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Abstract 

The pikeperch is a valuable fish species, being identified in the last time as a potential 
candidate for intensive aquaculture in recirculating aquaculture systems (RAS). The aim of present 
study is to emphasize the influence of rearing conditions corroborated with different types of feeding, on 
liver and intestine at microscopic level, in pikeperch juveniles. The pikeperch juveniles used in the 
experiments were obtained from two pairs of pikeperch, in 5th of March and 20th of April, respectively. 
There were three experimental variants: V1 – fishes reared exclusively in RAS (between 5th of March to 
1st of November); V2 – fishes reared for 90 days in RAS (from 5th of March to 5th of June) and until the 
end of experiment (1st of November) in pond; V3 – fishes reared exclusively in pond (from 20th of June to 
1st of November). The pikeperch were fed in RAS with nauplii of Artemiasalina in first days after 
hatching, and then exclusively with dry food (V1) designed for sturgeons (Coppens Int., Holland) and 
with natural food (zooplankton and fish juveniles) in pond (V2 and V3). The histological analysis was 
carried out on 45 fish, 15 individuals from each experimental variant. Samples taken from the liver and 
intestine were stained with the Mallory's trichrome method. To every individual, diameter, area, and 
perimeter of 10 hepatocytes, as well as width and height of 10 intestinal villosities were analyzed. 
Among the individuals of the three experimental variants, there were differences both in terms of 
morphology and in terms of the size of the hepatocytes. Numerous lipid vacuoles in the cytoplasm of 
hepatocites of the fish in variant V1 were observed. In the liver parenchyma of these individuals fatty 
cysts were observed as well, suggesting the appearance of the degeneracy processes. All of these are 
due to the feeding regime based on dry food and its high content in crude fat. It seems that dry food 
designed for pikeperch reared in RAS should have a low percent of crude fat, to avoid liver degeneracy. 
Anyway, the pikeperch juveniles reared in RAS, fed with dry food and transferred at 90 days in ponds 
and fed with natural food, had hepatocytes without hypertrophic processes or fatty cysts. Statistical 
analysis of data obtained from the histomorphometric study revealed that the average values of the 
three parameters of hepatocytes considered in the study (the diameter, area and perimeter) had 
significantly higher values in experimental variant V1, compared with both the other experimental 
variants (V2 and V3). The histological analysis of the samples from intestinal wall has not revealed 
notable differences between the individuals of the three experimental variants. The results of this study 
emphasized that dry food with relatively high level of crude fat should be carefully used for pikeperch 
rearing in RAS, due to is unfavorable effect at liver level. 
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Introduction 
 
The pikeperch (Sander lucioperca) was identified as a potential candidate for intensive 

aquaculture due to the favorable results of its rearing under controlled conditions within the 
recirculating aquaculture systems (Philipsen, 2008 [1]). In recent years, there have been made 
some research on improving the rearing effectiveness for this species under controlled 
conditions, such as evaluation of the stocking density for fish (Molnar & al., 2004 [2]; 
Szkudlarek&Zak , 2007 [3]; Grozea& al. 2010 [4]) sorting of pikeperch juveniles (Zak & 
al., 2004 [5]) establishing of the fish requirements in relation to light intensity (Luchiari& al. 
2006 [6]) or temperature (Ronyai&Csengeri 2008 [7]; Frisk & al., 2012 [8]). In addition to 
those mentioned above, there have been undertaken studies focused on pikeperch feeding 
(Zak & al., 2003 [9]; Nyina-Wamwiza& al., 2005 [10]; Ronyai&Csengeri, 2008 [7]; 
Kowalska& al., 2010 [11]), this influencing directly the productive performance. The 
technological factors influencing the growth of the pikeperch are multiples, but the knowledge 
about how they lead to better or worse productive performances are limited. So far there have 
been studied structural modifications of the digestive system of the pikeperch larvae 
(Ostaszewska, 2005a [12]), some authors emphasizing the effects that the type of feeding (live 
or dry food) has on its development (Ostaszewska& al. 2005b [13]; Hamza & al., 2007 [14]). 
It was demonstrated the positive effect the phospholipids has on the digestive tract and the 
development of the pikeperch larvae (Hamza & al., 2008, 2010 [15,16]). 

