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RESUMO.- [Ascophyllum nodosum na dieta de tilapia 
(Oreochromis niloticus)e o efeito dela depois da ino-
culação com Aeromonas hydrophila.] O objetivo desse 
estudo foi avaliar o efeito da farinha de alga marinha mar-
rom Ascophyllum nodosum (FAM) em alevinois de tilápias 
do Nilo sob desafio sanitário com inoculação de Aeromonas 
hydrophila. O experimento foi realizado durante um perío-

do de 40 dias com a utilização de 120 alevinos de tilápia do 
Nilo, distribuídos em 20 aquários. Foi fornecida uma ração 
com inclusão da farinha da alga marinha Ascophyllum nodo-
sum a 20g.kg ração-1 e uma ração testemunha (sem FAM), 
que constituiram os tratamentos. Após 30 dias experimen-
tais foi realizada a inoculação de Aeromonas hydrophila por 
meio de um preparado de inóculo bacteriano com diluição 
em solução salina estéril a concentração de 106 UFC/ml. 
Exceto para a largura, que foi maior para o tratamento com 
o fornecimento da FAM (P<0,05), não houve influência so-
bre parâmetros de desempenho dos alevinos, mas a ocor-
rência de lesões nos animais inoculados com A. hydrophila 
e alimentados com FAM foi menor e, eles também exibiram 
um declínio das lesões em um menor período de tempo em 
relação ao grupo controle. FAM impediu a congestão he-
patopancreática em animais infectados. A farinha de alga 
marinha marrom Ascophyllum nodosum reduziu o número 
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de lesões nos peixes em menor tempo quando comparado 
ao controle.
TERMOS DE INDEXAÇÃO: Oreochromis niloticus, tilapia, peixe, 
Ascophyllum nodosum, antimicrobianos, Aeromonas hydrophila, 
aquicultura.

INTRODUCTION
With the growth in fishery development, increased oc-
currence of diseases in fish is evident since intensive far-
ming systems favor factors that affect the homeostasis of 
animals (Pavanelli et al. 2008). Epizootic outbreaks are 
frequently observed and bacteria, among various patho-
gens, probably constitute the most economically signifi-
cant group of etiologic agents (Frerichs & Miller 1993). 
Among these agents, bacteria of the Aeromonas genus 
stand out. The involvement of Aeromonas in disease is 
usually associated with other conditions, and its patho-
genicity appears to be related to stress in already debili-
tated hosts.

Bacteria of the Aeromonas genus are naturally present 
in the aquatic ecosystem and are part of the normal micro-
bial flora of fish (Janda & Abbott 1998). These microorga-
nisms can cause disease in peoikilothermic and homeo-
thermic animals, including human (Cahill 1990). They are 
associated with hemorrhagic septicemia in freshwater fish 
(Janda & Abbott 2010) and gastroenteritis transmitted to 
humans by contact and consumption of contaminated meat 
and water (Abdullah et al. 2003).

Infection control in fish has shown limited success in 
prevention or cure in aquatic environments, especially 
when antimicrobial drugs are used. Currently, functional 
foods are sought to combat the onset of these diseases, 
since the use of antimicrobial drugs (growth promoters) is 
being avoided, mainly through the imposition of trade bar-
riers in important markets like the European Union, due to 
their residual effect in meats, environmental impact and 
possible emergence of transferable resistance.

Products derived from marine algae, such as Asco-
phyllum nodosum meal, are being tested in animal nutrition 
and functional foods. A. nodosum is a brown seaweed and 
its use has led to improved performance, immunity and 
meat quality in land animals (Branden et al. 2007, Kan-
nan et al. 2007a, 2007b,  Archer et al. 2008, Gardner et al. 
2008), as well as in fish (Nakagawa et al. 1997, Alves Filho 
et al. 2011, Costa et al. 2013).

The purpose of this study was to evaluate the effect of 
Ascophyllum nodosum brown seaweed meal on the health 
of Nile tilapia submitted to inoculation with Aeromonas 
hydrophila.

