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Catarina, Brazil; 2 Laboratory AQUOS –Aquatic Organisms Health, Aquaculture Department, Federal University of Santa
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The dietary supplementation of prebiotics, probiotics and

symbiotic in hybrid surubins (a Pseudoplatystoma corrus-

cans and P. fasciatum cross) was evaluated for the effects on

their autochthonous intestinal microbiota and on haema-

tological and immunological parameters. A total of 160 fish

were divided into four treatment groups with four replicates

each. The treatment groups were fed with the following

diets for 15 days: control diet without supplementation;

0.5% inulin (prebiotic) supplementation; Weissella cibaria

(CPQBA 001-10 DRM 02) (7.87 ± 0.2 log CFU g)1) sup-

plementation; or 0.5% inulin and W. cibaria supplementa-

tion (symbiotic group). The midgut intestines of the fish

with the symbiotic diet supplementation had higher con-

centrations of lactic acid bacteria (7.07 ± 1.11 log

CFU g)1) and low levels of Vibrio spp (1.90 ± 0.60

log CFU g)1) and Pseudomonas spp (2.23 ± 1.48 log

CFU g)1). In addition, increased erythrocytes and reduced

circulating neutrophils were observed in this group. No

differences in blood glucose, serum protein or lysozyme

levels were detected between treatment groups. However, a

higher concentration of total immunoglobulin was observed

in fish fed with the probiotic and symbiotic diets. The

addition of 0.5% inulin (prebiotic) thus W. cibaria (probi-

otic) to the diet of Pseudoplatystoma hybrid surubins reduce

the number of pathogenic bacteria and stimulate the bene-

ficial intestinal microbiota and may possibly alter their

immune defence system.
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Catfish of the genus Pseudoplatystoma have great economic

importance both in fishing and aquaculture (Barthem &

Goulding 1997; Roubach et al. 2003; Crepaldi et al. 2006).

In 2007, the aquaculture production of these catfish species

in inland waters of Brazil was about 670 tons, resulting in

about US $1 467 000 in revenue (FAO 2009).

The nutrition of cultured fish is critical to their health,

especially in the maintenance of their immuno-competence

and ability to resist diseases and this must be considered

when developing production strategies of this and other

native Brazilian species (Resende 2009; Merrifield et al. 2010).

According to Merrifield et al. (2010), the gastrointestinal

microbial flora is directly related to the host�s nutrition and

health. Thus, a balance between pathogenic and beneficial

microorganisms can have positive effects when incorporated

into the animals� diets. Merrifield et al. (2009) described the

microbial diversity of the allochthonous and autochthonous

intestinal mucosa of rainbow trout (Onchorhynchus mykiss).

Pseudomonas spp. and Enterobacteriaceae were found in 80%

of the allochthonous microbiota and 60% of the autoch-

thonous microbiota.

Prebiotic, non-digestible substances to the host that alter

the balance of beneficial and pathogenic bacteria in the

intestinal tract promoting the ability of some probiotic bac-

teria to compete in the gut and thus aid them to proliferate

and exert their effects in the host gut. In resume, the prebiotic
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give a competitive advantage to probiotics over the other

bacteria (Fuller & Gibson 1997; Gibson et al. 2005; Gate-

soupe 2008; Yousefian & Amiri 2009; Merrifield et al. 2010).

The use of lactic acid bacteria has been effective in several

aquatic species including snook (Centropomus spp.), tilapia

(Oreochromis spp.) and shrimp (Vieira et al. 2007) owing to

their ability to colonize the digestive tract. This alters the

natural balance of the intestinal microbiota to enhance the

animals� immune systems (Carnevali et al. 2006; Vieira et al.

2007, 2008; Jatoba et al. 2008). However, many studies have

demonstrated that non-endogenous probiotics can be just as

effective, and in some cases better, than endogenous/indige-

nous bacteria. Although the host gut it is at least a logical

place to screen for probiotics and thus autochthonous can-

didates have been the focus of many studies (Gatesoupe

2008; Merrifield et al. 2010).

