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A behavioral expression and production performance of laying hens in different

housing systems was examined using 600 Hisex Brown hens (aged of 19 wks). They were kept in

3 different housing groups as following: 1) in closed house with 3 hens/cage and 2) with 4

hens/cage 3) in opened house with slatted floor and furnished pen system. The result showed

that hens in housing system 1 and 2 spent displayed higher time for standing, sitting, eating,

drinking and preening during sampling periods than those of furnished housing system (P<0.05)

but with aggressive need than. The hens in cages also had significantly higher body weight, feed

intake and egg weight but lesser feed consumption per kilogram of egg produced and mortility

rate. While quality of egg is significantly higher it egg yolk weight, egg albumen weight, yolk

color, eggshell weight and thickness but Haugh unit and albumin height not significantly and

hens in conventional cages had percentage of cracks eggs and egg dirtiness higher than

furnished pen system (P<0.05). In addition, ovary weight, oviduct  tract, internal organ and

gastrointestinal tract is calculate percentage per body weight not significant In addition, the hens

in furnished pen had significantly higher hematocrite (%) than in 4 hens/cage (P<0.05). Blood

glucose of hens in the furnished pen group was significantly higher than those in the other two

groups (P<0.05). The levels of triglyceride and H/L ratio were not significantly different among

treatments (P>0.05). This study demonstrated the effect of raising hens in improved furnished

pen system on some behavioral expression and eggs quality, but not egg production. It also

showed some effect on bone strength. But, as opened housed system, heat stress effect on hens

may be of concern.
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2
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(5)

ACTH = Adrenocorticotropic hormone

CFU = Colony-forming units

CRD = Completely Randomized Design

CRF = Corticotropin releasing factors

DMST = Duncan’s new multiple rang test

EU = European union

EVAP = Evaporative cooling system

FAWC = United Kingdom farm animal welfare council

H/L = Heterophil/lymphocyte ratio

HPA = Hypothalamic-pituitary-adrenal

HU = Haugh unit

PCV = Pack cell volume

RSPCA = Royal society for the prevention of cruelty to animals

SD = Standard deviation

WTO = World trade organization



Behavioural Expression, Production Performance and Physiological of Laying

Hens in Different Density Cages and Furnished Pens

 (welfare

of the laying hen)  (conventional cages) 

 (furnished cages)  (free range) 



1.

2.



 (red jungle fowl) 

 (foraging) 

 (Abeyesinghe et al., 2005) 

ISA Brown, Lohmann Brown,

Lohmann Selected Leghorn (Lundberg and Keeling, 1999)

 (Zimmerman et al., 1999) 

1

475-1,876

550

 (Dawkins and Hardie, 1989) 

 (chronic stress) 



4

 1  

( )

-

475 428-592

856 655-1,217

1,272 987-1,626

893 660-1,476

1876 1,085-2,606

873 609-1,362

1,151 800-1,977

: Dawkins and Hardie (1989)

1.  

 (Gorman,

2002) 

 (SVC,

1996) 

 (Mills and

Wood-Gust 1985)

The Swiss animal welfare

The Swiss protection regulations



5

(Cooper and Appleby, 2003) 

(Kruschwitz et al., 2008)

1  Cooper and Appleby (1997)

2.

50-90

15,000

 (Cooper and Appleby, 2003) 

3.

 (Lindberg and Keeling, 1999) 

2

 (Vestergaard, 1982) 

 (sham dust-bathing)

 (Keeling, 2002)



6

Moesta et al. (2008) 86.54

73.17

2 20

4.

 (Appleby et al., 1992) 

 (Olsson and Keeling, 2000) 

4

(AHAW, 2005)

Wall and Tauson (2007)

Wichman et al. (2007)

50 90

90 130

5.

2  (dominance hierarchy or peck order)

(territoriality)

 (dominant)  (subordinate)

(Turner et al., 2001) 



7

3  (linear hierarchy)

 (linear-tending hierarchy)

 (complex hierarchy) 

10

3  (triangular

relationship)

(Ylander and Craig, 1980)

3

 (dominant-subordinate relationship)

 (Bradshaw, 1991)

(Syme et al, 1983)



8

 (Oden et al., 1999) 

(Appleby and

Jenner, 1993)

 (animals welfare) 

 (Zimmerman et al., 1999)  (laying) 

(foraging)  (duth-bathing)  (perching) 

 (ground scratching)  (wing flapping) 

(United Kingdom farm animal

welfare council; FAWC) . . 1976

(animal welfare)  5 (five freedom)

(AHAW, 2005)

. . 1997  (european union; EU

 (treaty of Amsterdam)



9

. . 2012 300 3 4

. . 1999

1 . . 2012 (Albentosa and Cooper, 2004)

 (world trade organization; WTO) 

 (non-cage system) (Blokhuis, 2007)

1.

