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Abstract

Background: This study was conducted to determine the effect of various fatty acid ratios
added to diets of rainbow trout (Oncorhynchus mykiss, Walbaum) on some sperm parameters
and parameters related to arginase activity. Methods: A total of 99 male rainbow trout
were used in this study, with the fish averaging 3 years old. Semen was collected by
abdominal massage. Four different experimental groups were created in the study: a
control group without n-3 series fatty acids added to their diets, and groups with n-3 series
fatty acids added at ratios of 1% (D1), 2% (D2), and 3% (D3), respectively. Results: While
no significant difference in semen volume was observed between the D1 and D3 groups
and the control group, semen volume was significantly higher in the D2 group. Compared
with the control group, the time required for sperm motility to decline to both 50% and 0%
was significantly prolonged in the D1 and D3 groups. Seminal plasma arginase activity did
not differ significantly in the D2 and D3 groups compared with the control group but was
significantly higher in the D1 group. Conclusions: Consequently, considering the doses
used in the study, fatty acid supplementation was found to lead to changes in sperm quality
parameters, specifically volume (only 2%) and arginase activity (only 1%). Given that the
rate of decrease in sperm motility was later in groups D1 and D2, it was concluded that the
added fatty acids may be beneficial.

Keywords: rainbow trout; sperm quality; arginase activity; fatty acid

Key Contribution: This study investigates the effects of dietary omega-3 fatty acids on
semen quality and seminal plasma arginase activity in male rainbow trout. The findings
highlight the importance of optimal omega-3 supplementation for improving reproductive
performance in aquaculture.

1. Introduction

Rainbow trout (Oncorhynchus mykiss (Walbaum, 1792)) is a freshwater species be-
longing to the family Salmonidae and is one of the most widely consumed fish species
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worldwide [1]. Parallel to the increase in rainbow trout farming in our country, the need
for sufficient number and quality of eggs and therefore high quality and quantity of sperm
is also increasing. Aquaculture is one of the sectors that has developed in recent years
in order to meet the increasing food demand in parallel with the population growth. In
addition to the population growth, the decrease in the amount of aquatic products obtained
through capture fisheries and their inadequacy have made it necessary to produce and
raise some fish species in controlled environments [2].

In rainbow trout hatcheries, reproductive efficiency is one of the major factors deter-
mining production success. Although female fecundity is important, successful fertilization
largely depends on the availability of high-quality semen with adequate sperm concentra-
tion, motility, and fertilizing capacity. Reduced semen quality may lead to lower fertilization
rates, poor embryo survival, and decreased fry production, ultimately affecting hatchery
productivity and economic sustainability. Since artificial fertilization is routinely practiced
in rainbow trout culture, optimization of male broodstock nutrition to improve semen
quality has become an important strategy for enhancing reproductive performance and
seed production efficiency [2].

As with other fish species, fertile egg and progeny recruitment from rainbow trout
broodstock is under the influence of many factors. Production of quality fry is only possible
in hatcheries with quality broodstock, under optimal conditions, and by feeding them with
energy-rich feed. One of the most important sources that can meet the energy that fish need
is lipids. For normal development, rainbow trout feeds must contain 1% 18:3 omega-3 (w-3,
n-3) fatty acid [3]. Proper feeding of broodstock with mixed feeds that are balanced in terms
of other nutrients, especially n-3 series fatty acids, increases production. Feeding brood
fish with feed containing sufficient levels of n-3 series fatty acids is of great importance in
obtaining good quality and motility semen [2]. For this purpose, it should be determined
how the feed used and the essential fatty acid levels it contains will contribute to semen
quality. Dietary n-3 polyunsaturated fatty acids (PUFAs), particularly eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA), are essential structural components of sperm
cell membranes. These fatty acids contribute to membrane fluidity and flexibility, which
are critical for sperm motility, membrane integrity, and fertilization ability. Alterations in
dietary fatty acid intake can modify the lipid composition of spermatozoa membranes,
thereby influencing sperm function and reproductive performance. In addition, n-3 PUFAs
may improve oxidative stability by modulating cellular antioxidant defenses and reducing
lipid peroxidation, which is particularly important in highly unsaturated sperm membranes.
Therefore, dietary supplementation with EPA- and DHA-rich fatty acids may enhance
sperm motility duration, viability, and overall fertilization capacity in fish broodstock [3].

