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ABSTRACT

The purpose of this research was to evaluate the effect of skim milk on sperm motility of Brek fish, Systomus
orphoides (Valenciennes, 1842) after 48 hours in 4°C. The method in this research is sperm was collected by
hand stripping and was diluted by diluent, which consisted of the fish ringer, skim milk and methanol 10%. The
ratio of sperm to diluent is 1:9. The concentrations of skim milk used in this research were 0%, 5%, 10%, 15%,
and 20%, respectively. The sperm was stored at 4 °C for 48 hours after diluted sperm is thawed in room
temperate for 1 minute and sperm motility was observed in improved Neubauer with a light microscope.The
motility percentage was analyzed using ANOVA and Tukey test. According to the Annova test (P>0.05), 10% of
skim milk showed the highest sperm motility (92.18 + 3.05) % after five replication per dose. Ten percent of
skim milk was the optimum concentration to preserve sperm motility at 4°C for 48 hours compared to 0%, 5%,
15%, and 20%. The result of each concentration is 90,85%, 84,68%, 79,54%, and 74,14% respectively.
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1. INTRODUCTION Technique for storing animal, plant cells, or other
genetic material (including cement) in a frozen state
by reducing metabolic activity without affecting the
organelles in the cell so that physiological, biological,
and morphological functions remain is preservation
[4]. The main purpose of preservation in sperm is to
conserve rare germplasm and support artificial
insemination technology programs. Preservation
techniques are good supporting factors for
conservation [5].

The population of Brek fish S. orphoides in
habitat is getting decreased. Environmental changes
resulting from anthropogenic disturbances are a
major threat to species extinction [1]. Besides, the
other factors causing the extinction of freshwater fish
include habitat destruction, introduce of foreign fish
species, overfishing, and use of fishing gear that is
not environmentally friendly in natural habitat [1,2].
Accordingly, the efforts to keep the species to still
exist in their natural habitat is by ex-situ Besides protective agent, some materials are also
conservation. needed to preserved sperm such as extenders,
intracellular protectant, extracellular protectants.
Intracellular protectants are compounds with small
molecules that can penetrate into cells. One example
of intracellular protectant is methanol [6].

The main problem in the breeding of a type of
fish is maturity of gonad time does not coincide
between female and male brood stock [3]. To offer
come this problem can be conducted by sperm

storage. Sperm preservation methods usually use Methanol can be wused as an intracellular
protective agent to protect cells from low protectant because it has a smaller molecule size so
temperature. that it can easily penetrate into cell membranes, and
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methanol also has lower toxic properties than
dimethyl sulfoxide (DMSQO) and dimethyl acetamide
(DMA) [7].

Extracellular protectant has a relatively large
molecular size so that it cannot penetrate into cells,
an example of a potential and non-toxic protectant is
skim milk. Skim milk is one of the extracellular
cryoprotectants which is widely wused in the
cryopreservation of spermatozoa [6]. Skim milk is
produced from the centrifugation of whole milk at
low speed. Skim milk is formed in the middle layer
as a result of centrifugation, namely the aqueous
supernatant. The substances contained in whole milk
are the same as in skim milk except for fat and
vitamins that are dissolved in fat [8]. The fat
contained in skim milk isn’t more than 0.5%, while
the whole milk ranges from 2.4 to 5.5% [8].

Skim milk contains nutrients that can be utilized
by spermatozoa as an energy source [9]. This nutrient
is lactose which can be broken down into glucose and
galactose [10]. Skim milk contains protein which can
be divided into two, namely casein and whey protein
[11]. The content of casein protein in skim milk plays
a role in protecting spermatozoa from cold shock
[12].
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The previous study has been conducted to protect
sperm using skim milk as extracellular protectants for
example cryopreservation of Barbonymus gonionotus
[13]. Further, the effect of skim milks as natural
supplement preserved Brek fish sperm has not been
conducted yet. Accordingly, the aims of study are to
evaluate Brek fish sperm motility after preservation
at 4 °C 48 hours.