One example of non-endogenous probiotics was analyzed

in brown trout (Salmo trutta) by Balcazar et al. (2009). The

treatment that received the probiotic strains (Lactococcus

lactis and Leuconostoc mesenteroides) resulted in a higher

survival rate after challenge, activation of phagocytic cells in

the head kidney and a lower rate of Aeromonas salmonicida

proliferation in the intestine. On the other hand, Ringo (2008)

study the ability endogenous carnobacteria isolated from the

intestine of different fishes to inhibit growth of fish pathogenic

bacteria and encountered a great inhibition results in vitro.

In vitro screening of 199 microorganisms candidates for

probiotic characteristics was performed by Cai et al. (1998)

from the intestine of flounder (Paralichthys olivaceus).

Highlighted strain in that study was W. hellenica DS-12 with

probiotic characteristics. This species of bacteria are Gram-

positive, irregular or coccoid rods, obligately heterofermen-

tative, catalase negative organisms that produce D- or

DL- isomers of lactic acid as a main end product fermenta-

tion (Collins et al. 1993; Jang et al. 2002).

Probiotic characteristics of Weissella species associated

with the use of prebiotic could enhance the effect on the

immunological parameters of fish. On this context, an addi-

tive symbiotic for aquaculture is defined as a supplement that

contains both a prebiotic and a probiotic working together to

improve the �friendly� gut microbiota of fish and should be

considered as functional food. In fact, this optimizes the

production of these species and ensure sustainable aquacul-

ture without chemotherapy additives.

Gibson & Roberfroid (1995) defined the symbiotic as a

mixture of prebiotic and probiotic that beneficially affects the

host by improving the survival and attachment of live

microbial dietary supplements to the gastrointestinal tract by

selectively stimulating the growth and/or by activating the

metabolism of one or a limited number of health-promoting

bacteria. Hence improving the host �welfare�.

An overview written by Ringo et al. (2010), a prebiotic

commonly used in animal feeds include inulin, a type fruc-

tans composed of b-d-fructufuranoses attached by a b-2-1

linkages. This additive is not a natural fibre in fishes diets,

although may have interesting applications in aquaculture to

stimulate the �good� gut microbiota, suppressing pathogens

and enhancing immune responses in fishes. Although another

work made by Olsen et al. (2001) showed that 15% inclusion

of inulin resulted in intestinal damage, and this effect was

justified by the authors to an accumulation of lamellar

structures and large vacuoles, altering the organization of the

microvillous in the hindgut of Arctic charr (Salvelinus alpinus

L.) compared with the control diet that not received the

inulin supplementation.

The purpose of this study was to evaluate the addition of

prebiotic, probiotic and symbiotic supplements to the diet of

a hybrid surubim to elucidate their effects on the autoch-

thonous intestinal microbiota and haematological and

immunological characteristics.

Weissella cibaria (CPQBA 001-10 DRM 02) strain was used

as probiotic. This strain was isolated from the midgut of

healthy hybrids surubins cultivated in Mato Grsso do Sul

Brazil and had been selectionated both in vitro (antagonistic

activity against bacterial pathogens by wheel disk assay

method, biochemical characteristics, kinetics of microbial

growth) and in vivo (colonization of the intestinal tract and

haematological changes) to this fish (Mouriño, J.L.P., do

Nascimento Vieira, F., Jatobá, A.B., da Silva, B.C., Jesus,

G.F.A., Seiffert, W.Q. & Martins, M.L., unpublished data).

This strain was molecularly identified at the State University

of Campinas (UNICAMP) and the amplification of rRNA

16S gene was performed using PCR (p10f, 765f, 782r and

p1100r) (Fig. 1). The strain was incubated at 35 �C for 48 h

in Man–Rogosa–Sharpe broth (MRS) (Difco�, São Paulo,

Brazil) for enumeration of lactic acid bacteria to a concen-

tration of 109 CFU mL)1 to maintain its viability for diet

pellet colonization.

