans augmented the growth and feed utilization of Paci�c white shrimp, red sea
bream and tilapia. It is believed that the growth-enhancing impact of this compound could depend on
its concentration, solubility and structures, as well as the examined species.

In aquaculture, β glucans and fructooligosaccharides are one of the main prebiotics mostly selected to
be integrated with probiotics. Several studies have elucidated the positive in�uence of both compounds
on the gut microbiota and have de�nitively veri�ed their roles as growth promoters in aquaculture. The
principle of prebiotics is that these compounds are degraded to their respective sugars in the shrimp
gut and used by bene�cial bacteria as carbon sources.

The signi�cant increase in the activities of digestive enzymes in L. vannamei fed on β-1,3 GF suggests
that the prebiotics may encourage the growth of endogenous probiotic bacteria, followed by an
increase in the secretion of exogenous hydrolytic enzymes in the shrimp, which improved the digestion
of ingested foods.

https://events.globalseafood.org/responsible-seafood-summit
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Fig. 1: Gills of experimentally infected L. vannamei by F. solani showing noticeable black to brown
melanated (highly pigmented) gills (black arrows). Adapted from the original.
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The intestinal microbiota is essential for many physiological and nutritional processes because it
lowers the loss of digesting enzymes, enhances their activity and fosters growth. The digestive gland of
shrimp has enzymes (glucanases) that may break down the glucose polymer-glucan to release energy
and turn glucose into glycogen. Shrimp can obtain energy by digesting glucan through this mechanism,
which enables quicker growth. And gut bacteria of the genera Bi�dobacterium and Lactobacilli
selectively digest the oligosaccharide FOS, which promotes the growth and activation of these
bacteria’s metabolic processes. This enhances the prebiotic property of FOS and bene�ts the host’s
health.

Regarding antioxidants and immunity biomarkers, our data show the main role of β-1,3 GF as a
potential antioxidant due to its high phenolic compound content, which is likely responsible for its
potent antioxidant activity. Our results were in agreement with those from other researchers who
reported that dietary inclusion of β-glucans and other oligosaccharides could mitigate and improve
shrimp antioxidant enzymes and innate immune parameters.

Shrimp circulating hemocytes (immune effector cells involved in cellular defenses; in shrimp, carried in
their blood, or hemolymph) are the main sources of lysozyme (an antimicrobial enzyme produced by
animals that forms part of the innate immune system). Hence, the surge in hemocytes in this study was
concomitant with elevated lysozyme activity, which has also been reported in other studies. Our data
showed that there was a remarkable improvement in lysozyme and respiratory burst activities (the rapid
release of reactive oxygen species) from different types of cells) of shrimp hemocytes following
supplementation with β-1,3 GF in comparison with the control diet group.

Power move: Japanese energy firm
getting in on RAS shrimp

Kansai Electric Power (KEPCO) is building an RAS shrimp farm near
Tokyo, a move that could secure the firm a larger share in a discerning
seafood market.

Global Seafood Alliance
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Assessment of hematological pro�les is an essential tool for shrimp health evaluation. Hemocytes are
critical components of cellular defense. In crustaceans, a lower number of circulating hemocytes
corresponds well with decreased susceptibility to infections. With regard to hematological pro�les in
this study, total hemocyte values were proportionally increased as the level of β-1,3 GF increased; the
highest values were recorded in the group fed a high dose (1.5 grams per kg). Similar enhancing
patterns have been identi�ed in the Indian white shrimp (Fenneropenaeus indicus) fed on a diet
supplemented with different levels of β-1,3 glucan. Other studies reported an increase in total hemocyte
count in F. indicus fed on a yeast-incorporated diet.

Our shrimp experimentally infected with F. solani showed remarkable clinical signs similar to those of
natural infection, which appeared as black to brown-colored gills and collapsed and necrotized gill
lamellae, consistent with the previous �ndings of other researchers. The characteristic lesions may be
related to granuloma formation or possibly due to mycotic enzymes and toxins causing severe
degeneration of shrimp gills. Following the challenge with F. solani, shrimp fed different levels of β-1,3
GF showed lower cumulative mortality than those fed a normal basal diet. The survival rate was clearly
higher for shrimp fed the diet with 1.5 g/kg β-1,3 GF. Our results are consistent with previous studies,
where herb administration enhanced the immunity of L. vannamei after one week of dietary inclusion.
Based on our �ndings, β-1,3 GF therapy may be a suitable alternative strategy for controlling fungal
infection in shrimp culture systems.

Perspectives
Supplementation with β-1,3 GF has a pronounced effect on the immune response of Paci�c white
shrimp (L. vannamei) through the enhancement of total hemocytes and immune-related enzymes. The
favorable effect of these compounds depends mainly on their content, dosage and days of
supplementation. dietary inclusion of β-1,3 GF at an optimum level (1.5 grams per kg diet) in
commercial shrimp farms is recommended as it enhances the growth parameters and immune
responses, and increases shrimp resistance to invading fungi, especially F. solani.

Fig. 2: The cumulative mortality (%) over time (Days 0–14) for Paci�c
white shrimp, L. vannamei, after challenge with F. solani; shrimp were
fed with β-1,3 glucan and fructooligosaccharides (β-1,3 GF)
supplemented diets (0, 0.5, 1, 1.5 g/kg; C1–C4, respectively). C-ve,
refers to shrimp groups that received a normal basal diet and were
intramuscularly injected with PBS. Means (SD±) with different letters
are signi�cantly different ANOVA test.
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Our results in this study showed an improvement in the growth, immunity and Fusarium resistance of
shrimp following supplementation with β-1,3 glucan at concentrations of 1–1.5 grams per kg. However,
the impact of supplementing with β-1,3 glucan over 1.5 grams per kg diet is still not fully elucidated and
requires further investigations.
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