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ABSTRACT

Hoplias malabaricugtraira) were experimentally starved (0 to 240 slagnd subsequently re-fed for 30 days (after
90 and 240-d fasting). Long-term starvation prodligainor changes in muscle composition, but shriekag
muscle fibres was a conspicuous result. The dianoétmuscle fibres decreased gradually and the spaaamong
them increased as the starvation period progresééer re-feeding, fish prior starved for 90 dayssented partial
restoration on diameter of muscle fibres. Howevke, fibres remained shrunken after re-feeding foilhg 240-d
fasting. While the lipid content did not changes firotein levels fell after 240-d fasting, but thvesre restored after
re-feeding
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INTRODUCTION regime, diet composition, and environment
(Johnston, 1999; Johnstoat al, 2000). The
Sustainable development of aquaculture i®iochemical composition, particularly lipids, may
dependent on the diversity and quality of productshange the nutritional and sensorial quality of fis
(Toussaint et al. 2005). Flesh quality is becomindlesh (Waagabcet al, 1993; Arzelet al, 1994;
of increasing concern to fishing and aquacultur&egost et al, 2001). The number and size
industry as the total production increases. It iglistribution of fibres (muscle cellularity) is know
usually defined in terms of appearance, tastdp be a major determinant of flesh texture (Hatae
smell, firmness, texture, juiciness and processl., 1990; Fauconneagt al, 1993; Hurlinget al,
characteristics (Johnston, 1999). 1996). A major future goal of research in thisdiel
The main edible part of the fish is composed ofs to establish the relationship between the muscle
white muscle fibres. The flesh quality may becellularity, texture, taste and processing
influenced by extrinsic factors such as feedingharacteristics (Johnston, 1999).
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Pantanal of Mato Grosso (Brazil) is the largesfed (2% of biomasslay-1) for 30 days following
tropical wetland area in the world. It present®90 and 240 days of food deprivation, respectively.
extreme fluctuations in rainfall regime andAfter the treatments, fishes were weighed, sized
droughts may last until six months (Hamilteh and killed by rapid decapitation. Samples of white
al., 1996; 1998; Britzkiet al, 1999). Fishing is muscle (epaxial muscle) were excised, washed
more intensive during the ebb and droughtvith 0.9% NaCl and fixed in Bouin fluid (Culling
seasons, when the high density of fish in thet al, 1985) for 24h at room temperature. The
temporary ponds facilitates their catch (Resestde samples were dehydrated in a crescent gradual
al., 1996; Oliveira and Nogueira, 2000). Trairaseries of ethanol and embedded in Paraplast Plus.
(Hoplias malabaricus Bloch, 1794) represents Tissue sections were routinely stained with
about 25% of ictiofauna of these ponds (Bonetto hematoxylin and eosin (HE; Clark, 1981). Cross-
al., 1969) and has been the most frequent (59.4%gctional areas of muscle fibres were measured
species captured for human consumptiomsing Sigma Scan software (v. 3.0, Jandel
(subsistence fishing) in the Pantanal of Matdcientific). Four hundred fibres of each
Grosso (Oliveira and Nogueira, 2000),experimental treatment were randomly analysed.
representing an important source of protein téor biochemical analysis, samples of epaxial
local population. muscle were removed, weighed and kept af €80
Limited food supply during a severe drought maylotal lipids were extracted with chloroform-
potentially change the flesh proprieties. Starvatiomethanol (2:1) and quantified gravimetrically
adversely affects the overall physiological(Folchet al, 1957). Total protein was determined
condition such as fish health and muscle quality agccording to Lowry et al. (1951).

food (Durazo-Beltraret al, 2004), changing the The normal distribution of variables was tested
physical and organoleptic flesh quality (Eineh using the Bartlett's test for homogeneity of
al., 1998; Einen and Thomassen, 1998). Sinceariances. One-way analysis of variance
trairas usually starve in the main fishing seasofANOVA), complemented by the Tukey-Kramer
due to which the nutritional and quality multiple comparisons test, were employed to
characteristics of muscles may be altered. Thanalyse the data (GraphPad Instat — GraphPad
present study was carried out to determine th8oftware Version 3.0). Data were expressed as
changes in the structure of muscle fibres antheans + SEM and considered significantly
biochemical composition (total lipids and protein)different when P < 0.05.

of white muscle of traira due to increased

starvation period and after re-feeding.