Fatty acids are divided into two groups. They are called saturated (single bond)
fatty acids if they contain a single bond, and unsaturated (double bond) fatty acids if
they contain a double bond. Highly unsaturated fatty acids are those containing more
than 20 carbon atoms and more than four double bonds. Fatty acids with 18-20 carbon
atoms and 2—4 double bonds in their molecular structure are known as PUFAs. Unlike
farm animals, the muscles of fish generally contain high amounts of highly unsaturated
fatty acids, one of the n-3 series fatty acids. The essential fatty acid needs of marine and
freshwater fish differ significantly [4].

The extremely short duration of sperm motility is one of the primary factors limiting
fertilization success in salmonids. Spermatozoon activity in numerous bony fish species
that undergo external fertilization is transient and achieves its peak velocity following
dilution, and decreases during movement [5]. On the other hand, pH of semen, motility
rate of sperm, motility duration, density, chemical structure of spermatozoa and seminal
plasma are used to determine sperm quality [2,6].

https:/ /doi.org/10.3390/ fishes11070422


https://doi.org/10.3390/fishes11070422

Fishes 2026, 11,422

30f12

Arginase (L-arginine amidinohydrolase E.C. 3.5.3.1) is the final enzyme of the urea
cycle and hydrolyzes L-arginine to urea and ornithine. Beyond its classical role in the
urea cycle, arginase has important physiological functions in the male reproductive sys-
tem through its regulation of L-arginine metabolism. Arginase and nitric oxide synthase
(NOS) compete for the common substrate L-arginine, thereby influencing nitric oxide
(NO) production, which plays a key role in sperm motility, capacitation, and fertilization.
Furthermore, ornithine generated by arginase serves as the precursor for polyamine syn-
thesis. Polyamines are essential for cell proliferation, differentiation, DNA stabilization,
and spermatogenesis, and they have been detected in seminal plasma and spermatozoa.
Therefore, alterations in seminal plasma arginase activity may influence seminal plasma
composition and sperm function, making this enzyme a potential biochemical indicator
of male reproductive performance [7]. Porembska [8] attributes the presence of arginase
enzyme in non-ureotelic organisms and tissues to the repression or deletion of other en-
zymes of the cycle due to the fact that organisms use metabolic pathways other than the
urea cycle in the regulation of nitrogen. The presence of arginase enzyme has also been
detected in many tissues of fish, which are ammonotelic organisms.

In this study, we investigated the effects of dietary n-3 series essential fatty acids on
semen quality parameters and seminal plasma arginase activity, with particular emphasis
on the potential relationship between nutritional modulation and biochemical markers of
male reproductive function in rainbow trout.

2. Materials and Methods
2.1. Animals and Working Arrangement

The experiment was conducted at the Cip Fish Production Facility of the Faculty of
Fisheries, Firat University. A total of 99 three-year-old male rainbow trout (Oncorhynchus
mykiss) were randomly assigned to four dietary treatment groups (Control, n = 25; D1,
n = 25; D2, n = 25; D3, n = 24). Each dietary treatment was maintained in a separate
concrete tank (3 x 1.5 x 1.0 m) throughout the feeding trial. Fish were acclimated to
the experimental conditions for one month and fed the control diet during this period.
Subsequently, Broodstock fish were fed their respective experimental diets three times
daily to apparent satiation (ad libitum) for three months. Feed was offered until the fish
voluntarily ceased feeding; therefore, no fixed feeding rate (% body biomass day ') was
applied. The experiment was conducted under identical environmental conditions for
all groups during the natural spawning season (November—March), using water with a
mean temperature of 9 £ 2 °C. Semen quality parameters and seminal plasma arginase
activity were measured individually for each fish, and individual fish were considered the
experimental units for the statistical analyses.

2.2. Preparation of the Study

In the study, the control group without added n-3 series fatty acids and the study
groups containing 45% crude protein, 3619 kcal/kg metabolized energy and 1%, 2% and
3% n-3 series fatty acids concentrated from anchovy oil (D1, D2 and D3) were created. In
addition, protein sources included maize gluten, soybean meal, anchovy meal, and fatty
acids; energy sources included unprocessed sunflower oil (a source of n-6 series fatty acids)
and n-3 series fatty acids (Table 1) [9]. The concentrated n-3 fatty acid supplement (Solgar
Omega-3 700 (Solgar Inc., Leonia, NJ, USA)) was derived from anchovy oil and contained
54.3% EPA, 37.1% DHA, and 8.6% other n-3 fatty acids (docosapentaenoic, linolenic, and
stearidonic acids), according to the manufacturer’s specification.
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Table 1. Nutritional content and use rates of the feed used in the study.

