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SUMMARY

This work evaluated the effects of increasing
levels of the brown seaweed Ascophyllum
nodosum meal (BSM) inthe feed givento Nile tilapia
Oreochromis niloticus fingerlings. The completely
randomized design experiment lasted 42 days.
Nile tilapia fingerlings (n=75) with an average age
of 30 days and average weight of 0.43 + 0.02 g
were assigned to 25 plastic tanks and submitted
tofive treatments in five repetitions. The treatments
were increasing levels of BSM (5, 10, 15, and 20
g kg* of feed) and a control feed (no BSM). Each
experimental unit was made up of a 36 L plastic
tank with three fingerlings. The parameters studied
were final average weight, percentage of weight
gain, apparent feed conversion ratio, total length
and carcass yield with and without head. The final
average weight, percentage of weight gain, and
total length were not affected by the treatments
(p>0.05). The apparent feed conversion ratio
improved linearly (p<0.01) and carcass yield
increased linearly (p<0.01) as the BSM in feeds
increased. BSM is an additive with potential use in
Nile tilapia feed at the level of 20 g kg™ because it
does not result in growth loss and improves the
feed conversion ratio and carcass yield in Nile
tilapia during the fingerling period.

RESUMO

Este trabalho avaliou os efeitos de niveis
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PALAVRAS CHAVE ADICIONAIS

Ascophyllum nodosum. Aditivo alimentar. Nutricdo
de peixes. Oreochromis niloticus.

crescentes dafarinha de algamarrom Ascophyllum
nodosum (FAM) nas ragOGes para alevinos de
tilapia do Nilo Oreochromis niloticus. O experi-
mento, com delineamento inteiramente casua-
lizado, durou 42 dias. Foram utilizados alevinos de
tilapia do Nilo (n= 75) com idade média de 30 dias
e peso médio de 0,43 £ 0,02 g, distribuidos em 25
tanques plasticos submetidos a cinco tratamentos
e cinco repeticdes. Os tratamentos foram niveis
crescentes de farinha de alga marrom (5, 10, 15
e 20 g kg* de racao) e uma ragao controle (sem
FAM). Cada unidade experimental foi composta
por um tanque plastico de 36 L com trés alevinos.
Foram estudados os parametros médios de peso
final, percentagem de ganho de peso, taxa de
conversao alimentar aparente, comprimento total
e rendimento de carcaga, com e sem cabecga. As
médias de peso final, percentagem de ganho de
peso e comprimento total ndo foram influenciadas
pelos tratamentos (p>0,05). Os valores da taxa de
conversdo alimentar aparente melhoraram
linearmente (p<0,01) e os valores de rendimento
de carcaca aumentaram linearmente (p<0,01) a
medida que se aumentaram os niveis de FAM nas
racdes. Afarinha de alga marrom é um aditivo com
potencial utilizagdo em ragdes de tildpia do Nilo no
nivel de 20 g kg, pois ndo diminui o crescimento
e promove melhora da taxa de converséo alimen-
tar e do rendimento de carcaca de alevinos de
tilapia do Nilo.
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INTRODUCTION

Brazil'slargeterritory, extensive hydro-
logic basin, and weather makeit suitablefor
raising tropical fish species, such as Nile
tilapia, Oreochromis niloticus, while
producing large amounts of feed raw
materials. TheBrazilian semi-arid northeast
is one of the regions with excellent
conditions for breeding tilapia, despite its
low rainfall. As such, fish culture is a
potential economic activity in that area.

Thepresenceof somerivers, particularly
the S&o Francisco River and its dams,
irrigation canalsand lakes, affords suitable
conditions for setting up fish production
systems. Theproximity tositesof production
of raw material sfor themanufactureof feeds
(west of Bahia State) isapositivefactor for
thedevel opment of fish cultureintheregion
(Meurer etal., 2010).

From the social viewpoint, fish culture
may becomeanimportantincome sourcefor
the local population, particularly for
riverside populations such as small-scale
fishers, who can hold regular jobs in both
large firms and work in small production
associations or cooperatives. The culture
of species such as the Nile tilapia is an
important alternative in the region, as the
culture technology for this has been fully
mastered (Meurer et al., 2009).

Brown seaweed (Ascophyllumnodosum)
is commonly found on the North Atlantic
shore(Brandenetal., 2007). Itiscommercia-
[y used in the manufacture of agricultural
and animal rearing products (Fleurence,
1999). Accordingto Nakagawaet al. (1997),
A. nodosum may also be agood additive to
fish feeds.

