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Intestine Villi Morphology of Black Sea Trout (Salmo labrax Pallas, 1814)
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ABSTRACT

ARTICLE INFO

This study was conducted to determine the effect of age, sex and weight on the
middle intestine villi morphology of fifth-generation Black Sea trout (Salmo
labrax Pallas, 1814). The fish were kept in the freshwater ponds (June-October)
and marine cages (November-May) to provide the life cycle of species. Intestine
tissue samples were taken during period when fish were kept in marine cages. Our
results showed that, middle intestine villi morphology changed depending on fish
age (I, II, III, IV and V years old) and different live weight (low weighted and
high weighted) of similar ages (16 months old). The lowest intestine villi
development was obtained in I years old fish. This was followed by II years old
fish. The highest intestine villi development was obtained in III years old fish.
Besides, intestine villi development of high weighted fish was higher than those
of low weighted fish. However, it was found that middle intestine villi
morphology did not changed depending on sex.
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Karadeniz Alabalığı (Salmo labrax Pallas, 1814)’nın Bağırsak Villi Morfolojisi
Öz: Bu çalışma, 5. (F5) nesil Karadeniz alabalığı (Salmo labrax Pallas, 1814)’nın bağırsak villi morfolojisi üzerine yaş, cinsiyet ve
ağırlığın etkisini belirlemek için yapılmıştır. Türün doğal yaşam döngüsünü sağlamak için, balıklar tatlısu havuzlarında
(Haziran-Ekim) ve deniz kafeslerinde (Kasım-Mayıs) tutulmuştur. Bağırsak doku örnekleri, balıkların deniz kafeslerinde tutulduğu
dönemde alınmıştır. Çalışmada elde edilen sonuçlara göre, orta bağırsak villi morfolojisi balığın yaşına (I, II, III, IV ve V yaş) ve
aynı yaştaki balığın (16 aylık yaş) farklı canlı ağırlığına (düşük ve yüksek ağırlıklı) bağlı olarak değişmiştir. En düşük bağırsak villi
gelişimi I yaşlı balıklarda görülmüş, bunu II yaşlı balıklar takip etmiştir. En yüksek bağırsak villi gelişimi ise III yaşlı balıklarda
görülmüştür. Ayrıca yüksek ağırlığa sahip balıkların bağırsak villi gelişimi düşük ağırlıklaki balıklardan daha yüksek bulunmuştur.
Ancak orta bağırsak villi morfolojisi üzerine cinsiyetin etkisinin olmadığı tespit edilmiştir.
Anahtar kelimeler: Alabalık, yaş, cinsiyet, ağırlık, histoloji
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Introduction
Black Sea trout as a subspecies of the brown trout
is distributed at the Eastern Black Sea.
This is an endemic species for Turkey. This species
has three different ecotypes in the natural
environment: sea ecotype, stream ecotype and lake
ecotype. These ecotypes have great variations
in terms of color (Tabak et al. 2002). In Black Sea
condition, Black Sea trout are grown in
freshwater ponds until smolt stage, and
then smoltified in seawater when they reach
nearly 12 cm of length and 15 g of weight. In marine
cages, fish are grown during the periods

(November-May) allowed by the water temperature.
At the end of the season, when the temperature of
sea water reached critical value (18 °C) for Black Sea
trout aquaculture, the fish are harvested or transferred
to freswater ponds for brood maintenance (SUMAE
2010).
The digestive canal of teleost fish is divided into
headgut, foregut, midgut and hindgut. The headgut is
composed of the mouth and gill cavities. The foregut
is comprised of the esophagus, stomach and pylorus.
The midgut contains the intestine and a variable
number of pyloric caecae, and is the greatest part of
the gastrointestinal tract. The hindgut begins by an
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increase in diameter of the gastrointestinal tract and
ends with the anus (Floris 2010). The gastrointestinal
tract are responsible to storing food and water,
processing ingested food and water and absorbing
digested food and water, and excreting wastes (Jutfelt
2006). Intestine has very important roles such as to
complete the digestive process started in the stomach,
and to absorb the nutrients from ingested food
(Nasruddin et al. 2014). Thus, histologically
examination of the digestive system (especially
intestine) is quite important. With this way, the
knowledge related to nutritional status of fish is can
be obtained (Chowdhary et al. 2013; Yadav et al.
2014).
The histological features of intestine may be
influenced by abiotic and biotic factors (Khojasteh
2012) such as species and feed (Raskovic et al. 2011),
feeding habit, age, and body shape (Cao et al. 2011).
Intestine of fish is composed of mucosa, submucosa,
muscularis and serosa layers (Mokhtar et al. 2015).
Mucosa layer is composed of epithelium, lamina
propria and muscularis mucosa (Mumford et al.
2007). Intestine villi is located in enterocyte cells of
epithelium.
Intestine villi play an important role both in the
absorption of nutrients and in the pumping of
absorbed nutrients into the blood or lymph
(Karabulut 1991). Moreover, knowledge to be
obtained about the intestine villi will contribute on
the nutritional studies to be carried out. Thus, the
evaluation of intestine villi morphology of Black Sea
trout is aimed in this study.