Research Groups

Feed Content (%)

Control D1 D2 D3
Anchovy flour (56.9 SP) 35 35 35 35
Soybean meal (42.2% SP) 30 30 30 30
Corn gluten (52.6% SP) 5 5 5
Wheat starch (10.2% SP) 5 5 5
n-3 series fatty acid ! - 1 2 3
Sunflower oil 15.2 14.2 13.2 12.2
Antioxidant 2 0.1 0.1 0.1 0.1
Vitamin mix 3 1 1 1 1
Mineral mix * 1 1 1 1
Wheat bran 7.7 77 7.7 7.7

! Concentrated n-3 series fatty acid (Solgar OMEGA-3 700) is made from anchovy oil and comprises 8.6% additional
n-3 series fatty acids (docosapentaenoic, linolenic, and stearidonic acid) in addition to 54.3% eicosapentaenoic acid
(EPA) and 37.1% docosahexaenoic acid (DHA). 2 Butylene Hydroxy Toluene (BHT); 125,000 mg/kg. 3 Vitamin
Mix: 250,000 IU of vitamin A, 240,000 IU of vitamin FA3, 10,000 IU of vitamin E, 3000 mg of vitamin K, 1000 mg of
vitamin B1, 3000 mg of vitamin B2, 2000 mg of vitamin B6, 4 mg of vitamin B12, 100,000 mg of choline chloride,
6000 mg of vitamin C, 30,000 mg of niacin, 10,000 mg of calcium d-pantothenate, 600 mg of folic acid, and 200 mg
of d-biotin. * Mineral Mixture (mg/kg); Manganese 1300, zinc 3000, iron 6000, copper 300, iodine 110, potassium
70, phosphorus 60, selenium 30, cobalt 20, magnesium 5.

2.3. Sperm Collection in Broodstock Fish

Sperm samples were collected from broodstock fish maintained at the Faculty of Fish-
eries, Firat University, Tiirkiye. All procedures were performed by experienced personnel
during routine handling for reproductive evaluation. Fish were handled carefully and
all manipulations were conducted to minimize stress and avoid any harm to the animals.
Sperm was collected using standard non-invasive stripping techniques under controlled
environmental conditions. Fish were fasted for 24 h prior to semen collection. Semen sam-
ples were collected from sexually mature male rainbow trout during the natural spawning
period (November—March) by gentle abdominal stripping without anesthesia in order to
minimize handling time and stress. Gentle pressure was applied from the anterior to the
posterior region of the abdomen, and semen was collected into clean, dry tubes using
standard non-invasive stripping techniques. Following collection, semen samples were
immediately processed for semen quality analyses. Following collection, samples were
immediately processed for motility and kinematic analyses [10].

2.4. Determining the Volume and pH of Sperm

The collected semen was taken into a measured flask, their volume was determined, and
other semen characteristics were examined immediately afterwards. The pH of the semen
fluid was measured by dipping the electrodes into the semen fluid with a digital pH meter
(Orion Star A211 pH Benchtop Meter, Thermo Fisher Scientific Inc., Beverly, MA, USA).

2.5. Determination of Spermatozoa Motility and Motility Duration

To determine spermatozoa motility, 2 mL of 119 mmol NaCl solution (equivalent
to physiological saline, 0.9% NaCl) was used as a standard diluent for sperm motility
assessment. One drop of semen was then added and gently mixed. The motility rate (%)
was measured using a 400 x magnification a mirror microscope (Olympus CX31 (Olympus
Corporation, Tokyo, Japan). The change in this percentage rate was also examined depend-
ing on time. Additionally, the motility period was determined by observing the moment
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when spermatozoa movement stopped 50% or completely and recorded in seconds. For
each semen sample, at least three microscopic fields were evaluated, and the mean value
was used for statistical analysis. All evaluations were performed by the same experienced
observer to minimize inter-observer variability [2,11].