The aim of present study is to emphasize the influence of rearing conditions 
corroborated with different types of feeding on liver and intestine at microscopic level, in 
pikeperch juveniles. 
 
Materials and methods 

 
Fishes and study design 
The pikeperch fingerlings used in the experiments were obtained from two pairs of 

pikeperch in spring 2011. 
a) the first pair of pikeperch has been prepared in order to reproduce through photo-

thermal manipulation at the beginning of February, when it was introduced into a 
recirculating aquaculture system (RAS) of about 3 cubic meters, located in the Aquaculture 
Research Laboratory of the Banat`s University of Agricultural Sciences and Veterinary 
Medicine from Timisoara (USAMVBT). The water temperature was increased gradually from 
about 7° C to 11°C, with 1°C per week. During this period of time the duration of lighting 
was adjusted at 14:10 (l:d), and the intensity of light at the surface of the water was kept at a 
maximum value of 40 lx. To stimulate the spawning, males and females of pikeperch were 
intraperitoneally injected with 200 and 400 IU hCG/kg body weight (Chorulon, MSD Animal 
Health, Nederland), respectively. After the injection, the temperature has gradually increased, 
so within about 12 hours it arrived at 17° C, temperature which was maintained until the time 
of reproduction. The reproduction was achieved through the controlled method in tanks of 
about 500 l, on artificial nests. The fish spawn on 5th of March, and after hatching the larvae 
were maintained until the age of 4 days in the breeding tank, after that they were moved in a 
rearing tank for pikeperch fries of about 1 cubic meter, from a recirculating system. The 
juveniles were reared within the RAS being fed ad libitum with freshly hatched nauplii of 
Artemiasalina (Coppens International, Holland). Starting with the day 14th post-hatching the 
juveniles started to be fed with dry food SteCo CRUMBLE HE 0.2-0.3 mm, (Coppens 
International, Holland), replacing gradually the natural nutrition within 10 days. Later, during 
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the first 90 days post-hatching, as the fish had grown, the feed granulation had increased 
gradually up to 1.2-1.5 mm. The juveniles were divided in 5th of June 2011 in two 
experimental variants as follows: 

V1 – sander juveniles which continued to be raised „indoor” in the RAS; 
V2 – sander juveniles which were transferred and raised „outdoor” in pond; 
Juveniles in the variant V1 were further fed with dry feed SteCo Start Premium 1.5 

mm (Coppens International, Holland), after that from the date of 18th of June and by the end 
of the experiment (1st of November 2011) with dry feed SteCo Supreme-10, 3 – 4.5 mm 
(Coppens International, Holland). Switching to a new feed has been done gradually, within 4 
days. The amount of feed given to the fish with an automatic feeder was adjusted weekly, so 
as to ensure ad libitum feeding. 

Juveniles in the variant V2 were raised in the same conditions with those from variant 
V1 until the age of 90 days. A hundred of pikeperch fingerlings were moved in 5th of June into 
a pond (0.3 ha) primarily used for carp reproduction. Semi-controlled reproduction of three 
carp families (3 females and 6 males) was carried out into the pond at the middle of May. 
Carp broodstock had 5 years old. Therefore, the pikeperch from variant V2 found in pond after 
their transfer from RAS, mainly zooplankton and carp juveniles. 

b) the second pair of pikeperchspawned on natural nests directly in the pond, in the 
ordinary breeding season. According to the dynamics of the temperature and of the 
observation of the nests, the reproduction occurred in 20th of April 2011. The resulted 
offspring have formed experimental variant V3. The pikeperch in this variant were raised until 
1st of November 2011, when the fishes was caught. During experimental period, the pikeperch 
was fed with plankton and fish fry, being raised in the pond as additional species, in 
polyculture with carps. 