A male pintado (P. corruscans) (Agassiz 1829) and a

female cachara (P. fasciatum) (Linnaeus 1766) from the

Company Mar e Terra Ltda. (Dourados, Mato Grosso do

Sul, Brazil) were crossed to produce 160 hybrid fish

(73.6 ± 19.5 g in weight and 23.7 ± 1.9 cm in length).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Aquaculture Nutrition 18; 73–80 � 2011 Blackwell Publishing Ltd



Three inulin (Orafti� HPX, Tienen, Belgium) concentrations

were investigated with a commercial diet (Douramix�, Rev-

olution Fingerlings, Dourados, Mato Grosso do Sul, Brazil)

to determine the amount to be incorporated in the diet

(Table 1). The commercial diet was previously milled and

sampled to be included with 0.00%, 0.25%, 0.50% or 1.00%

inulin. Each sample was homogenized for 15 min in a Y

mixer (Artabras� model ARTMVY, Bastos, Brazil) with

20-kg capacity. Once homogenized, the mixture was pelleted

and dried for 18 h at 45 �C by air circulation.

The pellets were sprinkled with an inoculum of W. cibaria

in a proportion of 100 mL kg)1 at a concentration of

109 CFU mL)1. After that, the diets were homogenized again

for 15 min in the same Y mixer to be dried in an oven with

circulating air at 35 �C for 24 h, and three 1-g samples of each

diet were macerated with 1 mL of sterile 0.65% saline solu-

tion and one-tenth serially diluted nine times. The 10)5 to

10)9 dilutions were plated on MRS agar medium (Difco�) at

35 �C for 48 h. The diets supplemented with 0, 0.25%, 0.5%

and 1% inulin were prepared in quadruplicate and stored in

plastic bags at room temperature (23 �C) in a room with a

dehumidifier. The samples were collected to quantify the

amount of lactic acid bacteria and determine the concentra-

tion of inulin that results in an increase of their concentration.

The 160 fish were evenly distributed in 16 100-L circular

tanks with aeration and heating systems (26 ± 0.5 �C). Each
tank had a biological filtration system independent of the

others to maintain fresh water quality. The water was kept

clear by replacing 30% of the water daily and removing the

sediment fromthe tankbottoms.Throughout the test, thewater

characteristics were as follows: dissolved oxygen, 8.5 ±

0.5 mg L)1; total ammonia, 1.0 ± 0.5 mg L)1; nitrite, 0.25 ±

0.2 mg L)1; and pH 7.0 ± 0.3.

The fish were indiscriminately distributed in the tanks to

ensure four random replicates for each treatment. They were

acclimated for five days and subsequently treated for 15 days

by feeding four times a day with one of the following diets:

control without supplementation; 0.5% inulin (prebiotic)

supplementation, W. cibaria (probiotic) supplementation;

and 0.5% inulin plusW. cibaria (symbiotic) supplementation.

All experimental diets used were prepared as described,

and groups inoculated with W. cibaria reached a concentra-

tion of 107 CFU g)1.

Following treatment, five fish from each experimental unit

were anaesthetizedwith benzocaine (1 g per 10 Lofwater) and

blood was collected from the caudal vessel with two 3-mL

syringes (21 G), one with the anticoagulant EDTA and

another without. The blood collected with EDTAwas used for

haematological analyses and serum was obtained from the

blood without the anticoagulant. Blood without an anti-

coagulant was pooled from five fish of each experimental unit

and stored for 1 h at 25 �C for coagulation. It was then centri-

fuged at 1400 g for 10 min, and the serumwas stored at)20 �C.
The glycemic index was determined using a serum aliquot

in spectrophotometer at 505 nm according to the manufac-

turer�s recommendations (Biotechnical Glucose Test Kit,

São Paulo, Brazil).

The serum lysozyme activity was determined by a method

adapted from a previous study (Sankaran & Gurnani 1972).

A suspension of lyophilized Micrococcus lysodeikticus

(Sigma-Aldrich, St. Louis, MO, USA) was diluted in PBS

buffer (0.04 M Na2HPO4, pH 6.2) to a concentration of

Figure 1 Phylogenetic tree showing the phylogenetic relationships

among the sequences of 16S ribosomal RNA gene of CPQBA 001-10

DRM 02 and another�s microorganisms presented in the related

databases genbank and RDP.

