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Abstract
The lysozyme activity has been studied in fertilised eggs, embryos and fasting larvae of sea bass
(Dicentrarchus labrax). For the purpose, broodstocks of sea bass were fed on two types of diets,
starting a month before the programmed spawning: one containing sufficient ascorbate for a
normal growth and the other with an extra addition of a very high dose (2,000 mg/kg feed) of L-
ascorbic acid (AA). The difference in lysozyme activity between the two groups was significant
in three stages of development: embryos 48 hr and 72 hr after fertilisation and in larvae 24 hr
after hatching. The research seems to demonstrate a positive correlation between L-ascorbic acid
supplementation in broodstock diet and lysozyme activity in some stages of originated embryos
and larvae, probably reflecting a better activation of the non-specific immune system.

Introduction
Lysozyme is a protein involved in the defence
against bacteria. It acts splitting the linkages
between N-acetylmuramic acid and N-
acetylglucamine of the peptidoglycan layers
of the bacterial walls (Yano, 1996). Several
studies pointed out the possibility to improve
the lysozyme activity modulating some envi-
ronmental factors in reared fish populations.
Among them, several immunomodulators
seem to lead a lysozyme activity increase
(Siwicki et al., 1998; Kolman et al., 1998;
Roberts et al., 1995; Obach et al., 1993).

The role of vitamin C in the growth and in
the homeostasis of reared fish is closely
known by literature. Vitamin C supplemen-
tation in the diet can improve phagocytosis
and lymphocytic proliferation in rainbow
trout (Verlhac et al., 1993); moreover Roberts

et al. (1995) showed positive correlation be-
tween some non-specific immunological pa-
rameters and dietary vitamin C levels.
Montero et al. (1999) suggested a role of vita-
min C in the defence mechanism in sea bream
juveniles subjected to crowding stress. The
diet integration with vitamin C and glucan
given singly or in combination increased non-
specific and specific immunological responses
in rainbow trout (Verlhac, 1998).

In the larval stage, lysozyme is one of the most
important proteins involved in non-specific
defences, shown in a very early stage
(Takemura, 1996), when the specific immuno-
logical response is not yet developed.

In embryos and fasting larvae of sea bass,
Terova et al. (1998a) showed a positive corre-
lation between vitamin C integrations in the
diet of broodstocks and vitamin C concentra-
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tion of originated embryos and larvae. The
same positive correlation was shown between
vitamin C level in the diet of broodstocks and
collagen development in embryos and larvae
(Terova  et al., 1998b).

The present was carried out in order to study
the influence of different vitamin C concen-
trations in the diet of broodstocks on lys-
ozyme activity of the originated progeny be-
fore the feeding phase.

Materials and methods
The experiment was conducted in a commer-
cial hatchery (Acquacoltura Mediterranea,
Marsala, Sicily). Marine water at 16.5-17 °C,
oxygenated to saturation was supplied and
fish were exposed to a photoperiod of
light:dark = 9:15 hr. Sea bass (Dicentrarchus

labrax L.) broodstocks were divided into two
groups of  94 fish each (17 male and 77 fe-
males) . The average weight of the fish in
group “1” was of 4 kg, while in group “2” was
of 3.8 kg.

Broodstocks did not generally show a con-
stant interest for feed, so as usual in commer-
cial Mediterranean hatcheries, they were all
fed manually every second day and the ratio

was adjusted each time according to the ap-
petite, stopping feed distribution when fish
let it to sink in the tanks. Feed was either a
commercial extruded pellet for broodstock
(Trouvit Europa Repro® from Nutreco-
Hendrix), or fishery products (sardine and
calamary), in continuous rotation. Starting
from the beginning of December (3 months
before the spawn), 2 g/kg of ethyl-cellulose-
coated L-ascorbic acid ROVIMIX C-EC by
Roche, were add to each meal. Starting from

1 month before the expected spawning, vita-
min C supplementation continued only in the
group 2 of broodstocks. The vitamin was first
mixed with cod liver oil and then with either
extruded pellets or choppered  sardine and
calamary, always immediately before feeding
the fish. All the types of the diet were sam-
pled and analysed for ascorbate separately.
Broodstocks of groups 1, consumed every sec-
ond day, a ratio ranging from 1.1-2.9 % of body
weight when fed with fishery products and
0.5-2.4% when fed with extruded pellets, con-
taining an average of 364 (116) mg/kg of to-
tal ascorbic acid (TAA). Broodstocks of groups
2 consumed every second day the same basic
diet as groups 1, in a ratio ranging from 0.7-
3.4 % of body weight when fed fishery prod-
ucts and 0.9-1.4% when fed extruded pellets,
but enriched just before feeding with a very
high level of 2,000 mg/kg ethyl-cellulose-
coated L-ascorbic acid.

