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Abstract: This study was conducted to determine changes in the growth performance and distal intestine villi morphology of juvenile Black Sea trout (Salmo
labrax) fed diets with three different protein levels (40%, 45% and 50%). It was carried out in two separate sections; freshwater (RAS) and seawater. Juvenile Black
Sea trout, having average initial weights of 3.44g (freshwater) and 17.70g (seawater), were fed for 90 days. WG, SGR, FCR and survival weren't affected by dietary
treatment. However distal intestine villi length (VL), width (VW) and length to width ratio (VL/VW) were affected by dietary treatments. Villi length, width and length
to width ratio in the fish fed with diet containing 50% protein in freshwater were found to be higher than those fed with other diets. Villi length in the fish fed with
diet containing 50% protein in seawater was higher than those fed with other diets. Results showed that feeding with diets contained different protein levels did not
effect on growth performance of Juvenile Black Sea trout, but affected on distal intestine villi morphology.
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0z: Bu calisma, iig farkl protein diizeyi (%40, %50 ve %55) iceren diyetlerle beslenen yavru Karadeniz alabaligi (Salmo trutta labrax)' nin bilylime performansi
ve bagirsak villi morfolojisindeki degisimleri belirlemek igin yapilmistir. Calisma tatlisu (kapali devre) ve deniz suyu olmak Uzere iki ayri yetistiricilik sartlarinda
yUritiimistir. Baslangig agirliklar 3.44 g (tatlisu) ve 17.70 g (deniz suyu) ortalamalarina sahip yavru Karadeniz alabaliklari 90 giin boyunca beslenmistir. Agirlik
artisl, spesifik bilylime orani, yem degerlendirme orani ve yasama orani diyetsel uygulamalardan etkilenmemis, bagirsak villi uzunlugu (VL), genisligi (VW) ve
uzunlugun genislige orani (VL/VW) ise diyetsel uygulamalardan etkilenmistir. Tatlisuda %50 protein igeren diyetle beslenen baliklarin VL, VW ve VL/VW degerleri
diger iki diyetle beslenenlerden daha yliksek bulunmustur. Deniz suyunda ise %50 protein iceren diyetle beslenen baliklarin VL degeri diger iki diyetle
beslenenlerden daha yiiksek bulunmustur. Bu sonuglar, farkli protein diizeylerinin yavru Karadeniz alabaliginin bliyiime performansi iizerinde herhangi bir etkiye
sahip olmadidi, ancak bagirsak villi morfolojisi tizerine etkiye sahip oldugunu gdstermistir.

Anahtar kelimeler: Karadeniz alabaligji, biyime, bagirsak, villi morfoloji

INTRODUCTION

Black Sea trout (Salmo labrax Pallas, 1814) as a

n oo

are called “sea ecotype”, “stream ecotype”, ‘lake ecotype”

subspecies of the brown trout and an opportunistic ecotype is
distributed at the Eastern Black Sea. This is an endemic
species for Turkey. They spawn in freshwater, migrate to sea
in smolt stage, and spend their adult stage in seawater, and
migrate to freshwater to spawn again. Black sea trout have
three different ecotypes: Species that migrate to the sea in the
Black Sea basin, that don’t migrate to the sea but resident in
the stream, and that resident in lakes in the Black Sea Region
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respectively (Tabak et al. 2002). This species has become an
important aquaculture species of Turkey in recent years with
the works carried out by Central Fisheries Research Institute
over the years.

Proteins are the major components of tissues and organs,
the major structure of diverse enzymes and hormones, protect
the organism against the environment, carry oxygen to the cells
and carbon dioxide from the cells, and also an energy source
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for metabolic actions (Karabulut, 1991). Protein needs of fish is
depending on such factors like feeding rates, genetic
composition of fish, environmental conditions of rearing
environment including water temperature, quality of water
(Anonymous, 2017) and salinity along with age and size of fish
(Ahmad et al. 2004), and amino acid composition of protein
source (Somsueb, 2017). Ramezani, (2009) stated that protein
requirement for salmonids varies between 40 and 50%. Amoah,
(2011) stated that optimum growth occurs when protein
supplies about 40-50% of the energy requirements in
carnivorous fish.