Table 1 Components of the diet used in this study, Douramix�

(Revolution Fingerlings)

Informed composition Diet (g kg)1)

Calcium (max) 35.00

Ether extract (min) 120.00

Phosphorus (min) 20.00

Fibrous matter (max) 30.00

Mineral matter (max) 120.00

Crude protein (min) 400.00

Moisture (max) 120.00
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0.50 mg mL)1 immediately before use. Serum aliquots of

30 lL were seeded in triplicate in 96-well flat bottom mi-

croplates, and 200 lL of M. lysodeikticus cell suspension was

added to each well. The initial absorbance and the absor-

bance after 20 min of incubation at 35 �C were measured at

550 nm, and the rate of decrease in absorbance was con-

verted to lysozyme concentration (lg mL)1) using a standard

curve from hen egg white lysozyme (Sigma-Aldrich).

The concentration of total immunoglobulin was measured

according to the method described by Amar et al. (2000).

Briefly, 100 mL of serum was mixed with 100 mL of 12%

polyethylene glycol (PEG, 10 000 MW; Sigma Chemical, St.

Louis, MO, USA). Samples were incubated for 2 h to pre-

cipitate the immunoglobulin molecules, which were then

removed by centrifugation at 5000 g for 10 min (4 �C). The
supernatant was removed and the amount of total protein

was measured (Bradford & Williams 1976) using bovine

serum albumin to construct a standard curve. The concen-

tration of total immunoglobulin (Ig) is expressed in mg mL)1

and was calculated as follows:

Total Ig ðmgmL�1Þ ¼ ðtotal serumprotein

� total protein treatedwith PEGÞ � vol�1

Duplicates of blood samples collected with the anticoag-

ulant were stained with May Grunwald/Giemsa (Rosenfeld

1947) for differential leucocyte, total thrombocyte and total

leucocyte counts by blood smears, and an established pro-

cedure was used to determine the haematocrit (Goldenfarb

et al. 1971). The total numbers of thrombocytes and leuco-

cytes were determined from blood by the indirect method

described by Martins et al. (2004). The remaining material

was stored in glass vials on ice to quantify the total number

of red blood cells using a haemocytometer.

After anaesthetization with 0.05% of benzocaine, the

midgut intestinal tracts of fish sampled from each tank

starved for 24 h were excised aseptically with forceps and

scissors to be washed twice to remove faecal and digest

material from the tissue with sterile saline solution (SSE

0.65%), and then homogenized in sterile saline (0.65%) in

a grail and serially diluted 1 : 10. Then, 100 to 10)6

dilutions were plated on tryptic soy agar (TSA) culture

medium (total heterotrophic bacteria), MRS agar (lactic

acid bacteria), Cetrimide Agar (Pseudomonas) and thio-

sulfate citrate bile salts sucrose (TCBS) agar (Vibrio) and

incubated at 30 �C. The number of colony forming units

(CFUs) was measured after 24 h of incubation on TSA,

Cetrimide Agar or TCBS agar or 48 h on MRS Agar.

Gram staining was performed using colonies grown on

MRS and the strains with similar characteristics to

Weisella were phenotypically characterized using the API

50CH Kit (API, Biomerieux, Hazelwood, MO, USA);

lactic acid consuming bacteria were identified by the fer-

mentation of 49 carbohydrates. The results of the kit were

interpreted according to the APIWEB (API, Biomerieux)

software.

Data from in vivo experiments were evaluated for homoge-

neity of variance by Bartlett�s test. The observed heteroge-

neity of variance was transformed by log (x + 1) for

microbiological counts and blood counts, arcsine for survival

data or square root for other data. Subsequently, the data

were evaluated by analysis of variance with a 5% significance

level. If significant differences were detected, Tukey�s mean

separation test was used (P < 0.05) (Zar 1996).

