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Chapter

Cryopreservation Studies in 
Aquaculture from Past to Present: 
Scientific Techniques  
and Quality Controls for 
Commercial Applications
Aygül Ekici, Güneş Yamaner and Menekşe Didem Demircan

Abstract

In this section, cryopreservation of fish genetic resources, which is one of the 
important applications to ensure the sustainability of genetic resources of freshwater 
fish species, is discussed. At the same time, information is provided about the pos-
sible sources of contamination that may be encountered during cryopreservation 
applications. In this context, the results of sperm, egg, and embryo cryopreservation 
studies of fish and their success and failure in applications were evaluated in addition 
to the process from past to present. Information is given about the contamination 
that may develop depending on the applications in the process of cryopreservation 
and dissolving processes, as well as the studies carried out to eliminate extracellular 
disease agents. In the section, in addition to the evaluation of the results of scientific 
studies, commercial companies that commercially carry out gamete cryopreservation 
applications are also included. The contamination that may develop depending on the 
applications in the process of cryopreservation and thawing processes, as well as the 
studies carried out to eliminate extracellular disease agents are mentioned.

Keywords: sperm, egg, germ cell, storage, contamination

1. Introduction

Developing gamete conservation programs will be invaluable in future commercial 
fish reproductive studies. Gamete conservation is an important tool for fish reproduc-
tion and is very important for aquaculture. It may be widely used in breeding laborato-
ries. The growing interest in improving technology has led to an increase in the number 
of studies on this subject. In particular, sperm has an important place in cryopreserva-
tion studies and is still performed both in laboratory studies and in culture applications 
[1, 2]. Although the freezing of male sperm dates back to the 1600s, the successful 
method of artificial insemination at the end of the 1950s, with the need for long-term 
storage of sperm. In 1953, once the method of freezing sperm was successful with the 



Cryopreservation - Applications and Challenges

2

herring (Clupea harengus) that achieved approximately 80% cellular motility upon 
thawing [3]. After that, the growing interest in improving preservation technology has 
increased the number of studies on sperm cryopreservation. Therefore, cryopreserved 
sperm can now be used in routine fish reproduction and aquaculture practices [4].

Before achieving standardization in the sperm cryopreservation procedure, aqua-
culture conditions, broodstock management, standardization of the feeding regime, 
and the production of disease-free lineages are essential for the success of standardiza-
tion. In the next stage, providing appropriate biosecurity conditions in the laboratory 
where sperm cryopreservation process will be performed will be an important step that 
increases the success and brings it closer to standardization. Once a standard procedure 
has been established, for example, the kits used in DNA and RNA isolation, standard-
ization can be achieved by creating fish species-specific sperm cryopreservation kits.

Although sperm cryopreservation studies have focused on Cyprinid, Sturgeon 
Salmonids, and Catfish species that are intensively cultured, there are many cases of 
successful freezing studies with other various fish species [5–7]. Since a review on 
cryopreservation of fish sperm was carried out before [8], the work in this present 
section will be focused on more recent improvements in fish (carp, sturgeon, eel, 
Salmonid, and catfish) sperm cryopreservation with the extender (+cryoprotectant)/
additive material and freezing/thawing procedure, mostly.

2. Cryopreservation of freshwater fish sperm

Populations of aquatic species are threatened by anthropogenic influences, 
overfishing and poaching, destruction of spawning habitats, as well as an increase 
in water temperature caused by climate change. Today, fish farms carry out produc-
tion activities by preserving live fish. However; in addition, because of problem 
with water resources, gametes, genetic factors, disease-related factors, operational 
problems, system failure, environmental problems, and the survival chances of these 
creatures become difficult.

High volume and high-quality sperm quantity must be obtained for the com-
mercialization of sperm cryopreservation applications. The successful use of cryo-
preserved sperm in gene banks in fertilization studies requires that the preserved 
material is of an acceptable quality/viability and quantity [9]. A company based in 
Norway provides the aquaculture industry with cryopreserved sperm of 16 fish spe-
cies, including 8 species belonging to the Salmonidae family [10]. In addition, sperm 
preservation, maturation, and cryopreservation solutions specific to aquatic species 
are commercially available on the market [11]. There are also some solutions devel-
oped by various commercial companies for use in tissue and cell freezing.

In sperm cryopreservation studies, the goal is to achieve the highest fertilization 
rate with frozen sperm. However, the failure to achieve similar results in repeated 
experiments in sperm cryopreservation studies, using of this application in aquacul-
ture studies is limited [12]. Standardization is the biggest problem in sperm cryo-
preservation, but it will be useful to understand the molecular mechanisms by using 
new-generation technologies to ensure standardization.

2.1 Carp sperm cryopreservation

The common carp (Cyprinus carpio) is one of the largest farmed freshwater fish in 
the world, with its production reaching 4363.3 thousand tons in 2020 [13]. In addition 
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to being of commercial interest, it is also a model organism within Teleostei, and is 
one of the first cultured fish [14]. The sperm cryopreservation of carp was developed 
several decades ago, and cryopreservation of sperm has often been investigated in 
carp due to its economic (commercial) and recreational value. However, Carp have 
undergone selective breeding, resulting in different strains. Cryopreservation can be 
used to secure sperm from the desired common carp strains in sperm banks and for 
sperm transport [8, 15]. Therefore, there is a growing interest in methodological and 
practical innovation in the cryopreservation of carp sperm. Even though the protocols 
for cryopreservation of carp sperm have been developed [16–19], reduction in sperm 
viability and motility is still observed in cryopreserved sperm. Therefore, before the 
cryopreservation of sperm, a thorough evaluation of different extender solutions with 
cryoprotectant, additives material (cyclodextrin, ext.,) and cooling or thawing rates 
are essential to develop optimum cryopreservation protocols for the carp.

An extender is a chemical compound used in sperm cryopreservation studies 
and includes inorganic chemicals. The extender has to be similar to blood and sperm 
seminal plasma in terms of the inorganic chemicals it contains in order for sperm cells 
to maintain their viability in vitro preservation. Also, the extender functions as nutri-
ents, pH regulators, and seminal plasm osmotic pressure. Therefore, the extender 
used to freeze the sperm of freshwater fish should be specific to the species. Since 
the sperm activation mechanism of each species is different, the extenders used vary. 
Cryoprotectants are added for protection and stored in a cryogen that can produce 
very low temperature due to its varied state (e.g., liquid nitrogen at −196°C) [8].

A number of efficient cryo-medium context has been developed for carp sperm. 
One of the most important steps in the successful cryopreservation of carp sperm is 
selecting the cryoprotectant in the extender during the process. Various cryoprotec-
tants such as glycerol, DMSO, methanol, and DMA have been used as cryoprotectants 
for fish sperm. Some studies show that DMSO works best as cryoprotectant in carp 
sperm compared to glycerol and methanol. In another study conducted with carp, it 
was emphasized that the use of DMSO at a rate of 5–20% was effective in the sperm 
of carp [16–19]. Another cryoprotectant used to freeze carp sperm is the yolk of an 
egg. It has been reported that duck egg yolk, which is used as an extracellular cryopro-
tectant in cryopreservation sperm of carp, increases motility after thawing and the 
fertilization rate compared to chicken egg yolk [20].

