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Novel blends enhance productivity and Vibrio resistance
Disease outbreaks in the shrimp farming industry have caused substantial economic losses around the world and, in
particular, the recent “early mortality syndrome” (EMS) due to plasmids in Vibrio bacteria is a growing threat. In addition to
decreasing immunity, EMS causes substantial hepatopancreatic damage to shrimp, which gradually induces mass
mortalities. Moreover, with a greater restriction or altogether ban on antibiotic use, this can leave shrimp farmers with
fewer options to protect their animals against bacterial diseases.
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Organic acids in shrimp feeds
In response, researchers have investigated environmentally-friendly dietary alternatives as potential prophylactics. One
potential alternative are organic acids, which are “Generally Regarded as Safe,” or GRAS, and that have been used for
decades with success as growth promoters and antimicrobials in the terrestrial livestock feed industry. However, not much
is known about their e�cacy to shrimp farming productivity.

Recently, our laboratory research group conducted a controlled study where Paci�c white shrimp (Litopenaeus vannamei)
were fed with different dietary levels of a prototype microencapsulated organic acids blend (OAB) at 0 (control), 1, 2 or 4
percent and evaluated their growth performance, phenoloxidase (PO) activity and hepatopancreatic histopathology after
50 days. Dry matter and phosphorus utilization e�ciency were also determined. At the end of the feeding trial, shrimp
were challenged with pathogenic Vibrio harveyi and their survival monitored along with the associated changes to
immunity and hepatopancreatic histopathology.

The farming of Paci�c white shrimp is a major industry in Asia that has frequently been challenged with
disease outbreaks, including the recent Vibrio infections.
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Novel microencapsulated organic acids
Various organic acids were pre-screened, alone and in combination, for their antagonistic and synergistic activities to
Vibrio sp. in order to formulate an optimal blend. This was followed by a two-month pilot study on white shrimp to narrow
down the most appropriate dietary OAB levels. The OAB was then microencapsulated to minimize leaching, which is
particularly important for crustaceans that are relatively slow feeders and tear apart their diets while feeding.

The propriety OAB (Orgacids -AQUA) was developed and produced in collaboration with Sunzen Feedtech Pte. Ltd.
(Malaysia) in which four organic acids (formic, lactic, malic and citric acids) were coated in a specialized lipid matrix using
high-speed, centrifugal spray cooling technology that produced micro-capsules of less than 250 microns. The �nal product
was a free- �owing �ne powder, non-corrosive and resistant to water leaching of the soluble organic acids. More
importantly, the encapsulation process should allow a slower release of the organic acids throughout the entire length of
the shrimp gut for optimal e�cacy.

The OAB was added to the shrimp practical diets at 0 (control), 1, 2 or 4 percent. Soybean meal and squid liver oil were the
main protein and lipid sources, respectively.

TM

A scanning electron micrograph of the microencapsulated organic acids blend manufactured using
centrifugal cool-spraying technology by Sunzen Feedtech Pte. Ltd. (Malaysia).
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Shrimp feeding trial
Triplicate groups of shrimp were hand-fed their respective experimental diet three times a day to apparent satiation in a
closed recirculating system for 50 days and then we measured their growth, PO activity and hepatopancreatic
histopathology. In a separate experiment, shrimp were measured for dry matter and phosphorus (P) digestibility and then
challenged with V. harveyi for 10 days, followed by measuring their subsequent survival, PO activity and hepatopancreatic
histopathology.

Growth, survival and P utilization were improved in all OAB treatments, with 2 percent OAB giving the best results (growth
and P utilization were signi�cantly higher than the control), while the PO activity was unaffected. The resistance of shrimp
to pathogenic V. harveyi when fed the OAB diets was signi�cantly enhanced (Figure 1) as well as the PO activity, while the
hepatopancreas showed much less histopathological damage.

Dietary organic acids e�cacy in shrimp
The effectiveness of the tested dietary OAB as a growth promoter was likely due to improved nutrient utilization, which
was also supported by observing substantially more lipid storage cells in the hepatopancreas. In particular, P utilization
was signi�cantly enhanced, which may have implications to reducing excessive and harmful P discharge to the
surrounding aquatic environment. Meanwhile, although feed intake was not directly measured, it was routinely observed
that shrimp fed diets supplemented with organic acids were more active upon feed introduction. Some organic acids, such
as propionate and butyrate, have recently been reported to act as feed attractants to white shrimp, although these were
not in the tested OAB formulation.

The present study demonstrated the immune boosting and hepatopancreatic protective properties of organic acids.
Shrimp fed the OAB treated diets had signi�cantly higher PO activity and less hepatopancreatic damage, which likely
explains their higher survival during V. harveyi challenge. Vibriosis induces shrimp mortalities by decreasing immunity and

Figure 1: The cumulative mortality (%) of white shrimp after being fed
different levels of OAB and challenged with Vibrio harveyi.
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causing hepatopancretic damage.

Perspectives
The use of the prototype OAB evaluated in this study or other organic acids or their salts in combination or singly, may be a
particularly bene�cial functional feed additive for the marine shrimp farming industry. Further feeding trials including farm-
based trials are currently being conducted to further con�rm the bene�cial impacts of organic acids in shrimp feeds.

Authors’ note: For the full report of this study, please refer to, “Romano, N., Koh, C.B., Ng, W.K. 2015. Dietary
microencapsulated organic acid blends enhances growth, phosphorus utilization, immune response, hepatopancreatic
integrity and resistance against Vibrio harveyi in white shrimp, Litopenaeus vannamei. Aquaculture 435, 228-236.”
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