2. MATERIALS AND METHODS
2.1.  Research Design

The research was made experimentally using a
completely randomized design (CRD). The study
consisted of 5 treatments and 5 repetitions. 5
treatments consisted of spermatozoa with the addition
of various concentrations of skim milk (0%, 5%,
10%, 15%, and 20%), Fish ringer, and 10%
methanol. The concentration determination of skim
milk is based on a modification of previous research
[14]. The number of repetitions is determined based
on Frederer's formula, namely (t-1) (r-1)> 15, r is the
number of repetitions and t is the number of
treatments [15].

Table 1. Various concentration of skim milk, fish ringer and 10% methanol.

Treatment Methanol 10% Extender fish Skim Milk Cement (uL)
(pL) Ringer (L) (pL)
A (0%) 500 4500 0 50
B (5%) 500 4250 250 50
C (10%) 500 4000 500 50
D (15%) 500 3750 750 50
E (20%) 500 3500 1000 50

2.2.

Brek fish are kept in the Freshwater Fishery
Germplasm Research Installation pond, Cijeruk,
West Java. Brek fish are fed 2 times per day, morning
and evening. The temperature of the pond water
where the rearing is between 21 °C - 25 °C with a pH
of 6.5-7.8 [16]. Fish are reared in an open pond with
a pool size of 10.8 x 5.2 meters and a depth of 60-80
cm. Main’s selection is done by selecting the parent
that has matured gonads. 20 individuals’ male fish
has been used for this experiment.

2.3.

The sperm was collected by stripping hand
method, the ejaculated sperm was sucked by needless
syringe and was storage in 1.5 ml micro tube. The

Population and Sample

Sample Collection Techniques

fresh sperm were obtained then preserved at 4°C for
48 hours and analyzed macroscopic and microscopic.

Evaluation of spermatozoa is carried out
macroscopic  and  microscopic.  Macroscopic
evaluation was carried out by measuring the volume,
color, and pH of the semen, while microscopic
evaluation of spermatozoa was carried out by
observing and calculating the percentage of
spermatozoa motility. Macroscopic evaluation was
only performed on fresh semen while microscopic
evaluation was carried out twice, namely fresh
spermatozoa and pascapreservation spermatozoa.

2.4.

Fish Ringer is made by dissolving 3.25 g of NaCl,
0.125 g of KClI, 0.175 g of CaCl;H:0, and 0.1 g of

Solution Preparation
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NaHCOs; into 500 mL of sterile distilled water [13].
Fish Ringer's solution is then put in a glass bottle and
closed with parafilm.Fish Ringer solution is stored in
a refrigerator at 4 °C for 72 hours [17]. During
process of freezing and thawing, extenders are used
to keep the quality of spermatozoa cells [18].

Activator solutions were prepared by dissolving
45 mM NacCl (0.2633 g NaCl), 5 mM KCI (0.0373 g
KCI), and 30 mM Tris HCI pH 8.0 (0.3634 g
C4H11NO3) in 100 mL sterile distilled water [20].
The activator solution is then stored in a glass bottle
and covered with parafilm.

The preparation of George's solution was made by
dissolving 1.5 grams of sodium citrate, 0.3 g of eosin
B and 0.5 mL of formaldehyde in 50 mL of distilled
water. The mixture is stirred until evenly distributed
and then stored in a dark bottle glass at room
temperature [19].
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2.5.  Motility Observation

The calculation of spermatozoa motility was
carried out on fresh semen and post-preservation
cement. The spermatozoa motility was observed
twice. The first observation was made to see
immotile or immobile spermatozoa by first diluting
the semen 400 times with two dilutions. The first
dilution was 10 times by taking 10 pL of cement into
390 uL of George's solution and then homogenized,
10 pL was taken to drop it in the improved Neubauer
counting room which had been covered with a glass
cover. The motility of spermatozoa was observed
with a light microscope with the magnification of 10
x 40 and a camera (digital eye piece) connected to a
laptop [21]. Motility calculations were carried out in
5 counting rooms R.