Brown seaweed meal was obtained asa
very fine powder with alight cream color.
Accordingtothemanufacturer, itiscompo-
sed of 87 % dry matter, 6 % crudeprotein, 6
% crudefiber, 22 % mineral matter, 3% ether
extract, and 50 % carbohydrates; however,
compositionmay vary asafunction of fresh
seaweed composition (Sharp, 1986).

The dietary addition of A. nodosum to
feedsresultsin theimprovement of animal
performance, immunity and meat quality;
however, most reports of thishave beenin
terrestrial animals(Allenetal., 2001; Turner
etal.,2002; Leuppetal.,2005; Archeretal.,
2007; Branden et al., 2007; Kannan et al .,
2007a; Kannan et al., 2007b; Gardiner etal.,
2008). Despite the evidence regarding the
use of A. nodosuminterrestrial animals, its
use in fish has been little studied.

The Niletilapiaisan important species
for fish culture in the world and the most
commonly cultured fresh water specie in
Brazil (El-Sayed, 2006). Duetotheimportance
of thisfish species and the benefits that A.
nodosum may confer upon Nile tilapia
culture, the present study evaluated the
effects of brown seaweed meal inclusionin
Nile tilapia fingerling feed on the perfor-
mance, survival rate and carcassyield.

MATERIALAND METHODS

The present study wascarried out inthe
Aquaculture L aboratory of the Zootechnics
Collegiateof Universidade Federal doVale
do S&o Francisco (UNIVASF), Agrarian
Science Campus at Petrolina, PE, Brazil to
test the use of increasing levels of brown
seaweed meal (BSM) A. nodosumin feeds
for sexually reversed Niletilapiafingerlings
of the chiltralada breed.

A lot of 300sexually reversed Niletilapia
fingerlingsin theinitial phase of develop-
ment and aged 30 days, fromthe Bebedouro
Fish Farm run by the 3 Regional Super-
intendence of CODEV A SF at Petrolina, PE,
were placed in a1000 L tank with constant
aeration and water circulation. The fishes
received feedwith 30 % of digestibleprotein
(DP) and 3000 kcal kg of digestibleenergy
(DE) without BSM for oneweek.

It weretook 75 fingerlingswith an ave-
rageweight of 0.43+0.02 gfromtheinitial
lot and assigned them to 25 plastic tanks
with 36 L water in a completely random
design with five treatments and five
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repetitions. Each experimental unitwasmade
up of aplastic tank with three fingerlings.
The experimetal period was42 days.

The water of the plastic tanks was
constantly aerated with microporousstones
andamini air compressor. Theexperimental
management involved daily morning (7:00
h) and afternoon (16:30 h) siphoning with
the removal of 40 % water. Feces and the
unconsumed feed were also removed. The
internal tank wallswere cleaned weekly to
prevent the appearance of periphyton.

Thetreatmentsused inthe present work
werefivefeeds, four withincreasingamounts

of BSM (5, 10, 15, and 20 g kg* feed) and a
control feed (without theaddition of BSM).
Fivefeed formulationswith 30 % of DPand
3000kcal kg™ of DEwereprepared (Boscolo
et al., 2002; Meurer et al., 2003). The feed
ingredientswereground and sieved through
almmmesh, except BSM, whichwasalready
afine powder.

Feed formulations are givenintablel.
After mixing, thefeedswerepelletizedinan
experimental electric pelletizer and the
pellets were dried in a forced air oven at
56 °Cfor 24 h. After drying, thepelletswere
crushed, and sorted infractionsby diameters

Table |. Percent composition of feeds. (Composicéo percentual das dietas).

Ascophyllum nodosum (g kg* feed)

0.00 5.00 10.00 15.00 20.00
Ingredients
Soybean meal 70.79 70.89 71.19 71.29 71.39
Maize 16.70 15.80 14.80 13.90 13.00
Soybean oil 5.00 5.30 5.50 5.80 6.10
Dicalcic phosphate 2.80 2.80 2.80 2.80 2.80
Calciticlime 0.20 0.20 0.20 0.20 0.20
Ascophyllum nodosum? 0.00 0.50 1.00 1.50 2.00
Mineral and vitamin supplement? 4.00 4.00 4.00 4.00 4.00
Salt (NaCl) 0.50 0.50 0.50 0.50 0.50
Butyl hydroxyl toluene (BHT) 0.01 0.01 0.01 0.01 0.01
Total 100.00 100.00 100.00 100.00 100.00
Chemical composition? (%)

