
105.05.26

2

3

Shaffner et al. (1941)
fructose

-76

10-15
(Shaffner, 1942)

Polge et al. (1949; 1951)

4
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5 6

Constituent or property Whole semen Spermatozoon Seminal plasma
Water content (%) - 59.9 96.4
Specific gravity - 1.1722 1.011
Calcium (meq/liter) 2.46 0.72 2.55
Magnesium (meq/liter) 5.8 17.09 5.11
Sodium (meq/liter) 152.99 53.58 158.76
Potassium (meq/liter) 15.6 61.38 12.93
Copper (meg/liter) - - 10.0
Zinc (meq/liter) - - 1.275 (0.06-0.52)
Chloride (meq/liter) 41.6 37.2 37.2
Uric acid (mg/100ml) 40.5 (10.1-

88.2)
-

Urea (mg/100ml) 9.1 (1.8-22.5)
Protein (mg/100ml) 1.8-2.8

1

( , 1978)

7

1
(Sauveur, 1988)

8
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9

glutamate ( , 1978)

pH 7.0-7.4

330-340 mOsm (Mocé et al., 2010;

Chalah et al., 1999)

(sucrose trehalose fructose)

(AAs)

10

Sexton and 
Fewlass (1978)

Chalah et al. 
(1999)

Schramm et 
al. (1982)

Lake (1968) Mocé (2010)

Sodium Glutamate 8.67 19.20 28.50 19.20 19.20
Fructose 5.00 8.00 8.00 8.00
Glucose 5.00
Inositol 2.50
Potassium phosphate 
dibasic 3H2O

12.70

Potassium acetate 5.00 5.00 5.00 5.00
Potassium citrate 0.64
Potassium sulfate 0.32
Potassium 
monophosphate

0.65

Sodium acetate 3H2O 4.30
Magnesium chloride 
6H2O

0.34

TES 1.98
Magnesium acetate 0.70 0.70
Polyvinylpyrrolione 3.00 3.00 3.00
Protamine sulfate salt 0.32

2

Unit: gram, dissolve in 1 liter water.

11

(Holt, 2000)

12
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I. (Glycerol) 
Polge (1951) 15-20%

-79 40 C

•
•
•
•
•
• (Hammerstedt

and Graham. 1992)
• Seigneurin and Blesbois (1995)

76%

13

II. (Dimethyl sulfoxide, DMSO)
DMSO

(Sexton, 1975)
DMSO (Harris
and Sweeney, 1971)
Lake (1986) DMSO

Mitchell and Buckland (1976) DMSO 0.5
ml

14

III. N,N- (Dimethylacetamide, DMA)
Lake and Ravie (1984) DMA

(Bacon et
al., 1986; Chala et al., 1996 Blesbois et al.,
2007)
DMA

Tselutin et al. (1999) DMA
85-93%

15

(straw) 0.25ml 0.5ml

(pellet)

(vial)

(Blesbois et al., 2008; Chalah et al., 1999;
Mocé et al., 2010)

16
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Tajima et al. (1990) DMSO DMA

DMSO DMA

( 3)

Tselutin et al. (1999) DMA

DMA

(84.7 5.3% vs. 26.7 4.5%)

17

Treatment week Total eggs (n) Fertile eggs (n) Fertility (%)
Unfrozen, 
control

1 34 29 85
2 45 41 91
3 45 44 98

X 92a

Frozen, glycerol 1 33 20 61
2 38 17 45
3 43 13 30

X 44b

Frozen, DMSO 1 48 11 23
2 47 4 9
3 50 4 8

X 13c

Frozen, DMA 1 38 10 26
2 39 2 5
3 43 1 2

X 11c

3 N,N- Minnesota 
Dominant Marker

a-c Means within a column with no common superscript are different (P<0.05).
(Tajima et al., 1990) 18

19

(swelling)

(Marquez and Ogasawara, 1977)

> 0.1M

(Hammerstedt and Graham, 1992)

:

( 3)

20
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3
(Lukaszewicz et al., 2008)

(f) 

(a) (b) 

(c) (d) 

(e) 

(h) 
(g) 

21

(inner leaflet)

(outer leaflet)

phospholipid phosphatidylserine

(Glander

and Schaller, 1999; Purdy et al., 2009)

(Blesbois et al., 2005)

22

Long et al. (2006)

ATP (P<0.05) ( 4)

(sperm storage tubules)

ATP

( 5)