2.6. Determination of Spermatozoa Density

While determining the spermatozoa density (x10°/mL), 10 mL of 119 mmol NaCl
solution was taken and 1-2 drops of 3% eosin were added into it to facilitate counting under
the microscope. Semen was diluted 1/500 with this prepared diluent and determined using
the hemocytometric method with a Thoma slide [11,12].

2.7. Determination of Seminal Plasma Arginase Activities

Afterward, the spermatological properties were examined immediately and the sam-
ples were centrifuged using a chilled centrifuge (Hettich Mikro200R - Andreas Hettich
GmbH & Co. KG, Tuttlingen, Germany) at 15,000 g and + 4 °C for 13 min. Seminal plasma
samples that had been obtained were kept in a freezer at —20 °C for two weeks until they
were analyzed for arginase enzyme activity.

Seminal plasma arginase activity was measured spectrophotometrically using a ver-
sion of the Geyer and Dabich-described Thiosemicarbazide-Diacetyl-Monoxime-Urea
(TDMU) technique [13]. There were two repetitions of the measurements. After a 12 min
pre-incubation at 55 °C, 0.1 mL of seminal plasma was diluted 1/20 with 1 mM MnCI2 and
used as the enzyme source for this method. Tubes containing 0.3 mL of enzyme source
(0.4 mL carbonate buffer and 0.3 mL L-arginine (120 mM, pH 9.5) were incubated for 10 min
(37 °C). Three milliliters of acid reagent were added to each tube at the conclusion of the
incubation period. The tubes were submerged in a bath of boiling water for ten minutes
after the process ceased. Following this process, the tubes were filled with 2 milliliters of
color reagent. Following the tubes’ removal from the bath of boiling water and cooling, the
absorbance at 520 nm was measured.

2.8. Statistical Analysis

The statistical significance of the various groups was evaluated using SPSS 22 soft-
ware. The Shapiro-Wilk normality test was used to assess whether the raw values of all
measured parameters showed a normal distribution. The results of the test revealed that
each parameter value showed a normal distribution. Based on these test results, differences
between groups were evaluated and compared using the post hoc Tukey test and one-way
analysis of variance (ANOVA). Mean and standard error were used to present the results
of the study. p values below 0.05 were considered statistically significant.

3. Results

The results of some semen quality parameters are given in Table 2, while seminal
plasma arginase activities are given in Figure 1.

Table 2. The results of some semen quality parameters.

Semen

Duration of

Sperm Density  Initial Sperm Total Duration of

Semen pH 9 e (o 50% Sperm o
Volume (mL) (Cells X 10°/mL)  Motility (%) Motility (s) Sperm Motility (s)
Control 10.18 £0.682 8.32+0.14 12.86 £1.25 82.27 £2.52 120.09 £7.152 27327 £22.26?
D1 1312 £1.002>  8.56 4 0.06 11.53 £0.72 8229 +259  203.08 +£27.17°  414.37 +30.75P
D2 15.34 £1.27° 843 +£0.05 10.52 £ 0.67 8591 +1.34 170.0 £19.56°®  337.64 +34.15
D3 13.09+1.312>  8.50 & 0.06 12.30 £ 0.77 88.33 +1.88 23577 +19.63° 44550 4 37.27°P

Within columns, means with different letters (a and b) are significantly different (p < 0.05).
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Figure 1. The effect on seminal plasma arginase activity of n-3 fatty acid added Rainbow Trout Feeds.
Different letters (a and b) above the bars indicate statistically significant differences among groups
(p <0.05).

The effects of dietary n-3 fatty acid supplementation on semen quality parameters are
presented in Table 2. Semen volume was significantly higher in the D2 group than in the
control group (p < 0.05), whereas the D1 and D3 groups showed intermediate values that
did not differ significantly from either the control or D2 groups. No significant differences
among the groups were observed for semen pH, sperm density, or initial sperm motility
(p > 0.05). Both the duration of 50% sperm motility and the total duration of sperm motility
were significantly longer in the D1 and D3 groups than in the control group (p < 0.05), while
the D2 group did not differ significantly from either the control or the D1 and D3 groups
for the duration of 50% sperm motility. However, the total duration of sperm motility in
the D2 group was similar to that of the control group and significantly shorter than those
of the D1 and D3 groups (p < 0.05).