Material and Methods
Experimental Design
The study was conducted as three groups
at
Central
Fisheries
Research
Institute
(Trabzon,Turkey): Age (I, II, III, IV and V years old),
sex (adult fish; between III and IV years old)
and different weight of similar ages (16 months old).
In the study, fifth-generation Black Sea trout
were used. For age and sex studies,
the fish were kept in the freshwater ponds
(0.5-18.5 ºC) fed by stream between May-November
2016. After that, the fish were transferred to
the sea cages (6.9-7.6 ºC) in November 2016.
Fish were selected as five groups (I, II, III, IV and V
years old) according to their age. For different
weight study, the fish (from larvae to smolt stage)
kept in the freshwater ponds (10.1-12.5 ºC) fed by
spring water between January-November 2016.
After that, the fish (18.63±3.84 g) were transferred
in seawater (6.9-16.6 ºC) in November 2016
where they were kept for 6 months. Fish, 16 months
old, were selected as two groups according to their
live weight: Low weighted group (LW) and high
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weighted group (HW). Fish were fed at ad-libitum
feeding level during experiment. Water temperature
was recorded daily. Seawater salinity was recorded
as 0.18%.
Intestine Sampling
Intestine samplings for age and sex studies were
taken in January 2017 in seawater (7.6 ºC),
while sampling for different weight study
was taken in May 2017 in seawater (16.6 ºC).
Twenty of fish from each group for every three
experiments, middle intestine tissues were taken,
and analyzed by placing the samples into 10%
formalin then into the tissue cassettes for dehydration
process and embedded in paraffin blocks,
and subsequently cut 5-µm thickness and placed on a
slide. Each sample was stained with hematoxylin
and eosin. After staining, villi length (VL), villi width
(VW) and villi length to villi width (VL/VW)
were evaluated by using an image processing
and analysis system (ZEN 2012 SP2) (Xu et al.
2003).
Statistical Analysis
Data of age were analyzed by one-way analysis
of variance. Differences between means were
compared using Duncan’s multiple range test. Data
of sex and different weight were analyzed by
independent samples t test. Statistical analyses were
computed using SPSS 15.0.

Results
There
was
significantly
difference
between groups in terms of both fish weight and
middle intestine villi morphology (P<0.05).
Weights of the I, II, III, IV and V years old fish
were recorded as 80.83±9.09 g, 819.82±189.59 g,
2548.5±681.14 g, 3064.65±979.33 g and
3598.88±928.85 g respectively. The lowest VL, VW
and VL/VW were obtained in I years old fish.
This was followed by II years old fish.
The highest VL and VW were obtained in III years old
fish. VL of the IV and V years old fish were similar
to each other, respectively. Also, VW of the II, IV and
V years old fish were similar to each other,
respectively. Furthermore, VL/VW of the 3, 4 and 5
years old fish were similar to each other, respectively
(Table 1).
There wasn’t significantly difference between
groups (female and male) in terms of both fish weight
and middle intestine villi morphology (P>0.05).
Weights of female and male fish were recorded as
2763.44 ±1111.39 g and 2826.81±711.77 g,
respectively. VL, VW and VL/VW of male and female
fish were 1100.86±145.92 µm and 1090.72±107.98
µm, 158.94±38.22 µm and 168.44±41.65 µm,
7.38±2.22 and 6.86±1.81, respectively (Table 2).

44

Özel et al. 2018 - LimnoFish 4(1): 42-46
Table 1. Age-dependent middle intestine villi morphology of Black Sea trout.

