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Abstract

A strain of Carnobacterium sp., isolated from the intestine of Atlantic salmon, was evaluated
for potential use as a probiotic for salmonids. In vitro studies demonstrated antagonism against
Aeromonas hydrophila, A. salmonicida, FlaÕobacterium psychrophilum, Photobacterium damse-
lae subsp. piscicida, Streptococcus milleri, Vibrio anguillarum and V. ordalii but not towards
Debaryomyces hansenii, Janthinobacterium liÕidum, V. alginolyticus, V. harÕeyi or Yersinia
ruckeri. Feeding salmonids with diets containing the probiotic revealed that the isolate remained
viable in the gastrointestinal tract. After reverting to feeding with control diets, the isolate was
re-isolated from the intestine up to 4 and 10 days in fingerlings and fry, respectively. After feeding
with the probiotic for 14 days, challenge by cohabitation indicated effectiveness at reducing
disease caused by A. salmonicida, V. ordalii and Y. ruckeri but not V. anguillarum. q 2000
Elsevier Science B.V. All rights reserved.

1. Introduction

As a negative aspect to the success of aquaculture, increased intensification has led to
higher outbreaks of disease, encompassing an ever increasing range of pathogens
Ž .Austin and Austin, 1999 . To combat these diseases, widespread use of broad-spectrum

Žchemotherapeutants has led to drug resistance problems in aquaculture e.g., Brown,
.1989; Karunasagar et al., 1994 . In order to rectify this situation, greater emphasis has
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been placed on improved husbandry through better nutrition, improved water quality and
lower stocking densities, and the use of vaccines and non-specific immunostimulants,

Ž .such as b-1,3 glucans Austin and Austin, 1999 .
Recently, attention has focused on the use of probiotics, using methods developed for

human medicine and agriculture for which the mechanisms by which probiotics operate
Žhave been well defined e.g., Fuller, 1978, 1992; Fuller and Turvey, 1971; Parker, 1974;

.Roach and Tannock, 1980; Smoragiewicz et al., 1993 . Most probiotics are supplied as
live supplements in food, which must have the ability to survive passage through the

Ž .intestinal tract Fuller, 1992 . The benefit to the host may arise as a nutritional effect,
whereby the bacteria are able to break down toxic or otherwise unnutritious components

Ž .of the diet, which the host can then digest Smoragiewicz et al., 1993 . Alternatively, the
probiotic may prevent potential pathogens from colonising the gut by production of
antimicrobial compounds, or by outcompeting them for nutrients or mucosal space
Ž .Smoragiewicz et al., 1993 .

Only a few studies have addressed the use of probiotics in aquaculture. In particular,
Žimprovements have been shown in the culture of larval Pacific oysters Douillet and

. Ž .Langdon, 1994 and turbot Gatesoupe, 1991 following use of bacterial isolates.
Widespread use of probiotics has occurred in the Ecuadorian shrimp industry, where
encouraging results have been obtained with batch cultures of Vibrio alginolyticus when
applied to larval rearing tanks. Here, there was improvement in growth of Penaeus

ŽÕannamei larvae, and a reduction in the incidence and severity of disease Garriques and
.Arevalo, 1995 . This led to a reduction in the use of antibiotics during larval rearing

Ž .Garriques and Arevalo, 1995 . Subsequently, a probiotic isolate of V. alginolyticus was
demonstrated to be effective in controlling infections in salmonids, as caused by

Ž .Aeromonas salmonicida, V. anguillarum and V. ordalii Austin et al., 1995 . However,
the use of V. alginolyticus as a probiotic is of concern insofar as the taxon is also

Žassociated with disease Alfaro et al., 1993; Austin et al., 1993; Sutton and Garrick,
.1993; Lee et al., 1996; Balebona et al., 1998 .

From agriculture, it is apparent that the majority of probiotics comprise lactic acid
Žbacteria notably Lactobacillus sp., Bifidobacterium sp. and Streptococcus sp. Smora-

.giewicz et al., 1993 . Lactic acid bacteria also form a major component of the normal
Ž .microflora in the gastrointestinal tract of healthy fish Ringo and Gatesoupe, 1998 .

Consequently, the potential to use lactic acid bacteria as probiotics in fish has been
examined. For example, lactic acid bacteria have provided turbot with protection against

Ž .disease caused by Vibrio sp. Gatesoupe, 1994; Olsson et al., 1998 . Recently, an isolate
of Carnobacterium sp. has been shown to survive in the gut of salmonids, and produce

Ž .inhibitory compounds in intestinal mucus Joborn et al., 1997 . In this study, the benefit¨
of this Carnobacterium sp. for use as a probiotic for salmonids was examined.