MATERIALS AND METHODS
Experimental conditions. Sexually reversed 40 days old Nile 

tilapia fingerlings (2.68+/-0.01g) were distributed in 20 tanks 
with 60 L of working volume. The fingerlings were from a com-
mercial fish hatchery installed in Juazeiro, BA, Brazil. One hun-
dred twenty animals were selected for the experiment. One ex-
perimental unit was considered one aquarium containing six fish.

In the first stage, the delivery of FAM was evaluated in a com-
pletely randomized experimental design with two treatments and 

ten replications. The treatments tested were: a supply of 20g kg-1 
diet and a control diet. In the second stage, 30 days after the be-
ginning of the experiment, inoculation of Aeromonas hydrophila 
was performed in the fingerlings, and treatments consisted of 
four groups. One group was given the control diet and inoculated 
with saline solution (treatment 1); another group was also given 
the control diet, but the inoculum contained A. hydrophila (tre-
atment 3); and two other groups were fed with diets containing 
A. nodosum brown algae meal, one being inoculated with saline 
solution (treatment 2), and other inoculated with A. hydrophila 
(treatment 4). This formed four treatments with five replications 
in a completely randomized design.

The tanks had constant aeration by means of micro-porous 
rocks connected to mini air compressors. Experimental mana-
gement consisted of daily siphoning in the morning (7:00 a.m.) 
and afternoon (4:30), with the removal of 40% of the water, 
where in addition to exchange of water, feces and any remai-
ning feed were also removed. Internal cleaning of the walls of 
the tanks was performed weekly to prevent the appearance of 
periphyton.

Feed. Four feeds were formulated with 30% digestible protein 
and 3,000 kcal of digestible energy (Table 1). For the manufactu-

Table 1. Composition of experimental feeds

 Ingredientsa g kg feed-1

  Treatments 2 and 4 Treatments 1 and 3
 Soybean meal 713.9 707.9
 Maize 130.0 167.0
 Soybean oil 61.0 50.0
 Dicalcic phosphate 28.0 28.0
 Calcitic lime 2.00 2.00
 Ascophyllum nodosum g kg feed-1 20.0 0.00
 Mineral and vitaminb 40.0 40.0
 Salt 5.00 5.00
 Butylated hydroxytoluene (BHT) 0.10 0.10
a According to Rostagno et al. (2000). b Guaranteed levels per kilogram 

of product: Vitamin A, 1,200,000 IU; Vitamin D3, 200,000 IU; Vita-
min E, 12,000mg; Vitamin K3, 2400mg; Vitamin B1, 4800mg; Vitamin 
B2, 4800mg; Vitamin B6, 4000mg; Vitamin B12, 4800mg; folic acid, 
1200mg; Calcium pantothenate, 12,000mg; Vitamin C, 48,000mg; Bio-
tin, 48mg; Choline, 65,000mg; Niacin, 24,000mg; Fe, 10,000mg; Cu, 
6000mg; Mn, 4000mg; Zn, 6000mg; I, 20mg; Co, 2mg; Se, 20mg.

re, the food ground in a 1 mm sieve was subsequently moistened 
and pelleted in an experimental electric pelletizer, and these pel-
lets were dried in a forced air oven for 24h at 56°C. When dried, 
they were broken up and thus the size of the pellet was adapted to 
mouth of the fingerlings.

Feeding was performed three times a day, at 8:00 a.m., 12:00 
noon and 5:00 p.m. at a level of 8% of the body weight of the fin-
gerlings. Weekly, experimental units were weighed for the adjust-
ment of the amount of feed supplied.

Ascophyllum nodosum. FAM is provided as a fine powder, li-
ghtly cream-colored, with a characteristic smell. A quantity of 20 
g kg-1 of feed was provided to fingerlings (Costa et al. 2013). The 
percentages used in this experiment (based on natural materials) 
for moisture, mineral matter, organic matter, ether extract and 
crude protein were 9.64, 22.34, 77.66, 2.49, and 7.70 respectively, 
and the gross energy value was 2,826.99 (kcal kg-1) (Alves Filho et 
al., 2011). The nutritional values of FAM provided by the manufac-
turer are presented in Table 2.