In addition to the studies investigating the effectiveness and success of cryopro-
tectants in the freezing process of carp sperm, there are studies that revealing the 
oxidative stress caused by dilution with cryoprotectants during/before the cryo-
preservation process. Seminal plasma protects sperm cells against oxidative stress. 
Dilution of sperm cells during cryopreservation reduces the seminal plasma content, 
which makes sperm cells more sensitive to oxidative stress [21]. Therefore studies 
have focused on reducing the effect of oxidative stress in the cell. The fact that amino 
acids have antioxidant properties and are present in high concentrations in seminal 
plasma has made amino acids an important component in sperm cryopreservation 
studies [21–24]. It has been shown that the use of L-cysteine in the process of sperm 
freezing in carp has a positive effect on motility and viability of sperm cells [25]. It 
has been stated that the use of Cysteine at 20 mM in the freezing medium of carp 
sperm process makes a significant difference in motility and motility time [26]. 
Another additive used is cholesterol-laden cyclodextrin (CLC) to reduce cell damage 
during the freezing process. In the freezing of carp sperm, the use of 1.5 mg of CLC 
in the extender was found to have the best cryoprotective effect in maintaining sperm 
motility, duration, and viability of sperm cells [27].
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In addition to the cryoprotectant studies mentioned above, one of the factors 
affecting the freezing process and is the density of the sperm before freezing. It has 
been reported that sperm concentration is often ignored before freezing, and the 
sperm and extender are diluted in a certain volume-to-volume ratio [28, 29]. On 
the other hand, it has been shown that optimization of sperm concentration plays 
a crucial role in a number of aquaculture species, in particular pikeperch (Sander 
lucioperca) [30], European perch (Perca fluviatilis) [9], and Salmonid [31]. However, 
it was observed that there was no significant difference between sperm samples’ 
motility and velocity after thawing when different sperm concentrations were 
specially adjusted before freezing in carp sperm [32].

Besides studies on the effect of chemical and non-chemical components used in 
freezing sperm, studies on the freezing process are varied. In adding to studies on 
the freezing procedure with liquid nitrogen and liquid nitrogen vapor used for a long 
time, studies are also performed with programmable freezing devices. In studies using 
liquid nitrogen vapor and liquid nitrogen, the heights of straws to liquid nitrogen 
vapor and straws volumes were studied. In Ref. [33], tested different freezing rates by 
modifying the height (2–6 cm) above the surface of liquid nitrogen, where the straws 
were placed. The highest fertilization was observed when samples were frozen at 2 cm 
above the level of liquid nitrogen and 10 min freezing time (74 ± 7%).

2.2 Sturgeon sperm cryopreservation

Sturgeons are the oldest freshwater fishes, having evolved around 200–250 million 
years ago [34]. The high economic value of sturgeon, mainly because of their caviar, 
the failure to manage the caviar trade, and unsustainable fishing (in the seas and 
river), along with serious habitat fragmentation have led to a significant decline of 
wild sturgeon populations [35, 36]. Due to this decrease in natural stocks, all sturgeon 
species have been included in the list of endangered species under CITES (Convention 
on International Trade in Endangered Species) since 1997 for population restoration; 
however, thanks to aquaculture, the sturgeon still maintains its place in the valuable 
product category in fish markets worldwide [37]. Sturgeon culture is developing and 
increasing in order to meet the need for products obtained from sturgeon and, in 
addition, support natural stocks. Another method of protection of natural stocks, 
as already described, is the cryopreservation of gametes or embryos. Especially 
fish sperm cryobanking is considered a potentially powerful tool in aquaculture for 
endangered species [38].

Gamete cryoperservation in sturgeon has been given more importance because 
the species is one of the extinct species. And in sturgeon species, especially sperm 
freezing, biological, mechanical, and biochemical factors affecting sperm cryopreser-
vation have been studied extensively in order to increase post-thawing motility. Since 
there is literature [8] on this subject before, current research topics of recent years are 
given in this section.

The most commonly used cryoprotectant for cryopreservation sperm of sturgeon 
is methanol. In various species of sturgeon, the lowest fertilization rate obtained 
using this cryoprotectant 6% (Siberian sturgeon, Acipenser baeri); the highest was 
reported as 40% (Shortnose sturgeon, A. brevirostrum) [39–41]. In Russian sturgeon 
(A. gueldenstaedtii), the use of 10% methanol in sperm cryopreservation causes a 
decrease in acrosin activity and an increase in DNA damage; however, compared to 
the solution in which methanol was not used, it was reported that this cryoprotectant 
protects sperm cells during cryopreservation process [42]. In sperm cryopreservation 
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in sturgeon, in addition to intracellular cryoprotectant substances, there are studies 
in which cryoproctants such as sugars, egg yolk, and vegetable oil, which are called 
extracellular, are tested [43]. In the study conducted with Persian (A. persicus) and 
Beluga (Huso huso) sturgeon sperm; the addition of different disaccharides such as 
maltose, trehalose, lactose, and lactulose along with 9% methanol solution has been 
reported to have an effect on motile sperm cells, except for lactulose. The authors also 
reported that the cryopreserved sperm using each of the four disaccharides could 
be stored for at least 30 min without losing sperm motility [44]. In addition to the 
studies reporting that the protective effect of disaccharides during sperm freezing is 
due to the high molecular weight they have [44], there are studies reporting that this 
protective effect is entirely due to the chemical structure of the disaccharides [45, 46]. 
When the use of sucrose or trehalose alone and in combination with different concen-
trations was tested for cryopreservation of Dabry’s sturgeon (Acipenser dabryanus) 
sperm, low concentration sucrose plus trehalose (S15T15) solution was reported to be 
the optimal solution. Also, it was reported that mixing of the extender with sucrose, 
lactose, or trehalose alone or with pairwise mixtures revealed that a mixture of lactose 
and trehalose (L15T15) gave the best results for both Chinese sturgeon (A. sinensis) 
and Dabry’s sturgeon [47].

Along with cryoprotectants that protect the viability of sperm cells, various dilu-
tion agents that provide the dilution of the sperm and reduce the cell damage seen in 
the freezing process are also used. Another substance added in cryomedium in the 
freezing of sturgeon sperm is antioxidant substances. These substances, which reduce 
oxidative stress in the sperm cell during the freezing process and therefore increase 
sperm quality after thawing, are ascorbic acid, catalase, glutathione, and cysteine [48]. 
Although the protective effect of using catalase (25 U/mL), glutathione (0.25–0.5 mg/
mL), and ascorbic acid (0.5 mg/mL) in freezing the sperm of three species of sturgeon 
(A. dabryanus, A. sinensis, and Acipenser baerii) on sperm cells have been mentioned; it 
has been reported that the three antioxidants should not be used together [49].