Linoleic acid 3.52 3.65 3.78 3.91 4.04
Starch 19.95 19.40 18.85 18.30 17.74
Calcium 1.00 1.00 1.00 1.00 1.00
Digestible energy (kcal kg*) ~ 3000.00 3000.00 3000.00 3000.00 3000.00
Crude fiber 451 4.54 4.56 4.58 4.60
Phosphorus 0.97 0.97 0.97 0.97 0.97
Fat 6.62 6.87 7.12 7.36 7.61
Lysine 2.01 2.01 2.01 2.02 2.02
Methionine + cystine 0.96 0.96 0.96 0.96 0.95
Digestible protein 30.00 30.00 30.00 30.00 30.00
Crude protein 33.54 33.56 33.58 33.61 33.63

From Valeagro Comércio e Distribuicdo de Produtos Agropecudrios Ltda.; ?Warranty levels per product
kilogram: Vit. A, 1200000 Ul; Vit. D3, 200000 UI; Vit. E, 12000 mg; Vit. K3, 2400 mg; Vit. B1, 4800 mg;
Vit. B2, 4800 mg; Vit. B6, 4000 mg; Vit. B12, 4800 mg; Folic acid, 1200 mg; Pantotenate Ca, 12 000 mg;

Vit. C, 48 000 mg; Biotin, 48 mg; Coline, 65000 mg;

Niacin, 24 000 mg; Fe, 10000 mg; Cu, 6000 mg; Mn,

4000 mg; Zn, 6000 mg; |, 20 mg; Co, 2 mg; Se, 20 mg. *According to Rostagno et al. (2000).
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appropriatefor fingerling bite.

The fingerlings were fed three times a
day at 8:00,12:00and 17:00hat 10% of their
live weight. Every week, the experimental
units were weighed for correction of diet
amounts.

A BSM sample was sent to the Animal
Nutrition Laboratory of UNIVASF for
chemical analysis(Silvaand Queiroz, 2002).
Thepercent moisture, mineral matter, ether
extract, crudeproteinand crudeenergy (kcal
kg1) valuesfound (asfeed basis) were 9.64,
22.34,2.49,7.70,and 2826.99, respectively.
The BSM values agree with those reported
by Sharp (1986) and are close to the
manufacturer's specifications.

Thewater oxygen concentration (oxyme-
ter model Oxy-Check HI 9147, HANNA
I nstruments) and temperature were measu-
red daily before siphoning. Water pH
(pHmMeter model Combo HI 98130, HANNA
Instruments) and electric conductivity
(conductometer model CA 150p TECNOPON
Special Equipment Ltd.) were measured
weekly before siphoning.

The mean values of morning and
afternoon water temperature were, respec-
tively, 28.6+0.5°Cand 29.6+ 0.6°C, and of
pH, dissolved oxygen and el ectric conducti-
vitywere7.4+0.4,5.7+0.9mgL?,and 109.7
+ 7.4 uSm cm?, respectively. These para-
metersdid not vary withtreatments(p>0.05).
The mean values of physical-chemical
parameters of the plastic tank water noted
above (pH, dissolved oxygen, electric
conductivity, and morning and afternoon
temperature) remai ned withintherecommen-
ded valuesfor the species (El-Sayed, 2006).

Thefishesof theexperimental unitswere
individually weighed and measured weekly
for correction of feed amounts and
evaluation of growth. At the end of the
experimental period (42 days), thefingerlings
of all experimental units were counted,
weighed and measured individually to de-
termine the average survival rate, average
final weight, percentage of weight gain,
apparent feed conversion ratio, average

length, head length, height, and breadth.
Later, the fingerlings were stunned with
coldwater (2°C), slaughtered and gutted for
evaluation of percent carcassyieldwith and
without heads.

The studied parameters were submitted
to variance analysis and, when the
differencesweresignificant at the0.05level,
toregressiontestingwith SAEG (Statistical
and Genetic Analysis System) software
(UFV,2000).

RESULTS AND DISCUSSION

Thesurvival ratio during theexperimen-
tal period was 100 % in all experimental
units. Themeaninitial weight, final weight,
and weight gain values of Nile tilapia
fingerlings submitted to feeds with increa-
singlevelsof BSM aregivenintablell. The
initial weight of fingerlings used in the
experiment wasstatistically similar (p>0.05)
acrosstreatments. Likewise, themeanfinal
weight and weight gain did not differ
significantly (p>0.05) among treatments.