As shown in Figure 1, seminal plasma arginase activity was significantly higher in the
D1 group than in the control group (p < 0.05). The D2 and D3 groups showed intermediate
arginase activities and did not differ significantly from either the control or D1 groups.

4. Discussion

The capacity of sperm to properly fertilize an egg is measured by their quality. A
measure of sperm quality could be any measurable physical parameter that is directly
related to the sperm’s ability to fertilize. Sperm count and traits will be optimized by
natural selection to maximize the fitness of each individual male relative to the unique
reproductive strategy of each species. Males are competitive in the wild and rely on their
species’ reproductive tactics and physical surroundings. Although dietary changes have
a significant impact on reproductive physiology, there is little evidence that they have an
effect on sperm quality in fish. Egg and spermatozoon counts can be impacted by fatty
acids, particularly PUFAs, n-3 series fatty acids, and their derivatives [14,15].

Gamete quality and seed production are significantly enhanced by improvements in
breeding nutrition and feeding [16]. Enriching commercial diets with PUFA increases the
European seabass (Dicentrarchus labrax) species male sea bass reproductive performance.
When compared to perch fed a non-enriched wet food, fish oil-enriched commercial pellet
meal resulted in longer spermiation times, larger milt volumes and spermatozoa concen-
trations, and a better rate of embryo and larval survival following fertilization. While the
researchers noted increased weight gain in fish fed the wet diet, they also showed that
males fed commercially prepared meals showed improved reproductive success, perhaps
due to the advantages of PUFA enrichment [17]. In another study, researchers investigated
the results of rainbow trout’s long-term adaptation to 8 and 18 °C with a diet supplemented
with corn oil or fish oil on spermatozoan plasma membrane properties. They reported that
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dietary lipids changed the composition of the sperm plasma membrane but did not change
its fluidity and did not increase fertilization capacity [18].

In many studies on reproductive performance, many different substances such as
ascorbic acid [19], gossypol [20], melatonin [21], and amino acid [22] supplements have been
tested and it has been observed that these substances have different effects on reproductive
performance. In this study, we determined differences in some sperm quality parameters
and seminal plasma arginase activities in trout fed with diets enriched with different
amounts of n-3 series fatty acids.

Among the metrics used to assess sperm quality are sperm density, motility rate, and
motility duration because they have an important effect on successful fertilization [23].
In this study, it was noted that semen volume increased in the group with 2% fatty acid
supplementation, while there was no change in semen pH and density. However, when
spermatozoon motility durations were evaluated, it was observed that both 50% and 0%
sperm motility durations were prolonged in D1 (1%) and D3 (3%) groups. The prolonged
sperm motility observed in the present study may increase the potential for successful fertil-
ization, particularly under artificial fertilization conditions. However, because fertilization
rate, embryo survival, and larval performance were not evaluated, these findings should
not be interpreted as direct evidence of improved reproductive performance.

The prolonged sperm motility observed in the present study may be explained by
several complementary physiological mechanisms. Long-chain n-3 polyunsaturated fatty
acids, particularly EPA and DHA, are incorporated into sperm plasma membranes, where
they increase membrane fluidity and flexibility. Improved membrane fluidity facilitates the
function of membrane-associated ion channels and transport systems involved in sperm
activation and flagellar beating. In addition, DHA-rich mitochondrial membranes may
enhance mitochondrial efficiency and ATP production, thereby providing a sustained
energy supply for flagellar movement. Because sperm motility is an ATP-dependent pro-
cess, improved mitochondrial energy metabolism may contribute to the longer motility
duration observed in the n-3 supplemented groups. Furthermore, maintenance of mem-
brane integrity and ionic homeostasis may delay sperm exhaustion after activation, thereby
prolonging the fertilization period [2,6,18].

