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Abstract. Sperm quality is crucial to the success of fish breeding in captivity. The present study evaluated
the effects of different diets on sperm quality in the striped catfish (Pangasianodon hypophthalmus) during
a 3-month feeding trial. 30 striped catfish were divided evenly between the two groups (A and B). Group
A was fed a commercial diet, while group B was fed a formulated diet containing essential fatty acids. 15
males with a body weight between 2.59-3.09 kg for each group were used as experimental fish. The
motility and velocity of the catfish sperm, fertilization, and hatching rate were examined to evaluate sperm
quality and its association with fertilization and hatching rate. The analysis of sperm motility and velocity
has been performed using computer-assisted sperm analysis (CASA). The research data were analyzed by
an independent sample T-test. Group A significantly differed from group B in terms of motility, progressive
motility, curvilinear velocity (VCL), straight-line velocity (VSL), average path velocity (VAP), and hatching
rate (HR). These findings imply that essential fatty acid rich diets improve the sperm quality of striped
catfish.
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Introduction. The striped catfish (Pangasianodon hypophthalmus) is one of the most
rapidly developing freshwater species in aquaculture. According to the Ministry of Marine
Affairs and Fisheries, Republic of Indonesia (MMAF 2013), the national production of striped
catfish in 2013 was 410383 tons, and the increase in striped catfish production from 2010
to 2013 reached 95.57%. Furthermore, according to the Ministry (MMAF 2016), total
production reached 418002 tons in 2014, but declined by 18.8% to 339111 tons in 2015.
In 2017, there was another decline in production by 18.67% of the total production in 2016
(392918 tons). Ineffective brood stock management may have contributed to the drop in
fish production. Problems in aquaculture activities contributed to the decline in total
production. Therefore, anticipating these issues is necessary to ensure the continued
availability of high-quality juveniles.

The availability of good quality juveniles is related to the availability of superior
brood stock quality. Improving the quality of broodstock can be done through a genetic
approach and nutrition. The nutrients contained in broodstock diets will affect the quality
of sperm and eggs produced, and in the end, they will also affect the quality of the juveniles
produced. According to Izquierdo et al (2001), good nutrition improves not only the quality
of sperm and egg cells, but also the quality and quantity of juveniles. Few studies have
been able to directly link the nutrition of broodstock to spermatozoa kinetics, even though
numerous studies have linked diet to reproductive success. Sperm concentration, motility,
viability, morphology, metabolic activity, and ability to fertilize an egg are important factors
that must be considered in determining reproductive performance (Cabrita et al 2014).
Meanwhile, temperature, season, stress, hormone stimulation, and parent nutrition are
factors that affect sperm quality (Alavi et al 2008).

In the case of broodstock nutrition, the fatty acid composition of the broodstock diet
has been discovered to be a primary dietary component that affects fish sperm quality,
owing to carnivorous fish being unable to manufacture specific fatty acids, hence needing
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them in their feed. In general, both freshwater and marine species require PUFA or HUFA
in their diets (Izquierdo et al 2001). Adding these fatty acids to broodstock diets can result
in significant improvements in sperm motility indices. Beirao et al (2015) discovered that
a DHA-enriched diet improved sperm quality in Senegalese sole (Solea senegalensis),
specifically the sperm velocity (VCL) and percentage of progressive sperm. In European
eels (Anguilla anguilla), diets high in arachidonic acid (ARA) generated medium milt
volumes and high sperm motility (Baeza et al 2015; Butts et al 2015), whereas diets high
in eicosapentaenoic acid (EPA) induced noteworthy milt volumes and high sperm motility.
In freshwater fish, such as rainbow trout (Oncorhynchus mykiss), some breeders fed a diet
deficient in essential fatty acids (n-3) had lower sperm motility than breeders fed a control
diet (Vassallo-Agius et al 2001), while fish fed a proper HUFA/PUFA ratio had the highest
sperm motility percentage and duration than other treatments in another rainbow trout
trial (Hajiahmadian et al 2016).

