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In commercial fish production, the evaluation of milt quality is essential in order to increase the 
efficiency of artificial fertilization. Numerous studies have demonstrated that qualitative parameters of 
milt (i.e. seminal fluid composition, spermatozoa motility and sperm production) could be influence by 
several factors including biological characteristics of brooders (age, weight and length), rearing 
conditions of brooders (temperature, photoperiod, nourishment, undesirable components and animal 
welfare and health), artificial induction of spawning, spawning season (repeated milt collection and 
spermiation time) and post stripping factors (chemical properties of diluents and short-term and long-
term storage of milt). In the present paper, we review the roles of these factors on quality of milt fish. On 
the whole understanding of the factors that affect milt quality could be useful for adjustment and 
efficient management of these factors in order to obtain good milt for fertilization. 
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MILT QUALITY  
 
The use of high quality gametes from fish brood stock is 
of great importance for ensuring the production of viable 
larvae for aquaculture (Kjorsvik et al., 1990; Bromage and 
Roberts, 1995). Milt quality is a measure of the ability of 
sperm to successfully fertilise an egg which such ability 
mostly depends on qualitative parameters of milt i.e. 
composition of seminal fluid, milt volume, sperm density 
and sperm motility (Rurangwa et al., 2004). Fish seminal 
fluid has a unique composition regarding the presence of 
the organic and inorganic components which support the 
viability of spermatozoa (Hajirezaee et al., 2010a). Sperm 
motility and sperm density determine the fertilization 
capability of spermatozoa and often are used to estimate 
milt quality (Suquet et al., 1982; Billard, et al., 1993; Linhart 
et al., 1994a; Krol et al., 2006) because of chemical pro-
perties of seminal fluid, fish spermatozoa are immotile in 
seminal fluid (Billard, 1986). During natural spawning, fish 
spermatozoa are rendered motile after discharge into the 
aqueous environment (in oviparous species) or the female 
genital  tract  (in  viviparous  and  ovoviviparous  species) 
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(Stoss, 1983; Billard, 1986; Billard and Cosson, 1990). After 
activation of motility, spermatozoa move towards micro-
pyles in the surface of eggs and then fertilization is done. 
When a dense milt (i.e. containing more counts of sperm 
cells) sample is used for fertilization, it is obvious that the 
chance of collision of a sperm with an egg is higher than 
a milt sample containing a lower density of spermatozoa.  
 
 
WHAT FACTORS AFFECT QUALITATIVE 
PARAMETERS OF MILT? 
 
In fish farms and hatcheries, the various factors affect 
milt parameters that are dependent on complex interac-
tions between genetic, physiological and environmental 
factors. These factors may affect either at different levels 
of the aquaculture production process or during collection 
and storage of sperm in vitro prior to fertilization and at 
activation after spawning. Factors which affect milt quality 
in farmed fish are briefly reviewed in the following 
sections. Understanding of the factors that affect sperm 
quality could be useful for adjustment and efficient 
management of them. These factors have been split into 
effects  of  biological  characteristics   of   brooders  (age,  



 
 
 
 
weight and length), rearing conditions of brooders 
(temperature, photoperiod, nourishment, undesirable 
components and animal welfare and health), artificial 
induction of spawning, spawning season (repeated milt 
collection and spermiation time) and post stripping factors 
(chemical properties of diluents and short-term and long-
term storage of milt). 
 
 
Biological characteristics of brooders (age, weight 
and length) 
 
The age of brood stock has a significant influence on the 
sperm quality and may affect the success of storing 
sperm (Vuthiphandchai and Zohar, 1999). Büyükhatipoglu 
and Holtz (1984) observed that second-season spawners 
of rainbow trout produce better quality of milt than first-
season spawners in terms of milt volume and sperm 
concentration. In captive reared striped Bass (Morone 
saxatilis), 3-year-old fish had higher sperm quality than 
the 1-or 12-year-old fish, based on higher sperm pro-
duction and increased sperm longevity during short-term 
storage. However, the fertilizing capacity of virgin and 
repeat spawners was comparable in Atlantic cod (Gadus 
morhua) (Trippel and Neilson, 1992). The positive 
correlations were found between volume of milt and body 
size (weight and length) in Atlantic salmon (Salmo salar) 
and rainbow trout (Gjerde, 1984).  
 