2

 ( 1) 450

450

550 (Abrahamsson and

Tauson, 1995)

60

2 6  (nipple) 

 (slope)

 (AHAW, 2005)



10

1

: Abrahamsson and Tauson (1995)

2.

 ( 2) 10

60

750 600

45  (nest)

 (perch) 15  (Webster et al., 2003)
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2

: Webster et al. (2003)

3.

 (aviaries and

percheries) 9  ( 3

1999) 12  ( 31

2011) 45

1 3 250

1 7  (1 120 )

15 4 2.5

(Webster et al., 2003)

3

 (barn) 

 (royal society for the prevention of cruelty to

animals; RSPCA)

 (organic)



12

(AHAW, 2005)

3

: Webster et al. (2003)

1.

cannibalism 2

 (gentle feather pecking)  (severe

feather pecking) 

 (tissue pecking) 

(Nicol et al., 1999)  (vent pecking) 

uterus
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 (Cheng, 2006) 

(Mcadie et al., 2005)

Guesdon and Faure (2004) 

(P<0.001) 

Wall and Tauson (2007) 

 (cannibalism)

 (Appleby et al., 2002)

2.

De Rue et al. (2008) (4.0-4.5

log CFU/eggshell; CFU; colony-forming units)  (3.0 log

CFU/eggshell) 

 (

) Messens et

al. (2005)

Mallet et al. (2006) 

 (4.83 log CFU/eggshell) 

 (4.5 log CFU/eggshell) 

Tauson (2002) 

Enterococcus (0.32

log CFU/cm2) (0.18 log CFU/cm2) 



14

microbial 5 log

CFU/eggshell 4.5 log CFU/eggshell

 ( Mallet et al., 2006)

3.  (bone strength)

3.1

 (pneumatized bone) 

2  (bone matrix) 

95

5  (chondrointin sulfate) 

 (hyaluronic acid)  (mucopolysaccharide gel)

 (Werner, 1992)

 (compact bone) 

(cortex) 

 (diaphysis)

compact bone cortical bone

 (spongy bone or trabecular bone)  (medullary cavity) 

 (trabeculae)

 (turnover rate)
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 ( , 2534)

3.2

 (parathyroid gland)

 25-hydroxy-D3  25(OH)D3  1,25-

dihydoxy-D3  1,25(OH)2D3

 (calcium binding protein)

 (medullary)

 (Underwood and Suttle, 1999) 

 (calcitonin)  (thyroid gland)

 (ultimobrancial gland)

25(OH)D3  24,25-dihydroxy-D3  24,25(OH)2D3

3.3

 ( 4) 

 (Rath et al., 2000) 

(osteoporosis) 

 (Whitehead, 2004)



16

30-35

 (McCoy et al., 1996; Webster, 2004) 

 (Abdul-

Aziz, 1998) Leyendecker et al. (2005)

 (humerus)

(femur)  (tibia) 

 (AHAW, 2005)

4

: Rath et al. (2000)

Jendral et al. (2008) 

computed tomography intron materials tester

  White Leghorn 64

Toxins &

Antinutrient

Growth &

Aging Gender

Nutrition

Physical

Loading

Disease

Genetic Endocrine
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(Leyendecker

et al., 2005) keel bone

Vits et al. (2005) 

 (humerus) Lohmann Brown Lohmann

Selected Leghorn

3.4 (bone breaking strength)

 (stress)  (strain)

 ( , 2531) bone breaking strength

 (Nimmo et al., 1980)

 (tension)

(compression)  (bending)

bending test (Crenshaw et al., 1981a)

 2 

strain  modulus of elasticity

(Curry, 1970) Lott et al. (1980) 

-18 °C  48 

 100 °C  18



18

Littlefiled et al. (1973) 

Crenshaw et al. (1981a)  Sedlin and Hirsch (1966)

1. bending moment bend moment

bending moment

 ( )  2 

 (diaphysis)

2.

bone  stress

bone strength stress

stress

stress

3.

4. modulus of elasticity

modulus of elasticity

modulus of elasticity  (stiffness)

4. (foot and claw problems)

 (Tauson, 2002) 



19

 (Glatz, 2000) 

1 hyperkeratosis

5.