 
Histological analysis of the liver and intestine 
The histological analysis was carried out on a sample of 45 fish and 15 individuals 

from each experimental variant. To this end, snippets taken from the liver and intestine were 
fixed in 10% formalin solution, dehydrated in ethanol, clarified in acetone and benzene and 
inclusionated in histological paraffin. The paraffin blocks were cut from 5 μm thick with a 
rotary manual microtom (Leica, Germany) and, subsequently, they were stained with the 
Mallory's trichrome method (Brancroft, 1996 [17]). For the histological studies, the 
microscopic sections were examined to the research microscope Olympus CX41 (Germany) 
equipped with a digital camera, and for the histomorphometric study a specific software has 
been used, QuickPHOTO Micro 2.2. To every individual, the following histomorphometric 
indices were determined and analysed: diameter, area, and perimeter of hepatocytes, as well 
as width and height of the intestinal villosities. Measurements were done on a total of 10 
hepatocytes and 10 intestinal villosities, to each individual. 

 
Statistical analysis 
The data were statistically analysed using Statistica Software, and the results are 

shown in the paper as average value ± standard deviation. The statistical analysis of the 
histomorphometric results were achieved by using the Duncan test. 
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Results  
 

Histological study of the liver 
The histological analysis of the stained slides with liver samples from the 

experimental variant V1 (raised exclusively in RAS), reveals that hepatic parenchyma is 
composed by hepatocytes organized into radial cords, ordered from the lobule’s extremity to 
the centrilobular vein. The hepatocytes have polygon shape, globular nucleus, central or 
slightly eccentric, and the cytoplasm is clear, due to the overloading with lipid droplets. 
Often, as a consequence of the accumulation of lipids in the form of drops, the nucleus is 
moving away from the central position, partially or totally eccentric. In some areas, groups of 
hypertrophic hepatocytes appear, with an adipose cyst layout (Fig.1), with greater frequency 
in the exolobular portion, perivascularly. The cytoplasm of these hepatocytes is clear, and the 
core is moved totally eccentric, on the internal face of the cell membrane, or even absent. 
These issues suggest a process of cellular degenerescence by overloading with lipids.  

Histomorphometric studies on fishes from variant V1 reveal average sizes of 
hepatocytes of 16.10 ± 3.97 μm in diameter, an average area of 234.04 ± 63.72 μm2, and a 
perimeter of 56.608 ± 7.92 μm. The sinusoidal capillaries with reduced lumen are present 
among the cords of hepatocytes, which converge toward the wide centrilobular vein. 

The histological study of the stained slides made from the liver samples of the 
individuals from the experimental variant V2 (reared in RAS and transferred at 90 days old 
into pond), reveals similar aspects of organization of the hepatocytes in the hepatic lobules. 
The hepatocytes have polygon shape, presenting one or two globular nuclei, in which the 
nucleolus and heterocromatina are viewed extensively, in the form of hyperchrome blocks, on 
the internal face of the nuclear envelope, and the cytoplasm is, predominantly, finely granular 
(Fig.2), correlated with the presence of inclusions of glycogen, protein, vitamins, bile 
pigments, iron, etc. On restricted area, lipid droplets of different sizes are signaled in the 
cytoplasm, with the appearance of a vacuole. 

The histomorphometric study reveals that the hepatocytes of fishes from variant V2 
have an average diameter of 11.937 ±4.06 m, average area of 162.71±31.11 m2, and the 
average perimeter of 39.427±13.95 m, all values being lower compared to those recorded in 
individuals from experimental variant V1 (grown exclusively in RAS). The sinusoidal 
capillaries with reduced lumen are present among the cords of the hepatocytes, which 
converge to the centrilobular vein, with wide lumen. The arterial and venous branches, 
respectively arterioles and venules, as well as interlobular biliary canaliculii are localized in 
the interlobular connective tissue, in the Kiernan spaces.  

In the fishes from experimental variant V3 (reared only in the pond), the liver 
parenchyma has also a look already above described. The polygonal hepatocytes have their 
cytoplasm predominantly finely granular (Fig.3) and they are arranged in uniform cords, 
among the sinusoidal capillaries, slightly hypertrophic. In the exolobular territories, the 
cytoplasm presents lipid droplets, which give it a clear, vacuolar layout. The nucleus is 
spherical, central or slightly eccentric, with obvious nucleolus. The conducted 
histomorphometric study of hepatic samples from fishes from variant V3 reveals that the 
hepatocytes of the individuals from this experimental variant have the average diameter of 
13.047±1.72 m, the average area of 141.71±32.34 m2, and the average perimeter of 
43.947±6.46 m. 

