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Microbial problems are a major cause for low predictability in the production of juvenile Atlantic cod
(Gadus morhua), as well as juveniles of most marine �sh. Bacteria enter the �sh larvae via the eggs,
water, and live feed. As intensive culture conditions can be stressful for the early larval and juvenile
stages of �sh, pathogenic species are given excellent opportunities for proliferation and infection of the
�sh larvae. 

At some hatcheries, antibiotics have been added to control bacterial growth, even though this strategy
involves a high risk for the development of antibiotic resistance. Instead, measures for microbial control
based on sustainable, environmentally friendly principles should be implemented to reduce or eliminate
microbial problems.  

Probiotic bacteria
The addition of probiotic bacteria to marine larvae is one tool that can contribute to reducing the
proliferation of opportunistic and pathogenic bacteria and subsequent infection by establishing a
protective normal �ora on the mucosal surfaces of the �sh larvae. 

However, there are uncertainties regarding what properties the bacteria should possess and where to
�nd the right candidates. Host-microbe interactions must be understood to establish the criteria used in
the screening for probiotic bacteria.

Screening strategy
Due to the high numbers of bacteria candidates available, the authors screen potential probiotic
bacteria by applying high-throughput strategies and robots in the search for probionts to be used in the
�rst feeding of Atlantic cod larvae. The high capacity of the robots makes it possible to isolate and
characterize many isolates within a few days, securing high diversity throughout the screening and
reducing the risk of losing promising candidates at an initial stage. 

Kept in nutrient broth, the bacterial isolates were tested for different
characteristics in a liquid-handling station.
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The most important criteria in the selection are for the probiotic bacteria to participate in the normal gut
�ora and inhibit unwanted bacteria. In a study by the authors, both wild and farmed cod of different
sizes were used for isolation of gut bacteria, resulting in a collection of approximately 5,000 isolates to
be screened for probiotic characteristics. The robot transferred the isolates to marine broth added to 40
percent glycerol in plates stored at minus-20 degrees-C. 

Various tests were adapted for the robot to characterize the most important traits of the isolates and
group the strains. In addition to the enormous capacity, the automatic handling of the isolates reduced
the human factor and resulting variance in testing. Classical phenotypic tests as well as tests for the
characterization of antagonistic activity, haemolytic activity, bile tolerance, enzyme activity, and
properties in mucus were adapted to the high-throughput screening. 

Adhesion to and growth in gut mucus are important probiotic traits, as probionts must colonize the gut
mucosa to become part of the normal intestinal �ora in the �sh larvae. A new method for screening
strains based on their performance in cod gut mucus permitted the selection of strains in which more
than 30 percent of the bacteria adhered to the mucus.

In vivo testing 

The ultimate testing of the selected strains has to be done in feeding experiments with �sh larvae. Such
experiments are laborious, expensive, and require a high number of �sh, so the number of trials should
be kept to a minimum. The strength of robotic screening is that candidates can be screened for a wide
range of probiotic properties to reduce the number tested in the labor-intensive experiments with �sh
larvae and juveniles. 

Before running �rst-feeding experiments, it is necessary to test probiotic candidates for eventual
virulence against the �sh larvae. The authors ran this type of test on cod yolk sac larvae hatched
individually in plates for tissue and cell culture. Seven bacteria were added to the water in two different
concentrations, and a known pathogen – the vibriosis-causing Listonella anguillarum  – was used as a
negative control, while nonsterilized seawater was used as a positive control.

Bacterial colonies were picked from agar plates by a robot and
transferred directly into growth medium for further growth, storage,
and characterization.
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Of the seven tested candidates, two were almost as virulent to the cod larvae as L. anguillarum, despite
being both good antagonists and mucus-adhering bacteria. Five bacteria increased survival compared
to the control and were characterized as very good probiotic candidates (Fig. 1). Additional work will
concentrate on further testing of these �ve bacteria to generate enough documentation to ensure that
they are true probiotics with no harmful effects to �sh larvae and are safe for use in cod hatcheries.

Protocols needed
The use of probiotics in hatcheries can be challenging, so clear protocols for administration of the live
bacteria are needed. The mucosal surfaces of �sh larvae are colonized gradually, and the probiotic
bacteria should be administered at early larval stages to increase the probability for successful
establishment of a bene�cial gut �ora. The easiest method is addition to the water, but it may be more
bene�cial to use live feed organisms such as rotifers or artemia as vectors. 

Since the detrimental bacterial �ora of live feed cultures can effectively be exchanged with probiotic
bacteria in a short-term enrichment stage, treatment of live feed with probiotics can introduce the
bene�cial bacteria at the same time the input of harmful bacteria is reduced. However, the stability of
ingested bacteria in live feed can be rather low, so feeding protocols should ensure that the enriched
organisms are eaten within a short time after feeding to the larvae. 

Another way of administration is addition in formulated diets, either in premixes or as a coating,
depending on the bacteria’s tolerance to heating and drying. This is an important subject for further
research.

(Editor’s note: This article was originally published in the September/October 2007 print edition of the
Global Aquaculture Advocate.)

Authors

Fig. 1: Survival of cod larvae exposed to probiotic candidates, and
positive and negative controls.
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