 (fine tune) 

 (homeostasis)

 (thermoregulation) 

 (osmoregulation)   (excretion) ( , 2548) 

 ( , 2538) Elrom (2000)  2 

1. 

2. hypothalamic-pituitary-adrenal (HPA)

HPA



20

 (hypothalamus)

(corticotropin releasing factors; CRF)

 (anterior pituitary)

(adrenocorticotropic hormone; ACTH)

5.1

5.1.1 (leucopoiecis)

 (white blood cells)  (bone

marrow) extravascular

(granuloblast)  (granulocyte)

sinusoid non-granular

stem cell  (lymphocyte) 

 (lymphoid tissue)

2-3

diapedesis

tissue space 100 200

, 2548)

5.1.2

2

(granular leucocyte)  (phagocyte)

3  (heterophil)

30

2-3 lobe rod shape  (eosinophil)

5 2 lobe 3

(basophil) 3
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 (non-granular leucocyte)

2

small large leucocyte

 (monocyte)

granular leucocyte antigen presenting cell

specific antigen sensitive lymphocyte (Fred et al., 2008)

5.1.3

B-lymphocyte , 2545) 

(Heterophill-to-lymphocyte; H/L) 

(Maxwell and Roberson, 1998)

Altan et al. (2003)

Cobb Ross  20 °C

 50  34  35  38 °C

 3  2 

 0.24  0.42 

 Shini (2003) brown layers 1500
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Campo et al. (2005) 

Brake et al. (1994) 

35-60 Heckert et al. (2002) 

32-42

5.2

Puvadolpirod and Thaxton (2000)  2

1 2

7 0  ( )  4  ( ) 7

( ) 0

4

7 2

1

Pavlik et al. (2007) 

47

75

22 75
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alkaline phosphate catalytic
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1.  

Hisex Brown 19 600

3 3

2.

16

3

1  3 3  66

2 4  3  68

3 66

3  66

 (evaporative

cooling system; EVAP) 48 4

41 × 46 × 40

 ×  × ) 2  (slope)

15 10

 (nipple) 

3 × 3

 (nipple) 3
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 ( 5) 150×46

2 6 36×27

100 × 80 ×10

4 × 3 3

50 90 130

5

3.

 20

2
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2

 (% )

(kcal/kg) 3,414.00

17.24

3.67

7.60

11.39

3.01

4.34

1.36

1.

 (tunnel ventilation system)

(thermostat)  16

 (ad libitum) 2 1

3  3  66  41 x 46

x 40  628.67 2 4

 3  68  41 x 46 x 40

471.50

 16

3

66 1,137.87
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2.

6  4  19  22, 22  26,

26  30, 30  34, 34  38 38 42

 20

(Haugh unit;

HU)  HU = 100 x log [H + 7.57 – 1.7W0.37]  HU  H

 (mm)  W  (g) (Roush, 1981)

Mollenhorst et al. (2005)

 ( )  ( A B )

)  ( )

)  (

) )

3 6

1 4 6 9.00-10.00 .,

11.00-12.00 ., 13.00-14.00 ., 15.00-16.00 ., 17.00-18.00 . 19.00-20.00 .

15 5

6

(pack cell volume: PCV or haematocrit) heparinized capillary tube

3 capillary

hematocrit centrifuge  15,000  10 

microhaematocrit reader

15-20 wright-giemsa  hetherophil

lymphocyte, monocyte, eosinophil basophil
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3,000 10  (

-20 °C ) 

4 36

asphyxiation 1.5-2.0

-20 °C  (bending strength) 

3-point bending test

proximate

analysis AOAC (1990)  (2532)

3.

 (completely randomized design; CRD)

3 1 3 2 4

3

 (ANOVA) 

duncan’s new multiple rang test (DMST) SAS (SAS, 1999)

yij   =  + Hi + ij

yij = i j j = 1 2 3

=
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Hi = i =

3 4

ij =

4.

1. 

2.

3.

5.

2551 2552

1



30

1.  

 6

1 2

3

23.71 °C 28.10 °C

25.89 °C 24.75 °C 31.75 °C 28.18 °C

27.17 °C, 26.35 °C,

26.21 °C, 28.67 °C, 30.03 °C  29.89 °C

30.28 °C, 29.85 °C, 29.92 °C, 32.53 °C, 33.71 °C 33.78 °C

87.92  87.70 ( 6

2)

30 °C 10-30 °C

30 °C , 2536) 

 (panting)  29 °C  42 °C

 32 °C (Daghir,

1995)
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 6  19-42

: HC = ; HO = ;

LC =   ; LO = ;

AC = ; AO =

2.  