The gastrointestinal tract of fish consist of the mouth,
oesophagus, stomach, pyloric ceaca, mid-intestine, distal
intestine and the rectum (Merrifield et al. 2011). 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). The
gastrointestinal morphology is related to feeding habits such as
food components, food intake frequency along with body size,
shape and species (Khojasteh et al. 2009). The intestines are
among the most important organs of fish charged with digestion
and absorption of ingested food. 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 fish intestine can vary
depending on abiotic and biotic factors (Khojasteh, 2012).

In sum, there is lack of knowledge still exist in the Black Sea
trout’s instestine histology. Only few studies carried out with
Salmo labrax in this subjects (Cankiriligil et al. 2016, Ozel et al.
2017; Ozel et al. 2018a). The aim of this study was evaluate to
effect of the different protein levels on the growth and distal
intestinal villi morphology of Black Sea trout. Our research will
contribute to scientific community with revealing effects of
different protein based diets and draw attention to Black Sea
trout as an endemic and valuable species to aquaculture
sector.

MATERIALS AND METHODS

Fish, feeding trials and experimental diets

The study was carried out at Central Fisheries Research
Institute with two trial groups as trouts cultured in freshwater
Recirculateing Aquaculture Systems (RAS) and cultured in
open tank system with seawater. In these groups, the average
initial weights were 3.44g and 17.70g, and fish counts were 70
and 50 respectively. The fifth-generation (F5) juvenile Black
Sea trout were used in both study. Every trial was carried out in
triplicate. Fish were fed manually 3% (in freshwater) and 2% (in
seawater) of their body weight per day at four times at 08:00,
12:30, 13:00 and 15:30 h. Feed amount was mathematically
calculated every three days, and determined by weight
increase every fifteen days. Water temperature was saved

daily. The experiment lasted for 90 days. Water temperature in
the freshwater and seawater were 13.9-17.5 (15.3£0.32)°C
and 7.5-13.5 (10.5£1.76)°C, respectively. Water in tanks was
changed 24 times in a day. The cleaning of trail tanks was done
by siphoning daily. Three experimental diets were formulated
to contain protein at 40%, 45% and 50% levels using fish meal.
Crude fat contents of the experimental diets were adjusted as
15%. Ingredients and nutrient composition of all diets were
shown in Table 1.

Chemical analysis

Proximate composition of diets were determined as three
parallel. Moisture content and crude ash were carried out
Horwitz, (2000). Crude protein was determined by the Kijeldhal
procedure and nitrogen conversion factor set as 6.25 (AOAC,
2009). Finally, crude fat ratios were determined according to
Folch et al. (1957).

Performance parameters

The growth performance of the fish was calculated in
according to Ebrahimi and Ouraji, (2012).

Weight gain (WG) (%) = [(final weight — initial weight) / initial
weight (g)] x 100

Specific growth rate (SGR) (% body weight/day) = [(In final
weight - In initial weight) /trial period (days)] x 100

Feed conversion ratio (FCR) = Total feed intake (g) / Weight
gain (g)

Survival (%) = (final number of fish / initial number of fish) x
100

Intestine histomorphology

Distal intestine samples were taken from intestine and cut
into 1.5 cm pieces and placed into 10% formalin for further
processing. Tissues sections were placed into tissue cassettes
for dehydration process and were embedded in paraffin blocks,
and subsequently cut 5-p thickness and placed on a slide. Each
intestine histomorphologic tissue sample was prepared and
stained with hematoxylin and eosin solution by using standard
paraffin-embedding procedure. After embedding process, villi
length and villi width were photographed and evaluated by
using an image processing and analysis system (ZEN 2012
SP2) (Xu et al. 2003).