Males and females were stocked together, so
the fertilisation occurred naturally in the
tanks. The utilised females belong to a se-
lected well known broodstock population and
apparently all of them spawned naturally at
the forecasted day, except for not supple-
mented broodstock group that delayed 5 days.
Almost all the just fertilised eggs were col-
lected between 8 a.m. and 10 p.m. and incu-
bated separately in aerated marine water at
36 g/l of salinity, with the temperature rang-
ing from 17 to 18°C, for successive develop-
ment. The first collected sample was the
newly fertilised egg stage (2-4 cells stage)
called stage 1, resulting impossible to sample
the just spawned eggs. The other samples col-
lected from the two original groups were:
embryos 24 (stage 2), 48 (stage 3) and 72 (stage
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4) hr after fertilisation, 24 hr old pre-larvae
(stage 5) with yolk reserves and 144 hr old
larvae (stage 6).

All samples, of 5 g each, in triplicate, were
collected with a ring net, gently wiped, then
immediately  deep-frozen until the lysozyme
analysis. Preparation of samples and lys-
ozyme activity, determined by lysoplate as-
say, were performed following the method
described by Ellis (1990). Statistical evaluation
was carried out using a commercial statisti-
cal program (Systat). Experimental data, ex-
pressed as µg/g of wet larval body weight,
were processed by Student’s t test, in order to
determine, among the different embryos and
larval stages, if different vitamin C
supplementations in broodstock diet could
affect the lysozyme activity of originated
progenies. The significance was accepted for
p  ≤ 0.05.

Results and Discussion
As shown by figure 1, embryos and larvae
coming from broodstocks fed with vitamin C
supplementation had a significantly higher
lysozyme activity starting from stage 3, up to
stage 5, compared to not supplemented
broodstock progeny. For the three other stages
taken into consideration (stages 1, 2 and 6) the
differences in protein activity was not signifi-
cant. In particular, regarding stage 6 we can-
not exclude interference due to an uncon-
trolled feeding start.

The presence of proteins with antibacterial
activity, such as the lysozyme already present
in the early development stages (Galeotti,
1995; Takemura, 1996), plays a important role
in the defence against bacteria during early
life stage in which the fish has not yet devel-
oped an effective immunocompetence. In big-
ger fish, lysozyme is shown in several tissues
and fluids of the body, including fish ovary
(Takemura and Takano, 1995). The possibil-
ity to modulate aspecific responses increas-
ing the vitamin C in the diet was reported by
several authors. In particularly, lysozyme in-
creases when the diet integration occurs for
several weeks (Roberts et al., 1995; Waagbo et

al., 1993), compared to short-term period of
supplementation giving no differences
(Lygren et al., 1999; Verlhac et al., 1996). The
effectiveness of vitamin C transfer from fe-
male broodstocks to originated embryos and
larvae was demonstrated in sea bass by
Terova et al. (1998a). Moreover, higher concen-
trations of vitamin C in embryos and larvae
seems to guarantee a better collagen devel-
opment (Terova et al., 1998b). Our results seem
to confirm the possibility to increase lysozyme
transfer from the mother to the progeny in-
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Figure 1. Lysozyme activity in embryos and larvae
of sea bass.stage 1: newly fertilised eggs; stage 2:
embryos 24 hr after fertilization; stage 3: embryos
48 hr after fertilization; stage 4: embryos during
larval hatching (72 hr after fertilization); stage 5:
24 hr old larvae; stage 6: 144 hr old larvae. a = p
≤0.05, b = p ≤0.01
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creasing vitamin C level in the diet of
broodstocks. Probably, the increased transfer
rate was due to an increased level of lysozyme
in tissues and fluids of broodstocks mainly in
the ovary, but it was not possible to take sam-
ples from them because of the fish value. This
kind of integration should assure higher pro-
tection against bacteria and stressful condi-
tions increasing the efficacy of the aspecific
immune system during earlier phases of de-
velopment, before it is possible to intervene
with feeding or vaccination.
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