Inoculation of Aeromonas hydrophila. Inoculation of Aero-
monas hydrophila in Nile tilapia was performed 30 days after the 
start of the experiment with provision of A. nodosum brown alga 
meal in feed.
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A bacterial inoculum was prepared with dilution in sterile sa-
line solution at a concentration of 106 CFU ml-1 and administered 
through right dorsal-lateral intramuscular injection in each expe-
rimental fish, just as pure saline solution was applied at a rate of 
0.5 mL/control animal. After inoculation, the animals were held 
for a period of 15 days.

Measurements and experimental analysis. Every day be-
fore siphoning, the oxygen concentration, temperature, electrical 
conductivity and pH of the water in the experimental tanks were 
measured (multiparameter meter model HI 9828, HANNA Instru-
ments).

To control water hygiene, the aquarium water was seeded 
on blood agar medium before of the inoculation procedure of A. 
hydrophila in the experimental fish. Fishes were also weighed 
and measured 30 days after the beginning of the experiment, 
and divided into treatments: provision of the control diet (tre-
atment 1 and treatment 3) and feed containing 20 g kg-1 of FAM 
(treatment 2 and treatment 4), with ten replications in each tre-
atment.

After inoculation, the animals were evaluated to 15 days for 
possible manifestations of infection by A. hydrophila. Evolution of 
lesions in fish and mortality was monitored on a daily basis. At 
the end of the trial period, after being anesthetized with benzo-
caine (100mg l-1) and euthanized by spinal cord section, fishes in 
each experimental unit were weighed and measured to determine 
performance and carcass parameters as final weight, total length 
(including the caudal fin), standard length (without caudal fin), 
height (posterior region to operculum), weight gain and feed con-
version. Two fishes from each experimental unit had their liver 
extracted for determination of hepatosomatic index (HSI), [(liver 
weight/body weight) x 100] and from one of them a bacterial cul-
ture was made of the kidney using one measurement of the plati-
num loop sown directly in Tryptone Soy agar (TSA ).

Samples of liver were submmited to histologic routine pro-
cesses for parafine and stained with Hematoxilin-Eosin (HE). Mi-
croscopic slides were evaluated according with hepatopancreatic 
degenerative and congestion aspects.

After all the proposed parameters were evaluated the data 
were subjected to variance analysis (One-way ANOVA) and when 
a significant effect was detected (p<0.05), the Tukey test was per-
formed by the software Statistica 7.0. Histological results were 
evaluated with Pearson’s chi-squared test.

RESULTS
Effect of Ascophyllum nodosum before inoculation with 
Aeromonas hydrophila

Aquarium water and bacterial culture. The averages 
for temperature, pH, dissolved oxygen and electrical con-
ductivity, in the morning and afternoon, were 27.28±0.06°C 
and 28.14±0.12°C, 7.24±0.04 and 7.14±0.04, 6.94±0.11 
and 6.73±0.17mg l-1, 68.87±2.75 and 63.71±3.68μSm cm-1, 
respectively. There was no variation in these parameters 
among the treatments (P>0.05).

Growth and carcass characteristics. The averages of 
growth and carcass characteristics after 30 experimental 
days, of the Nile tilapia (Oreochromis niloticus) fingerlings 
submitted to diets containing 20g kg-1 feed of Ascophyllum 
nodosum meal, are presented in Table 3.

Table 3. Averages of carcass characteristics and growth of 
Nile tilapia fingerlings fed with Ascophyllum nodosum diet 

and the control diet

 Variables g kg-1 of A. nodosum P*
  0 20
 Average initial weight (g) 2.69±0.012 2.69±0.01 0.20
 Average final weight (g) 11.03±0.97 11.50±0.75 0.24
 total length (cm) 8.80±0.24 8.91±0.14 0.23
 standard length (cm) 7.35±0.62 7.36±0.12 0.96
 Width (cm) 1.35±0.06a 1.40±0.04b 0.02
 Height (cm) 2.51±0.11 2.56±0.10 0.34
 Weight gain (g) 8.36±0.96 8.81±0.75 0.25
 Feed conversion 1.46±0.15 1.35±0.07 0.06

*P = P-value.

The initial weight of the fingerlings used in the expe-
riment had no significant effect on our analysis (P> 0.05). 
The final weight, total length, standard length, height, wei-
ght gain and feed conversion were not significantly diffe-
rent among treatments. Width exhibited a significant effect 
(P<0.05) among treatments, and treatment with A. nodo-
sum diet showed averages higher than treatment without 
Ascophyllum nodosum diet. The survival rate was 100% in 
all units during this trial period.