2. Materials and methods

2.1. Bacterial strains

Ž .A culture of Carnobacterium sp. strain K1 , originally recovered from the digestive
Ž .tract of Atlantic salmon Joborn et al., 1997 , was supplied by EWOS Technology¨
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Table 1
Isolates examined in the study

Strain Reference Source Inhibition by
code Carnobacterium sp.

Aeromonas hydrophila PR81 Goldfish, England q
A. salmonicida Hooke Atlantic salmon, Scotland q
A. salmonicida PR142 Atlantic salmon, Scotland q
Debaryomyces hansenii PR89 Koi carp, England y
FlaÕobacterium psychrophilum NCIMB 1947 Coho salmon q
Janthinobacterium liÕidum PR155 Rainbow trout, Scotland y
Photobacterium damselae subsp. piscicida PR84 Sea bream, Greece q
Streptococcus milleri PR80 Koi carp, England q
Vibrio alginolyticus V322 Turbot, Scotland y
V. anguillarum serogroup O1 V72 Atlantic cod, Norway q
V. harÕeyi PR188 Penaeid shrimp, Ecuador y
V. ordalii serogroup O2a V453 Unnamed fish q
Yersinia ruckeri PR110 Rainbow trout, England y

Centre, Livingston. The other cultures examined in this study have been detailed in
Ž y1 .Table 1. Stock cultures were stored at y708C in sterile 1218C for 15 min 0.85%

Ž . Ž . Ž .wrv saline supplemented with 20% vrv glycerol Sigma . Working cultures were
Ž . Ž . Ž .maintained on tryptone soya agar Oxoid supplemented with 1% wrv NaCl sTNA

Ž .or amended Cytophaga agar Daskalov et al., 1999 , as appropriate.

2.2. Preparation of experimental diets

Probiotic diets were prepared at EWOS Technology Centre, Livingston, by coating
commercially available rainbow trout and Atlantic salmon formulations with fish oil
containing the live probiotic. The Carnobacterium sp. was grown for 72 h at 258C in

Ž . Ž . Ž .tryptone soya broth Oxoid supplemented with 1% wrv NaCl sTNB , and har-
Ž .vested by centrifugation 20,000=g for 15 min . The cells were resuspended in 400 ml

of saline to ;5=1010 cells mly1 and mixed with an equal volume of fish oil. This
emulsion was then applied to uncoated diets in 10 kg batches by mixing in a drum mixer
for 15 min, to achieve a viable dose equivalent to 5=107 cells gy1 of feed, with a total

Ž .oil content of 15% vrw . Control diets received oil, devoid of Carnobacterium sp.
The viability of Carnobacterium sp. was assessed following storage of the diets at 4,

Ž .8, and 228C. Thus, 1 g quantities of food were homogenised Griffiths tubes in 9 ml
Ž . y4vols. of 0.9% wrv saline, and serial dilutions prepared to 10 , whereupon 0.1 ml

vols. were spread onto triplicate plates of TNA. Colony counts were determined after
incubation for 7 days at 228C.

2.3. Inhibition of fish pathogens by Carnobacterium sp.

The antagonism of fish pathogens by Carnobacterium sp. was assessed using a
Ž .previously described cross-streaking method Austin et al., 1992 . For this, suspensions
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Ž 7 y1.of the pathogens in saline containing ;10 cells ml were streaked at right angles
across inocula of the probiotic on TNA plates or amended Cytophaga agar, as
appropriate, with incubation at 15–228C for up to 7 days. Antagonism by Carnobac-
terium sp. was indicated by the overgrowth or an interruption in the growth of the
pathogen.

2.4. Fish experiments

Ž . Ž .Populations of rainbow trout fry 1–2 g , fingerlings 15–20 g and Atlantic salmon
Ž .15 g were obtained from Scottish fish farms, and maintained in aerated free flowing
de-chlorinated freshwater at 7–128C for 14 days prior to use in experiments. The health

Žstatus was examined throughout the acclimatisation period after Austin and Austin,
.1989 .