In order to protect sperm cells from cryodamage in sperm cryopreservation in 
many fish species, including sturgeon, it is recommended to use various proteins, 
enzymatic or non-enzymatic antioxidants, and antifreeze proteins in the cryopreser-
vation procedure [50]. However, the effect of antifreezing protein on sperm cells 
during freezing in sterlet sturgeon was examined and it was found that a significant 
decrease in motility rate and velocity of curvilinear (VCL) was observed in cryopre-
served spermatozoa with/without supplementation of 10 g AFPI compared to fresh 
spermatozoa. And also the results showed that in partial changes in the ultrastructural 
compartments, weakening of the midpiece and rupture of the plasma membrane of 
the flagellum were seen. The author believes that this damage is not due to oxidative 
stress that can occur in cryopreserved sperm; expressed that there is physical damage 
that occurs during the formation of ice crystals during freezing process [51].

It is a known fact that after cryopreservation of the sperm, the motility in the 
sperm cells decreases and if these sperm samples are used in the fertilization study, 
a low fertilization rate will be obtained [52]. All the studies carried out so far have 
been aimed at increasing sperm viability/motility, that is, the fertility of sperm, after 
thawing. However, in the sperm cryopreservation study using methanol in Russian 
sturgeon, the motility value obtained after thawing sperm samples was found low 
(18–25%); in the fertilization study conducted with the same sperm samples, fertil-
ization percentage was obtained as 72.67% [53].

Compared to other species, sturgeon sperm is one of the species with low sperm 
density due to the mixing of sperm with urine and the originality of the maturation 
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process of sperm. This low concentration of sperm in sturgeon fish is especially impor-
tant for the optimum dilution rate in sperm cryopreservation studies where the dilution 
rate is important. It has been reported that the percentage postthawed sperm motility 
in Sterlet sturgeon (A. ruthenus) depends on the sperm concentration in the samples. 
While the highest motility after thawing in the study was found in the frozen sperm 
samples at concentrations of 0.2–1 × 109 spz/mL; the sperm concentration of 3 × 109 
spz/mL, which is higher than the natural sperm concentration in the sterlet, has been 
reported as suitable for use in cryopreservation procedures as sperm fertilization ability 
remains at a high level despite a significant decrease in sperm motility percentage. And 
these findings support the conclusion that high utilization of sperm concentration 
before freezing may be useful for reducing the volume of sperm retained during freez-
ing and reducing the sample volume required for artificial insemination [54].

In addition to sperm concentration, there are studies investigating the effect of 
various sperm volumes during freezing. From this point of view, some research was car-
ried out to examine the effect of various volumes (0.5, 0.75, 1.5, and 2 ml) and also the 
possibility of using the method of vitrification of sperm under deep low-temperature 
cooling in Russian and Siberian sturgeon. In this study, it was observed that the highest 
percentage of motility and motility duration was in samples frozen in 0.5 ml Eppendorf 
tubes. Also, in the study, the following was reported, when cryopreservation of seminal 
fluid in larger test tubes (0.75, 1.5, and 2 ml), the results were slightly worse [55].

One of the newest issues being investigated in the freezing of sturgeon sperm is 
the use of ultrasonic waves, which allows the creation of optimum conditions so that 
the sperm can be preserved at a low temperature. The new methodological approach 
to low-temperature preservation of fish germ cells using acoustic-mechanical effect 
offers great opportunities to create new effective deep-freezing methods. The report 
on the acoustic-mechanical effect on sterlet sperm, it was showed that different 
parameters of time, frequency, and wavelength can have both positive and negative 
effects on the reproductive qualities of thawed sperm. It was observed that an increase 
in the exposure time above 2 min and a frequency up to 5 kHz and a change in the 
wavelength lead to severe cell damage after defrosting [56].

One of the other current issues studied in sperm cryopreservation in sturgeon 
is the effect of organotin components (OTs) on fresh and frozen sperm. It has been 
reported that the accumulation of OTs in the gonad in Russian sturgeon is a stress 
factor affecting the cells in the cryopreservation process and also this buildup may 
cause in vitro oxidative stress in sturgeon sperm, reduce gamete quality, and affect 
fertilization success [57].

2.3 Eel sperm cryopreservation

Eels are species that contain species of economic importance for fisheries and 
aquaculture, and have reduced natural stocks such as sturgeons. Since the 1980s, 
natural stocks have been reported to have decreased by 90% for the populations 
of European eel (Anguilla anguilla) and Japanese eel (A. japonica) due to climate 
change, habitat degradation, pollution, parasite infection, and overfishing [58]. All 
two temperate eel species have been included in the Red List of the International 
Union for Conservation of Nature (IUCN) as threatened due to population decline, 
with A. japonica categorized as “Endangered” [59] and A. anguilla included as 
“Critically Endangered” [60], which is the highest category before extinction rating. 
As mentioned earlier, one of the most common methods of protection in endangered 
species and species where there are difficulties in the reproductive cycle, such as eels, 
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is cryopreservation. Sperm freezing in eels was first tried in Japanese eel in the 2000s 
[61]. And after this study, a lot of studies have been done on freezing the sperm of 
eels, including the sperm of European eels, with the development of protocols being 
prioritized [62].

The protocol first developed for sperm freezing of eels was the protocol in which 
DMSO was used as a cryoprotectant in both species. In cryopreservation study using 
DMSO, post-thawed motility was 45% and above in Japanese eel; in European eels, it 
has been reported as 35% and above [61]. Although the post-hawed motility value is 
considered high; because sperm cells frozen using DMSO gives low rates of fertiliza-
tion rate, and at the same time, with recent studies, DMSO causes epigenetic changes 
in eel sperm; the use of methanol instead of DMSO as a cryoprotectant substance in 
the freezing of eel sperm has become widespread. And studies have shown that the 
use of methanol as a cryoprotectant in the freezing of both Japanese and European eel 
sperm has led to an increase in motility values after thawed [61, 63]. In another study 
conducted on European eel; with the use of 5% egg yolk with methanol (10%) as 
cryoprotectant, it was reported that the motility after thawing was higher than 50%. 
And this value was found to be significantly higher than the values obtained by using 
10% methanol used as a control group in the study [64].

In a study with Japanese eel; artificial seminal plasma (in mM; 149.3 NaCl, 15.2 
KCl, 1.3 CaCl2, 1.6 MgCl2, and 20 NaHCO3, buffered with 20 mM TAPS-NaOH at 
pH 8.1) and methanol (in 1:100 ratio) and 10% methanol in v/v final concentration 
were tested as extenders and cryoprotectants for sperm freezing. As a result of the 
fertilization study, although the embryos obtained with cryopreserved sperm had a 
low survival rate and a high malformation rate; it has been reported that this freezing 
procedure can be used successfully [65]. In another study conducted on a Japanese 
eel, three different cryoprotectants were tried to freeze sperm cells stored by creat-
ing artificial seminal plasma. At the end of the study, the most successful result was 
obtained by using 10% and 15% MeOH, in addition to the combination of 5% MeOH 
and 5% DMA; however, DMSO in artificial seminal plasma has been reported to have 
no cryopreservation properties and is toxic to sperm [66].