Effect of Ascophyllum nodosum after inoculation with 
Aeromonas hydrophila

Aquarium water and bacterial culture. The averages 
for temperature, pH, dissolved oxygen and electrical con-
ductivity, in the morning and afternoon were, 27.31±0.09°C 
and 28.14±0.12°C, 7.2±0.05 and 7.14±0.05, 7.14±0.15 and 
6.76±0.15mg l-1, 86.81±0.63 and 82.58±4.5μSm cm-1, res-
pectively. There was no variation in these parameters 
among treatments (P>0.05).

None of the aquariums presented growth of colonies of 
the Aeromonas genus. From the bacterial culture of the kid-
ney through TSA derived from dead fish during the experi-
mental period, there was growth of bacterial colonies of the 
Aeromonas genus; however, the same was not observed to 
grow from cultures derived from the kidney of the finger-
lings at the end of the experiment.

Survival rate, growth and feed conversion. The ave-
rages for initial weight, final weight, weight gain, feed con-

Table 2. Chemical composition of brown seaweed meal 
(Ascophyllum nodosum) indicated by the manufacturera

 Amino acids (%) Vitamins ppm Minerals ppm
 Alanine 0.34 Biotin 0.1 - 0.3 Boron 80 - 100
 Arginine 0.22 Carotene 30 - 60 Chome 1 - 2
 Aspartate 0.53 Folic Acid 0.1 - 0.5 Cobalt < 1
 Cystine 0.07 Niacin 10 - 30 Copper 1 - 10
 Glutamate 0.71 Riboflavin 5 - 10 Iodine < 1.000
 Glycine 0.30 Tiamine 1 - 5 Iron 100 - 500
 Histidine 0.07 Tocopherols 15 - 300 Manganese 10 - 50
 Isoleucine 0.26 Minerals (%) Selenium 3 - 4
 Leucine 0.38 Phosphorus 0.1 - 0.2 Strontium 100 - 600
 Lysine 0.30 Calcium 1.0 - 2.0 Vanadium 1 - 5
 Methionine 0.11 Chlorine 2.0 - 3.0 Zinc 10 - 50
 Phenylalanine 0.24 Sodium 2.5 - 3.5 Molybdenum < 2
 Proline 0.25 Potassium 1.5 - 2.5 Lead < 1
 Serine 0.27 Magnesium 0.5 - 1.0 Cadmium < 1
 Threonine 0.25 Sulfur 2.0 - 3.0 Carbohydrates (%)
 Tyrosine 0.12 Minerals ppm Alginate 18.0 - 27.0
 Tryptophan 0.06 Aluminum 50 - 150 Mannitol 3.0 - 8.0
 Valine 0.27 Barium 5 - 15 Laminarin 2.0 - 5.0
a Acadian Seaplants Limited.
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version and survival rate of Nile tilapia fingerlings subjec-
ted to the feed containing 20g kg-1 of FAM and inoculation 
with A. hydrophila are shown in Table 4. The difference in 
initial weights of fingerlings used in the experiment was 
not significant among treatments (P>0.05). Similarly, the 
final weight, weight gain, feed conversion and survival rate 
of the fingerlings did not exhibit significant differences 
among treatments (P>0.05) (Table 4).

Characteristics and carcass yield. The final averages 
for body parameters, carcass yield and hepatosomatic in-
dex (HSI) of Nile tilapia are presented in Tables 5 and 6, 
respectively. The total length, standard length, width, hei-
ght, carcass yield with and without head and the HSI values 
of the Nile tilapia fingerlings were not significantly diffe-
rent among treatments (P>0.05).

Evolution of the lesions caused by Aeromonas hydro-
phila. The analysis of the occurrence of lesions in animals 
inoculated with A. hydrophila, fed with FAM or not, sho-
wed the appearance of one lesion in the inoculation area 
in 58.33% of animals. After of the third day, reduction in 
the area of lesions in the group fed with FAM was observed. 
After of the seventh day it remained constant. The group 
fed with FAM showed a decline in the number of fishes with 
lesion in a shorter period of time related the control group 
(Fig.1).