Statistical analysis

Data were analyzed by one-way analysis of variance
(ANOVA). Differences between means were compared using
Duncan’s multiple range test. Differences were considered
statistically significant at P<0.05. All statistical analyses were
computed using SPSS 15.0.
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Table 1. Formulation and proximate composition of experimental diets (%)

Ingredients Bt

40 45 50
Fish meal 28 33 40
Soybean meal 19 19 19
Chicken meal 145 145 14.5
Sunflower meal 8.9 8.3 6.9
Semolina flour 19 15 10
Fish oil! 8.1 7.7 71
Wheat gluten 2 2 2
Vit mix2 0.20 0.20 0.20
Mineral mix3 0.15 0.15 0.15
Colin cloride 0,05 0,05 0,05
Vit C 0.1 0.1 0.1
Proximate composition
Crude protein 40.1 449 49.6
Crude lipid 15.0 151 15.1
Ash 6.7 7.3 8.1
Moisture 5.2 5.7 6.4
Metabolic energy (kcallkg) 3622 3611 3600

Cod liver oil

2Roche Performance Premix (Hoffman-La Roche, INC., Nutley, N.J., USA), composition per g of the vitamin mixture: vitamin A, 2645,50 |U; vitamin D3, 220,46
IU, vitamin E, 44,09 IU; vitamin B,12 13 mg; riboflavin,13,23 mg; niacin, 61,73 mg; d-pantothenic acid, 20,05 mg; menadione, 1,32 mg; folic acid, 1,76 mg;

thiamin, 7,95 mg and d-biotin, 0,31 mg.

3Bemnhart Tomarelli salt mixture (ICN Pharmaceuticals, Costa Mesa, CA, USA), composition (g/100 g): calsium carbonate , 2.1; calsium phosphate dibasic, 73.5;
citric acid, 0,.27; cupric citrate, 0.046; ferric citrate, 0.558; magnesium oxide, 2.5; manganese citrate, 0.835; potassium iodide, 0.001; potassium phosphate
dibasic, 8.1; potassium oxide, 6.8; sodium chloride, 3.06; sodium phosphate, 2.14; and zinc citrate, 0.133.

RESULTS

Growth performance and intestine histomorphology

Results demostrated that fish growth wasn't significantly
affected by dietary protein levels but intestine villi morphology
was affected. Final weight, weight gain (WG), specific growth
rate (SGR), feed conversion rate (FCR) and survival rate
weren't affected by the dietary protein levels in both freshwater
and seawater conditions (P>0.05). In freshwater, however, as
dietary protein levels increased, final weight, weight gain, SGR,
FCR improved numerically. But this improvement was
insignificant (P>0.05). Intestine villi length (VL), width (VW) and
length to width ratio (VL/VW) were affected by dietary

treatments in both conditions. Villi length, width and length to
width ratio in the fish fed with diet containing 50% protein in
freshwater were found to be higher than those fed with other
diets. VW and VL/VW in the fish fed with a diet containing 40%
and 45% protein in freshwater was found to be similar to each
other. Villi length in the fish fed with diet containing 50% protein
in seawater was higher than those fed with other diets. Villi
width in the fish fed with a diet containing 40% and 50% protein
in seawater was found to be similar to each other. In both
freshwater and seawater conditions, the intestine villi length
significantly increased with increasing dietary protein levels.

Results are summarized in Table 2 and 3. Histological
photographs of distal intestine were shown in Figure 1 and 2.

Table 2. Growth parameters and distal villi morphology of juvenile Black Sea trout fed diets with three different protein levels for 12 weeks in freshwater

Freshwater (15.3°C)

Growth parameters 40% 45% 50%
Initial weight (g) 3.4340.01 3.44+0.01 3.44+0.01
Final weight (g) 21.37£1.48 21.4110.77 22.63+0.17
Weight gain (%) 522.66+44.04 522.92421.40 558.82+5.31
SGR (%) 2.02+0.08 2.0340.04 2.09+0.01
FCR 1.37£0.18 1.3210.03 1.20+0.04
Survival rate (%) 86.67+5.41 90.48+2.18 87.62+2.18
Villi Morphology

VL (um) 626.16+102.04¢ 707.60+£114.77° 901.79+120.382
VW (um) 111.36+21.61° 114.92+20.66° 129.78+30.082
VLVW 5.82+1.49° 6.31£1.37° 7.27+1.822

Means with different superscript letters in a row are significantly different (P<0.05)
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Table 3. Growth parameters and diatal villi morphology of Black Sea trout juveniles fed diets with three different protein levels for 12 weeks in seawater