Statistical analysis of data obtained from the histomorphometric study results reveal 
that the largest diameter of the liver cells were registered to individuals in the experimental 
variant V1 (reared exclusively in the recirculating system) compared to that of individuals 
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from experimental variants V2 (  = 4.163μm) and V3 (  = 3.053 μm). The differences are 
significant both between experimental variants V1 and V2 (p<0.01), and between experimental 
variants V1 and V3 (p<0.05). Between the experimental variants V2 and V3, the differences are 
not significant (p>0.05). 

Also, the hepatocytes of the individuals from the experimental variant V1 had the 
average value of the upper area of the experimental variants V2 (  = 71.33 μm) and V3 (  = 
92.34 μm). In this case, the differences are significant between the experimental variants V1 
and V2 (p<0.001), respectively between the experimental variants V1 and V3 (p<0.001). 
Between the experimental variants V2 and V3, there is not a significant difference (p>0.05). 

The general aspects are similar to the average value of the perimeter, V1 having the 
average values higher than the other experimental variants (  = 17.181 μm and 12.661 μm, 
respectively). The differences are significant between the experimental variants V1 and V2 
(p<0.001), and between the variants V1 and V3 (p<0.01) and not significant between the 
experimental variants V2 and V3 (p>0.05) (Table 1). 

 
Table 1. Histomorphometric parameters of the pikeperch hepatocytes (mean±SD) and the 

significance in the experimental variants 
 
Histomorphometric 
parameter of 
hepatocytes (μm) 

Treatment (n = 15) 
V1 V2 V3 

Diameter  16.100±3.97a 11.937±4.06b 13.047±1.72b 
Area 234.04±63.72a 162.71±31.11b 141.71±32.34b 
Perimeter 56.608±7.92a 39.427±13.95b 43.947±6.46b 

Values (mean ± SD) in the same row with the same letters indicate non-significant differences (p> 0.05) 
 
 

 -Histological sections through liverFigure 1. 
hypertrophic hepatocytes and adipose cyst  -1V 

(400x; trichromic Mallory stain) 

Figure 2. Histological sections through liver 
V2- hepatocytes with cytoplasm, 

predominantly, finely granular(400x; 
trichromic Mallory stain) 
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hepatocytes with cytoplasm finely granula -3V –Histological sections through liver Figure 3.  

(400x; trichromic Mallory stain) 
 
Histological study of the intestine 
The results of histological studies conducted on the intestine of this species of fish 

show that the basic organization of the intestinal wall is similar to other terrestrial vertebrates, 
this being composed of four overlapping tunics: the mucosa, submucosa, muscularis and 
serous. 

The mucosa has numerous villosities and consists of epithelium and lamina propria. 
The microscopic analysis of the intestinal wall does not reveal the presence of glands nor of 
the mucosa muscularis, formations present in terrestrial vertebrates, and appearance reported 
also by Banan - Khojasteh et al., (2009). 

In experimental variant V1 (reared exclusively in RAS), the intestinal villosities are 
dense (Fig. 4a), high and often widened to top. Their average height is 357.75±94.40 m, and 
their width is in average of 61.91±9.68 m. 

The intestinal villosities are lined with a cubic monostratified epithelium, 
homogeneously distributed, consisting of enterocytes, with the acidophilic cytoplasm, referred 
to the apical pole with microvilli which set up a very well developed striated plateau. The 
enterocyteshave frequently, in the supranuclear cytoplasm, reduced lipid vacuoles. Among the 
enterocytes there are present goblet cells, with the lenticular nucleus, basal arrangement and 
clear cytoplasm. Intraepitelially, there are numerous leukocyte infiltrative cells. The lamina 
propria is in the axis of villosities and at its basis. In the villosity axis, lamina propria is 
composed of lax connective tissue, incorporating the hypertrophic blood capillaries and a 
developed leukocyte infiltrate (Fig.4b),represented by macrophages and lymphocytes in 
migration, as well as a fine beam of smooth myocytes. At the base of villosities, the lax 
connective tissue of lamina propria contains, also, cells of the defense system (granulocytes, 
lymphocytes, plasmocytes, histiocytes). The tunica submucosa is made up of connective 
tissue consisting of numerous collagen fibres, blood vessels and nerve fibers. The muscular 
tunica of the intestinal wall is formed by a longitudinal and a circular muscle layers, both 
made up of smooth myocytes. The serous is the external tunica, which covers the intestine to 
the outside. 