 
Rearing conditions 
 
Rearing photoperiod and temperature 
 
In aquaculture, various light regimes are used in order to 
accelerate or slow the gonadal development so that fish 
spawn at a convenient time of the year for the aqua-
culturist (Nash, 1999). However, the data about the role 
of photoperiod and temperature on quality of fish milt 
especially commercial species are rare. Tate and Helfrich 
(1998) observed the photoperiod-depended changes of 
milt parameters in the sunshine bass (Morone chrysops × 
M. saxatilis) exposed to different light periods (6 to 9 to 
12 months). In this regard, duration of milt production was 
proportional to the cycle length, lasting 38, 42 and 91 
days in the 6, 9 and 12-month cycles. In gold fish 
(Carassius auratus) (Iigo and Aida, 1995) and wolffish 
(Anarhichas minor) (Pavlov et al., 1997) photoperiod 
manipulation had no effect on sperm production.  
A few studies have shown that temperature can affect the 
milt parameters. In a study of Hajirezaee et al. (2010c), it 
was observed that the sperm motility (percentage and 
duration) decrease coincident with the decline of water 
temperature during spawning season, although this 
decrease was significant only at 2°C (that is end of season). 
This result was contrary to results on cultured Siberian 
sturgeon  (Acipenser  baeri)  where  highest spermatozoa  
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motilities were obtained at 10°C and the lowest at 17.5°C 
respectively (Williot et al., 2000). It is likely that optimal 
temperature range for best sperm motility is tantamount 
to the water temperature range which spawning occurs in 
wild.  
 
 
Nourishment of brooders  
 
Several studies have showed that the quality of sexual 
materials varies depending on quality of food com-
position. Labbe et al. (1995) observed that dietary lipids 
alter the composition but not the fluidity of the sperm 
plasma membrane of rainbow trout and increase their 
fertilization capacity. Enrichment of commercial pelleted 
diet with fish oil significantly increased milt volume, sperm 
concentration, survival rate of embryos and larvae in Sea 
bass (Dicentrarchus labrax) compared to those fed on a 
non- enriched diet. In another study, enrichment of diets 
with polyunsaturated fatty acid (PUFAs) enhanced 
reproductive efficiency of male sea bass (Astuarino et al., 
2001). It was revealed that dietary ascorbic acid (Vitamin 
C) can protects sperm cells from adverse effects of 
antioxidants on cell membrane lipids by reducing the risk 
of lipid peroxidation. As well as, dietary ascorbic acid had 
important role on male fish fertility of rainbow trout 
(Ciereszko et al., 1996a; Dabrowski and Ciereszko, 1996). 
Antinutritional factors can adversely affect milt quality. In 
vivo treatment of male lamprey (Petromyzon marinus) 
with gossypol (a naturally occurring compound in cotton 
seeds) reduced sperm motility (Rinchard et al., 2000) and 
in vitro assays confirmed it's toxicity to perch spermatozoa 
(Ciereszko and Dabrowski, 2000). 
 
 
Undesirable components in Water, food and genital 
materials  
 
Existence of some materials (such as some steroids and 
heavy metals) in food and water can affect milt quality. 
Spermiation was suppressed after 7 months of exposure 
in 17�-estradiol-fed Juvenile black porgy (Acanthopagrus 
schlegeli) (Chang et al., 1995). Genistein (5,7-dihydroxy-
3-(4-hydroxyphenyl)chromen-4-one) adversely decreased 
the sperm motility and concentration in a dose-dependent 
manner in rainbow trout (Bennetau-Pelissero et al., 2001). 
Dietary mercury at levels that are found in North Ameri-
can lakes impaired gonadal development in male juvenile 
wall eye (Stizostedion vitreum) (Friedmann et al., 1996). 
In wild roach (Rutilus rutilus), it was revealed that sperm 
quality changes negatively in relation to sewage effluents 
(Jobling et al., 2002). In some fish species, contamination 
of milt by urine during stripping and probably ejaculation 
is unavoidable due to the close proximity of sperm duct 
and ureter, or the presence of a single urogenital pore 
through which both milt and urine are released. Urine 
stimulates  the  spontaneous activation of spermatozoa in  
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seminal fluid before applying activation solution (or 
diluents) or water (Linhart and Kvasnicka, 1992; Linhart 
and Billard, 1994b; Billard et al., 1995b; Perchec et al., 
1995, 1998; Linhart et al., 1995; Billard, 1998; Dreanno et 
al., 1998; Linhart et al., 1999). This may make spermatozoa 
immotile before fertilization can occur if contact with eggs 
be delayed. In Atlantic salmon, urine contamination 
increased the variability of the seminal plasma composition 
and reduced the osmolality as well as the concentration 
of potassium (Rana, 1995). Contamination of Carp 
(Cyprinous carpio) milt with urine decreased the energetic 
stores of spermatozoa and motility (Perchec et al., 1995, 
1998). Generally, it is suggested that milt quality be 
assayed before it's usage since the prevention of milt 
from urine contamination is unavoidable in many times. 
 