The latest protocols for sperm cryopreservation of European and Japanese eel 
use methanol as cryoprotectant and they have been adapted to large volumes. In the 
case of the protocol for Japanese eel sperm, successful fertilization has been achieved 
and with similar survival rates as with fresh sperm. Moreover, the morphology of 
the larvae produced with cryopreserved sperm was similar to larvae produced from 
fresh sperm. In the case of the protocol for European eel sperm, the latest protocol has 
not been tested for fertilization trials yet, but the motility of frozen–thawed sperm 
obtained was over 50%, which is the highest ever obtained in this species [67].

2.4 Salmonid sperm cryopreservation

The Salmonidae family consists of important species produced in the world, and 
total Salmonidae production accounts for <1.8% of the total share of global produc-
tion [68]. There is an increase in water temperature due to global climate change. 
Salmonid populations distributed in cold waters are the most studied taxonomic 
group due to their low tolerance to fluctuations in water temperature. These tempera-
ture fluctuations are also thought to affect their reproductive performance [69]. In 
order to support natural stocks and be used in aquaculture, sperm cryopreservation 
studies are carried out intensively on Salmonid species. Moreover, the wide distribu-
tion of fish species belongs to the Salmonidae family in the world and the fact that 
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they have been produced for many years has made the species of this family suitable 
for cryopreservation studies. In the sperm cryopreservation studies conducted to 
date, post-thawing motility parameters and fertilization rates may vary due to reasons 
such as differences in freezing procedures, genetic differences in species, and differ-
ences in culture conditions. For these reasons, the inability to achieve standardization 
is one of the most important problems in this field.

The issues summarized below about cryopreservation studies; it will help to 
understand why standardization on fish-species-specific basis cannot be achieved.

Sperm motility parameters after thawing straws containing cryopreserved sperm; 
fertilization and hatching rate, straws volume, chemicals, cryoprotectants, spermato-
zoa density, and reproductive season can be affected by factors. One of the first steps 
in starting cryopreservation is the choice of materials to be used. In cryopreservation 
of fish sperm, 0.25 or 0.5 mL straws are usually used. In the selection of the straws to 
be used; it should be ensured that it is in a volume that will not reduce the motility rate 
after thawing and will allow the fertilization process to be done easily. When using 
straws of 0.5 mL; it is preferred because sperm motility parameters after thawing are 
high and save time during fertilization (Salmo salar, [70]; Salmo trutta m. trutta, S. 
salar, Salvelinus fontinalis, S.t. m. fario, [31]). In addition to the straws volume change, 
the glucose rate used in the extender (as it changes the osmotic pressure value) affects 
sperm motility [31]. In the extender of sperm cryopreservation of salmonid species, 
sucrose, trehalose, and glucose [71–73] are used, however, mostly glucose is preferred 
[22, 31, 70, 71, 74]. Sperm concentration in the straws also affects sperm motility 
parameters. However, this sperm concentration may even differ between species 
belong to the Salmonidae family. In rainbow trout (0.5–1.0 × 109 spz/mL) [75]; sperm 
concentration in straw, where the survival rate after thawing is the highest, is signifi-
cantly lower than in other Salmonid species (2.0, 3.0, 4.0 × 109 spz/mL; S. fontinalis, S. 
trutta, S. salar, respectively) [31]. Due to cryopreservation process, cells are subjected 
to stress due to imbalances in low temperature and osmotic pressure. In order to reduce 
this stress on the cell and to protect sperm cells from freezing effects, various cryopro-
tectant (can/cannot penetrate into the cell) agents are used. In 2017, in ref. [76] listed 
cryoprotectant agents under the headings “Alcohols and Derivatives; Sugars and Sugar 
alcohols; Polymers, Sulfoxides, and Amides; Amines”.

Although the success in fertilization and motility rates with cryopreserved fish 
sperm to date has been achieved with 10% DMSO [38]; in S. salar, the motility and 
fertilization success rate is higher in 10% methanol than 10% DMSO [77]. Although 
the egg yolk used in the extender creates difficulty in use due to its viscous structure 
after thawing, it is a popular cryoprotectant (not penetrate into the cell) used for 
freezing and storing sperm of various species. The addition of egg yolk and sucrose 
to the extender together with cryoprotectant agents with penetrating properties into 
the cell significantly improves sperm quality [78]. Various antioxidants are used in the 
extender to prevent lipid peroxidation and Reactive Oxygen Species (ROS) activity 
that may occur during cryopreservation [22, 79, 80]. The addition of α-tocopherol and 
ascorbic acid to extender lead to a decrease in membrane lipoperoxidation and O2 − i 
production of S. salar spermatozoa, thereby increasing the fertilization capacity [80]. 
The addition of ascorbic acid to the extender in S. salar increases the cell integrity 
and sperm function of spermatozoa [80]. A decrease in sperm motility after thaw-
ing can be associated with membrane permeability and DNA damage. ROS, which 
affects sperm motility in cryopreservation studies, may also induce lipid peroxidation 
in the membrane. This can lead to the induction of cell apoptosis [81]. In salmonids, 
there is a positive correlation between the mitochondrial membrane permeability of 
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cryopreserved sperm and fertilization [70]. The initiation of sperm motility and the 
duration of motility depend on the ATP provided by mitochondria in most fish [82]. 
Therefore, any damage to the mitochondria has a negative effect on motility [70] and 
can limit the motility and fertilization potential of spermatozoa [83].

Potassium ion has an important place in cryopreservation studies because it has 
the ability to inhibit sperm motility of Salmonid species based on this inhibitory 
property, the addition of potassium ions to the diluent has a species-specific effect on 
Salmonid sperm motility after thawing. Although potassium ion negatively affects the 
percentage of motility after thawing on the species O. mykiss, S. trutta, S. fontinalis; it 
showed a positive effect on sperm Coregonus lavaretus. This effect of the potassium ion 
is thought to be due to the osmotic pressure, not the concentration used [84]. This has 
created a similar situation, such as glucose’s ability to change osmotic pressure [31]. In 
sperm during reproductive season and outside the reproductive season, sperm param-
eters may differ after thawing in sex-reversed rainbow trout [85], however, it is also 
stated that sperm collection season does not affect post-thawing motility [71]. These 
different results in the studies depend on the difference in the extender contents used 
in cryopreservation, the differences in fish strains [71], and the interaction between 
the extender and the cryoprotectant substance [86].