The percentage of motility based on [12] can be
calculated using the formula:

Z spermatozoa total -  spermatozoa imotil

% Motilitas = % 100%
I spermatozoa total
1A
1mm ( 2B 0,2mm 0,05 mm
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Figure 1. Line pattern diagram in a hemocytometer count room (improved Neubauer (Agustinus et al., 2019).

2.6.  Data Analysis

Pascapreservation spermatozoa analysis data is
presented in tabular form in the form of the
percentage of motility. The quality data of
spermatozoa were analyzed using Statistical Product
Software for Scientific and Social Science (SPSS)
16.0 for Windows [22].

The data were tested for normality using Saphiro-
Wilk, then continued with the homogeneity test using
Lavene. Data that is normally distributed and
homogeneous will be analyzed using one-way
ANOVA, then if it is significantly different, a further
test will be carried out using the Tukey test. If the
data is not normally distributed and is not
homogeneous, then the Kruskal-Wallis test is

performed, and then further tested using the Mann-
Withney test [22].

3. RESULT AND DISCUSSION

The percentage value of fresh sperm motility S.
orphoides in this study had an average value of 97.62
+ 1.09%. For Treatment the best motility value of S.
orphoides in this study shows in concentration 10%
that average value is 92,18 + 3,05% and shows that
the quality of S. orphoides sperm is of good quality
(figure 2). This value is higher than previous research
conducted by [14] on Tor soro kancra (Valenciennes,
1842), with a motility value of 89.11 + 1.31%. The
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level of motility in fish sperm is said to have a good
quality for preservation if it has a value above 70%
[23,24]. Microscopic observation of sperm viability
can be seen in Figure 3. Even the shape of tail of the

sperm is not clearly visible.

Table 2. Macroscopic evaluation Brek fish sperm

Observation Parameter Results
Color Milky white
Macroscopic Volume (ml) 2,9
pH 8

Motility spermatozoa pascapreservation after 48 hours

120,00
100,00
80,00
60,00

40,00

20,00

Percentage of Sperm Motilit (%)

0,00

a* *
I | I |
0% 5% 10%

15%

Concentration of Skim Milk

c*
20%

Figure 2. Graph of motility each concentration after preservation at 4 °C for next 48 hours.

Table 3. Motility of spermatozoa after preservation 48 hours

Repitition (%)

Treatment 1 2 3 4 5 Average

Fresh Sperm 97,06 96,92 98,84 98,77 96,52 97,62 + 1,09
A (0%) 82,71 96,15 84,85 98,30 92,26 90,85 + 6,85
B (5%) 90,80 87,69 82,54 81,73 80,65 84,68 + 4,36
C (10%) 96,15 91,67 92,77 92,66 87,63 92,18 + 3,05
D (15%) 87,71 78,95 77,61 76,03 77,42 79,54 + 4,68
E (20%) 80,17 63,16 78,38 76,92 72,06 74,14 + 6,18

Figure 3. Motility of spermatozoa in 10% concentration skim milk after preservation 48 hours.
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The differentiation about spermatozoa motility
value of each sample was influenced by the
differentiation concentrations of skim milk as a
protectant. The skim milk was used in this study is
lactenin. The content of lactenin in skim milk is
thought to maintain the motility spermatozoa of S.
orphoides during the process of preservation. In this
research results obtained, the treatment with
concentration 10% skim milk show the highest
motility value.

The motility percentage of spermatozoa S.
orphoides 48 hours after preservation is presented in
the figures 2 and table 3. Based on the figure
presented, it is known that spermatozoa stored for 48
hours using a combination of protectant methanol
10% with skimmed milk in different concentrations
(0%, 5%, 10%, 15% and 20%) are able to maintain
motility with an average value. The percentage of
motility obtained by the control that is concentration
0% (without skim milk) is 90,85 + 6,85%, this value
is higher than the value with the addition of 5% and
20% skim milk.

The characteristics of fish spermatozoa while still
in the reproductive tract are still immotile, but when
the spermatozoa are released into the environment,
they will be motile. In this study, for induction the
movement of spermatozoa an activator solution was
used. Activator solution has a lower osmolality value
than fish spermatozoa plasma, which can induce
spermatozoa movement [25]. The activator solution
added to spermatozoa can help reduce the osmolality
value so that it can help induce motile spermatozoa.
This can be due to the unbalanced ion composition
[26].