The histomorphometric issues reported in the intestinal mucosa, the development of 
the villosities, of the striated plateau, the hypertrophy of the vascular system, the presence of 
numerous leukocyte infiltrative cells in the lamina propria but also intraepithelially, suggest 
an intense activity of digestion and absorption to the individuals of experimental variant V1. 
 



Natural vs. controlled rearing conditions in pikeperch (Sander lucioperca) fingerlings.  
A histological approach at the liver and intestine level 

 

9537 Romanian Biotechnological Letters, Vol. 19, No. 4, 2014                                                   

a 
 

b 
Figure 4. Histological sections through intestine – V1- a. Overview (100x; trichromic Mallory 

stain); b. Intestinal villosities: 1. Hypertrophic blood capillaries in lamina propria; 2. 
Leukocyte infiltrate; 3. Goblet cells (400x; trichromic Mallory stain) 

 
The histological study on intestine fragments taken from the individuals of the 

experimental variant V2(reared in RAS and transferred at 90 days old into pond), reveals the 
presence of intestinal villosities, uniform as development, these having generally rectangular 
layout (Fig.5a). The epithelium of the villosity mucosa is monostratified prismatic, formed by 
enterocytes and a large number of goblet cells (Fig.5b). There are slight 
desepithelizationprocesses to the top of the villosity. The striated plateau is at the apical pole 
of the epithelium, with uniform look. The leukocyte infiltrative cells are present 
intraepithelially, in migration to the mucosa surface. The chorion of the mucosa is reduced, 
composed of lax connective tissue, where it is remarkable the presence of fine collagen fibers, 
of the leukocyte and connective cells and of the vascular network. 

The analysis of the histomorphometric data showed that the villosities have an average 
height of 380.46±81.27 μm and the average value of the width of 80.77±17.85 μm. 

 

a b 
Figure 5. Histological sections through intestine – V2- a. Overview (100x; trichromic Mallory 
stain); b. High intestinal villosities: 1. Striated plateau; 2. Goblet cells; 3. Leukocyte infiltrate 

(400x; trichromic Mallory stain) 
 

In experimental variant V3 (fishes reared exclusively in the pond), the intestinal 
mucosa has high and narrow villosities (Fig. 6a), with uniform layout, some with a slight 
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branching. The histomorphometric analysis shows that these villosities have an average height 
of 308.43±95.68 μm and a width of 75.19±17.15 μm. The epithelium of the mucosa shown 
goblet cells arranged among the enterocytes, and at the apical pole of this one is present the 
striated plateau composed of microvilli (Fig.6b). Lax connective tissue from the structure of 
lamina propria encompasses numerous collagen fibers, the support of a capillary network 
slightly hypertrophied, and the leukocyte cells in migration towards the surface of the mucosa. 

 

a b
Figure 6. Histological sections through intestine – V3- a. Overview (100x; trichromic Mallory 

stain); b. Intestinal villosities (400x; trichromic Mallory stain) 
 

The statistical analysis, carried out by applying the Duncan test, reveals that the height 
of the villosities is higher in the individuals of the experimental variant V2, than the 
individuals reported in the experimental variant V1 (  = 22.71μ) and in the experimental 
variant V3 (  = 72.03 μ). The differences are not significant between variant V1 and variant 
V2 (p>0.05). Instead, significant differences have been observed between variants V1 and V3 
(p<0.01) and between variants V2 and V3 (p<0.01). Regarding the width of the intestinal 
villosities, there are significant differences between the variants V1 and V2 (p<0.05) (Table 2). 