RESULTS

MATERIAL AND METHODS Final whole-body mass declined gradually as
starvation progressed. The weight loss became
Ninety wild traira were assigned at random to ningignificantly higher up to 90 days of food
groups (n=10 per group). Fishes were kept in 508eprivation (Fig 1). Re-fed fishes from both the
L indoors tanks, supplied with constantly runninggroups gained some weight. However, this gain
water at 25 1°C. The photoperiod was 12L:12D. was significant in fishes prior to starvation fd 9
During acclimation (20-30 days), they were il days (14.81%, p<0.05), but not significant in
libitum on small live fishes. At the end of fishes prior starved for 240 days (8.40%). The
acclimation period, all the fishes were individyall cross-sectional areas of muscle fibres reduced
weighed (251.% 6.5 g, mearr SEM), and sized progressively with increasing starvation time
(23.5+ 0.19 cm, mear: SEM). They were then (Figs. 2 and 3). Under all periods of fasting (30,
fed a ration corresponding to 2% of biomass'day60, 90, 150, 180 and 240 days), fishes presented
for 30 days. Afterwards, a sample of 10 fishes wafibres with diameter smaller than both, the control
taken (control group) for muscle composition andp < 0.001) and preceding groups (p < 0.05). The
structural analysis. Six groups were then deprivete-fed fishes following 90-d fasting presented
of food for 30, 60, 90, 150, 180, and 240 daysfibres thicker than the respective fasting group (p

respectively. The two remaining groups were re< 0.001), but remained smaller than control (p <
0.001). On the other hand, the cross-sectional
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areas of muscle fibres, after re-feeding followingstarved group (p < 0.001), and consequently,
240-d fasting remained similar to the respectivemaller than in control group (p < 0.001).

Days of Starvation

30 60 90 120 150 180 210 240
10 4

15 A

-20 1

Weigh (%)

-25

-30 1

-35

Figure 1 - Weight loss oHoplias malabaricusluring long-term starvation. Tukey-Kramer
multiple comparisons test: significance of theeli#inces vs. control group values: * =
p<0.05.

Figure 2 - Transverse section of epaxial musclédoplias malabaricus(A) fed (control), and (B)
starved for 240 days. Scale bar is 10pum.
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Figure 3 — Surface area of white muscle fibres (firim Hoplias malabaricusduring long-term
starvation.O = Starved fishA = Re-fed fish. Values are expressed as mean + SEM.
Tukey-Kramer multiple comparisons test: significaraf the differences vs. Control
and preceding groups values: * = p<0.05; differenoetween re-fed fish vs. Values of
the respective starved group: # = p<0.05.
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Following 180- and 240-d fasting, the spacesestored after re-feeding (Fig. 4). Lipid
among fibres were visually larger than control anadtoncentration remained unchanged after fasting
preceding groups. Muscle protein concentratiomnd re-feeding (Fig. 4).

decreased (p < 0.05) after 240-d fasting and it was

a2y O = protein / starved

O = lipid / starved
l & = protein / re-fed
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Figure 4 —Total lipid (mg g wet weight) and total protein (mg'gvet weight) in starved and re-
fed Hoplias malabaricugluring long-term starvation. Values are expressethean +
SEM. Tukey-Kramer multiple comparisons test: sigaifice of the differences vs.
Control values: * = p<0.05.

DISCUSSION swimming s200 pecies (Kiesslirgj al, 1993) as
traira. In the present study, the decreasing in
The fishes weight loss was along with themuscle protein concentration after 240 days and
narrowing of muscle fibres, showing that therghe presence of fibres smaller than that observed
was a progressing loss of muscle mass during fodgafter 180 days could be a consequence of protein
deprivation. Shrinkage of white muscle fibres is altilisation between 180 and 240 days (period not
common effect of starvation in fish, reflecting theevaluated). In traira, the decreased protein level
intense protein utilization (Greer-Walker, 1971;after 240-d of food deprivation suggested that
Love, 1980; Moon, 1983; Love, 1988). An nutritional value could be little altered when
increase in protease activity within muscle tissugeompared to fed fishes.
was associated with the utilization of tissue grote The variation in muscle cellularity and associated
(Durazo-Beltran et al., 2004). changes in connective tissue matrix are thought to
After long-term food deprivation, proteins arebe important determinants of texture and other
frequently the main energy source (e.g. Black antlesh quality characteristics (Johnston, 1999).
Love, 1986). In traira, protein mobilization wasDuring starvation, fishes use the contract and
noticeable after 60 days of fasting, and became tis®luble proteins as energy source, while the
major energy sourcel between 90 and 180 days ébnnective tissue is hardly mobilized (Love,
food deprivation (Rios et al., 2006). This wasl980). Hence, the collagen proportion tends to
consistent with the present results: a graduahcrease with food deprivation. Johnston et al.
decrease in the surface area of fibres(2000) related the muscle fibres density of Atlanti
Nevertheless, following the longest periods ofsalmon Galmo salay with the flesh texture and
food deprivation (240 days), the main substrateéoncluded that a potential manipulation of muscle
was shifted to the conserved hepatic glycogepellularity through husbandry practices and
(Rios et al., 2006), probably to avoid irreversibleselective breeding programs could improve fish
damages to the muscle structure. The removal desh.
high amounts of protein from white muscle fibresinstrumental texture analyses indicated that long-
may impair muscle function, mainly in burstterm starvation (58 days or more) could increase
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the hardness of raw fillets after starvation, wasre ACKNOWLEDGEMENTS
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flesh, sensory firmness determined using a traineelson S. A. Matosif memoriam for collecting
panel was negatively correlated with averagehe fishes. This work was supported by FAPESP
muscle fibre cross-sectional area in seven speci¢8roc. 98/06737-3).