To examine for possible harmful effects of the probiotic on fish, groups of 20
Ž .rainbow trout average weights;20 g and Atlantic salmon were used. These were

maintained in static, constantly aerated freshwater at 128C, with a 50% water change
every day. Ten of the fish were injected intramuscularly and the remainder intraperi-
toneally with 0.1 ml vols. of a saline suspension of Carnobacterium sp. containing
5=107 cells mly1. Controls were injected with 0.1 ml vols. of saline. The fish were
examined daily for 14 days. Thereafter, they were euthanised with an overdose of

Ž . Žanaesthetic MS222; Sigma , and examined for evidence of disease after Austin and
.Austin, 1989 . Swabbed material was taken from the kidney and spleen, and inoculated

onto TNA with incubation at 228C for 7 days. The presence of Carnobacterium sp. was
determined from key phenotypic traits, namely the presence of Gram-positive catalase-
and oxidase-negative rods, which produced off-white colonies of 2–3 mm in diameter
Ž . Ž .after incubation for 72 h at 228C on TNA see Kandler and Weiss, 1984 .

Groups of 200 fry and 50 fingerlings were used to assess the ability of probiotic to
colonise gut tissues, with fingerlings also used to test the usefulness of the probiotic in
mediating the disease. Generally, the experiments were repeated, three times. The fish
were transferred to 50-l-capacity polypropylene tanks, and after a further acclimatisation
period of 7 days, fed on demand with experimental diets either with or without the
probiotic for up to 28 days, before administering control diets. During this feeding
regime, groups of 25 fish were removed to clean tanks at 7-day intervals and challenged
with either A. salmonicida, V. anguillarum, V. ordalii or Y. ruckeri. Additional fish
were examined at weekly intervals to determine the populations of probiotic in the
digestive tract. For this, the fish were sacrificed by an overdose of MS222, and the lower
intestine removed in its entirety, finely chopped with scalpel blades, and weighed
amounts transferred to 9.0 ml vols. of saline with vortexing. Ten-fold dilutions were
prepared in fresh saline to 10y3, and 0.1-ml amounts were spread over triplicate plates
of TNA with incubation at 228C for 7 days, whereupon total colony counts and the
number of Carnobacterium sp. were recorded.

The challenge method was cohabitation whereby five infected fish were added to
Ž .each experimental group of 25 fish. Thus, A. salmonicida Hooke , V. anguillarum

Ž . Ž . Ž .V72 , V. ordalii V453 or Y. ruckeri PR110 were grown in TNB overnight at 258C,
washed with sterile saline, and re-suspended to 5=107 cells mly1. Fish were injected,
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intraperitoneally, with 0.1 ml of these suspensions. The groups were monitored for up to
28 days, during which they were fed control diets devoid of Carnobacterium sp., and
dead fish and the survivors at the end of the experiment examined for evidence of
disease and the presence of probiotic. Swabbed material was taken from diseased tissues
and intestines, and spread onto TNA plates with incubation at 228C for 7 days.

3. Results and discussion

3.1. Inhibition of fish pathogens by Carnobacterium sp.

The probiotic was inhibitory to A. hydrophila, A. salmonicida, F. psychrophilum, P.
damselae subsp. piscicida, S. milleri, V. anguillarum and V. ordalii but not to D.
hansenii, J. liÕidum, V. alginolyticus, V. harÕeyi or Y. ruckeri. In particular, inhibition
was by the interruption of growth of the pathogen as deduced from cross-streaking

Ž .experiments. Interestingly, these results correlate with those of Joborn et al. 1997 , who¨
reported inhibitory activity against A. salmonicida and V. anguillarum in intestinal
mucus, arising from growth of this strain.

3.2. Effect of Carnobacterium sp. on fish.

There was no evidence of any harmful effects of the Carnobacterium sp. on
salmonids, insofar as there was a complete absence of any pathology. Moreover, the
organism could not be recovered from any of the injected fish at the end of the
experiment.

3.3. LongeÕity of the probiotic in diets

During diet preparation, there was an initial decline in the numbers of viable
carnobacteria from 5=107 to 3.6=106 gy1. However, Carnobacterium sp. was
detected consistently in the experimental diets for )6 months when stored at 4, 8, and
228C. For example, with storage at 228C, there was a gradual reduction in numbers of

6 6 y1 Ž .the probiotic from 3.6=10 to 1.2=10 g over 6 months Fig. 1 . There was less
decline in the numbers of Carnobacterium sp. following storage at lower temperatures.
Thus, the populations of Carnobacterium sp. declined from 3.6=106 to 3.2=106 gy1

6 y1 Ž .and 2.6=10 g at 48C and 88C, respectively Fig. 1 . There was some additional
Ž .evidence data not shown that viable cells of the probiotic were present on the

experimental diets even after storage for 2 years. However, lactobacilli were not
recovered at any time from control diets.