 
Table 2.Histomorphometric parameters of the pikeperch villi (mean±SD) and the significance 
in the experimental variants 
 
Histomorphometric 
parameter of intestinal 
villi (μm) 

Treatment (n = 15 ) 

V1 V2 V3 
High  357.75±94.40a 380.46±81.27a 308.43±95.68b 

Width 61.91±9.68a 80.77±17.85b 75.19±17.15a, b 

Values (mean ± SD) in the same row with the same letters indicate non-significant differences (p> 0.05) 
 
Discussion 

 
Numerous researches conducted in pikeperch were focused on the feeding regime, the 

levels of protein, carbohydrate and lipid of the diet, growing systems, and on the histological 
structure of certain organs (Zak  & al., 2003 [9]; Nyna-Wamwiza & al., 2005 [10]; 
Ostaszewska & al., 2005 [13]; Molnar & al., 2006 [2]; Kowalska & al., 2010 [11]). However, 
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the knowledge of the nutritional needs of this species and the histological structure of the liver 
and intestine were, however, far to be well known. So far, as a source of food for the 
pikeperch, granulated feed has been used for salmonids, often with a high content in fat 
(Zak  & al., 2001; Schulz & al., 2005, cited by Kowalska & al., 2010 [11]). The feeds with 
the best content in proteins, lipids and carbohydrates will provide an adequate growth rate and 
the health of pikeperch, while a high lipid content in food influences negatively the growth 
rate, influencing the formation of visceral fatty deposits, as well as liver dysfunctions (Halver 
& Hardy, 2002; Brown & al., 1996, Kestemont & al., 2003 cited by Kowalska & al., 2010 
[11]). 

The histological study on liver sections taken from the individuals of the three 
experimental variants, revealed the lobular structure of the parenchyma, similar to other 
aquatic and terrestrial species. The polygonal hepatocytes are geared in parallel cords, which 
converge toward the centrilobular vein. Among the individuals of the three experimental 
variants, there were differences both in terms of morphology and in terms of the size of the 
hepatocytes. Therefore, the hepatocytes of the individuals from the experimental variant V1 
(reared exclusively in the RAS) fed with granulated food designed for sturgeons (Coppens 
International, Holland), shown numerous lipid vacuoles in the cytoplasm. In the liver 
parenchyma of these individuals fatty cysts were reported, whose formation suggests the 
appearance of processes of degeneracy. Similar hepatocyte morphological manifestations 
have been reported by Bac & al., (1983) and by Parpoura & Alexis (2001), cited by Kowalska 
& al., (2010) [11], to the European perch, gilthead sea bream, and to Sparus aurata L., whose 
food supply was supplemented with soybean oil. Such morphological changes can also occur 
when the transport of the hydrolysates lipid products in the circulatory system is suppressed, 
and lipids are stored in the liver (Ostaszewska &al., 2005 [13]).  

In the case of experimental variant V2, lipid droplets accumulate in the cytoplasm of 
hepatocytes, of lower quantity, so that they do not lead to cellular hypertrophic processes or to 
the occurrence of fatty cysts. 

In the case of the individuals of the experimental variant V3 (reared exclusively in the 
pond) and fed with live food, there have not been reported issues of hepatocellular 
vacuolization, but only exolobular, on reduced areas. Raising fish in recirculating system, in 
controlled environmental conditions and food, leads, on the one hand, to maximize the energy 
available for growth and reproduction and, on the other hand, to an energy minimization 
redirected to other activities (Martin & Huey, 2008, cited by Frisk & al., 2012 [8]), aspects 
that explain the presence of numerous lipid vacuoles and the formation of the fatty cysts at the 
pikeperch of the first experimental variant. 

The results obtained by us suggest that the liver is a good biomarker for the nutritional 
effects of different food sources, issue reported also by Hoehne – Reitan & Kjorsvik (2004), 
cited by Zambonino Infante &. al., (2008) [18]. 

Statistical analysis of data obtained from the histomorphometric study revealed that 
the average values of the three parameters considered in the study (the diameter, area and 
perimeter of the hepatocytes) had significantly higher values in the case of experimental 
variant V1, compared with both the other experimental variants (V2 and V3). These 
histomorphometric issues we correlate with the hepatocyte hypertrophic processes due to the 
accumulation of lipid vacuoles in the cytoplasm of the hepatocytes. 

The histological analysis of the samples from intestinal wall has not revealed notable 
differences between the individuals of the three experimental variants. 

