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Results show enhanced growth, survival, feed utilization,
immune responses and resistance to Vibrio
parahaemolyticus infection
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Spray-dried animal plasma (SDP) is a protein-rich animal blood byproduct obtained from abattoirs.
Industrial production of SDP involves the separation of the plasma from blood cells by centrifugation,
concentration by vacuum evaporation or �ltration and spray-drying. SDP is usually prepared from either
swine (spray-dried porcine plasma; SDPP) or cattle blood (spray-dried bovine plasma; SDBP). It
contains diverse bene�cial components, and as an animal feed protein source, SDP has long been
proven to promote animal health.

The health-promoting properties of SDP are well-known in farmed animal production and the scienti�c
evidence supporting its application is extensive, including enhancing growth performance, nutrient
utilization, and feed intake, suppressing in�ammation and disease incidence, and in�uencing gut
microbiota in a positive manner.

Due to its rich protein content, SDP has been evaluated for application in aquatic feeds as a partial
replacement of �shmeal with promising results in various species, including rainbow trout, tilapia,
gilthead sea bream, pacu and others. These studies demonstrated that the bene�cial effects of SDP in
�sh diets were in general similar to results observed in terrestrial animals. Some of the additional
bene�ts of SDP reported in �sh studies include enhanced immunity and improved intestinal
morphology.

The effects of SDP on shrimp health are not well understood. To the best of our knowledge, information
regarding the potential advantages of SDP in shrimp culture has been limited to one exploratory study
published in a non-peer-reviewed source which concluded that diets supplemented with 1 to 3 percent
SDP was able to increase the growth and survival rate of black tiger shrimp (Penaeus monodon) in
laboratory conditions and that 6 percent SDP could improve the body weight and survival rate of
Paci�c white shrimp in a �eld trial.

This research evaluated the effects of dietary spray-dried animal
plasma (SDP) on Paci�c white shrimp (Litopenaeus vannamei).
Results showed animals fed diets with SDP had improved growth,
survival, feed utilization, immune responses and resistance to Vibrio
parahaemolyticus infection. Photo by Darryl Jory.
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This article – adapted and summarized from the original publication
(https://doi.org/10.1371/journal.pone.0257792) [Chuchird, N. et al. 2021. Effects of spray-dried animal
plasma on growth performance, survival, feed utilization, immune responses and resistance to Vibrio
parahaemolyticus infection of Paci�c white shrimp (Litopenaeus vannamei)] – investigated the health-
promoting effects of swine SDP in diets of Paci�c white shrimp, with the objective of providing
scienti�c evidence in support of the application of SDP in feed for Paci�c white shrimp farming for
sustainable aquaculture.

Study setup
This study was carried out at the Aquaculture Business Research Center (ABRC) laboratory, Faculty of
Fisheries, Kasetsart University, Thailand. Three thousand Paci�c white shrimp (Litopenaeus vannamei)
postlarvae 9 (PL-9) from a commercial shrimp hatchery in Chachoengsao Province, Thailand were
acclimatized in a 500 L �berglass tank at 27 to 29 degrees-C and 25 ppt salinity for three days until
they reached the PL-12 stage.

Five experimental diets were formulated with different concentrations of a commercial SDP (AP 820,
APC Europe, Granollers, Spain): 0 (control), 1.5, 3, 4.5, and 6 percent SDP (or 0, 15, 30, 45, and 60 g/kg
diet).

The study was divided into two experiments. In Experiment 1, the effects of dietary SDP on growth,
survival, feed utilization, and immune responses were evaluated in healthy shrimp. The PLs were
divided into �ve groups (four tanks/group and 80 shrimp/tank) and fed four times daily diets with
porcine SDP at 0, 1.5, 3, 4.5 and 6 percent of the diet for 45 days.

In Experiment 2, the impact of SDP on resistance to Vibrio parahaemolyticus was assessed after an
experimental infection challenge. In this experiment, the surviving shrimp from Experiment 1 were
redistributed into six groups: four SDP groups as in Experiment 1 plus the positive and negative
controls (four tanks/group and 30 shrimp/tank). They were then challenged with V. parahaemolyticus
by immersion at 10  colony-forming units (CFU)/mL and were fed with the same diets for another four
days.

For detailed information on the design of each of the two experiments; animal husbandry; preparation
of the experimental diets tested; immunology and histopathology assessments; immersion challenge;
and statistical analyses, refer to the original publication.