of marine fish (Hurlinget al, 1996). Hatae et al.

(1990) suggested that narrow diameter fibres had a

higher intrinsic strength due to ‘scaling effects.RESUMO

Among different fish species, there was a

significant correlation between collagen contentfeito da alimentacdo na estrutura e composicéo
and the flesh firmness of the raw fish but noth& t pioquimica muscular da traira Hdplias
cooked flesh due to the denaturation of th$na|abaricu$: potenciais imp”cagf)es para a
collagen (Hataeet al, 1986). Following cooking, qualidade da carne. Diferencas na alimentagéo
the muscle fibres themselves constitute the maipodem alterar a composicdo quimica a
elements of resistance to mastication (Dunajskprganizacédo das fibras musculares dos peixes..
1979). Hoplias malabaricugtraira) é uma das principais
The enlarged spacing among muscle fibres igspécies capturadas pela pesca de subsisténcia no
correlated to the increased water content in thpantanal Matogrossense. O objetivo deste estudo
muscle of starved fishes (Love, 1970; 1980). Theoj estimar as possiveis alteracdes na qualidade da
|Ip|d and water content of the muscle and thQarne ap(’)s oS |0ngos periodos de privagé_o de
geometrical characteristics of the fibres are bot@limento que esta espécie enfrenta anualmente.
thought to contribute to the ‘juiciness’ of thehfis |ndividuos adultos foram privados de alimento
in organoleptic tests (Dunajski, 1979). Since wategxperimentalmente por 0, 30, 60, 90, 150, 180 e
contributes to the proliferation of microorganismsp40 dias, e, em seguida, re-alimentados por 30 dias
and lipid content is related to oxidation in flesh,(apgs 90 e 240 dias de jejum). O jejum em longo
their augmentation reduces the storage Stab”itbrazo parece ter produzido pequenas a|terag6es na
Lipid content is an important aspect affecting thezomposicdo quimica do musculo da traira, mas a
flesh taste in many species (Robb et al., 2002). Byeducdo do diametro das fibras musculares foi
in view of the fact that traira was a lean fish an(évidente_ O diametro das fibras musculares
the fat content did not vary significantly durifitet  reduziu gradualmente e os espacos entre elas
experiments, the taste mlght not be changed due Himentaram proporciona|mente ao tempo de
food deprivation. AlthOUgh |Ip|d concentration did priva(}é_o de alimento. Ap()s a rea”mentaqé_o’ oS
not alter, the changes on moisture might modifyseixes que haviam sido privados de alimento por
the fuiciness’ and decrease storage stability ago dias apresentaram um aumento no diametro das
starvation time prOgreSSQd. The water content Wabras muscu|are3, mas elas permaneceram
not quantified in the present study, but themenores que no grupo controle. No entanto, ndo
increasing spacing showed by histology suggest&sbuve aumento do diametro das fibras nos peixes
an increase In moisture proportion. re-alimentados apos 240 dias de jejum. N&o houve
Re-feeding seemed to re-establish partially thgiteracdo no contetido de lipidios, mas ocorreu a
quality of traira’s muscle. Re-fed traira following diminuicéo da concentracéo de proteinas apds 240
90 days of starvation restored partially the fibreglias de jejum a qual foi recuperada apds a

surface area, while fishes prior starved for 24@jimentacdo. Os resultados foram discutidos com
days did apparently not recover the fibres siz@nfase na qualidade da carne.

after re-feeding. However, fibres spacing seemed
smaller in these fishes, suggesting that new fibres
with small diameter should be added (hyperplasic
growth).
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