One of the goals of cryopreservation applications is that this application is com-
mercialized. For this reason, the creation of a cheap and easily prepared cryomedium 
will be one of the most important factors in the spread of the application. In addition, 
starting from the studies aimed at spreading the use of natural products in many 
areas today, non-chemical methods that have the opportunity to be standardized in 
sperm cryopreservation can be turned to. This allows the use of minimal chemicals 
in cryomedium to be emphasized. A prototype of the magnetic field that already 
exists in nature can be created in the laboratory with the help of a magnet, and the 
motility parameter values of sperm cells can be increased [87]. It has been suggested 
that the magnetic field may have an effect on the permeability of the sperm cell [88]. 
Magnetized sperm or water can be used in cryopreservation trials.

2.5 Catfish sperm cryopreservation

Catfish, which are accepted to have more than 3000 species in the world, show a 
rapid development among cultured species. However, due to the increase in feed and 
fuel prices, the production of these fish is also adversely affected. In order to increase 
the production of these species, hybrid species (with specialty fast growth, disease 
resistance, and efficient growth rate) are obtained. Since the small number of male 
fish is asynchronous and the killing of fish is mandatory for sperm collection, sperm 
cryopreservation provides an important opportunity for these species [89]. Studies 
have also been carried out to increase sperm motility values and fertilization capacity 
after cryopreservation in catfish. The rate and temperature of thawing straws after 
cryopreservation are also parameters that affect sperm motility. In Ictalurus furcatus, 
it is the thawing temperatures that give positive results in motility parameters of 7 
and 20 s at 40°C and 40 s at 20°C when using 0.5 mL straws [89, 90]. When straws 
were thawed for 20 s at 20°C or 40°C, it was observed that the sperm motility results 
after thawing were similar [89]. In addition to the use of small volumes of straw, 
catfish sperm cryopreservation was performed in large volumes (1 L) bags using 
dairy cryopreservation technology, and this method was successfully adapted to 
catfish [90]. Like studies with salmonid species, egg yolk has been used for sperm 
cryopreservation in catfish. In Clarias gariepinus, 10% egg yolk prevented sperm cell 
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damage during cryopreservation and thawing processes. It also showed protection 
against adverse environmental conditions such as temperature, pH and osmotic 
pressure changes, and against the accumulation of harmful substances caused by the 
toxicity of cryoprotectant substances. Although fertilization and hatching rates can 
be achieved in C. garipionus without the use of intracellular cryoprotectant agents, 
this rate is low compared to the use of intracellular cryoprotectant agents such as 
DMSO [91]. In the extender (365–385 mOsm/kg) in which 10% egg yolk was used 
with glucose or NaCl in Silurus triostegus, cryopreservation was successful in the 
evaluation of motility parameters after thawing. Necrotic cells were observed in the 
use of glucose-containing extenders (325 mOsm/kg) with low osmotic pressure [92]. 
In order to develop standardized protocols for sperm cryopreservation, knowing the 
sperm concentration is important for the viability rate to be obtained after thawing 
[89]. This, in turn, can greatly improve the effectiveness of cryopreservation sperm 
use during the fertilization process. In most of the cryopreservation studies of catfish 
sperm, motility after dissolution was similar to 1 × 108 spz/mL if 1 × 109 cell/mL was 
used. It was observed that sperm solutions became viscous at a concentration of 1.7 × 
109 spz/mL [89]. Cryopreservation; in the processes of cooling, freezing, and thawing, 
some biophysical and chemical events occur, such as osmotic changes, dehydration 
and rehydration, changes in cell volume, formation of ice crystals, and toxicity from 
cryoprotectant. Sperm cells, which have different characteristics specific to the species, 
are sensitive to these changes. Therefore, consensus should be achieved between 
species-specific cryopreservation protocols. An increasing number of studies 
explaining methods of cryopreservation of sperm in many species are proving this 
diversity [12]. Cryopreservation has been shown to have detrimental effects on the 
plasma membrane, mitochondria, chromatin structure, osmotic control, and sper-
matozoa motility [93, 94]. The cryopreservation process can lead to apoptosis and 
mitochondrial dysfunction [95], and studies have been carried out at the molecular 
level in recent years to determine the effect of cryoinjury [96, 97]. After thawing, 
sperm motility parameters in most species, including I. furcatus, show a decrease. 
This reduction in motility parameters can reduce fertilization potentials and three 
times higher oxidative stress level has been determined. It indicates that sperm 
quality may deteriorate after cryopreservation due to a 4-fold increase in the DNA 
fragmentation level of sperm after thawing [96]. One of the effects of cryopreserva-
tion on sperm cells is the increase of apoptotic cells [98, 99]. In order to reduce these 
effects, “amide” has been used in recent years as a cryoprotector for the protection of 
sperm [100].

Cryopreservation increases the oxidative stress level and DNA fragmentation of 
the sperm and thus decreases the sperm kinematic parameter values. Transcriptome 
analyses are also performed to determine the cryodamage caused by cryopreserva-
tion in sperm cells. In these analyses, upregulated genes were identified in sperm 
samples after thawing and an increase in oxidative phosphorylation activities leading 
to excessive production of ROS associated with cell death was detected. Despite these 
negative results, the presence of the potential of sperm to fertilize eggs after thawing 
is expressed in the fact that compensatory processes occur in the gene expression of 
sperm cells after thawing to offset these harmful effects (MnSOD, induction to con-
trol ROS production; correction of misfolded proteins; apoptosis, functions related 
to amide biosynthesis) [96]. Sperm cryopreservation can affect several biological 
processes, including apoptosis, spermatogenesis, mitochondrial activity, ROS produc-
tion, amide biosynthesis, protein folding, and degradation [96]. Therefore, the effect 
of cryopreservation is quite complex, with both harmful and compensatory effects on 
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sperm quality. In addition to the level of gene expression, cryopreservation can also 
affect DNA methylation, which has been identified as 1266 differentially methylated 
genes in sperm methyloma [97].

3. Germ cell cryopreservation

Freezing and storage of gametes is used to protect endangered species as well as to 
ensure sustainability in aquaculture applications. While only sperm cryopreservation 
is performed in fish, germ cell cryopreservation, which has the feature of differentia-
tion to both gamete types, can be successfully performed. Although cryopreservation 
and long-term storage of sperm is a technique that has been practiced for a long 
time, it is impossible to ensure the continuity of generation by using sperm alone. 
Therefore, germ cell cryopreservation offers an important opportunity in achieving 
the above-mentioned goals [101].

Germline stem cells isolated from immature gametes can be intraperitoneal trans-
plantation of immunologically immature newly hatched larvae into the body cavity 
[102]. In addition to the larvae, germline stem cells can be transferred to broodstock 
fish and embryos [103]. Germline stem cells, transferred to the larvae, migrate to the 
genital ridge, multiply and initiate spermatogenesis or oogenesis. Cryopreservation 
of germ cells is performed for transplantation. For this purpose, in cryopreservation 
germ cells; slow freezing and vitrification methods are used. After transplantation 
of germ cells, frozen by both methods, to the larvae, there is no significant difference 
in the rate of migration to the genital ridge and their reproduction compared to the 
control group [104]. In addition to cryopreservation of all testis tissue, germ cell isola-
tion can be performed from immature gonads after dissection of fish. Freezing of all 
testicular tissue; while it is made using immature gonads that are frozen in a freezer 
and stored without the help of exogenous cryoprotectant [105], it can also be done 
using cryoprotectant [106].