The microscopic structure of the intestine in pikeperch is similar to other fish species, 
the intestinal mucosa having dense villosities, which decrease at the level of the posterior 
intestine. The villosities are lined with monostratified epithelium formed predominantly of 
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enterocytes with microvilli at the apical pole and of goblet cells, involved in the mucus 
secretion. The enterocytes of the mucosa structure of the anterior intestine are responsible for 
the absorption of lipids and of the amino acids through diffusion, while the enterocytes of the 
posterior intestine are specialized for the absorption of the protein macromolecules by 
pinocytosis (Lazo & al., 2011 [19]). The goblet cells highlighted within our experiment are 
reported also to Sparus aurata L., these being identified as basic secretory cells. They are 
involved in the synthesis of the neutral and sulfated mucins, and of the sialomucins, essential 
products for the creation of a physical barrier between the epithelium and lumen contents 
(Domeneghini & al., 1998, cited Lazo & al., 2011 [19]). The presence of mucus secreted by 
the goblet cells is a general feature of the teleosteans, while the types of the secreted 
mucosubstances vary between species and between different parts of the digestive tract 
(Banan – Khojasteh & al., 2009 [20]). Similar results have been reported in pike and catfish 
(Petrinec & al., 2005 [20]). The mucus secreted by the goblet cells has an important role-
protect in fish and mammals (Domeneghini & al., 1998, quoted Ostaszewska &. al., 2005 
[13]), role in the lubrication of the undigested materials and their progression and possibly in 
osmoregulation. The quality of the intestinal mucosubstances is directly related to the 
environmental conditions. The presence of the mucosubstances in the intestine, especially of 
those sulfated, regulates the transfer of proteins, ions and fluids (Petrinec & al., 2005 [21]). 
The neutral mucosubstances, combined with alkaline phosphatase, helps to digestion and food 
emulsifying. A role has been assigned to the acid mucosubstances in the intestinal epithelium 
protection against the degradative activities of glycosidase (Carrasson & al., 2006 [22]).  

The microscopical analysis of the samples from the pikeperch from the three 
experimental variants, revealed both in the subepithelial connective and in epithelium, the 
presence of the infiltrative cells of the immune system, such as the granulocytic, lymphocyte 
and macrophage leukocytes. Such leukocyte infiltrates were also reported to the Dentex 
dentex(Carrasson &. al., 2006 [21]), mud loach (Park & Kim, 2001 [23]) and sea bass (Abelli 
&al., 1997 [24]). Although there were not reported any significant differences (p>0.05), to the 
pikeperch of the experimental variant V1, the villosities present enterocytes with lipid droplets 
in a supranuclear arrangement, and in the lax connective tissue from the structure of lamina 
propria, the hypertrophic blood capillaries and an abundant leukocyte infiltrate. To the 
individuals of the experimental variant V3, the average height of the villosities was the 
smallest, between these individuals and those of the first two variants being significant 
differences (p<0.01). 

 
 

Conclusions 
 
Among the individuals of the three experimental variants, there were differences both 

in terms of morphology and in terms of the size of the hepatocytes, with interesting 
particularities in variant V1 (fish reared exclusively in RAS and fed with dry food). Numerous 
cytoplasmic lipid vacuoles of hepatocites of the fish from variant V1 were observed. In the 
liver parenchyma of these individuals fatty cysts were observed as well, suggesting the 
appearance of the degeneracy processes. It seems that dry food designed for pikeperch reared 
in RAS should have a low percent of crude fat, to avoid liver degeneracy. Anyway, the 
pikeperch juveniles reared in RAS, fed with dry food and transferred at 90 days in ponds and 
fed with natural food, do not manifest these processes in liver. The unilateral feeding with dry 
food lead also to the hypertrophy of hepatocytes, the average values of the diameter, area and 
perimeter of the cells being significantly higher in experimental variant V1, compared with 
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V2and V3. The histological analysis of the samples from intestinal wall has not revealed 
notable differences between the individuals of the three experimental variants. The results of 
this study emphasized that dry food with relatively high level of crude fat should be carefully 
used for pikeperch rearing in RAS, due to is unfavorable effect at liver level. 
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