4

3

(P<0.05) 3 4

(P<0.05)

3 4

(P<0.05) ( 3)

20

25

30

35

22 26 30 34 38 42

HC

HO

LC

LO

AC

AO
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3 4

 (Shimmura et al., 2007a)

 (Dawkins and

Hardie, 1989) 

Shimmura

et al. (2007b) 25-33 °C

4 3

3

 ( 3 5) 

3 4

Mollenhorst et al. (2005) 

2 3
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 (2540) 

 (sweat glands) 

 (2541)

(P>0.05)

(P<0.05)

(thermoneutral zone)

(Richard et al., 2003)

3  4 



34

(Hughes and Wood-Gush,

1977)

3

4

Appleby et al.

(2002) 

Shimmura et al. (2007b)  (2  4 ) 

 (20 )  (25-33 °C) 

Mollenhorse et al. (2005) 

Buitenhuis et al. (2004) 

 3 15

3 / 4 / /  P-value

36.09±1.27a 35.71±1.42a 19.47±1.54b 0.0001

6.86±0.77a 7.37±0.71a 4.97±2.12b 0.0001

0.05±0.69b 0.01±0.29b 16.08±2.23a 0.0001

10.45±0.82a 10.56±2.25a 4.74±1.12b 0.0001

50.31±2.61b 55.14±2.93a 23.12±2.34c 0.0001

7.17±0.57a 7.61±0.71a 4.55±0.75b 0.0001

0.29±0.54b 0.36±0.57b 0.83±0.68a 0.0180

: a,b,c

 (P<0.05)

    ±
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9.00-9.55 ., 11.00-11.55 .,

13.00-13.55 . 15.00-15.55 . (P>0.05)

17.00-17.55 .

(P<0.05) 19.00-19.55 .

9.00-9.55 . 3.60

11.00-11.55 . 2.28

9.00-9.55 ., 11.00-11.55 . 13.00-13.55 .

 (P>0.05) 15.00-15.55 .,

17.00-17.55 . 19.00-19.55 .

 (P<0.05)

9.00-9.55 .

(Vits et al., 2005) 

 (Shimmura et al., 2007a) 

 11.00-11.55 .

 (Shimmura et al.,

2007b) 19.00-19.55 .

Wall and Tauson (2007) 

 (sham dust-bathing) 
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4

 (

3,333 )

: a,b,c,d

 (P<0.05)

1 = 9.00-9.55 . 2 = 11.00-11.55 . 3 = 13.00-13.55 .

    4 = 15.00-15.55 . 5 = 17.00-17.55 . 6 = 19.00-19.55 .

 15.00-15.55 .

17.00-17.55 19.00-19.55 .

17.00 .

(Brasstad, 1990) 

Matsui et al. (2004) 

24 19.00-08.00 .

19.00-04.00 . 19.00-04.00 .

1 3.60a (240) 46.40 (3,093) 2.01a (134) 47.99 (3,199)   2.73d (182) 47.27 (3,151)

2 3.29a (219) 46.71 (3,114) 2.28a (152) 47.72 (3,181) 3.00d (200) 47.00 (3,133)

3 3.26a (217) 46.74 (3,116) 2.22a (148) 47.78 (3,185) 2.40d (160) 47.60 (3,173)

4 3.20a (213) 46.80 (3,120) 2.10a (140) 47.90 (3,193) 3.83c (255) 46.17 (3,078)

5 2.61b (174) 47.39 (3,159) 1.14b (76) 48.86 (3,257) 10.41b (694) 39.59 (2,639)

6 0.00c (0) 50.00 (3,333) 0.00c (0) 50.00 (3,333) 25.56a (1,704) 24.44 (1,629)
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3.