The mean apparent feed conversion

Tablel . Meanfinal valuesof performancein
Nile tilapia fingerlings submitted to feeds
with increasing levels of brown seaweed (A.
nodosum) meal during 42 days. (vValores
médios finais do desempenho para alevinos de
tilapia do Nilo submetidos a dietas com niveis
crescentes de farinha de alga marinha marrom (A.
nodosum) durante 42 dias).

Weight (g)
BSM Initial Final Gain
0 0.42 3.76 3.34
5 0.43 4.27 3.85
10 0.43 4.26 3.83
15 0.43 4.29 3.86
20 0.42 5.19 4.71
CcVv 4.49 21.64 23.44

BSM= Brown seaweed meal (A. nodosum) g
kg feed; CV= Coefficient of variation.
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y =2.604 - 0.0464x
& R2=0.79

+

Feed conversion

0 5 10 15 20
Ascophyllum nodosum (g kg™")

Figure 1. Apparent feed conversion ratio of
Niletilapia (O. niloticus) submitted to feeds
with increasing levels of brown seaweed (A.
nodosum) meal during 42 days. (Conversao
alimentar aparente da tilapia do Nilo (O. niloticus)
submetidos a ragdes com niveis crescentes de
farinha de alga marinha marrom (A. nodosum)
durante 42 dias).

(FCa) in Nile tilapia fingerlings showed a
significant (p<0.01) linear improvement asa
function of theincreased levels of BSM in
feeds (figure 1).

The final standard Iength, head length,
height and body width of Nile tilapia

Table I11. Mean final values (cm) of body
parameter s of Niletilapia submitted to feeds
with increasing levels of brown seaweed (A.
nodosum) meal during 42 days. (valores finais
médios (cm) de parametros corporais da tilapia do
Nilo submetidas a dietas com niveis crescentes de
farinha de alga marinha marrom (A. nodosum)
durante 42 dias).

BSM* SL HL BH BW
0 5.03 1.73 1.74 0.93
5 5.37 1.85 1.84 0.97
10 5.25 1.83 1.80 1.02
15 5.33 1.83 1.82 0.94
20 5.19 1.82 1.77 0.92
Cv 7.35 7.98 8.94 12.07

BSM= Brown seaweed meal (A. nodosum) g kg*
feed; SL= Standard length; HL= Head length; BH=
Body height; BW= Body width. CV= Coefficient of
variation.

88 y=84.376 +0.1458x
R2=0.79

87

86

85

Carcass yield (%)

84

83
0 5 10 15 20

Ascophyllum nodosum (g kg')

Figure 2. Carcass yield of Nile tilapia
fingerlingssubmitted tofeedswithincreasing
levels of brown seaweed (A. nodosum) meal
during 42 days. (Rendimento de carcaga de
alevinos de tilapia do Nilo submetidos a dietas com
niveis crescentes de farinha de alga marinha
marrom (A. nodosum) durante 42 dias).

fingerlings submitted to feeds with increa-
singlevelsof BSM did not vary significantly
(p>0.05) among treatments(tablelI1).
Thefinal carcassyields, with and without
heads, of Niletilapiafingerlingsincreased
linearly and significantly (p<0.01) withthe
increasing BSM levels (figures 2 and 3).
The effect of BSM on the final weight
found in the present work corroborates the

y=156.13 +0.28x
62 R2=0.73

Without head carcass yield (%)

0 5 10 15 20
Ascophyllum nodosum (g kg*)
Figure 3. Without head carcassyield of Nile
tilapia fingerlings submitted to feeds with
increasing levels of brown seaweed (A.
nodosum) meal during 42 days. (Rendimento
de carcaca sem cabeca de alevinos de tilapia do
Nilo submetidos a dietas com niveis crescentes de

farinha de alga marrom (A. nodosum) durante 42
dias).
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resultsreported by Nakagawaet al. (1997)
for red seabream (Pargusmajor) fingerlings.
Theweight of fingerlingsadministeredfeeds
containing 2 % BSM did not vary signifi-
cantly compared with the control treatment;
however, the5%BSM treatment resultedin
alarger final weight. Thedatainthe present
work differ fromthose of AlvesFilho et al.
(2011), who observed adecrease in weight
gaininfingerlingsof Niletilapia(O. niloticus)
at brown seaweed (A. nodosum) level of 3%,
and Davies et al. (1997), in juvenile grey
mullet (Chelon labrosus) at red seaweed
(Porphyra purpurea) levelsof 0, 16.5, and
33%.