Supplementation with 0.5% and 1% inulin resulted in higher

levels of lactic acid bacterial counts compared to the no and

0.25% inulin groups, 7.87 ± 0.2, 7.77 ± 0.4, 6.43 ± 0.2

and 6.35 ± 0.2 Log CFU g)1. However, the 0.5% and 1%

inulin groups did not differ in the amounts observed. The

lower effective concentration (0.5%) was used in our study to

reduce costs in incorporating this functional ingredient into

the animals� diets. For the intestinal bacterial concentrations

in fish supplemented with W. cibaria and the symbiotic

combination of 0.5% inulin and W. cibaria, the bacterial

counts for Vibrio spp. were lower than in groups that received

only prebiotics and the control group, although the concen-

trations of total heterotrophic bacteria did not differ. A

significant reduction in the concentration of Pseudomonas

was observed with the symbiotic combination. As these

strains were not identified, we cannot affirm safely their

pathogenic action to this hybrid catfish (Table 2).

In addition, a direct influence on the concentration of

lactic acid bacteria was observed with the prebiotic and

probiotic diets. The counts of lactic acid bacteria of the

intestinal tract in groups that received only the probiotic

(4.87 ± 0.30 Log CFU g)1) or the prebiotic (4.68 ± 0.61

Log CFU g)1) were similar to one another but different from

the control group (1.54 ± 0.06 Log CFU g)1). The group

treated with the symbiotic combination had a concentration

of 7.07 ± 1.11 log CFU g)1, differing from the other groups
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(Table 2). The results of API 50CH Kit confirmed the iden-

tification of W. cibaria in the midgut of the fishes that

received this bacteria in the diets. Fish fed with a symbiotic

diet had the largest total number of erythrocytes (P < 0.05)

compared to the others, and fish fed with probiotic and

symbiotic diets had a lower number of circulating neutrophils

compared to the other treatments (Table 3). Other haema-

tological parameters were not influenced by the treatments.

Glucose concentration, protein levels and lysozyme activ-

ity did not differ between treatments. However, the concen-

tration of total immunoglobulin was significantly higher in

fish fed with probiotic and symbiotic diets compared to the

control group (Table 4).

According to Bowden (2008), advances in understanding

environmental impact or changes can identify areas of

immune function and water quality parameters that can

influence in the immune system of fish. In this context, re-

search on prebiotics, probiotics and symbiotics on animal

health are of the utmost importance for the understanding

and modification of the intestinal tract of aquatic organisms

(Merrifield et al. 2010; Gibson et al. 2005; Nayak 2010).

Because the intestinal tracts of animals are an environment

rich in nutrients and have different typical intestinal bacterial

population profiles, functional ingredients or food additives

can modify their bacterial flora. The inulin used as a prebi-

otic in this study is from fructan-based ingredients and is not

fully digestible. It can contribute to the growth of the animals

increasing the lactic acid bacterial population in the intestinal

tract (Van Loo 2007; Pompei et al. 2008).

Rurangwa et al. (2009) cultured Lactobacillus plantarum

and L. delbrueckii for 48 h in the presence of beta glucans,

xylo-oligosaccharides, arabinoxylo-oligosaccharides, inulin,

oligofructose and glucose, and they observed increased

Table 3 Haematological parameters in

surubins fed with a control diet or diets

supplemented with the following: 0.5%

inulin; Weissella cibaria; or a symbiotic

combination (0.5% inulin + Weissella

cibaria)