Germ cell isolation in fish can be performed from all cryopreserved testicular tissue 
as well as from immature gonads. The differentiation of spermatogonia to the ova after 
the transfer of spermatogonia isolated from cryopreservation testis tissue to the female 
recipient fish provides a definitive solution to continuity of the species. As a result 
of isolation from rainbow trout testis tissue in the absence of cryopreservation and 
the presence of dead fish, transplantation efficiency was found to be 90.61 ± 5.26%, 
82.22% ± 11.76%, 73.33% ± 3.33%, and 6.68 ± 6.66%, respectively [107].

In the cryopreservation of oogonia; DMSO, methanol, glycerol, ethylene glycol, 
and egg yolk are used as cryoprotectants. Between these, the use of DMSO, which 
is a cryoprotectant that has the ability to penetrate into the cell, gives the best rate 
on both motility and fertilization rate. Although egg yolk does not have penetrating 
properties, success has been observed in its use with lactose [108]. DMSO; has been 
identified as the cryoprotectant substance with the most successful results for cryo-
preservation of spermatogonial stem cells of Oncorhynchus mykiss, type A spermato-
gonia of I. furcatus [109], ovary of C. carpio [110], and oogonia [108].

In sperm cryopreservation, evaluation of motility parameters without determin-
ing the post-thawing observation and hatching rate will be incomplete in terms of 
determining the success of the experiment. In addition, the development of germ cell 
cryopreservation procedures without germ cell transplantation does not yield results. 
Since spermatogonia/oogonia has sexual plasticity (the ability to produce both eggs 
and sperm), these mitotic germ cells can be stored by freezing. This application will 
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be an alternative to sperm cryopreservation as well as freezing and storing fish eggs or 
embryos [111]. Reducing the complicated steps in germ cell cryopreservation as much 
as possible (reducing the use of chemicals, applying some of the experimental stages 
in fish farms, and easy transferability of samples) will accelerate the conservation of 
species, which is an urgent global problem.

4. Cryopreservation of fish embryo

It is an important issue to use gametes obtained by aquaculture to support natural 
stocks and, to make cryopreservation techniques that provide long-term protection 
of these gametes available in all species and reproductive cells of species. Sperm cells, 
due to its small size and greater durability during freezing, have given more success-
ful results than other reproductive cells, and these features have made sperm the 
most researched cell in the cryopreservation of fish gamete. Freezing sperm cells is 
successfully practiced in many fish species, and a protocol has been established for 
almost cultured fish [38]. However, still, egg freezing has not been successful because 
of its features such as dehydration problems, large volume, and different membrane 
permeability. For this reason, many studies have focused on freezing fish oocytes and 
ovarian follicle. The reasons for the increase in oocytes and ovarian follicle cryo-
preservation studies are that these cells have a small volume, high membrane perme-
ability, membrane systems are simpler and less sensitive to freezing [112, 113].

The cryopreservation of embryo, which allows the storage of both the female and 
male genomes, has been a challenging subject of cryopreservation studies for many 
years. In terms of aquaculture, successful fish embryo cryopreservation will signifi-
cantly facilitate the establishment and management of genetic selection programs in 
fish farms [38]. Fish embryos have a low surface-to-volume ratio. It also has a large 
volume of yolk and a low rate of membrane permeability. In addition to these features 
of fish embryos, their high sensitivity to low temperatures has made it difficult to use 
and achieve success in cryopreservation studies [113, 114]. However, despite all these 
difficulties, there are studies on embryo freezing in fish. Studies have been carried 
out on chilling and cryopreservation of embryos in 20 different teleost fish [115–117]. 
The first study on cryopreservation fish embryos (slow-freezing method) was tried 
and successfully recorded in carp fish embryos in 1989 [118], however, a complete 
standard has not been established yet.

One of the important issues in the cryopreservation of fish embryos is the toxicity 
and penetration of the cryoprotectant to be used. In addition to the freezing proce-
dure in the cryopreservation of fish embryos, there are also studies on the selection of 
cryoprotectants to be used [38]. In an embryo-freezing study with zebrafish, known 
as model fish, methanol was found to be more effective cryoprotectant compared to 
DMSO and Ethanediol [119]. In another embryo freezing study using vitrification 
in zebrafish, it was reported that the embryos survived for 3 h after thawing [120]. 
In Ref. [121], it was observed that continuity in the development seen only 2.96% 
seven-band grouper (Epinephelus septemfasciatus) embryos, postvitrification. In a 
recent review study on fish embryo freezing, the issues that need to be developed in 
relation to the vitrification method that is widely used and tried in embryo freezing 
are systematically given. In this review, the issues that need to be considered for the 
development of vitrification protocol are listed as cryoprotectant toxicity, develop-
mental stage of the embryo, and the conditions at the time the embryo to be frozen 
is treated with cryoprotectant and vitrification [122]. Most of the studies focused 
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on fish embryo vitrification within the area of toxicity of vitrification solutions. In 
2006, it was reported that Japanese flounder (Paralichthys olivaceus) embryos were 
successfully cryopreserved by using vitrification method [123]. Fish embryos show 
different sensitivity to cryoprotectant permeability at each developmental stage. 
With this feature that embryos have, some studies have been conducted using vari-
ous storage methods to determine cryoprotectant flux or concentration at different 
stages during embryo development [122]. In study conducted on carp, it was reported 
that the hatching rate was 41% if sucrose was used to protect carp embryos in −4°C. 
In the same study, it was reported that the use of sucrose and methanol together gave 
the best results [124]. Recently, in the embryo freezing study, where two different 
cryoprotectants (DMSO and Methanol) were tested in carp, it was stated that the 
use of two cryoprotectant substances together had a protective effect by keeping 
the embryos at −2°C for 1 day and the average larval survival rate was 12.38% [125]. 
Another study showed that 9.7% of the embryos continued their lives for 2 h by freez-
ing the embryos in liquid nitrogen (−196°C) in Epinephelus moara [126]. In a study 
with carp, using Modified Haga’s solution; the toxicity of DMSO and glycerol and its 
effect on the survival rate of embryos were examined. In the same study where the 
effect of embryo freezing on the survival rate of the application of different devel-
opmental stages was investigated, it was stated that carp embryos were successfully 
frozen (−196°C) [127].

In cryopreservation of fish embryo studies, the highest success achieved so far 
has been seen in Persian sturgeon (A. persicus) with a hatching rate of 45.45%. In this 
study, where the vitrification technique was applied, DMSO was selected as a cryopro-
tectant [128]. Another study whose results were successfully stated was the one which 
propylene glycol was injected into the zebrafish embryos in freezing and the samples 
were frozen in liquid nitrogen with a rate of 90,000°C/min. In this study, the survival 
rate of the thawing embryos was found to be 10% after 24 h post-thawing [129].