Histological analysis. Microscopic observation sho-
wed that hepatopancreatic degeneration process was si-
milar in all groups studied. Hepatopancreatic tissue of T3 
and T4 animals demonstrated more congestion that T1 and 
T2 (P<0.05) (Table 7). In relation to hepatocyte area, we 
observed statistical differences (P<0.05) in all treatments, 
with exception of T1 amongst T2. Considering nuclear area, 
only T4 showed statistical differences compared to the 
other treatments (P<0.05) (Table 7).

Table 4. Averages of performance parameters, feed conversion 
(CAA) and survival rate of Nile tilapia fingerlings

 Variables  Treatmentsa   P*
  1 2 3 4
 Initial weight (g) 2.68±0.01 2.69±0.00 2.68±0.01 2.68±0.01 0.27
 Final weight (g) 17.38±1.95 18.03±1.24 16.34±1.89 17.86±0.10 0.36
 Weight gain (g) 14.70±1.94 15.33±1.24 13.66±1.89 15.18±1.00 0.36
 CAA  1.59±0.12 1.52±0.25 1.72±0.15 1.69±0.16 0.28
 Survival (%) 96.67±7.45 100.00±0.00 93.33±9.13 90.00±9.13 0.21
a (1) group receiving the control diet and inoculated with saline solution, 

(2) receiving diet with FAM and inoculated with saline solution, (3) 
group receiving the control diet and inoculated with A. hydrophila, (4) 
group receiving diet with FAM and inoculated with Aeromonas hydro-
phila. * P = P-value.

Table 5. Averages of body parameters of Nile tilapia subjected 
to diets containing Ascophyllum nodosum brown seaweed 

meal after inoculation with Aeromonas hydrophila

 Variables Treatmentsa P*
  1 2 3 4
 Overall length (cm) 10.17±0.34 10.23±0.22 9.97±0.38 10.33±0.21 0.31
 Standard length (cm) 8.26±0.22 8.33±0.21 8.08±0.34 8.40±0.18 0.24
 Width (cm) 1.48±0.05 1.51±0.05 1.49±0.06 1.55±0.03 0.17
 Height (cm) 2.83±0.12  2.93±0.08 2.86±0.12 2.91±0.09 0.41
a (1) group receiving the control diet and inoculated with saline solution, 

(2) receiving diet with FAM and inoculated with saline solution, (3) 
group receiving the control diet and inoculated with A. hydrophila, (4) 
group receiving diet with FAM and inoculated with Aeromonas hydro-
phila. * P = P-value.

Table 6. Final averages of carcass yield and hepatosomatic 
index of Nile tilapia fingerlings subjected to diets containing 
Ascophyllum nodosum brown seaweed meal after inoculation 

with Aeromonas hydrophila

 Variables Treatmentsd P*
  1 2 3 4 P*
 RCCa (g) 15.24±1.68 15.74±0.99 13.98±1.44 15.77±0.89 0.14
 RCb(g) 10.85±1.31 11.28±0.76 10.15±1.09 11.10±0.65 0.32
 HSIc 2.43±0.52 2.21±0.47 2.04±0.49 2.23±0.24 0.61
a Carcass yield with head; b Headless carcass yield; c hepatosomatic index; 

d (1) group receiving the control diet and inoculated with saline solu-
tion, (2) receiving diet with FAM and inoculated with saline solution, (3) 
group receiving the control diet and inoculated with A. hydrophila, (4) 
group receiving diet with FAM and inoculated with A. hydrophila. *P = 
P-value.

Table 7. Morfometric parameters in hepatocytes

 Parameter Treatment 1 Treatment 2 Treatment 3 Treatment 4
 Hepatocyte area 61±17a 63±21a 73±19b 82±23c
 Hepatocyte nuclear area 16±4.1a 17±4.4a 17±3.9a 19±4.5b

Different letters indicate statistical differences (p<0.05) from Anova One-
-Way test followed by Tukey post hoc test. 

Fig.1. Evolution in the number of fishes with lesions caused by 
Aeromopnas hydrophila in Nile tilapia fingerlings fed (T4) or 
not (T3) with Ascophyllum nodusum meal.