Blood cells

Treatments

Control diet 0.5% inulin W. cibaria

W. cibaria +

.5% inulin

Erythrocytes (·106 mL)1) 1.76 ± 0.03a 1.88 ± 0.05a 1.77 ± 0.09a 1.99 ± 0.02b

Thrombocytes (·103 mL)1) 17.0 ± 0.38a 24.5 ± 0.36a 19.0 ± 0.28a 20.8 ± 0.19a

Leucocytes (·103 mL)1) 39.4 ± 0.39a 46.3 ± 0.95a 53.7 ± 1.56a 51.4 ± 0.98a

Lymphocytes (·103 mL)1) 35.5 ± 0.32a 46.2 ± 0.82a 51.1 ± 1.57a 52.1 ± 0.67a

Monocytes (·103 mL)1) 0.94 ± 1.95a 0.76 ± 2.71a 0.53 ± 0.71a 0.75 ± 2.48a

Eosinophils (·103 mL)1) 0.19 ± 0.62a 0.34 ± 1.62a 0.28 ± 0.94a 0.29 ± 1.88a

Basophils (·103 mL)1) 0.66 ± 1.19a 0.54 ± 1.49a 0.66 ± 2.71a 0.47 ± 1.61a

Neutrophils (·103 mL)1) 1.66 ± 3.91b 1.45 ± 1.40b 0.89 ± 2.22a 0.88 ± 0.49a

Haematocrit (%) 21.11 ± 3.47a 21.08 ± 1.73a 20.21 ± 4.52a 18.38 ± 1.54a

Means ± SD followed by the same letters do not differ by Tukey¢s test at 5% probability.

Table 4 Immunological parameters of

surubins fed with a control diet or diets

supplemented with the following: 0.5%

inulin; Weissella cibaria; or a symbiotic

combination (0.5% inulin + W. ciba-

ria)

Treatments

Glucose

(mg dL)1)

Protein

(mg mL)1)

Total Ig

(mg mL)1)

Lysozyme

(lg mL)1)

Control 62.27 ± 2.45a 17.64 ± 2.06a 1.80 ± 0.58a 7.78 ± 0.03a

0.5% inulin 68.39 ± 4.08a 14.60 ± 2.08a 4.17 ± 0.84ab 7.53 ± 0.81a

W. cibaria 67.49 ± 4.44a 13.44 ± 0.73a 7.43 ± 1.44b 7.78 ± 0.57a

W. cibaria + 0.5% inulin 62.35 ± 4.13a 16.09 ± 1.50a 7.17 ± 2.47b 8.95 ± 0.59a

Means ± SD followed by the same letters do not differ by Tukey¢s test at 5% probability.

Table 2 Bacterial counts of the intesti-

nal tract of surubins fed with a control

diet, a diet supplemented with 0.5%

inulin, a diet supplemented with Weiss-

ella cibaria or a symbiotic diet (0.5%

inulin + Weissella cibaria)

Treatment

Bacterial counts log (CFU gr)1)

Total bacteria Vibrio Lactic acid Pseudomonas

Control diet 7.46 ± 1.17a 4.64 ± 1.06b 1.54 ± 0.06a 4.86 ± 0.23a

0.5% inulin 7.62 ± 0.97a 4.15 ± 0.36b 4.87 ± 0.30b 3.03 ± 0.20ab

W. cibaria 5.91 ± 0.81a 0.75 ± 0.90a 4.68 ± 0.61b 3.68 ± 0.42ab

W. cibaria + 0.5% inulin 6.21 ± 0.36a 1.90 ± 0.60a 7.07 ± 1.11c 2.23 ± 1.48b

Means ± SD followed by the same letters do not differ by Tukey¢s test at 5% probability.
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growth for all conditions except those that contained glucose.

In this case, the fermentation of carbohydrates by these

microorganisms was dominated by the production of acids,

such as short chain fatty acids.

The observation that increased lactic acid bacteria were

observed in the intestinal tract of surubim fed a diet con-

taining inulin is in agreement with Burr et al. (2008), in which

the effects of beer yeast, fructo-oligosaccharides and Gro-

Biotic-A on the intestinal microbial flora of red drum were

studied.

Supplementation with W. cibaria influenced the immune

system of fish in this study, evidenced by the increased total

immunoglobulin concentration in the blood serum. This

finding is concordant with several studies of the use of lactic

acid bacteria as probiotics for fish showing that the bacteria

can abound in the intestinal tract of freshwater fish and

stimulate their immune system (Gatesoupe 2008; Jatoba

et al. 2008; Nikoskelainen et al. 2003; Panigrahi et al. 2007,

2005, 2004).

The processes of agglutination and inhibition of pathogens

consist in two important mechanisms to fish immune

response. They are composed by molecules present in blood

serum named lectins and immunoglobulins (Ig). Lectins are

proteins capable of binding to certain sugars, mainly man-

nose found in the wall of Gram-negative or Gram-positive

bacteria, but do not have as much specificity as the Ig�s.