The quality of sperm is critical to the effectiveness of farmed fish spawning. In
practice, any quantitative indicator that is directly connected to fertilization capacity can
be used to estimate sperm quality. Spermatozoa motility is the most often used parameter
in determining sperm quality (Kime et al 2001). The motility and velocity of spermatozoa,
as evaluated by computer-assisted sperm analysis (CASA), are frequently used to link male
gamete quality to fertilization potential. Spermatozoa with higher velocity and motility have
a shorter window of time to reach the micropyle, which is important for fish that spawn in
highly competitive situations. Evaluation of sperm motility as well as other kinetic
characteristics such as curvilinear, straight-line, and average path velocities, as well as
morphology, are important aspects of determining sperm quality in many fish species
(Gallego et al 2013). This experiment aimed to investigate the impact of different diets on
the sperm quality of striped catfish.

Material and Method. The research was carried out at the Research Institute for Fish
Breeding (RIFB), Ministry of Marine Affairs and Fisheries, West Java, Indonesia. The striped
catfish were acquired from the institute's broodstock population.

Experimental design. The fish were separated into two groups of 15 fish each (groups A
and B) and subjected to the following experimental protocol. A formulated diet containing
essential fatty acids was provided to group A, while a commercial feed was given to group
B. The n-6 fatty acid source in the formulated feed was 2% corn oil, while the n-3 fatty
acid source was 1.5% fish oil (Table 1) (Pamungkas et al 2020). Proximate analysis of the
diet was carried out according to AOAC (2005). Total lipid was determined using the
method of Folch et al (1957). Fatty acid analysis of the diet was carried out using Gas-
Liquid Chromatography (Mazurek et al 2017). The proximate composition of the
experimental diets is presented in Table 2. The fatty acid composition of the diets is
presented in Table 3.

Table 1
Feed formulation of the striped catfish diet during the experiment

Ingredient %
Fish meal 50.76
Soybean meal 18.60
Fish oil 1.50
Corn oil 2.00
Coconut oil 6.96
Wheat flour 11.68
Tapioca 5.70
Premix 2.00
Choline chloride 0.50
CMC?! 0.30

Note: CMC - carboxymethyl cellulose.
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Striped catfish rearing. Thirty males (bodyweight 2.84+0.25 kg) and thirty females
(bodyweight 2.5-4.0 kg) of striped catfish were used as experimental models. The
experimental fish were from the Research Institute for Fish Breeding (RIFB), Subang, West
Java, Indonesia. Fish were acclimated to experimental conditions for 2 weeks before
treatment after being selected based on their gonad maturity (no eggs and no sperm). Fish
were kept in six net cages measuring 3x5x1.5 m, located in a 6000 m? earthen pond. Each
net cage was stocked with 10 fish, consisting of 5 females and 5 males, and the fish were
cultured for 3 months. During the experiment, fish were fed commercial or formulated
feeds according to the treatment, at 3% of their body weight (BW) twice a day. The
experimental catfish were tagged using a microchip. The gonadal maturity stage of the
experimental catfish was observed every two weeks. Fish with mature gonads, both males
and females, were spawned to measure the rate of fertilization, hatching, and larval
production.

Table 2
Proximate composition of the experimental diet (%)
. o Experimental diet
Proximate (%) A (Formulated) B (Commercial)
Protein 36.80+0.607 35.80+0.01P
Fat 12.70+£0.012 4.90+0.16°
Fiber 2.99+0.02° 2.50+0.482
Ash 16.40+0.02° 7.80+0.05°
NFE 31.12+0.61° 49.10+0.70b
Energy (Kcal kgt feed) 455.620 449.780
Energy/protein 12.370 12.580

Note: values (means * SD, n=3) in the same row with different superscripts show significant differences
(p<0.05); NFE - nitrogen-free extract.

Table 3
The fatty acid composition of the experimental diets (%)
Fatty acid Commercial diet Formulated diet
2n-3 fatty acid (%) 10.10+0.022 2.60+0.05P
>n-6 fatty acid (%) 4.50+0.042 13.80+0.08b
2n-9 fatty acid (%) 47.80+0.042 22.20+0.01b
>Saturated fatty acid (%) 53.40+0.03? 59.30+0.02°
2Unsaturated fatty acid (%) 46.80+0.042 42.50+0.06°
n—6/n—3 ratio 0.45+0.00° 5.40+0.12°

Note: values (means £ SD, n=3) in the same row with different superscript letters show significant differences
(p<0.05).