DISCUSSION
The averages of physicochemical parameters of tank water, 
pH, dissolved oxygen, electrical conductivity and morning 
and afternoon temperatures remained within permissible 
limits for the species (Kubitza 2003).

In the present study, no mortality was observed in fish 
associated with the inoculation procedure of Aeromonas 
hydrophila. This was probably due to inoculation dose of 
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106 CFU ml-1 which can be considered low. In the literature, 
there are large discrepancies between the lethal doses des-
cribed for isolates of Aeromonas spp., ranging from 104 to 
1012 CFUml-1 (Boijink & Brandão 2001, Boijink et al. 2001, 
Oliveira et al. 2011). In the present study, the inoculation 
dose was of great importance so as to observe the effects 
of Ascophyllum nodosum brown seaweed meal on the per-
formance parameters of Nile tilapia, which would not be 
possible with the death of animals. The protective effects 
against mortality induced by Ascophyllum salmonicida in 
salmon fed with extracts of macroalgae were described by 
Nordmo et al. (1995).

After analyzing the performance and carcass parame-
ters, no significant difference among treatments was ob-
served. This contradicts the results described by Costa et 
al. (2013), who observed improved feed conversion and 
carcass yield. However, these authors worked with younger 
fish, as well as those in healthy growing conditions. There 
was also no significant difference reported in performan-
ce parameters in sheep fed with A. nodosum in a study by 
Fike (2005), although the authors considered that when 
analyzed together, the results showed benefits in digestibi-
lity of the diet. Likewise, when we analyze our results nu-
merically, we also found positive effect upon the inclusion of 
FAM in the diets of animals and inoculation of A. hydrophila.

Even without causing significant mortality in fish, A. 
hydrophila led to the development of one lesion in the ino-
culation area, but this number of fishes with lesion decli-
ned in a shorter period of time in the group fed with FAM. 
This may be associated with increased activity of the im-
mune system of fishes, which reduced the damage caused 
by this bacterium in the tissues. Several studies indicate 
the important role of A. nodosum as immunostimulant. 
In working with Atlantic salmon, Gabrielsen & Austreng 
(1998) found no difference in the parameters of the final 
weight and growth. However, they found a positive effect 
on the activity of serum lysozyme. Positive effects on the 
immune system and resistance to stress in sheep have been 
described by Saker (2004).

In current fish production systems, the animals are pre-
disposed to stress and bacterial infections. This often re-
quires the use of antimicrobial drugs that are associated 
with the selection of resistant microorganisms and with 
the presence of residues in fish and in the aquatic environ-
ment (Verschuere et al. 2000). Antimicrobial resistance is 
a major point of concern in aquaculture (Guardabassi et al. 
2010). The use of FAM may be useful as food additive in fish 
since its effects on the immune system may be important 
for resistance to attack by bacterial and viral pathogens 
(Nordmo et al. 1995, Gabrielsen & Austreng 1998).

Animals treated with FAM demonstrated lower hepa-
topancreatic congestion. Since there was no statistical di-
fference between T1 and T2, it is suggested that the FAM 
prevents congestion hepatopancreatic tissue in infected 
animals. Several authors report that hepatopancreatic 
changes are associated with contaminants (Dabrowska et 
al. 2012, Gutiérrez-Praena et al. 2012).

Alterations in cellular and nuclear area of hepatocytes 
were not observed on uninfected animals feed with FAM. 

On the other hand, infected animals (T3 and T4) showed 
an increase in these characters, evidencing the high cellular 
synthetic activity, probably associated with production of 
inflammatory cytokine or detoxification enzymes, as well 
the increase in volume of mitochondria and lysosomes 
(Strmac and Braunbeck 2002, Marchand et al. 2006, Abdel-
-Moneim et al. 2012, Dabrowska et al. 2012, Gutiérrez-Pra-
ena et al. 2012).

CONCLUSION
It was established that although Ascophyllum nodosum 
brown seaweed meal does not have a significant effect on 
performance and carcass parameters, but reduces the num-
ber of fishes with lesion in a short period of time. Besides, 
FAM prevents hepatopancreatic congestion in Aeromonas 
hydrophila infected animals.
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