23

Male Fresh sperm Frozen/thawed sperm
1 5163.2 ± 0.34a 65.04 ± 0.02b

2 3644.20 ± 0.53a 58.97 ± 0.06b

3 2141.50 ± 0.45a 64.21 ± 0.03b

4 3321.70 ± 0.3a 67.03 ± 0.03b

5 2958.12 ± 0.67a 59.61 ± 0.04b

6 2772.34 ± 0.55a 50.26 ± 0.03b

7 1643.71 ± 0.32a 50.49 ± 0.05b

8 1434.16 ± 0.67a 48.05 ± 0.02b

9 2734.49 ± 0.23a 52.07 ± 0.04b

10 3600.65 ± 0.44a 59.01 ± 0.03b

11 1842.32 ± 0.62a 63.29 ± 0.07b

12 3194.77 ± 0.14a 60.07 ± 0.05b

4

(Long, 2006)
a-b (P<0.05).

24
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Line

ATP 
concentration 

(pmol/109

sperm)

Membrane-
intact sperm 

(%)

Fertile egg 
(%)

Hatched 
chicks (%)

1 106.8 ± 0.83 44.3 ± 0.34 18.6 ± 1.6 98 ± 1.0
2 62.4 ± 0.97 40.7 ± 0.51 14.3 ± 5.2 96 ± 1.2
3 118.8 ± 0.62 55.2 ± 0.23 20.2 ± 3.4 100
4 124 ± 0.43 53.6 ± 0.25 28.3 ± 4.5 100

5

(Long, 2006)

a n = 10 male per line

25

DMA

(acrosome reaction)

(Mocé et al., 2010)

26

500 mOsm

Blanco et al. (2000) (Gold eagle,

Peregrine falcon, Bonelli’s eagle, Imperial eagle)

(3000 mOsm)

(50 mOsm)

27

20-60nm (Bearer

and Friend, 1990)

(sialic acid)

(antigenicity) Steele and

Wishart (1996)

28
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(Froman and

Thursam, 1994)

Peláez et al. (2011) (DMSO DMA

glycerol)

(Froman and Thursam,

1994)

29

Blesbois et al. (2005)

/ ( )

30

Blesbois et al. (2008)

(percentage of viable, PVN)

(percentage of fertility, FERT)

(membrane

fluidity, FLUID) 64%

FLUID PVN 78%

FLUID PVN (percentage of motility, PMOT)

85%

31 32

(2003)
12% DMA

60 C

50% 95%
90% 96%
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1. :

36 L2

40 L2

33

2. (Tselutin et al., 1999)
Lake (1968) Schramm et al. (1982) Mocé et al.

(2010) ( 2)

:
(1). 5 C

20
(2). DMA 6%
(3). 0 C 1
(4). (

45~60 l)
(5) -

196 C

34

3.

(1). 10ml 60

1~2

(2). 1.5ml

35

4.

•

• (Chalah et al., 1999)

•

• (

)

36
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4 SYBR-14/PI

37

( , 2012)

•

• 3 108

5

7

38

39

6 L2

#

Fresh Schramm Lake Mocé

(%) 86.0 1.0a 30.0 8.9c 67.0 2.0b 55.0 6.3b

(%) 83.7 3.0a 34.0 5.0b 44.6 4.3b 34.3 2.5b

(%) 100a 58.0 12.6b 63.1 8.1b 66.0 9.5b

(%) 80.6 10.0 56.9 13.4 56.9 7.9 65.1 9.9
# 2 Mocé et al. (2010) Schramm et al. (1982) Lake (1968)

a-c (P<0.05).

40

( , 2012)
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7 L2

#

Fresh Schramm Lake Mocé

(%) 68.5 6.8a 34.0 11.7b 42.0 5.8b 54.0 5.1a

(%) 89.5 1.7a 16.6 5.2b 17.4 0.9b 23.7 2.7b

(%) 24.8 6.0 15.1 2.1 18.5 2.3 21.3 5.4

(%) 89.0 4.2a 12.8 5.5b 35.5 9.0b 35.5 18.7b

(%) 72.9 9.1a 12.8 5.5b 29.2 8.9b 35.5 18.7b
# 2 Mocé et al. (2010) Schramm et al. (1982) Lake (1968)

a-c (P<0.05).

41

( , 2012)

L2

L2

L2 

42

43

(Mocé et al., 2010)

( )

44
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(

)

45 46

47
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