Sperm collection. Milt from fish was collected by abdominal massage into scaled-marked
glass beakers whenever it was present. The milt was stripped in such a way that it did not
become contaminated with blood, feces, or urine. During stripping, no anesthetic was
utilized. Until further investigation, sperm samples were stored in insulated boxes (4°C)
without direct contact with ice.

Measurement of sperm motility. Motility parameters were evaluated using CASA
(CEROQOS II Hamilton-Thorne) connected to a CX41 microscope (Olympus) after 10 s of
activation with a digital camera (U-TV1X- 2). The motility variables measured included the
percentage of motility and progressive motility, non-progressive static motility, VCL,
straight-line velocity (VSL), average path velocity (VAP), linearity (LIN), and straightness
(STR). Measurements were performed in triplicate, and the average result was used in the
data analyses. Sperm with a velocity of 220 ym s! was defined as motile.

CASA assessment. Semen was diluted and placed in a Leja slide that had been
conditioned to 37°C. The CASA used is a Sperm Class Analyzer (SCA) 5.2 Micro-optics
(Spain). The CASA settings were as follows: pH 1 contrast phase, 10x10 magnification,
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and a green filter on the reflector mirror. The light intensity was adjusted to meet the
standards and printed on the monitor screen. The pictures were taken in five different fields
of view, and the results were displayed in Microsoft Excel.

Fertilization and hatching rates. Fertilization and hatching rate values were measured
to assess the sperm's ability to fertilize eggs and produce offspring. Fertilization and
hatching rates were calculated using the following equations:

Fertilization rate (%) = (Number of fertilized eggs /Total number of eggs) x 100 (Tilahun
et al 2016)

Hatching rate (%) = (Number of hatched eggs /Total number of fertilized eggs) x 100
(Hanjavanit et al 2008)

Data analysis. The data on motility, velocity, fertilization rate, and hatching rate were
statistically analyzed using Microsoft Excel 2016 and the SPSS program (ver. 25). The
independent sample t-test was used to examine the data.

Results

Sperm motility. The results of this study revealed that the percentages of motility and
progressive motility in group A were significantly different from those in group B, but the
percentages of non-progressive motility were not (Table 4). Group A had a higher
percentage of motility (96+1.67%) and progressive motility (32.1+£5.9%) than group B
(77.32£5.54% motility; 12.35+2.63% progressive motility).

Table 4
Sperm motility of striped catfish (Pangasianodon hypophthalmus) fed experimental diets

Experimental diet

Parameter

A (Formulated) B (Commercial)
Motility (%) 96+1.67°2 77.32+5.54b
Progressive motility (%) 32.1+5.92 12.35+2.63b
Non-progressive motility (%) 63.9+4.412 64.97+4.992
Static (%) 4+4.112 22.68+13.58°

Note: mean values in the same row with different superscripts show significant differences between the groups
(p<0.05).

Sperm velocity. The sperm velocity including VCL, VSL, and VAP in group B was
significantly different from group A (Table 5). The VCL (58.87+4.33 pym s), VSL
(34.30+2.80 pym s!), and VAP (45.17+2.93 um s!) values in group B were higher than in
group A (36.85+4.47 ym s VCL, 23.28+1.69 um s! VSL, and 29.70+2.84 ym s’ VAP).
The percentage of LIN and STR in group A were not significantly different from group B.

Table 5
Sperm velocity, linearity, and straightness of striped catfish (Pangasianodon
hypophthalmus) fed experimental diets

Experimental diet

parameter A (Formulated) B (Commercial)
VCL (um s?) 58.87+4.332 36.85+4.47°
VSL (um s) 34.30+2.80° 23.28+1.69°
VAP (um s™1) 45.,17+£2.932 29.70+2.84b
LIN (%) 58.10+1.33° 65.00+3.36°
STR (%) 75.42+1.68? 79.30+2.302

Note: VCL - curvilinear velocity; VSL - straight line velocity; VAP - ; average path velocity; LIN - linearity; STR -
straightness; mean values in the same row with different superscripts show significant differences between the
groups (p<0.05).
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Fertilization and hatching rate. Observation data for fertilization and hatching rate are
presented in Table 6. The hatching rate in group A was significantly different from that of
group B, but the percentage of fertilization was not significantly different between the
groups. The value of the hatching rate (87.47+4.29%) in group B was higher than in group
A (57.58+7.36%).