Although enrichment of sperm membranes with long-chain n-3 polyunsaturated fatty
acids may improve membrane fluidity and sperm function, these highly unsaturated lipids
are also more susceptible to lipid peroxidation under oxidative conditions [6,18]. There-
fore, maintaining an appropriate balance between dietary n-3 fatty acid enrichment and
antioxidant defense is essential for preserving sperm quality. Oxidative stress has been
associated with impaired membrane integrity, reduced ATP production, and decreased
sperm motility [6,18,24]. In the present study, antioxidant status was not evaluated; there-
fore, biomarkers such as malondialdehyde (MDA), superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GSH-Px), reduced glutathione (GSH), and total antioxi-
dant capacity were not determined. Future studies incorporating these oxidative stress
parameters would provide a more comprehensive understanding of the mechanisms un-
derlying the beneficial effects of dietary n-3 fatty acids on rainbow trout sperm quality.
Future studies combining semen quality evaluation, seminal plasma arginase activity, and
oxidative stress biomarkers would provide a more comprehensive understanding of the
mechanisms through which dietary n-3 fatty acids improve male reproductive performance
in rainbow trout.

Koprucu et al. [24] studied the effects of n-3 series fatty acids added to the diets of
rainbow trout under regular stripping conditions at similar rates (1% and 2%) to our study
on MDA, SOD, CAT, GSH-Px and GSH levels; semen and liver fatty acid compositions; and
spermatological values (semen volume and pH, sperm density, percentage and duration of
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sperm motility). The researchers obtained the highest n-3 PUFA levels and spermatological
values in semen from fish fed a diet containing 2% fatty acids in all sampling periods.
In our study, we determined that semen volume increased significantly in the group to
which 2% fatty acids were added. Yonar et al. [25] investigated semen production and
quality, hepato-somatic index, hemato-immunological values, oxidative stress and fatty
acid contents in liver, muscle and semen of rainbow trout fed diets supplemented with
n-3 series long-chain PUFAs under regular milking conditions. They fed the fish with
diets supplemented with 3.14% (control), 7.84% and 13.63% n-3 PUFAs. Their research has
shown that 13.63% of the total fatty acids consist of n-3 PUFA and that it can increase sperm
production and quality in rainbow trout broodstock under regular milking conditions.
The modulation of polyamines, glutamate, proline, NOS, and arginase (mitochondrial
form) is crucial [26]. It has been reported that the mitochondrial form of arginase is found
in several reproductive system components [11,27]. Male reproductive organs and tissues,
including seminal plasma and spermatozoa, semen, the prostate, the epididymis, and the
testis, are also known to contain polyamines [28]. The relationship between arginase activ-
ity and sperm quality may be explained through the regulation of L-arginine metabolism.
Arginase and NOS compete for the common substrate L-arginine. Consequently, increased
arginase activity may reduce L-arginine availability for NO synthesis while simultane-
ously increasing ornithine production. The increased availability of ornithine promotes
the synthesis of polyamines, including putrescine, spermidine, and spermine, which are
involved in cell proliferation, differentiation, chromatin stabilization, and spermatogenesis.
Therefore, increased arginase activity may shift L-arginine metabolism toward polyamine
synthesis rather than NO production, thereby supporting sperm maturation, seminal
plasma quality, and overall sperm function. However, maintenance of a physiological
balance between arginase and NOS activities is essential, as both excessive and insufficient
NO production may adversely affect sperm function [11,12,27-29]. Although the present
study did not directly measure NO or polyamine concentrations, the observed changes
in seminal plasma arginase activity may reflect alterations in L-arginine metabolism that
contribute to the improved reproductive characteristics observed in the n-3 supplemented
groups. In this study, arginase activity increased in the groups supplemented with 2%
and 3% n-3 series fatty acids, but this increase did not reach a statistically significant
level. However, a significant increase in seminal plasma arginase activity was found in
the D1 group supplemented with 1% compared to the control group. While there have
been some documented correlations between seminal plasma arginase activity and sper-
matological parameters [12,29,30], there has been no evidence that n-3 series fatty acids
have an effect on the activities of seminal plasma arginase. However, the connections
between the metabolism of arginine and fatty acids have been studied [31] or although
there have been studies examining the function of omega-3 fatty acids and arginine in
infection and wound healing, there is no proof to support the impact of n-3 series fatty
acids on seminal plasma arginase activity when added to the diet [32]. Ozer Kaya and
colleagues stated that intramuscular vitamin E and vitamin E-selenium combination [12],
L-arginine applications [29], dexamethasone administration [11] increase and decrease at
different rates as a result of the applications in their studies in which they examined the
seminal plasma arginase activities. Increased activity of seminal plasma arginase with
the addition of n-3 series fatty acids to the diet (in group D1) may have a positive effect
on cell division, growth and differentiation of sperm cells, spermatological parameters
through the resulting polyamines. The different responses observed among the dietary
supplementation levels indicate that the biological effects of n-3 fatty acids are not strictly
linear and may reflect the complex regulation of reproductive physiology. While 1% sup-
plementation significantly increased seminal plasma arginase activity, 2% supplementation
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produced the highest semen volume, whereas both 1% and 3% supplementation prolonged
sperm motility duration. These findings suggest that individual reproductive traits may
differ in their sensitivity to dietary n-3 fatty acids. Such differences may be associated with
dose-dependent lipid metabolism, maintenance of an optimal n-3/n-6 fatty acid balance,
and compensatory regulation of L-arginine metabolism. In addition, although dietary
enrichment with EPA and DHA improves sperm membrane composition and function,
excessive incorporation of highly unsaturated fatty acids into sperm membranes may in-
crease susceptibility to lipid peroxidation. Therefore, increasing dietary n-3 fatty acid levels
does not necessarily result in proportional improvements in all reproductive parameters,
and the optimal supplementation level may vary depending on the physiological endpoint
evaluated [2,6,24,30].