 
Animal welfare and health 
 
Under culture condition, adult fish are exposed to various 
types of stressors such as confinement, crowding, 
handling, biopsy, transportation and hormonally induced 
spawning. Stress has adverse effects on reproduction 
process ranging from depression of endocrine function to 
reduction of gamete and larval quality (reviewed in 
Pankhurst and Van Der Kraak, 1997). In rainbow trout, 
confinement stress had suppressive effects only on 
testosterone (T) levels not GtH (Gonadotropin hormone), 
indicating possible act of stress at the level of GtH 
signaltransduction (Pankhurst and Van Der Kraak, 2000). 
Similar results were found in male sockeye salmon 
(Oncorhynchus nerka) where the levels of T and 11-
Ketotestosterone decreased in response to confinement 
stress (Kubokawa et al., 1999). Few studies showed that 
stress can also affect milt quality. Decreases in seminal 
fluid osmolality and sperm motility of white bass after 
transportation to freshwater were attributed to confine-
ment stress (Allyn et al., 2001), although these could be 
due to the hypotonicity of freshwater environment, possibly 
causing the hydration and dilution of milt (Morisawa et al. 
1979; Hajirezaee et al., 2010c).  

In rainbow trout, repeated acute stress during repro-
ductive development prior to spawning significantly 
decreased sperm density (Campbell et al., 1992). In 
Persian sturgeon (Acipenser persicus), although milt quality 
(sperm motility and density) decreased during 
spermiation period in response to repetition of a manage-
ment stressor (i.e. milt collection), but this decrease might 
also be in relation to low levels of sex steroids (Hajirezaee 
and Rafiee, 2010b; Hajirezaee et al., 2011). The males of 
striped bass produced milt with non-motile sperm under 
confinement conditions in freshwater (Berlinsky et al., 
1997). Since aquaculture involves many procedures that 
are usually stressful and unavoidable, thus, determination 
of role of different management stressors on milt quality 
could be useful for design the good methods in order to 
minimize  the  consequences  of  stress  on   milt  quality.  

 
 
 
 
Appling the anaesthetics are a usual method for reduction 
of stress-dependent effects. However, it was recognized 
that these anaesthetics may affect the milt quality when 
handling the fish. In rainbow trout, the duration of motility 
decreased as anaesthetic concentration increased (Wagner 
et al., 2002).  

Other factors that may affect the milt quality are diseases 
of brooders. Infectious pancreatic necrosis (IPN) virus 
has been reported to attach to sperm cells of rainbow 
trout (Rodriguez et al., 1993) which could affect sperm 
quality, although no confirmatory or experimental data is 
available yet. 
 