The condition of the fish spermatozoa plasma
becomes hypotonic which results in an efflux of K*
ions through the K* ion channels, which causes the
membrane in the spermatozoa to hyperpolarize.
Membrane hyperpolarization will then be followed
by membrane depolarization which triggers the influx
Ca?* process and results in an increase in the
concentration of Ca?*. Increasing the concentration of
Ca?* results in the activation of adenyl cyclase which
converts ATP to cAMP which helps the motility of
spermatozoa [26,27].

Observation on fish spermatozoa motility is a
common parameter to determine the quality of fish
spermatozoa because it has an important effect on
fertilization [28]. Motility in fish is influenced by
several factors, including maturity of gonad and
spermatozoa  morphology.  Spermatozoa  are
categorized as motile if they are stationary, move
forward but not straight, move forward but slowly
and move straight up quickly [29].
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The component contained in milk in the form of
lactenin can also inhibit the motility of spermatozoa.
Lactenin is one of the compounds in milk which is
toxic to spermatozoa. The toxicity of lactenin can be
overcome by heating the skim milk before using it.
Heating is done at an ambient temperature of 87-98
°C for 1 minute [30]. This process will cause
inactivity of the enzymes contained in milk, one of
which is the catalase enzyme which can carry out its
metabolism so that the toxicity of methanol will be
reduced [31].

Heating skim milk in addition to deactivating the
enzyme catalase can also cause denaturation of serum
protein in skim milk [32]. Denaturation of serum
proteins will produce cysteine amino acids which
have a cysteine hydrochloride group. Cysteine can
inactivate formaldehyde which is produced from
methanol metabolism. This inactivation occurs
through the binding of formaldehyde by cysteine so
that formic acid is not formed [33]. Cysteine can also
play a role in neutralizing lactenin in skim milk.

ANOVA test results shows a significant
difference value in the treatment of concentration
10% skim milk. The concentration is a good
composition and effective in the preservation process,
so that compounds that are detrimental to
spermatozoa can be minimized. The right
concentration will have a good effect on spermatozoa
in the preservation process of S. orphoides.

4. CONCLUSION

The optimum concentration of skim milk and
methanol after preservation 48 hours at 4°C was at
concentration 10% with the results is 92,18 + 3,05%
for motility observation.

AUTHORS’ CONTRIBUTION

RR carried out the literature survey. analyzed data
and wrote manuscript. A conceived of the study and
participated in its design and performed the statistical
analysis. RG helped review to draft the manuscript.
All authors read and approved the final manuscript.

ACKNOWLEDGMENT

I am thankful for Directorate of Research and
Community Service, Universitas Indonesia (Hibah
PUTI 2020 with contract number NKB-
935/UN2.RST/HKP.05.00/2020) for supported this
research. | am especially grateful Dr. Abinawanto for
constructive criticism and advice of my proceeding
and grateful to technical staff in Installation for
Freshwater Fish Genetic Reseources, Ministry of

300



ATLANTIS
PRESS

Advances in Biological Sciences Research, volume 14

Marine Affairs and Fisheries, Cijeruk, Bogor, West
Java, Indonesia

REFERENCES

(1]

[2]

(3]
[4]

(5]

(6]

[7]

(8]

(9]

AM, Dias, F.L.T. Garro, Changes in the
structure of fish assemblages in streams along
an undisturbed — impacted gradient, upper
Parana River basin, Central Brazil. vol. 8,
Neotropical Ichtyology. 2010, pp. 587-598
DOI: http://dx.doi.org/10.1590/S1679-
62252010000300003

S. Wargasasmita, lkan air tawar endemik
Sumatra yang terancam punah, vol. 2, Jurnal
Iktiologi Indonesia. 2002, pp. 41-49. DOI:
https://doi.org/10.32491/jii.v2i2.276. [In Bahasa
Indonesia]

R. Billard, The Carp: Biology and Culture.
Springer. London. 1999.

W.F. Wolkers, H. Oldenhof, Cryopreservation
and Freeze-Drying Protocols Third Edition.
Springer-Verlag, New York, 2015, p.509. DOI:
10.1007/978-1-4939-2193-5

C. Danchin-Burge, S.J. Hiemstra,
Cryopreservation of domestic animal species in
France and Netherlands: experience, similarities
and differences. Workshop on Cryopreservation
of Animal Genetic Resources in Europe, 2003,

pp. 15-28.