Results and discussion
Results of our study showed that the survival rates of the SDP-fed shrimp at the end of both Experiment
1 and 2 were signi�cantly higher than the control shrimp. Shrimp feed supplemented with swine SDP,
especially at 3 to 6 percent of the diet, could improve the growth performance, survival, feed utilization,
immune responses, and reduce the mortality caused by V. parahaemolyticus infection. The effective
dose of SDP for improving the overall health status of the Paci�c white shrimp was mainly in
agreement with those reported in previous swine research (5 to 8 percent SDP). Various immune
parameters (total hemocyte count and phagocytic, phenoloxidase and superoxide dismutase activities)
of the shrimp fed 3 to 6 percent SDP diets also showed signi�cant enhancement compared to the
control.
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Multiple modes of action of SDP have been proposed for the observed positive results in various
species regarding improved growth performance and feed utilization. These could be partly associated
with the high nutritional value and high digestibility of SDP, the improved intestinal morphology
including increased villi [internal intestinal protrusions that maximize absorption area] height and
enhanced digestive enzyme activities. In addition, some studies have reported that more dietary protein
was utilized for growth in the tested animals.

In Experiment 2, the survival rates of the 3 to 6 percent SDP-fed shrimp were signi�cantly higher than
the positive control at day 4 after the immersion challenge. Likewise, the histopathological study
revealed milder signs of bacterial infection in the hepatopancreas of the 3 to 6 SDP groups compared
to the challenged positive control and the 1.5 percent SDP groups. Overall, the L. vannamei shrimp fed
diets with SDP, especially at 4.5 to 6 percent of their diet, showed signi�cant improvement in overall
health conditions and better resistance to V. parahaemolyticus infection.

Fig. 1: Survival rates of L. vannamei for the various inclusion rates of
SDP and controls in the Vibrio parahaemolyticus immersion challenge.
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It is widely accepted that the health-promoting effect of SDP is mainly attributed to the
immunomodulatory property of SDP on the intestinal barrier and its anti-in�ammatory activities
suppressing the production of pro-in�ammatory compounds. The continuous exposure of the intestinal
mucosa to bacterial pathogens or toxins can cause chronic overstimulation of the mucosal immune
system, thereby impairing intestinal barrier function and resulting in poor nutrient absorption. SDP
administrations to various terrestrial animals have been shown to reduce mucosal immunity over-
activation, which helps maintain the functional gut barrier and allows for more energy available for the
growth as well as other productive functions.

Our �ndings reveal that swine SDP has positive effects on the health of Paci�c white shrimp agrees
with the results of several previous studies with various terrestrial animal species.

Although several biologically active compounds can be found in SDP, it is commonly believed that
immunoglobulins [antibodies] are the main active component responsible for the observed growth-
promoting activity of the SDP. Other functional components in SDP – like transferrin, bioactive
peptides, growth factors, cytokines, and other compounds – may also contribute to the health bene�ts
observed in multiple species fed diets with SDP.

Fig. 2: Effects of dietary SDP on various immune parameters of
healthy L. vannamei shrimp postlarvae. Total hemocyte count (106
cells/mL) (A), phagocytic activity (percent) (B), phenoloxidase activity
(unit/min/mg of protein) (C), and superoxide dismutase (SOD) activity
(percent inhibition) (D) of the shrimp (n = 5) fed the control diet, 1.5, 3,
4.5 and 6 percent SDP on day 45. The data are presented as the mean
± standard deviation. Different letters above the bars indicate
signi�cant differences (p < 0.05).
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We also determined that SDP increased circulatory immune responses in the shrimp. The reason why
SDP possesses both immune-suppressing and immune-stimulating activities is not well-understood,
but it is possibly associated with a complex interplay between the site of action, immunoglobulins and
other bioactive substances in the SDP, the immune status of the animals and other factors.

The lower degree of histopathological changes in the hepatopancreas of SDP-fed shrimp we observed
in our study supports the protective action of SDP from bacterial infection. Unsurprisingly, the bene�t of
SDP in improving the survival rate was more prominent in the V. parahaemolyticus-challenged shrimp
(Experiment 2) than the healthy shrimp (Experiment 1). Greater e�cacy of SDP also observed in
terrestrial animals reared under poor hygiene conditions compared to a cleaner environment, supporting
the speculation that the mode of action of SDP might be related to its anti-pathogen and anti-
in�ammatory activities.

Perspectives
Overall, results of our study proved that swine spray-dried animal plasma in L. vannamei diets can
improve growth performance, survival, feed utilization, immune responses, and reduce the mortality of
V. parahaemolyticus-infected Paci�c white shrimp, and probably others as well, thereby helping reduce
the unnecessary uses of undesirable compounds.
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