  
Artificial induction of spawning 
 
Hormonal induction of spawning is a good strategy in 
order to shorthen and synchronizes of gamete maturation 
in hatcheries. As well as, it is revealed that hormone-
therapy can affect milt quality. In European catfish 
(Silurus glanis), both injected carp pituitary extract (CPE) 
and both implanted GnRHa (Gonadotropin releasing 
hormone analogue) increased the sperm density, although 
CPE had more effect (Linhart and Billard, 1994b). Similar 
results were found when common carp males treated 
with oral and intraperitoneal administration of salmon 
gonadotropin hormone-releasing hormone analogue 
(sGnRHa) and Pimozide (Pim) (Roelants et al., 2000). In 
yellow tail flounder (Pleuronectes ferrugineus), sperm 
production, milt volume, sperm motility and seminal 
plasma pH were increased by GnRHa treatment 
(Clearwater and Crim, 1998). Increased milt volume and 
prolonged spermiation were also observed in seabass 
(Dicentrarchus labrax) administered GnRHa (Sorbera et 
al., 1996). GnRHa-microspheres increased significantly 
sperm production in Atlantic salmon, S. salar and strip-
ped bass (Morone Saxatilis) (Mylonas et al., 1995). 
 
 
Seasonal variations of milt quality 
 
Several studies have focused on seasonal aspects of milt 
quality (Büyükhatipoglu and Holtz, 1984; Kruger et al., 
1984; Piironen, 1985; Munkittrick and Moccia, 1987; 
Hajirezaee et al., 2010c) and suggested the characte-
ristics which can influence milt quality. The values of milt 
volume, sperm density and spermatocrit declined in Atlantic 
salmon (Aas et al., 1991) and caspian brown trout (Salmo 
trutta caspius) (Hajirezaee et al., 2010c) over the course 
of spawning season, although these parameters increased 
in landlocked salmon (Salmo salar M. sebago girard) 
(Piironen, 1985) and rainbow trout (Sanchez-Rodriguez 
et al., 1978) during spawning season. In addition to these 
parameters, the concentration of some chemical com-
ponents of seminal fluid (including: Ca2+, Mg2+, K+, Na+, 
Cl- and total protein) decreased also in caspian brown 
trout  (Hajirezaee  et  al.,  2010c).  In  most fish species a  



 
 
 
 
decline in milt quality throughout the spawning season 
has been reported (Legendre and Billard, 1980; Piironen, 
1985; Munkittrick and Moccia, 1987; Aas et al., 1991) due 
to ageing of spermatozoa (Rana 1995; Suquet et al., 
1998; babiak et al., 2006). As a consequence of ageing, 
several sperm features may be modified, including cell 
morphology (Billard, 1984; Suquet et al., 1998), com-
position of seminal fluid (Aas et al., 1991), spermatozoa 
concentration (Büyükhatipoglu and Holtz, 1984; Zuromska, 
1981), percentage and duration of sperm motility (Billard 
et al., 1977; Benau and Terner, 1980; Montalembert et 
al., 1980; Büyükhatipoglu and Holtz, 1984; Methven and 
Crim, 1991; Slominska and Gluchowska, 1994; Suquet et 
al., 1998). 

In another study, it was revealed that milt quality of 
Caspian brown trout can make changes based on 
spermiation time (Hajirezaee et al., 2010d). In this regard, 
the percentage of motile spermatozoa, duration of motility, 
sperm density, milt osmolality and also the concen-
trations of Na+, Cl- , K+, Ca2+, Mg2+ and total protein content 
in seminal fluid were significantly higher in mid-mature 
males compared to pre-mature and late-mature individuals.  
 
 
Post stripping factors 
 
Properties of activator solution or diluent 
 
For fertilization, it is essential that fish spermatozoa become 
active in water or a diluent (so called activator solution). 
Numerous studies have showed that the chemical pro-
perties of activators can affect the milt quality. These 
conditions depolarize the cell membrane, they may affect 
the capacity of sperm tails for flagellar motility and may 
stimulate this motility (Morisawa and Suzuki, 1980; 
Morisawa et al., 1983). In salmonids, it is well recognized 
that sperm motility is inhibited after dilution with solutions 
containing high potassium concentrations. (Scheuring, 
1925; Kusa, 1950; Morisawa et al., 1983; Billard et al., 
1987; Tanimoto et al., 1994) which this condition could be 
reversed with adding of Na+, Ca2+ and Mg2+ to diluent 
(Scheuring, 1925; Baynes et al. 1981; Billard et al. 1987). 
These results suggest that spermatozoa should be active 
in a diluent with low K+ concentration at the time of 
fertilization in salmonids. In cyprinids, it is revealed that 
sperm motility is regulated more by osmolality than K+ ion 
and K+ regulates merely the induced motility by hypo-
osmotic medium (Krasznai et al., 1995, 2000). In fact, 
carp spermatozoa are less K+ sensitive than those of 
trout. Hypoosmotic shock results in hyperpolarization of 
the cell membrane (Krasznai et al., 1995), which re-
activates the Ca2+ channels. For this event, existence of 
external Ca2+ in diluent is crucial (Krasznai et al., 2000). 