Table 6
Fertilization (FR) and hatching rate (HR)
Parameter Experimental diet
A (Formulated) B (Commercial)
FR (%) 86.66+4.77°2 76.11+4.61°
HR (%) 87.47+4.292 57.58+7.36P

Note: mean values in the same row with different superscripts show significant differences between the groups
(p<0.05).

Discussion. Previous research on broodstock nutrition has primarily focused on female
fish. However, few studies using male brood fish show the importance of optimizing the
dietary needs of both male and female brood fish (Butts et al 2015; Hajiahmadian et al
2016). As a result, the current study investigated how different diets high in essential fatty
acids affected sperm quality and reproductive performance in striped catfish.

For viable offspring, the quality of fish sperm is just as important as the quality of
female eggs. Sperm morphology, density, volume, motility, and fertilizing capacity, as well
as seminal plasma composition and osmolality, are common parameters used to assess
sperm quality in fish (Billard & Cosson 1992; Lahnsteiner et al 1998; Rurangwa et al 2004;
Alavi & Cosson 2005; Hanjavanit et al 2008; Bobe & Labbe 2010). Among the various
semen quality biomarkers in fish, motility is now the most commonly used parameter
(Gallego et al 2019), and it is highly correlated with fertilization success in several fish
species (Gallego et al 2018).

Sperm velocities are also reliable indicators of sperm quality (Fauvel et al 2010)
and are important in determining male fertility (Gage et al 2004; Lahnsteiner et al 1998;
Rurangwa et al 2004). These have been linked to hatching rates and sperm motility in
different fish species, such as African catfish (Clarias gariepinus) (Rurangwa et al 2001),
turbot (Psetta maxima) (Dreanno et al 1999), carp (Cyprinus carpio) (Kaspar et al 2008a,
b; Linhart et al 2000), and rainbow trout (Linhart et al 2000).

In this study, striped catfish sperm motility and velocity were affected by formulated
diets containing essential fatty acids. Higher sperm motility and velocity values in catfish-
fed formulated diets indicated a better effect (group B). According to Izquierdo et al (2001),
the lipid content and fatty acid profile in brood fish diets are critical in determining
successful reproduction and early-stage development. The dietary profile of sperm
influences its FA profile (Bell et al 1997; Koprucu et al 2015; Hajiahmadian et al 2016).
Lipids are the most essential substance of teleost spermatozoa (Lahnsteiner et al 1993a;
Lahnsteiner et al 1994; Bell et al 1997; Dziewulska et al 2008). The functionality of
spermatozoa is closely related to its fatty acid profile (Koprucu et al 2015). Fatty acid
oxidation in the mitochondria of sperm cells produces energy, which is crucial for their
survival and movement (Koprucu et al 2015). Thus, fatty acids are the primary energy
sources in fish spermatozoa and are critical to sperm viability (Lahnsteiner et al 1993b;
Lahnsteiner et al 2009).

Apart from the above, reproductive performance is the most reliable way of
determining gamete quality (Izquierdo et al 2001; Rurangwa et al 2004). Fertilization is
one method for determining the quality of sperm (Bobe & Labbe 2010). Fatty acids content
in sperm, which is affected by broodstock dietary lipids, has been shown to affect sperm
quality, regulate its ability to fertilize eggs successfully, and increase the hatching rate
(Lahnsteiner et al 2009; Henrotte et al 2010; Beirao et al 2012). In this study, different
diets influenced the value of fertilization and hatching rate in striped catfish. Fertilization
and hatching rate values describe the ability of the sperm to fertilize eggs and produce
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offspring. According to the findings of the study, dietary fatty acids in brood fish nutrition
are also very important to be considered for determining male reproductive performance.

Good nutrition in the broodstock diet will improve the broodstock’s reproductive
performance, allowing it to produce large amounts of high-quality juveniles. The availability
of high-quality brood stock and juveniles will achieve sustainable aquaculture.

Conclusions. The different diets affected the sperm quality of the striped catfish.
Formulated diets containing essential fatty acids improved sperm motility and velocity in
striped catfish. The high motility and velocity of fish sperm increased fertilization and
hatching rates.
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