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Abstract: The purpose of this experiment to determine thegrowth rate, survival and activity of digestive
enzymes infishlarvaefed Artemianauplii. The experiment was performedin 115-liter glasstanks containing
7000 pieces of kutum larvaewith an average initial weight of 5.1 mg (2days afterhatching). The results displayed
that the stocking in high density, decrease growth efficiency but there was not considerable effect on survival
rate of larvae. In thepresent study was observed a significant increase in activity of a-amylase from
23 to 30 dayasthe highestamylaseactivitywas found at30 days after hatching. The highcontent of glycogen and
carbohydrates in live food may be to stimulate synthesis and secretion of amylase. Anearly peak of activity
in alkaline phosphatase enzyme activitywas observed at day 8 after hatching the indicating the maturation

process in the intestines of kutum larvae.
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INTRODUCTION

One of the most important and economic aquatics of
Caspian Sea is Kutum (Rutilusfrisiikutum) which devoted
approximately 44 % of bony fish catch in 2006 (9631 tons).
This species is an omnivore; however, unlike other
omnivores it has a limited food supply, due to its
digestive tract [1]. The efficiency of food depends on
physiological capacities in fish to digest and transform
ingested nutrients [2]. A comprehensive analysis of the
ontogenic changes during the early life stages of fish
is essential for the design of feeding strategies and
formulation of dry diets [3], so digestion mechanisms in
fish larvae have been particularly studied in the last two
decades. The analysis of digestive enzyme activities is an
easy and reliable biochemical method that can provide
insight into the digestive physiology in fish larvae, their
nutritional condition [4].

Carbohydrases (like amylase) are the least studied of
the digestive enzyme groups in fish larvae, since there
hasbeen no requirement

essential found for

carbohydrates in fish [5], but are nonetheless important
for the development of diets for commercial purposes
where one of the goals is to minimize the cost of the feed.
Digestion and absorption of nutrients depend on the
activity of the digestive enzymes, in particular those
located in the brush border section of the intestine,
which are responsible for the final stages of breaking
down and assimilation of the food [6]. Alkaline
phosphatase is a dominant enzyme of the intestinal
brush border, and
intestinal integrity [7]. Its activity is increased in a few
hours in presence of its substrates. The functional
significance of this enzyme is far to be fully understood,
however, it hydrolyzes phosphoester
various organic compounds like proteins, lipids, and
carbohydrates [8].

The aim of this study was to characterize the
activities of a-amylase (pancreatic enzyme) and alkaline
phosphatase(intestinal enzyme) of Kutum
(Rutilusfrisiikutum) fed with live food during larval
development.

is often used as amarker of

bounds in
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MATERIALS AND METHODS

Location and Experimental Design: The study was
carried out from March to June 2011 at laboratory of
aquaculture located in Sari Agricultural and Natural
Sciences University. Larvae of R. frisitkutum aged
48 hours after hatching (hah) were stocked in 115-L
aquaria with little aeration at a density of 7000 larvae in
each tank. The photoperiod was maintained ona 16 L:8 D
cycle. Larvae were hand fed ad libitum at an approximately
4-h interval through out the day from 7:00 to 19:00 hours
manually 7 days a week.

Feeding started from 72 h post-hatch when the yolk
sac was not completely absorbed. Each tank was finely
siphoned just before new feeding to find uneaten food
and likewise remove faces and dead fish every day.
After siphoning, the water volume (approximately 75%)
was adjusted in each aquarium and dead fish were
counted.

Sample Preparation: Samples for enzymatic assays were
taken at 2, 3 (exogenous feeding day), 5, 10, 13, 17, 23, 27,
30 dph. No food was added to the rearing tank at night
on the day prior to sampling, and larvae were sampled in
the morning to minimize the effects of exogenous
enzymes from live food in fish guts [9]. The samples
immediately stored at-70 °C for further analysis. Growth
measurements were obtained from a pool of 30 larvae at
the sampling days.

Enzymatic Determinations: Whole larvae were
homogenized at 0-4 °C in an electric homogenizer
(IKA T25 digital, Ultra Turrax 169 model). For the
homogenization, a 100 mMTris-HCl buffer with
0.1 mM EDTA and 0.1% Triton X-100, pH 7.8, was
used at a proportion of 1 g tissue in 9 ml of buffer.
The homogenates were centrifuged at 30,000 g for
30 min. at 4°C (Hettich D78532, Germany). After
centrifugation, the supernatant was collected and frozen
at -80 °C [2].

Determinations of the
membrane enzyme according to a method described
by Cahu er al. [10] methods. The samples were
homogenized in 30 v/w fractions of Tris (2 mM)-mannitol
(50 mM) with a homogenizer (IKA T25 digital, Ultra
Turrax 169 model) at 19,000 g for 30s. Then, tissue
homogenates were centrifuged at 9000 g for 10 min. after
0.1 M CaCl, added.

intestinal brush border
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Amylase (E.C.3.2.1.1) activity was assayed using the
3, 5-dinitrosalicylic acid (DNS) method at 540 nm [11, 12].
Starch was used as the substrate in the determination of
amylase. Starch (250 ul) was incubated with the enzyme
extract (50 pl) at 35 °C. The reaction was terminated by
adding 0.5 ml of 1% dinitrosalicylic acid (DNS) and boiled
for 5 min. After cooling, 5 ml of distilled water was added
to the mixture. To draw the standard curve used maltose.
The specific activity of a-amylase was as pmol of maltose
released from starch per min per mg protein at the
specified condition.