S. Singsee, U. Imsilp, P. Pewnane, N.
Sukumasavin,  Preservation  of  Cirrhinus
microlepis. Proceedings of 7" Technical
Sympossium on Mekong Fisheries,
Thailand,15-17  November, 2005. MRC

Fishieries Programme, Ubon Ratchathani: pp.
205-211.

B. Harvey, R.N. Kelley, M.J. Ashwood-Smith,
Cryopreservation of zebra fish spermatozoa
using methanol. vol. 60, Canadian Journal
Zoology, 1982, pp. 1867-1870. DOI:
https://doi.org/10.1139/282-242

S.E. Smith, What is Skim Milk, 2003: 1 him.
http://www.wisegeek.com/what-is-skim-
milk.htm. 20 maret 2021, pkl 21.10.

N. Widjaya, Pengaruh pemberian susu skim
dengan pengenceran tris kuning telur terhadap
daya tahan hidup spermatozoa sapi pada suhu

penyimpanan 5°C, Sains Peternakan, 9(2).
(2011), pp.72-76. DOI:
10.2096/sainspet.v9i2.4796. [In Bahasa
Indonesia]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

D.L. Thacker, J.0. Almquist, Diluters for
bovine semen. I. fertility and motility of bovine
spermatozoa in boiled milk, vol. 36. Elsevier,
Dairy Science, 1953, pp. 173-180. DOI:
https://doi.org/10.3168/jds.S0022-
0302(53)91474-X

A.H. Varnam, J.P. Sutherland, Milk and Milk
Products:  Technology, = Chemistry, and
Microbiology. Springer. US, 1994, pp. XI1+452.
G.W. Salisbury, N.L. VanDemark, Fisiologi
reproduksi dan inseminasi buatan pada sapi.
Gadjah Mada University Press. Yogyakarta,
1985, pp. xv+869.

Abinawanto, Zuraida, R. Lestari, The effect of
skim milk combined with 5% of methanol on
motility, viability, and abnormality of java barb,
Barbonymus gonionotus spermatozoa after 24
hours freezing, vol. 9, Aquaculture, Aquarium,
Conservation & Legislation Internation Journal
of the Bioflux Society, 2016, pp. 326-333.

E.R. Harjanti, Abinawanto, O.Z. Arifin, A.H.
Kristanto, The fertilization of Tor soro fish
(Valenciennes, 1842) using post
cryopreservation sperm: the effect of skim milk
as a cryoprotectant, vol. 441. 10P Conference
Series: Earth and Environmetal Science, 2020,
pp. 1-6. DOI: 10.1088/1755-
1315/441/1/012061

K.A. Hanafiah, Rancangan percobaan aplikatif.
Raja Grafindo Persada, Jakarta, 2004, p.
Xiv+186. [In Bahasa Indonesia]

J. Subagja, S. Asih, R. Gustiano, Manajemen
induk dalam pembenihan ikan Tor soro, vol. 1.
Media akuakultur, 2006, pp. 7-11. DOI:
http://dx.doi.org/10.15578/ma.1.1.2006.7-1. [In
Bahasa Indonesia]

B. W. Draper, C. B. Moens, A high-throughput
method for zebrafish sperm cryopreservation
and in vitro fertilization. Journal of Visualized
Experiments, 2009. DOI: 10.3791/1395

E.M.E. Aboagla, T. Terada, Effects of egg yolk
during the freezing step of cryopreservation on
the viability of goat spermatozoa, vol, 62.
Theriogenology, 2004, pp. 1160-1172. DOI:
10.1016/j.theriogenology.2004.01.013.