Seawater (10.5°C)

Growth parameters 40% 45% 50%
Initial weight (g) 17.70+0.02 17.73+0.01 17.68+0.02
Final weight (g) 55.39+1.68 55.41+3.28 55.23+2.27
Weight gain (%) 212.97+£9.70 228.78+18.36 212.92+12.98
SGR (%) 1.26+0.03 1.32+0.06 1.27+0.05
FCR 1.61£0.12 1.48+0.04 1.55+0.12
Survival rate (%) 96.67+4.16 98.00+3.46 98.00+2.00
Villi Morphology

VL (um) 531.05+104.45¢ 638.28+100.120 788.44+104.262
VW (um) 125.45+34.44a0 116.17+24.39° 127.26+14.022
VLVW 4.44%1.23° 5.74+1.662 6.27+1.172

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

Figure 2. Distal intestine villi histology of Black Sea trout fed diets with 40% (D), 45% (E) and 50% (F) protein levels in seawater. (4x, H&E)

DISCUSSION

In a previous study, FCR and SGR in juvenile Caspian
Brown trout (Salmo frutta caspius) fed on diets containing 45
and 50% protein were better than those of 55% protein
(Ramezani, 2009). An additional previous study, juvenile Arctic
charr (Salvelinus alpinus) had highest growth rate when fish fed
with high dietary protein level (39.89% CP) (Amoah, 2011).
Protein requirements for maximum growth of Arctic charr,
Atlantic salmon, Chinook salmon, Coho salmon, Sockeye
salmon and rainbow trout were found as 39%, 55% (or 45),
40%, 40%, 45% and 40%, respectively, depending on protein
sources in diet (Lall and Anderson, 2005). In present study,
weight gain, feed conversion ratio and specific growth rate
weren't affected by dietary protein levels (40, 45 and 50%).
According to this results, in both freshwater and seawater
conditions, diets of juvenile Black Sea trout can contain the

protein 40-50%. It can be said that this results were similar to
those in salmonids described above. Also, in the present study,
it was found that Black Sea trout obtained a growth nearly 5 fold
in weight at the end of 90-days trial period in freshwater
conditions. A similar result was reported by Ozel et al. (2018b).
The growth of brown trout, which is rather slow in fresh water,
is substantially increased in sea water (Quillet et al. 1992). In
the present study, however, it was found that these species
obtained a growth nearly 2 fold in weight at the end of 90-days
trial period in seawater. This result was quite low compared to
freshwater. This may arise from decrease of feed intake.
Because fish were fed 2% of their body weight during
experiment. Whereas were fed 3% in freshwater. Also seawater
temperature was low compared to freshwater. Moreover, fish
may have been exposed to tank and smoltification stress due
to keeping in tank environment during experiment. Similarly,
Dosdat et al. (1997) stated that growth rate of Brown trout was
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decreased during first 20 days after they transferred to
seawater due to large decrease in feed intake. Lower growth
rate can be explain to lesser domestication associated with
feeding behavior of brown trout in small tanks. The most
significant growth rate as 0.98 was recorded in 27 m? sea cages
owing to less stress levels. The reason for that is these fish fed
with equivalent diet (52 % protein and 18 %) with high feeding
ratio as 1 % per body weight by day.

In previous studies, Yadav et al. (2014) found that diets with
fish oil, soybean oil, linseed oil and beef tallow allowed increase
in number of intestine villi of Asian catfish (Clarias batrachus),
Zaki et al. (2015) found that dietary chitosan incorporated into
feed formulation on the intestine morphology of Sea bass
(Dicentrarchus labrax) increased the villus height in duedonum
and jejenum, Heidarieh et al. (2013) found that aloe vera
incorporated in the Rainbow trout (Oncorhynchus mykiss) feed
increased the villus length and decreased the villus width in
proximal intestine. Also Santigosa et al. (2011) stated that
vegetable based feeding of fish effects to intestine histology.
These results shows that intestine villi morphplogy can be
affected by dietary treatments. Raskovic et al. (2011) stated
that intestine histology can vary due to the selected species and
ingested feed. In present study, the villi length (VL), width (VW)
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