Alkaline phosphatase (AP) (E.C.3.1.3.1) activity
was analyzed at 37 °C using 4 pNPP (4-nitrophenyl
phosphate) as substrate in 30 mM Na,CO, buffer
(pH 9.8). One unit (U) was defined as 1 pg BTEE
released per min per ml of brush border homogenate at
407 nm [13].

Statistical Analysis: Digestive enzyme activities were
compared by means of a one-way ANOVA, and means
were compared with a Duncan's test. The level of
significance set at 0.05. Statistical analyses were done
using SPSS 16.0.

RESULTS
The survival rates of  larvae fed with
artemianauplii was high during the experimental

period (85%=2.4). The result of growth was shown in
figure 1. The mean body weight of two-day larvae was
5.3+0.9 mg. According to figure 1 fish gradually grew with
time, and the highest individual weight was obtained in
the 4" week.

Age significantly affected amylase specific activity
(P<0.05), the lowest amylase activity observed on 3 dph
(0.62+0.15 u/mg protein) and followed by gradual increase
(P<0.05) then decreased after 10 days. The activity of
alpha-amylase again increased at the end of rearing period
(P<0.05) (Fig. 2).

The specific
(AP) significantly and abruptly increased until 8 dph,
reaching maximum values of activity (116.7+ 8.8 u/mg
protein). After that, AP activity levels showed a

activity of alkaline phosphatase

general tendency to decrease until day 23 ph,
between 13 and 23 dph wasn’t observed any
significant difference (P>0.05). Subsequently, AP

activity gradually increased until the end of the study
(Fig. 3).
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Fig. 1: Growth curve of kutum larvae fed live feed during
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Fig. 2: The specific activity of amylase
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Fig. 3: The specific activity of alkaline phosphatase

DISSCUTION

As it was shown figure.l Kutum is gradually grew
with time. The reduction in growth is probably due to
stock at high densities and social interactions for food
and space [14].In many cultured fish species, growth
isinversely related to stocking density and this is
mainlyattributed to social interactions [15-17].
Socialinteractions through competition for food and/or
space can negatively affect fish growth.

The activity of amylase was found at 2 dph and after
the onset of exogenous feeding the specific activity of
a-amylase increased and slightly decreased in both
treatments on 17 day. Higha-amylase activity values
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during the consumption of yolk reserves might be due to
the presence of large glycogen deposits accumulated in
the yolk sac in this group of chondrostean species [18].
The high activity of «-amylase during the larval stage in
kutum might exhebit that dietary carbohydrates may fill
the energy gap between endogenous and exogenous
protein requirements in larvae as suggested by Tanaka
[19]. In current study, it was observed a clear increase in
a-amylase from 27 to 30 day. Also specific amylase
activity in Indian carp (Catlacatla) showed a constant
increase from day-20 onwards [20].

In addition, «-amylase activity also reflected the
relatively high carbohydrate content (6-10%) in live
preys [21] used for feeding larvae, which might have
differentially stimulated the synthesis and secretion of -
amylase during larval development. In general, the
amylase activity is higher in omnivorous fish than in
carnivorous fish [22]. Kutum larvae exhibit a higher
amylase activity in comparison to some carnivorous such
as pike perch (Sander lucioperca) [23]. Amylase activity
has been reported in various herbivorous and omnivorous
species dueto need to break down polysaccharides into
short-chain sugars [22].

Two groups of digestive enzymes are found in
(mainly peptidases)
found in the cytoplasm, andbrush border membrane
enzymes(alkaline phosphatase and aminopeptidase-N.),
which are linked to the cell membrane [24]. The
development of a functional intestine implies different
maturational and morphological events that are very well
preserved among vertebrates [25].

According to figure3, AP activity exhibited a same
trend. In our study, at 8 dphAP activity reached theirs
maximum value. For some speciesan earlier peak of
activity was described for these enzymes, namely at
6 dphfor D. dentex[26] and at 9 dphfor D. sargus[27].
After 8 day the activity of APtend to decrease and from
third week after hatching it increased again. It is found in
a morphological study on kutum larvae, about 20 dph,as
the yolk sac was completely exhausted, the gut folds were
more developed [28]. The appearance of a functional
microvillus membrane in enterocytes constitutes a crucial
step during larval development of fish for the acquisition
of an adult mode of digestion [29]. According to previous
studies, this change has been reported to occur around
the 3rd and 4th week after hatching in temperate marine
teleost fish species. Also, in theperesent study, the AP
activity in larvae fed live feed increased 23 days that it is
possible to show development of brush border membrane.

enterocytes: cytosolic enzymes
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CONCLUSION

Considering data of digestive enzymes from the
a-amylase and alkaline phosphatase activity, kutum
larvae could be progressively weaned around 810 dph.
Considering the amylase activity, the present results
suggest that the digestive tract of kutumis well adapted to
carbohydrates digestion.
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