3.4. LongeÕity of the probiotic in the digestiÕe tract of salmonids

Experiments revealed that there was a constant increase in the number of probiotic
cells in the digestive tract of salmonids during feeding regimes with the experimental

Ž . Ž .diets Fig. 2 . In one experiment with rainbow trout average weights20 g , maximal
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Fig. 1. Viability of Carnobacterium sp. in diets stored at various temperatures.

Ž 6 y1 .populations 7.4=10 g of intestine were reached after feeding for 28 days.
However, these levels declined rapidly after cessation of feeding with the probiotic-con-
taining diets, such that Carnobacterium sp. could not be isolated from intestines 6 days
later. With rainbow trout fry, Carnobacterium sp. was detected in the intestine for 10
days after the end of feeding with probiotic. In comparison, controls did not reveal the
presence of any putative carnobacteria in the intestine during or after the feeding period.

Ž .Fig. 2. Viability of Carnobacterium sp. in the lower intestine of rainbow trout weights20 g .
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3.5. SurÕiÕal of fish after challenge

There was close agreement between the results of all replicate experiments. Overall,
feeding with probiotic for 7 days did not result in any protection following challenge

Ž .with the fish pathogens Table 2 . Yet after feeding with the probiotic for 14 days, an
improvement in survival was consistently recorded following challenge with A.

Ž .salmonicida, V. ordalii, and Y. ruckeri, but not so with V. anguillarum Table 2 .
Similarly, improved survival compared to control groups was also recorded following

Ž .application of the probiotic for 28 days before challenge Table 2 .
The results have demonstrated that the Carnobacterium sp. is not harmful to

salmonids, and conferred benefit when administered as a probiotic in feed. The ability of
the Carnobacterium sp. to survive passage through the digestive tract is not surprising,
given the experiences of human and agricultural usage where probiotic lactobacilli need

Ž .to be tolerant to stomach acids and bile salts Fuller, 1992 . The population levels of
probiotic reached in salmonids were in general agreement with previous studies concern-

Ž . 6 y1ing fish Gildberg and Mikkelsen, 1998 , in which 10 probiotic cells g were
recorded in faeces of Atlantic cod. These results also concurred with those of Joborn et¨

Ž . Ž .al. 1997 , who demonstrated that Carnobacterium sp. strain K1 survived passage
through the intestinal tract of rainbow trout, from where it could be re-isolated up to 3
days after cessation of feeding with probiotic diet. Nevertheless, it is thought that the

Ž .isolate did not truly colonise the gastrointestinal tract, as defined by Fuller, 1992 ; but
rather achieved a sustained transient state, maintained artificially only by the regular
reintroduction of fresh bacteria via the diet.

Table 2
Ž .Survival % of salmonids after feeding with probiotic and challenging by cohabitation with A. salmonicida,

V. anguillarum, V. ordalii and Y. ruckeri
n.d.sNot done.

Ž . Ž .Pathogen Atlantic salmon 15 g Rainbow trout 20 g

Controls Probiotic Controls Probiotic

A. salmonicida, Hooke
a7 days 0 0 n.d. n.d.

14 days 0 20 32 84
28 days n.d. n.d. 34 74

V. anguillarum, V72
7 days 66 54 n.d. n.d.
14 days 42 46 n.d. n.d.

V. ordalii, V453
7 days 58 0 n.d. n.d.
14 days 23 74 n.d. n.d.

Y. ruckeri, PR110
7 days 52 42 n.d. n.d.
14 days 42 71 36 100

a Number of days of feeding with probiotic or control diet prior to infection.
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It is apparent that the long-term survival of the probiotic in food is of paramount
Žimportance for any possible commercialisation. There was some indication data not

.shown that recipient fish fared better, and appeared to have increased appetite compared
to the controls. This aspect is worthy of further attention.

It remains for further investigation to determine the precise mode of action of the
Ž .probiotic. Nevertheless, it is apparent that Carnobacterium sp. strain K1 has already
Ž .fulfilled the major requirements of being an effective probiotic Fuller, 1992 ; namely

that of an isolate that remains viable in the intestinal tract and benefits the host.
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