Age
I
II
III
IV
V

VL (µm)
315.39±92.62d
713.98±73.44c
1160.52±90.74a
1092.50±121.29b
1046.11±140.00b

Weight (g)
80.83±9.09e
819.82±189.59d
2548.50±681.14c
3064.65±979.33b
3598.88±928.85a

VW (µm)
65.18±13.40c
147.06±35.54b
174.76±36.56a
152.64±47.89b
157.59±33.07b

VL/VW
4.94±1.42c
5.20±1.60b
6.92±1.51a
7.80±2.39a
6.99±2.06a

Means with different superscript letters in a column are significantly different (P<0.05)

(a)

(b)

(c)

(d)

(e)

Figure 1.Middle intestine villi histology of Black Sea trout. One to five years old: (a,I; b,II; c,III; d,IV; e,V years old)
(4x, H&E).
Table 2. Sex-dependent middle intestine villi morphology of adult Black Sea trout.
Sex
Female
Male

Weight (g)
2763.44±1111.39
2826.81±711.77

VL (µm)
1090.72±107.98
1100.86±145.92

There
was
significantly
difference
between groups (LW and HW) in terms of both fish
weight
and
middle
intestine
villi
morphology (VL, VW and VL/VW). Weights of
low weighted fish and high weighted fish were
recorded as 151.86±12.65 g and 372.83±15.92 g,

VW (µm)
168.44±41.65
158.94±38.22

VL/VW
6.86±1.81
7.38±2.22

respectively. While VL, VW and VL/VW of low
weighted
group were 473.38±76.07 µm,
114.18±22.36 µm and 4.29±1.05, VL, VW and
VL/VW of high weighted group were 605.96±97.54
µm, 130.28±22.76 µm and 4.78±1.10, respectively
(Table 3).

Table 3. Different weight-depend middle intestine villi morphology of Black Sea trout.
Groups
Low weighted (LW)
High weighted (HW)

Weight (g)
151.86±12.65b
372.83±15.92a

VL (µm)
473.38±76.07b
605.96±97.54a

VW (µm)
114.18±22.36b
130.28±22.76a

VL/VW
4.29±1.05b
4.78±1.10a

Means with different superscript letters in a column are significantly different (P<0.05)

(a)

(b)

(c)

(d)

Figure 2. Middle intestine villi histology of Black Sea trout. a-b: high weighted, c-d: low weighted. (4x, H&E).
.

Discussion
Growth is expressed as gradually the
improvement in a living organism depending on time.
In fish, growth varies depending on feed
consumption and quality, stocking density, sex, age,
genetic variance, water chemistry, temperature,
photoperiod and oxygen level (Lugert et al. 2000).
Age and growth are in a close relationship (Bhatt and
Jahan 2015). Growth rate can be affected fish size,

and generally tends to decrease with the increase in
the size of organisms (Jonsson and Jonsson 2007).
Our study demonstrated that as fish get older, its body
weight increased, but growth rate were not. Fish
growth rate was increasingly increased from I to III
years old, but were diminished after III years old.
This may be related to the completion of some
physiological developments such as sexual maturity
of this species. Stream and sea ecotypes of Black Sea
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trout reach the sexual maturity in 22 and 34 months
old, respectively (Unpublished). According to
Anonymous (2012), early sexual maturation reduces
growth rate in farmed Atlantic Salmon. Smilarly,
Jonsson and Jonsson (2007) stated that body size of
Atlantic salmon changes continuously among
populations, and this seems to be related to growth
rate and sexual maturity age, as late maturing fish
tend to be more fast growing than mature ones.
Similar to the growth rate, middle intestine villi
morphology also changed depending on age of fish in
our study. Villi length and width were increasingly
increased from I to III years old, but were diminished
after III years old. The intestine villi structure
developed until the fish completed sexual maturity,
but then showed tend to weaken. This may arise from
growth rate of fish species. Michel-Parra et al (2007)
found that jejenum intestine villi length changed
depending on age (10, 20, 30, 40 and 60 days) in
Tilapia (Orechromis aureus). It is clear fact that,
studies carried out on this subject are insufficient.
Black Sea trout is an opportunistic ecotype
(Tabak et al. 2002) and there is competition among
their individuals in terms of nutrition. This can lead
to different weight in the fish in the similar ages. In
this study, although the fish were kept same
environmental conditions and were fed with the same
feed, fish with different weights were observed. This
is reflected in the middle intestine villi morphology.
Coskun and Bat (2015) found that the difference in
the live weights of broiler chickens kept under the
same environmental factors and fed on the same feed
had no significant effect on histomorphological
parameters. This may arise from the weight averages
of broiler chickens are close to each other. Discussion
was made on other monogastric species due to lack
of knowledge with fish species.
We may say that middle intestine villi
development (VL, VW and VL/VW) were proportional
to the growth rate, and increased depending on live
weight gain, and also changed depending on age. For
better understanding of intestine villi morphology of
this species, other sections (proximal and distal) of
the intestine should be examined, and villi feeding
studies should be carried out. In addition, special
feeding (feed additives etc.) programs can be applied
to improve the intestine villi morphology of low
weighted fish.
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