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Health &
Welfare

How phospholipid sources impact
growth, health and gut microbiota of
female Paci�c white shrimp

30 January 2023
By Dr. Erchao Li

Krill oil is more bene�cial in improving antioxidant
capacity and innate immunity than other dietary
phospholipids.

The health status of shrimp broodstock can directly affect the quality of their shrimp larvae, and
improving reproductive performance is a fundamental goal to support the shrimp broodstock industry.
Research on the nutrition of Paci�c white shrimp (Litopenaeus vannamei) broodstock has been
generally limited to dietary lipids, fatty acids and vitamins. Previous studies have shown that dietary
lipid levels can signi�cantly affect L. vannamei ovary development, but the optimal dietary fatty acid
levels are inconsistent as reported by various previous studies.

As an essential nutrient for crustaceans, phospholipids play an essential role in modulating the growth
and health of animals, but the dose effects of different phospholipids are different. The dietary
supplementation of phospholipids can enhance the glutathione metabolism (which plays important
roles in antioxidant defense, nutrient metabolism and regulation of cellular events) of female shrimp
and further improve the antioxidant capacity. However, there is no information on the regulation of
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phospholipids on the health status of L. vannamei broodstock.

This article – summarized from the original publication (https://doi.org/10.3390/antiox11061143)
(Liang, X. et al. 2022. Growth, Health, and Gut Microbiota of Female Paci�c White Shrimp, Litopenaeus
vannamei, Broodstock Fed Different Phospholipid Sources. Antioxidants 2022, 11(6), 1143) –
evaluated the effects of three phospholipids (soybean lecithin, egg yolk lecithin and krill oil) on L.
vannamei in terms of growth, antioxidant capacity, immunity, and gut microbiota.

Study setup
The effects of different dietary phospholipid sources on the growth, antioxidant activity, immunity and
gut microbiota of female broodstock of Paci�c white shrimp were investigated. Female L. vannamei
broodstock were obtained from a private company in Hainan, China. Before the experiment began, the

Authors evaluated the effect of different phospholipid sources on female L. vannamei broodstock and
reported that all dietary phospholipids tested – particularly krill oil – can improve farmed shrimp’s
antioxidant capacity and natural immunity against pathogenic bacteria. Photo by Darryl Jory.
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female shrimp were acclimated and then 160 animals were randomly stocked into 16 tanks, four per
treatment at 10 shrimp per tank and fed a control diet for seven days to adapt to the experimental
conditions.

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

Four isoproteic and isolipid semi-puri�ed diets containing 4 percent soybean lecithin (SL), egg yolk
lecithin (EL), or krill oil (KO) and a control diet without phospholipid supplementation were fed to
female L. vannamei broodstock (34.7 ± 4.2 grams) for 28 days. During the 28-day culture process, the
daily feeding volume was about 5.5 percent and shrimp were fed seven times daily. Residual food and
feces were removed by siphon twice a day, and the daily water exchange was about 50 percent. Water
quality parameters were maintained at 28–29 degrees-C, pH 7.8–8.4, salinity 30-32 ppt, dissolved
oxygen 5–6 mg/L, ammonia nitrogen 0.10–0.30 mg/L, nitrite 0.03–0.10 mg/L, and photoperiod at 12
hours light, 12 hours dark. After 28 days, samples of hemolymph, hepatopancreas and midgut were
collected and processed for laboratory analysis.

For detailed information on the experimental design and animal husbandry; diet formulation and
preparation; gut microbiota analyses; assays for antioxidant capacity related and immunity-related
parameters; and statistical analyses, refer to the original publication.

Phospholipids: Essential nutrients for
shrimp

Phospholipids play important roles in maintaining normal cell structure
and functions and are sources of second messengers in cell signaling.
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Results and discussion
Promoting and supporting the health of L. vannamei broodstock is particularly important for
strengthening and expanding the sustainable development of the global shrimp farming industry.
Various researchers have reported that dietary phospholipid supplementation can signi�cantly improve
the growth performance of crustaceans. Data from our study showed that, relative to the control,
dietary phospholipid supplementation signi�cantly increased the weight gain and speci�c growth rate
of female L. vannamei broodstock regardless of phospholipid sources but did not affect survival and
condition factor (Fig. 1).

There were no signi�cant differences in all the growth-related parameters among the SL, EL and KO
groups, although the shrimp fed dietary krill oil showed the highest value for these parameters. Overall,
shrimp growth of shrimp fed with krill oil was better than for animals fed soybean lecithin and egg yolk
lecithin.

Dietary phospholipids can enhance the animal’s ability to resist environmental stress and induce an
antioxidant response to protect organs from oxidative damage. Our results show that the dietary
phospholipids signi�cantly increased shrimp total antioxidant capacity and con�rm other reports that
dietary phospholipids can signi�cantly increase the activities of the important enzymes superoxide
dismutase (SOD) and plasma glutathione peroxidase (GSH-Px) in the hepatopancreas. Female shrimp

Fig. 1: Growth phenotypes of female L. vannamei fed different
experimental diets. (A) Survival rate. (B) Condition factor. (C) Weight
gain. (D) Speci�c growth rate. The values are the mean ± standard
errors (n = 4). Values with different superscript letters indicate
signi�cant differences (p < 0.05) among all the treatments.
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undergoing gonadal development accumulate signi�cant levels of fat in the hepatopancreas, and the
activities of various important enzymes are signi�cantly increased, so dietary phospholipids can help
with the oxidative pressure of excessive fat accumulation in the hepatopancreas.

Due to a lack of adaptive immunity, crustaceans can only rely on innate immunity to remove
pathogenic microorganisms, and it is the �rst line of defense against pathogenic infections. The innate
immunity of crustaceans includes cellular immunity and humoral immunity. Our study also showed
that dietary phospholipids can enhance the activities of the phenoloxidase system (a major immune
defense system in invertebrates) and lysozyme (an antimicrobial enzyme part of the innate immune
system), as well as up-regulating the expression of some important genes. Therefore, based on our
data, we suggest that the intake of phospholipids in shrimp feed can enhance the immune system to
resist the invasion of pathogens.

The gut is a suitable environment for the colonization and proliferation of symbiotic microorganisms in
aquatic animals. The intestine is the main organ for digestion and absorption of nutrients and the
largest “immune organ” of the organism. The gut microbiota promotes gut health and ensures the
continuous normal physiological function of the gut by constructing the �rst barrier against pathogens.
Our results indicate that dietary phospholipids can bene�t the intestinal immune homeostasis in
shrimp.

Perspectives
Our �ndings suggest that dietary phospholipids supplementation can improve the growth and health
status of female L. vannamei broodstock. Krill oil is more bene�cial in improving antioxidant capacity
and innate immunity than other dietary phospholipid sources. Furthermore, krill oil can help establish
the intestinal immune barrier by increasing the richness of some bacteria and promoting the growth of
female shrimp.
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