Despite all the studies and efforts made on the freezing of fish embryos, unlike 
fish sperms and germ cells, the work done to prevent crystallization and biological 
damage during freezing/thawing of fish embryos is still a challenging topic. However, 
recent studies with cryopreservation primordial germ cells look promising when 
storing both female and male genomes. Such studies can be used in cryopreservation 
studies until an undisputed result is obtained in terms of embryo freezing in fish and 
serve the purpose of cryopreservation.

5. Prevention of disease transmission

5.1 Contamination during the fish gamete cryopreservation and thawing process

The cryopreservation method is one of the assisted reproductive techniques 
(ART) and has been in use for many years to serve needs such as infertility treat-
ment or genetic improvement and preservation or transportation in living things. 
Performing this method under aseptic conditions is one of the important factors in 
the preservation of gametes without microbial contamination and resulting in suc-
cessful fertilization [130, 131].

The main sources of contamination encountered in cryopreservation studies are 
(1) Dewar, (2) Cell, (3) Liquid Nitrogen (LN), and (4) Handling (extender, supply, 
etc.) [131–134]. When the LN container is opened, the upper part begins to cool, and 
the water in the air turns into ice crystals with a high electrostatic charge, catching the 
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microorganisms in the air. It is known that these ice crystals fall into the LN container 
and cause the accumulation of microorganisms in masses at the bottom and can 
combine with cell residues in the environment. In a study conducted on LN container 
that was used continuously for 7 and 12 years, it was shown that the contamination 
intensity did not depend on the year in use, but the microbial diversity was different 
in each of them [134].

Bacteria are single-celled organisms that have been cryopreserved for extensive 
research since 1950 [135]. Bacteria are not affected by cold when stored in suitable 
conditions specific to the species and can reproduce when thawed. For long-term 
storage at −20°C causes the death of perishable bacteria [136], while bacteria are usu-
ally stored in a −80°C freezer with little loss, longer and more appropriate storage is 
provided with liquid nitrogen and vapor phase (140–196°C) [137]. Cryopreservation 
is also used for other microorganisms such as viruses and fungi for research purposes 
[138]. In gamete cryopreservation studies, cryoprotectant agents are added to the 
extender to protect the cell from freezing. The cryoprotectants and nutritional ele-
ments used to store microorganisms at −196°C are very similar to the solutions used 
to store sperm cells. Therefore, while the gamete cells are frozen, microorganisms can 
be frozen together with the cells unintentionally [139–141].

Also, infected gamete samples can contaminate other pathogen-free samples 
when stored in the same LN container. Especially in human sperm storage conditions, 
cross-contamination poses a major problem. Storing the sperm of an individual carry-
ing the disease and the sperm samples of an individual who is not diseased in the same 
LN container causes a healthy parent to have a diseased child. It has been shown in 
studies that liquid nitrogen can contaminate the samples to be placed in contaminated 
with bacteria and viruses [142].

As we mentioned above, during the transfer of LN used in cryopreservation, 
microorganisms present in atmospheric air can contaminate liquid nitrogen [134, 143]. 
Although the fact that many microorganisms in the air are not fish pathogens does not 
seem to be an important problem in terms of disease transmission, the presence of 
bacteria in the environment where sperm is present is an important factor that impairs 
its quality [144]. In other words, microorganisms use the nutrients and oxygen in the 
environment, which are necessary for the survival of the sperm, as well as changing 
the pH of the environment [8], and this affects the quality of the sperm and changes its 
fertilization capacity [145]. In addition, the most important problem will be the use of 
gamete cells contaminated with the microorganism in fertilization, the transmission of 
pathogens to the embryo, and the emergence of diseased offspring [146].

5.2 Disease transmission via gametes to embryo

Research that has been conducted on sperm and embryo has found a relationship 
with pathogens such as viral, bacterial, fungal, and parasitic organisms [147]. It has 
been reported that some of them are in the seminal plasma, attach to the sperm cells, 
but do not enter the cell, and attach to the egg from the zona pellucida [142, 148].

To summarize briefly, the literature on vertical transmission of fish pathogens; 
It has been proved that the infected pancreatic necrosis (IPN) virus is present 
in the ovarian fluid and can be attached to the salmonid sperm and transmitted 
vertically to the embryo [149–152]. Viral hemorrhagic septicemia virus (VHSV) 
and Infectious hematopoietic necrosis virus (IHNV) have been isolated from the 
seminal and ovarian fluid of salmonid species [153, 154]. In addition, some bacte-
ria have been shown by staining sperm samples, and Aeromonas sp., Pseudomonas 
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sp., and Flavobacterium spp. have been detected in the seminal plasma of trout 
using culture methods [144, 155, 156]. Renibacterium salmoninarum is bind to tail 
of sperm and has been found intra-ovum of rainbow trout [146]. In a study show-
ing that Piscirickettsia salmonis can be found in the seminal fluid of trout, it was 
shown that vertical transmission is also possible [157].

5.3 Eliminate non-cellular disease agents from gametes

It has long been known that semen can contain a variety of viruses, and good 
safety protection systems and methods have been established in many laboratories to 
reduce virus particles from semen obtained from humans with viral diseases [158]. 
Viral Infection is recognized as a possible cause of male infertility in humans [159]. 
Among HIV-infected men, vertical transmission to infants has been reported when in 
vitro fertilization is performed after sperm washing [160].

However, as far as we know, there is no study on the inhibition of the transmission 
of viruses from sperm to embryo in fish. It is known as general information that the 
viral titer decreases after the freezing–thawing process [146], so the viral load in the 
sperm can be lowered by cryopreservation.

5.4 Antibiotics

Although antibiotics are used to eliminate bacterial contamination in sperm freez-
ing, it should also be considered that they are harmful to sperm [8, 161]. Although 
there are studies in which antimicrobial biomolecules (resveratrol, curcumin, etc.) 
are used instead of antibiotics, these have not yet taken the place of antibiotics [162].

5.5 Sperm washing and cell separating methods

Density gradient centrifuge method is a method that allows cells to be separated 
according to their size. Although this method is frequently used for sperm washing 
in mammals, that is, for removing microorganisms, its applications in fish are gener-
ally based on separating quality sperm cells from all other foreign substances [163]. 
Although the “swim-up” method, which is one of the sperm washing methods, is also 
used in mammalian sperm cells, this method does not work in fish since motile sperm 
must be used in this method [155].

During the process of sperm washing, freezing, and thawing, in order to obtain 
a high concentration of quality spermatozoa, it is critical that we reduce and remove 
any risk or chance of pathogen contamination during the preservation of frozen 
sperm in tanks. While sperm washing is usually performed before cryopreservation 
of mammalian sperm [164], in sperm washing studies applied in fish, since 2010, 
the washing process is performed after thawing [165–167]. In some species, it is used 
to separate seminal plasma from cells by centrifugation before freezing [168]. In the 
study in Ref. [168], firstly, seminal plasma was separated by centrifugation, and then 
live sperm cells were separated from the dead by magnetic selective. As a result of this 
study, it was possible to obtain better quality and functional sperm.

