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We evaluated the effects of starvation and refeeding on digestive enzyme activities in juvenile roach, Rutilus
rutilus caspicus. Fish were divided into four feeding groups (mean mass 1.68±0.12 g). The control group was
fed to satiation twice a day throughout the experiment with formulated diet (SFK). The other three groups
were deprived of feed for 1(S1), 2(S2), and 3(S3) weeks, respectively, and then fed to satiation during the
refeeding period. The results showed that trypsin specific activity was not affected significantly either by
starvation or refeeding, in all experimental groups. Chymotrypsin specific activity did not change significant-
ly in S1 fish during the experimental period. In S2 and S3 fish no significant changes were observed during
the starvation period. Upon refeeding, the activity increased in S2 fish, while it decreased in S3 fish. Amylase
specific activity decreased significantly during the starvation period in all experimental groups. Upon refeed-
ing, the activity increased. Alkaline phosphatase specific activity did not change significantly during the ex-
periment period in S3 fish, while it showed significant changes during the starvation and refeeding period
in the S1 and S2 fish. Starvation also had a significant effect on the structure of the intestine.

© 2011 Elsevier Inc. All rights reserved.
1. Introduction

Fish can be classified broadly by their feeding habits into the well-
known classes of detritivores, herbivores, omnivores, and carnivores
(Rust, 2002). However, to a certain extent, fish can change their diet
in response to nutrient availability by modifying their behavior and
metabolism. Some authors have indicated that, independently of
their feeding habit, the fish digestive system response correlates
closely with diet (Perez-Jimenez et al., 2009).

Digestion together with absorption is a key process in animal me-
tabolism since it determines the availability of nutrients needed for
all biological functions. Thus, the study of the digestive physiology is
a very important issue, since the net efficiency of the whole digestive
process mostly relies on the type and function of the digestive en-
zymes (Gisbert et al., 2009).

Analysis of digestive enzyme activity is an easy and reliable meth-
odology that can be used as an indicator of digestive processes and
nutritional condition of larvae (Bolasina et al., 2007). Studies on activ-
ity of digestive enzymes in fish can elucidate certain aspects of its nu-
tritive physiology and help resolve nutritional problems, such as the
matching of an artificial diet to the nutritive capabilities of fish, but
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studies relating digestive processes and natural feeding habits of
fish are scarce (Hidalgo et al., 1999; Lopez-Vasquez et al., 2009).
Divakaran et al. (1999) studying the digestive enzymes of Polydacty-
lus sexfilis and Caranx melampygus, recommended different propor-
tions of dietary macronutrients for the best nutrient utilization.

Starvation is a situation experienced bymanyfish species in thewild
and seems to be well tolerated by many fish species (Larsson and
Lewander, 1973; McLeese and Moon, 1989; Navarro and Gutierrez,
1995; Olivereau and Olivereau, 1997; Belanger et al., 2002). It has gen-
erally been accepted that one of the most important factors that cause
high mortality during the larval period is starvation. Assessment of nu-
tritional status for laboratory-reared larvae and juveniles under differ-
ent starvation levels could contribute to determine whether food
deprivation is one of the factors influencing survival (Bolasina et al.,
2006). Because the gastrointestinal (GI) tract and its associated organs
can account for up to 40% of an animal's metabolic rate (Cant et al.,
1996), one would have the a priori expectation for the digestive tract
to atrophy during periods of food deprivation and flourish during food
abundance, therefore, degeneration of cells of digestive organs is the
best indicator for identification of starvation (Theilacker, 1978; Bogé
et al., 1981; Karasov and Diamond, 1983; McLeese and Moon, 1989;
Diamond and Hammond, 1992; Wang et al., 2006). Indeed, fishes en-
during food deprivation have been observed to decrease their gut
length (Rios et al., 2004), intestinal fold and brush border length (Gas
and Noailliac-Depeyre, 1976). In addition, starvation and refeeding af-
fected enzyme activities, mass, and protein content of the intestinal
sections.
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