TheFCaof Niletilapiagivenincreasing
levelsof BSM duringtheexperimental period
differs from the results obtained by
Nakagawa et al. (1997) for red sea bream
fingerlings. Likewise, Davieset al. (1997)
found poorer FCavalues for juvenile grey
mullet given feeds with high levels of red
seaweed meal compared with control
treatment results.

The standard length results for finger-
lingsalso agreewith theresultsreported by
Nakagawaet al. (1997), inwhichthelength
of red sea bream administered feeds
containing 2 % BSM was statistically simi-
lar tothat of control fish. Thecarcassyields
with and without head differed from those
reported by Nakagawaet al. (1997), which
did not reveal any difference in percent
muscle ratio. Moreover, Alves Filho et al.
(2011) asserted nosignificant effect of BSM
levels on carcass weight without viscera.
Nevertheless, the present results corro-
borate those obtained by Mustafa et al.
(1995), who demonstrated that BSM resulted
in increased muscle protein deposition in
red sea bream. Despite the difference in
parameter values, a larger muscle and/or
protein deposition is generally related to
better carcass yields.

TheFCaisrelatedtotheliveweightgain
afforded by ingested food. In this experi-
ment, the feed was pelletized with 10 %
moisture, whichissubstantially lower than

the 75 % body water of fish (Meurer et al.,
2007). Therefore, theFCamay beinfluenced
by the type of biomolecule or tissue
depositedinthefish body. If thedeposition
occurspreferentially aslean tissue, thedry
feed is converted to tissue with high water
concentration, which improves the FCa.
When deposition occurs as fat, as it does
not have water, the FCavalues are lower.

The FCa and carcass yield results
obtained are consistent with each other, as
the fat deposition in Nile tilapia generally
occurs in viscera, which are removed for
carcass analysis. Thus, it can be expected
that alonger experimental period will result
inbetter FCavalues, and significantly better
weight and weight gain values with BSM
treatments.

Thebetter FCaand carcassyield afforded
by thetreatmentsmay berelatedtotheBSM
composition. Fike et al. (2005) stated that
the bioavailability of microminerals, vita-
mins, antioxidants, and other metabolites
present in A. nodosum may affect animal
performancepositively. Kumar et al. (2008)
reported that microalgae have bioactive
compounds, such as phycocolloids,
minerals, vitamins, carotenoids, and n3fatty
acids, thus playing both a nutritional and
medicinal role.

Another important factor pointed out in
theliteratureistheimmunestimulatingrole
of BSM. According to Berteau and Mulloy
(2003), brown seaweed has alarge amount
of sulphated fucans, which are oligosaccha-
ridesthat act on theimmune system. Saker
et al. (2004) claim that the extract of A.
nodosumhasapositiveeffect ontheimmune
system of ruminants. Among thefew studies
on fish, those of Gabrielsen and Austreng
(1998) reveal ed that al ginatefrom A. nodo-
sum, used as an agglutinant in Atlantic
salmonfeed, had animmunestimulant effect
with significantly increased levels of
lysozymein plasma. Inaddition, Nakagawa
et al. (1997) reported that A. nodosum im-
proved the physiological condition of fish.

Despite these encouraging results,
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further research is necessary to determine
the levels for the maximal development of
thespecies, giventhelinear improvementin
FCa and carcass yield with the addition of
BSM. However, one should not expect an
indication of much higher levels for Nile
tilapiainthisphase, as, accordingto Davies
et al. (1997), the use of high levels of
seaweedsin fishfeed composition may lead
toreduced performance. Thismay berelated
to the concentration of non-amilaceous
carbohydrates in BSM. According to
Meurer and Hayashi (2003), non-amilaceous
carbohydrates have a negative effect on
fish performance, whilesmall amountsmay
result in the improvement of some perfor-
manceparameters.

Another important factor to evaluatefor
BSM isitsrole as an additive, either as a
food complement, an aggl utinant, animmune
stimulant agent, or a prebiotic. Greater
attention should be paid to the study of
BSM asaprebiotic, whichisanon-digestible
food component that affects the host
positively by selectively stimulating the
proliferation or the activity of desirable
bacteriainthecolonand possibly inhibiting
the multiplication of pathogens and
guaranteeing further benefitstotheanimal's
health (Saad, 2006). Accordingto Budifio et
al. (2005), there is some evidence that
prebioticsmay resultinanatomical changes
in the digestive tract and stimulate the
immunesystem (Silvaand Nornberg, 2003).

Theevaluation of fish growth in experi-
mental units by means of intermediate
weighing demonstrated that the treatments
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