Studies using sperm washing method in fish have increased, especially in recent 
years. In the first study on this subject, in which frozen sperm from carp were used, 
it was determined that the sperm washed using the percoll gradient method had high 
motility, and the spermatozoa, which were immobile and whose membrane was dam-
aged during the freezing–thawing process, were also removed. As a result, it is stated 
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that the use of this technique will allow easier and higher quality spermatozoa to be 
obtained compared to other biotechnological cell separation methods [169]. Another 
study conducted in sturgeon includes the evaluation of sperm motility parameters 
and sperm characteristics after gradient centrifugation method of control and frozen 
sperm samples [165]. In a freeze–thaw washing study performed with testicular 
sperm, the fertilization rate was found to be higher than the control [170]. In the only 
study in which sperm washing was used to remove bacterial load, it was observed that 
gradient centrifugation method reduced bacterial load, although it caused a decrease 
in motility rates in rainbow trout sperm [155]. Again, according to the results of the 
study by the same authors on the relationship between newly completed sperm wash-
ing and fertilization success, low motility after washing did not significantly change 
the fertilization success and survival rate (unpublished data).

In studies using the density gradient centrifugation method, percoll was the most 
widely used gradient-forming chemical [169, 170]. Sil-Select Plus TM [155] and 
AllGrad® 90% [167], which are commercial solutions produced in humans, have 
been tried in fish and successful results have been obtained.

5.6 Disinfection of gametes and embryo

When the sperm are treated with a disinfectant, the sperm cell loses its vitality. 
However, iodine and anti-fungal treatment of eggs with formaldehyde is routinely 
and repeatedly used during the eyed stage of salmonids [146, 171]. Disinfection of 
eggs with iodophor prevents some viruses (VHSV, etc.) and bacteria (Flavobacterium 
psychrophilum, Yersinia ruckeri, etc.) from passing into the embryo, while it cannot 
provide protection for others (IPNV, R. salmoninarum, etc.) [146]. According to the 
literature, no studies were found regarding the presence or solution of contamination 
in frozen embryos or eggs (perhaps because embryo and egg cryopreservation is a 
new subject).

5.7 Suggestions

In cryopreservation facilities, it has been reported that the microbial load should 
be controlled before freezing sperm in order to prevent cross-contamination in liquid 
nitrogen [172]. Freezing sperm from brood stocks that are not infected or have the 
least pathogen in their sperm will be the best solution. This can be possible with con-
tinuous health checks and monitoring of fish. The use of vaccinated brood stocks to 
prevent the spread of the disease with high mortality would be excellent for sustain-
ability. Sperm cells of brood stocks infected with a possible pathogen can be separated 
from the pathogen with the sperm washing method and then frozen. This is also 
promising technique in obtaining quality sperm. In addition, continuous disinfection 
and use of tanks, UV sterilization of liquid nitrogen used in small volumes, steriliza-
tion of all materials used, and sealing the ends of the straws by burning will prevent 
possible contamination [133].

Establishing special sperm collection laboratories for cryopreservation would 
also be a good solution to prevent contamination. The use of a common laboratory 
with professional staff, where special Biosafety measures are taken and hygiene rules 
are followed, will be beneficial for every fish farm [131]. There are cryobanks where 
gametes are stored in different countries, but since the number is not sufficient, it 
would be beneficial to create an easily accessible cryobank for each country [38].
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Cryostorage facilities are expensive and may not be affordable or readily available 
due to their constant need for electrical power and liquid nitrogen production [173]. 
Additionally, monitoring liquid nitrogen levels is a time-consuming and expensive 
process that requires constant visual inspection. Therefore, cryostorage systems have 
recently been said to be prone to failures leading to undesired sample losses [174]. 
Liquid nitrogen is seen as a pathogenic transmissible agent, and its production is also 
a high carbon footprint procedure [173]. The most convenient way to prevent LN 
contamination is to use filtered (sterile) LN. However, this application is not suitable 
for use in practice due to its high cost. It is recommended to find a cheaper, simpler, 
greener alternative [173]. Another alternative is to use ultra-low freezers at −150°C, 
which has increased production today, instead of liquid nitrogen tanks, and it is 
thought that the risk of nitrogen vapor contamination can be reduced [175]. And even 
in a recent study in zebra fish, an ultrafreezer of −150°C was used for sperm cryo-
preservation and successful result was achieved [176].

It has also been reported that freeze-dry technology can eliminate the difficulties 
and contamination risk of cryo-storage using liquid nitrogen in today’s technology 
[173, 174]. In fact, some mammalian spermatozoa have been studied with this method 
[173, 174, 177]. In these studies, sperm motility is not important and efforts are made 
to prevent DNA damage of sperm. Therefore, this method can be used for large mam-
mals in the intracytoplasmic sperm injection (ICSI) method, but it does not seem 
possible to apply it to animals with multiple eggs such as fish [178]. In the literature, 
there has not yet been a study in which this technology is used in fish species.

Although the OIE has a “Health code” for terrestrial animals on the prevention 
of the risk of transmission of cryopreserved sperm-borne disease, there is no such 
information in the “Aquatic Animal Health Code” [171]. In the future, it will be useful 
to come up with standard methods for aquatic organisms.

6. Conclusions

Cryopreservation applications are one of the important assisted reproductive 
techniques that can be used to maintain the vitality of an organism. When the sub-
ject is to ensure the sustainability of a living thing, external factors such as its own 
biological, physiological, genetic, and epigenetic characteristics as well as its feeding 
regime, living environment, and presence of pollutants are also effective. For this 
reason, standardization of all these differences while conducting research is very dif-
ficult (perhaps impossible with current practices) and requires long time-consuming 
studies. However, in order to eliminate the negative effects of cryopreservation on 
the cell, the standardization of the factors mentioned above, as well as the laboratory 
environment, ensures the quality of the cells to be obtained. In reproductive bio-
technology studies, laboratory studies should be carried out under sterile conditions 
after obtaining eggs and sperm from the fish broodstock.

Ensuring the importance shown in aseptic laboratory environment also allows the 
cells obtained to increase the viability rate of the offspring, as well as to be healthy. Fish 
farms carrying out these practices should be certified and sample entry from non-
certified farms should not be allowed. A living organism is in constant contact with its 
environment and is constantly under this influence. Breeding and fish health practices 
are subjects that cannot be considered independently of each other. In this context, if 
it is desired to ensure the continuity of high quality, fast growing, and healthy genera-
tions, it is not possible for these two fields to be independent from each other.
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Although the concern and necessity of this issue have been stated in the studies, 
the use of sterile environments has not been actively provided yet. Informing the 
people working in fish production farms on this subject and organizing meetings/
seminars that emphasize the importance of the subject and organizing trainings/
courses would be beneficial. In addition, these practices may be made compulsory by 
various regulations.
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which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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