In conclusion, the high osmolality of diluent and absence 
of Ca2+ can suppress the carp spermatozoa at the time of 
fertilization. Similar to salmonids, the sperm motility is 
inhibited  by  K+  concentrations  of  diluent   in  sturgeons  
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(Acipenseridae) and paddlefish (Polyodontidae) (Gallis et 
al., 1991; Cosson and Linhart, 1996; Toth et al., 1997), 
although inhibitory levels of K+ ion varies depending on 
species. For example, Paddlefish spermatozoa are sensi-
tive to very low K+ concentrations (Cosson and Linhart, 
1996). Inhibitory effects of Na+ on sturgeon motility may 
be in high concentrations. For example, the concen-
trations more than 10 and 25 mM in lake sturgeon 
(Acipenser fulvescens) (Toth et al. 1997) and Persian 
sturgeon (Acipenser persicus) (Alavi et al., 2004) res-
pectively. In contrast to Cyprinidae and Salmonidae, the 
literature on the effect of ions on sperm motility in marine 
fishes is fairly rare and species-specific. In tilapia (Linhart 
et al. 1999) and herring (Vines et al. 2002), existence of 
extracellular Ca2+ is necessary for initiation of motility. 

In addition to ions, other factors such as temperature 
and pH of diluent can affect milt quality. In the sperm of 
salmonid and cyprinid fish, temperature affects the sperm 
beat frequency (Cosson et al., 1985). In trout, higher 
temperature increased the beat frequency and decreased 
the duration of forward movement (Billard and Cosson, 
1992) while the lower temperature that trout experience 
during natural spawning (4 to 10°C) increases the dura-
tion of sperm movement (Van Look, 2001). In African 
catfish, low temperature (4°C) also prolonged motility and 
viability of spermatozoa compared to the culture tempe-
rature (25°C) (Mansour et al., 2002). In salmonids, alkaline 
conditions, (i.e. pH similar to or greater than seminal 
fluid) apparently enhance the percentage of motile cells 
and the fertilizing ability of spermatozoa (Billard et al., 
1974; Billard, 1981).  

On the whole, knowledge about the effects of the above 
factors (ions, pH and Temperature) on milt quality may be 
useful for adjustment of suitable diluents so that good 
sperm motility be obtained at the time of fertilization. 
 
 
Effects of Short-term and long-term storage of milt  
 
The storage of sexual materials aimed at increasing post 
spawning gamete longevity, may improve hatchery 
management, minimize problems resulting from inbreed-
ing and provide synchronous brooder maturation (Bromage 
and Roberts, 1995). Nevertheless, the milt quality can 
change after a storage period. In short-term storage, a 
low storage temperature (4°C) is suitable, although 
anaerobic conditions and associated microbial contami-
nations may reduce sperm motility and viability. In 
Channel catfish, after 10 days successful storage at 4°C, 
the sperm quality decreased due to the increasing load of 
bacterial infection and subsequently the production of 
extracellular enzymes and consumption of oxygen 
(Jenkins and Tiersch, 1997). In non-sterile solution, the 
motility was completely lost after 3 days. This reveals that 
antibiotics (e.g. gentamicin and ampicillin) in a suitable 
dosage can lengthen storage time of refrigerated sperma-
tozoa by preventing the sperm cells from bacterial infection 
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At now, Fish sperm is routinely held frozen in liquid 
nitrogen for long periods (McAndrew et al., 1993). Mostly, 
three factors including freezing and thawing rates and 
chemical composition of cryoprotectants and extenders 
determine the quality of cryopreserved sperm. In this 
regard, numerous data is available, thus, it is suggested 
that readers referred to recent reviews for further details 
(Leung and Jamieson, 1991; McAndrew et al., 1993; 
Tiersch and Mazik, 2000). 
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