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Abstract. The digestive enzymes (proteases, carbohydrases and lipases) present along

the alimentary tract of juveniles and adults of Diplodus puntazzo were studied. The data
obtained showed a different distribution of the enzymatic activities in the different parts
of the alimentary tract. Levels of enzymatic activity in the adults were higher than those
measured in juveniles, suggesting that adults have a greater ability to digest larger pieces

of food. The enzymatic pattern of D. puntazzo justifies its omnivorous habit and sug-
gests an high potential for digesting vegetable polysaccharides. The results of this study
suggest the need to adapt the diet to the digestive potential of this new farming species,

thus contributing to the attainment of a product that is qualitatively more similar to the
wild one.
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Introduction

The study of digestive enzymes in fish is of great potential interest.
Biochemical information about digestive enzymes in fish constitutes a
contribution to the definition of nutritional protocols. Several studies
have been made on the digestive enzymes of different fish species (Uys
and Hecht 1987; Alarcón et al. 1998; Hidalgo et al. 1999; Chiu and Pan,
2002). In farmed fish, such information may be useful in the selection of
feed ingredients (Lan and Pan 1993), particularly for newly farmed
species, such as sharpsnout seabream (Diplodus puntazzo), a sparid re-
cently adopted in the diversification of Mediterranean fish farming. In
this study the main digestive enzyme classes (such as proteases, carbo-
hydrases and lipases) present along the alimentary tract of D. puntazzo
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were investigated, with the aim of improving our knowledge of its
nutritional physiology and digestive capabilities.

Materials and methods

Juveniles (n = 30; SL = 79.12 ± 6.13 mm; WW = 14.37 ± 3.58 g)
and adults (n = 30; SL = 187.23 ± 18.12 mm; WW = 265.60 ±
83.32 g) of D. puntazzo, obtained from a local fish farm, were captured
3 h after being fed with commercial feeds containing 42% protein and
21% fat. The digestive tract of each fish was dissected and divided into
stomach, pyloric caeca, foregut, midgut and hindgut/rectum. Tissues
from 10 fish were then pooled to minimize the inter-individual vari-
ability. Preparation of the enzyme extracts was carried out according
to Savona (1998), and protease, a-amylase, cellulase and lipase activ-
ities were determined (Table 1). Enzyme assays were carried out in
triplicate. Data were analyzed by analysis of variance (ANOVA) with
size (juveniles and adults) and region (stomach, pyloric caeca, foregut,
midgut, hindgut/rectum) as sources of variation. The heterogeneity of
variances was tested using Cochran’s test prior to the analysis of
variance.

Results and discussion

Table 2 summarizes the enzymatic activities measured. The data ob-
tained showed, for both juveniles and adults, a different distribution
of the enzymatic activities along the alimentary tract (ANOVA
P<0.001; Table 2). In the stomach, acidic proteases (pH 1.0–3.0)
(Figures 1 and 2) and cellulase (Figure 4) predominated, while in the
other regions of the alimentary tract neutral and alkaline proteases
(pH 6.0–11.0) (Figures 1 and 2), a-amylase (Figure 3) and lipase
(Figure 5) were more abundant.

Table 1. Enzymatic activities detected and relative analytical conditions

Enzyme Substrate pH References

Proteases Casein 1.0–11.0 Kunitz (1947), Glass et al. (1987)

a-Amylase Starch 6.9 Bernfeld (1955), Rick (1974)

Cellulase Carboxymethyl-cellulose 5.0 Pettersson and Porath (1966)

Lipase Olive oil 8.0 Tietz and Fiereck (1966)
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Adult D. puntazzo showed the same enzymatic pattern as juveniles
but with higher enzymatic activity (Figures 1–5) (ANOVA P<0.001;
Table 2). In fish, the age and/or stage of development influences the

Figure 1. Proteolytic activities in D. puntazzo juveniles: pH-dependent profiles of

hydrolysis of casein by homogenates from different regions of the alimentary tract
(means ± standard deviation).

Figure 2. Proteolytic activities in D. puntazzo adults: pH-dependent profiles of hydro-
lysis of casein by homogenates from different regions of the alimentary tract (means ±
standard deviation).
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Figure 3. Distribution of a-Amylase activity along the alimentary tract of D. puntazzo
juveniles and adults (means ± standard deviation).
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Figure 4. Distribution of Cellulase activity along the alimentary tract of D. puntazzo
juveniles and adults (means ± standard deviation).
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Figure 5. Distribution of Lipase (triglyceride lipase) activity along the alimentary tract

of D. puntazzo juveniles and adults (means ± standard deviation).

93



anatomical and physiological development of the digestive organs,
justifying the different alimentary habits at various stages of the life
cycle (Kuz’mina 1996). The digestive processes are also correlated with
the size and composition of food. Under natural conditions, adults tend
to capture prey of larger dimensions, which demands a greater digestive
effort due to the smaller surface area exposed to enzymatic action.

The results of this study suggest specific conclusions regarding the
breeding of this species. D. puntazzo showed an enzymatic pattern that
is well suited to protein digestion, but also a high potential for digesting
vegetable polysaccharides, in agreement with its omnivorous habits
(Ceccarelli et al. 1983; Mirto et al. 1994). The need to develop an
appropriate diet for intensive farming of this species is evident. This
could be achieved from a thorough understanding of its digestive
capabilities with regard to various feed constituents, in order to obtain a
product that is qualitatively more similar to the wild one. One possible
strategy is the breeding in polyculture of D. puntazzo with carnivorous
species such as seabass Dicentrarchus labrax.
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