J.T. Smith, D.T. Mayer, Evaluation of sperm
concentration by the haemocytometer method:
comparison of four counting fluids, vol. 6.
Fertility & Sterility, 1995, pp. 271-275.

301


https://doi.org/10.32491/jii.v2i2.276
http://dx.doi.org/10.15578/ma.1.1.2006.7-1

ATLANTIS
PRESS

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Advances in Biological Sciences Research, volume 14

A. Sunarma, D.W. Hastuti, Y. Sistina,
Utilization of honey as an extender combined to
different cryoprotectant on sperm
cryopreservation ~ of  nilem indonesian
sharkminnow (Osteochillus hasselti, Val 1842).
Indonesia Aquaculture Conference: 2007, pp. 1-
9.

Abinawanto, K. Nurman, R. Lestari, The effect
if sucrose on sperm quality of goramy fish
(Osphronemus goramy, Lacepede 1801) two
days post-cryopreservation, vol. 3. Journal of
Aquatic Science and Technology, 2012, pp. 23—
28.

G.W. Salisbury, N.L. VanDemark, Fisiologi
Reproduksi dan inseminasi buatan pada sapi.
Gadjah Mada University Press. Yogyakarta,
1985, p. xv + 869. [In Bahasa Indonesia]

J.H. Zar, Biostatical Analysis. Prentice-Hall

Inc., London, 1974, p. xiv+620.

J. Stoss, T. Refstie, Short-Term Storage and
cryopreservation of milt from atlantic salmon
and sea trout, vol. 30. Aquaculture, 1983, pp.
229-236.

J.M. Cristensen, T.R. Tiersch, Cryopreservation
of channel catfish sperm: effect of
cryoprotectant exposure time, cooling rate,
thawing condition, and male-to-male variation,
vol. 63. Theriogenology, 2005, pp. 2103-2112.
DOI: 10.1016/j.theriogenology.2004.08.013

G. Perchec, C. Jeulin., J. Cosson., F. Andre, R.
Billard, Relationship between sperm ATP
contect and motility of carp spermatozoa, vol.
108, Journal of Cell Science, 1995, pp. 747-
753.

M. Morita, M. Fujinoki, M. Okuno, K+-
independent initiation of motility in chum
salmon sperm treated with an organic alcohol,
glycerol, vol. 208. The Journal of Experimental

[28]

[29]

[30]

[31]

[32]

[33]

Biology, 2005, pp. 4549-4556. DOI:
10.1242/jeb.01921

S.M.H. Alavi, J. Cosson, Sperm Motility in
Fishes (1) Effect of temperature and pH: a
review, vol. 29. Cell Biology International,
2005, pp. 101-110. DOl:
10.1016/j.cellbi.2004.11.021

K.H. Kang, K.H. Kho, Z.T. Chen, J.M. Kim,
Y.H. Kim, Z.F. Zhang. Cryopreservation of
filefish (Thamnaconus septentrionalis Gunter,
1877) sperm, vol. 35. Aquaculture Research,
2004, pp.1429-1433. DOl:
https://doi.org/10.1111/j.1365-
2109.2004.01166.x

R. Dada, N.P. Gupta, K. Kucheria, Deterioration
of sperm morphology in men exposed to high
temperature, vol. 50. Journal of Anatomy, 2001,
pp. 107-111.

E. Spreer, A. Mixa, Milk and Dairy Product
Technology. CRC Press, New York: 1998, p.
483.

D. Goff, Casein Micelle Strucuture.1995,
2p.http://www.foodsci.uoguelph.ca/decoin.casei
n.html.

V. Salaspuro, Pharmacological treatment and
strategies for reducing oral and intestinal
acetaldehyde. Dalam: D. Chadwick, J. Goode
(eds). 2006. Acetaldehyde-Related Pathology:
Bridging the Trans-Disciplinary  Divide.
Novartis Foundation Symposium 285, vol. 285.
pp. 145-157. DOI:
https://doi.org/10.1002/9780470511848.ch11

302


http://www.foodsci.uoguelph.ca/decoin.casein.html
http://www.foodsci.uoguelph.ca/decoin.casein.html