However, molecules with higher capacity binder are the Ig,

which have a more specific action between antigens and is

produced by B lymphocytes. As for example, Silva et al. 2009

and Swain et al. 2007 reported increased agglutination titre

in the blood serum of Nile tilapia and Indian carp (Labeo

rohita) after vaccination with multivalent antigens.

According to Beelen et al. (1998, 2004), monoclonal anti-

bodies and the haematological parameters in surubim hybrid

have been described to obtain bases for comparison and

standardization of techniques for further studies and their

potential applicability. The present data are still limited for

this fish which could lead to environmental interactions,

disease outbreaks or even the use of immunostimulants and/

or probiotic.

Buentello et al. (2010) studied the effects of fish food

supplemented with fructo-oligosaccharides, mannan-oligo-

saccharides, transgalacto-oligosaccharides and GroBiotic-A

on weight gain, feed efficiency and specific immunity of the

red drum (Sciaenops ocellatus). Unlike this study, Buentello

et al. observed higher serum lysozyme activity levels in

animals with diets containing 1% prebiotic, and Panigrahi

et al. (2009) observed increased lysozyme activity in rainbow

trout (Oncorhynchus mykiss) fed L. rhamnosus. However,

Panigrahi et al. (2009) observed higher values of total

immunoglobulin in animals supplemented with L. rhamnosus,

in agreement with the observations of this study. When

analysing the effect of Enterococcus faecium ZJ4 on the

growth and immune response of tilapia, Wang et al. (2008)

observed that fish supplemented with the bacteria showed no

significant difference in the concentrations of total serum

protein and immunoglobulin after 40 days. However, they

observed a higher final weight and daily weight gain of tilapia

supplemented with E. faecium than those fed with the control

diet.

Similar to our results for some parameters, when assessing

the in vitro innate immune response in the Gilthead seabream

(Sparus aurata), Cerezuela et al. (2008) found no influence on

head kidney leucocytes measured by peroxidase release,

phagocytosis, respiratory burst or natural cytotoxic activity.

Moreover, in vivo supplementation with inulin inhibited

phagocytosis and the respiratory burst of leucocytes.

Food additives and supplements are a promising alterna-

tive to antibiotics, and prebiotics have much potential to

maintain the health of cultured fish (Merrifield et al. 2010).

The administration of symbiotics in this assay did alter the

microbiota profiles of the intestinal tract possibly by

increasing the diversity and stimulating specifically the

growth of lactic acid bacteria. Moreover, it was comproved

that molecular studies of the intestinal microbiota could be

performed to answer some questions about the way of action

of prebiotics and probiotics in relation to the autochthonous

microbiota on the fish immune system of the intestinal tract

(GALT) (Dimitroglou et al. 2011).

Li & Gatlin (2005) studied Morone chrysops and

M. saxatilis hybrids exposed to Mycobacterium marinum in

regard to their growth when fed with a diet supplemented

with the prebiotic GroBiotic�-A. They found that fish sup-

plemented with 2% of commercial prebiotics had a higher

survival rate (80%) compared to those supplemented with

1–2% beer yeast and 2% GroBiotic�-A (72–73%) after

21 days of treatment with a chronic infection. This topic is

important and should be studied to further elucidate the

effect of supplementing food with probiotics and prebiotics.

For this work, considerations have to be performed, be-

cause the use of lactic acid bacteria treated as probiotics

considered these genera of bacteria non-pathogenic for the

host. However, some works describing diseases in aquacul-

ture assign it to the distinct bacteria belonging to these

genera like Streptococcus, Lactococcus, Vagococcus and

Carnobacterium (Ringo & Gatesoupe 1998). It must be

emphasized that the combination between probiotic bacteria

and prebiotic on the bacterial population in fish intestinal
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tract should be evaluated by another parameters like com-

plement system (NBT), phagocytosis and molecular tech-

niques.

In conclusion, the haematological and immunological

parameters of Pseudoplatystoma hybrids showed a positive

response to the supplementation of W. cibaria when supple-

mented for 15 days via diet. Combined use of prebiotic and

probiotic will allow beneficial manipulation of the intestinal

microbiota and haemato-immunological parameters.
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