Although dietary n-3 fatty acid supplementation improved several semen quality
parameters, including sperm motility duration and seminal plasma arginase activity, the
present study evaluated only indirect indicators of male reproductive performance. Fer-
tilization rate, embryo survival, hatching success, and larval quality were not assessed.
Therefore, the observed improvements in semen quality should be interpreted as an in-
creased reproductive potential rather than direct evidence of enhanced reproductive success.
Future studies integrating semen quality evaluation with fertilization trials and early de-
velopmental performance are required to confirm the practical implications of dietary n-3
fatty acid supplementation in rainbow trout hatchery production.

Although sperm quality parameters provide valuable information regarding male re-
productive potential, fertilization trials and subsequent evaluation of embryo development,
hatching success, and larval survival are necessary to confirm the functional relevance of
sperm characteristics. Male age is an important factor affecting reproductive performance
in rainbow trout; therefore, future studies including males of different age classes may pro-
vide further insights into age-related variations in sperm quality. Environmental conditions
such as water temperature, photoperiod, spawning season, and salinity may influence
sperm characteristics and should be considered in future reproductive studies.

Another limitation of this study is that each dietary treatment was maintained in a
single tank. Although semen quality and arginase activity were measured individually for
each fish, potential tank effects cannot be completely excluded. Therefore, the results should
be interpreted with appropriate caution, and future studies should include replicated tanks
to further validate the effects of dietary n-3 fatty acid supplementation.

5. Conclusions

Dietary supplementation with n-3 fatty acids improved selected semen quality param-
eters in male rainbow trout; however, the responses varied according to the supplementa-
tion level. The 2% supplementation level significantly increased semen volume, whereas
1% supplementation resulted in the highest seminal plasma arginase activity. In contrast,
both the 1% and 3% supplementation levels significantly prolonged sperm motility dura-
tion. These findings suggest that the effects of dietary n-3 fatty acids are parameter-specific
rather than strictly dose-dependent, and that no single supplementation level was optimal
for all reproductive traits evaluated.

Although the observed improvements in semen quality indicate an enhanced repro-
ductive potential, fertilization success, embryo development, and larval performance were
not evaluated in the present study. In addition, the fatty acid composition of the experimen-
tal diets, oxidative stress biomarkers, nitric oxide metabolism, and polyamine metabolism
were not directly assessed. Therefore, the biological mechanisms underlying the observed
improvements remain to be fully elucidated. Future studies integrating dietary fatty acid
profiling, oxidative status, arginine metabolism, fertilization trials, and offspring perfor-
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mance will provide a more comprehensive understanding of the role of dietary n-3 fatty
acids in improving reproductive performance in rainbow trout.
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PUFA Polyunsaturated fatty acids
TDMU Thiosemicarbazide-Diacetyl-Monoxime-Urea

n-3 omega-3

EPA Eicosapentaenoic acid
DHA Docosahexaenoic acid
NOS Nitric oxide synthase
NO Nitric oxide

MDA Malondialdehyde
SOD Superoxide Dismutase
CAT Catalase

GSH-Px  Glutathione Peroxidase
GSH Reduced Glutathione
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