 ( 5) 19

1.45

3 42

 (P<0.05) 

3 4

 (P<0.05) 1.84,  1.85 1.59

 (P>0.05)

Hisex Brown 19

1,560

1,450

 (7.05 )

 3 4

 (P<0.05) 

25.89 °C

Ewing et al. (1999)  21-26

°C  26-29 °C

 29-32 °C

 32-35 °C
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3 4

 (P<0.05) 

4 3

(P<0.05) 3 4

 106.63, 111.64  94.97 

5)

 Kampen (1984)

 (satiety and

appetite center)  ventromedial and lateral nuclei

 (heat

increment)

Valkonen et al. (2006) 

19.00

4

3

 (Shimmura

et al., 2007b)
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 (P<0.05) 5 Onbasila and Aksoy (2005) 

5  ( 393.8 )

3 656 ) 1  ( 1,968

) 

4  (471.5

) 

 (P<0.05) 3 4

65.48, 65.77  58.09

Sell and Rogler (1983)  Chung Hsu et al. (1998) 

 (thermoneutral zone) 

Valkonen et al. (2006) 

 Lichovni’koriva’ and Zeman (2008) 
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 1 

 1 

3 4

 (P<0.05)

1.97, 2.01 2.90 1

 Valencia et al. (1980) 

 21°C

32°C

 1 

5

: a,b,c

(P<0.05)

     ±

3 / 4 / / P-value

(kg) 1.45±0.08 1.45±0.08 1.45±0.08 0.9712

(kg) 1.84±0.18a 1.85±0.13a 1.59±0.11b 0.0001

(g/h/d) 106.63±8.62b 111.64±9.64a 94.97±12.67c 0.0001

(%) 78.37±29.81 75.80±29.82 71.85±27.36 0.4310

 (g) 65.48±4.24a 65.77±4.44a 58.09±4.67b 0.0001

 1 kg (g/kg egg) 1.97±0.21b 2.01±0.15b 2.90±0.40a 0.0001

 (%) 0.00±0.00b 2.03±2.35b 17.57±8.43a 0.0102
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 (P>0.05)  (P<0.05) 

5

 Guesdon and Faure (2004) 

Appleby et al. (2002) 

cannibalism

4.

 (P>0.05) 

 (P<0.05) 3 4

15.24, 15.23 13.01

43.78, 44.16 39.51  ( 6)
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6

3 / 4 / / P-value

(g) 15.24±0.42a 15.23±0.21a 13.01±0.35b 0.0001

(g) 43.78±3.46a 44.16±3.91a 39.51±3.72b 0.0001

10.33±0.49ab 10.66±0.49a 10.00±0.85b 0.0494

(mm) 8.39±1.14 8.35±1.08 8.20±1.08 0.1554

89.74±6.41 89.70±5.21 90.52±5.11 0.2100

(g) 6.38±0.18a 6.34±0.22a 5.42±0.33b 0.0001

(mm) 0.38±0.38a 0.38±0.38a 0.35±0.19b 0.0001

(%) 0.08±0.18 0.23±0.31 0.14±0.46 0.1844

(%) 0.51±0.59b 0.95±0.93a 0.08±0.24c 0.0001

(%) 3.54±0.00a 3.92±0.75a 1.05±0.30b 0.0025

: a,b,c

(P<0.05)

   ±

4 3

 (P<0.05) 

3

 (P>0.05) 10.66, 10.33 10.00

(P>0.05) 8.39, 8.35 8.20

 (P>0.05) 6)

 (P>0.05) 

 (P<0.05) 3 4
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6.38, 6.34 5.42

0.38, 0.38 0.35  ( 6)

 (Sturkie, 1986) 

4 3

4

( -carotene)  (Idstein et al., 1985)

 (oxygen)  (hydroxy) (ketone)  (ester)

 (Fox and Vevers,

1960)

 9.7-10.6  (William and Owen, 1984)

 (Sturkie, 1986) 
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Lichovni’koriva’ and Zeman (2008) 

3

 (William and Owen, 1984)

HU = 100 x log [ H + 7.57- 1.7 W
0.37

] HU H

(mm) W  (g) (Roush, 1981) Chung Hsu et al. (1998)

 34 °C  24 °C

(2546)

31.95 °C

25.82 °C

 (William and Owen, 1984) 

 (plumping fluid)

 (Wells and Belyavin, 1987)

 (Balnave and Robinson, 2000) Naber

(1979) 
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3 4

 (P<0.05)  0.08, 0.23

0.14  ( 7) 3

 (P<0.05) 4

3

0.95, 0.51 0.08

1.05

 (P<0.05) 3 4

 (P>0.05) 3.54

3.92

3

4  3

4

 (Guesdon and Faure,

2004) Wall and Tauson (2007) 

5-6

 (Solomom, 1985) 
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0.835 (Romanoff and Romanoff, 1949) 

Onbasilar and Aksoy (2005) 3 5

(P<0.05)

66

 (

) 

5 log CFU/eggshell

(Mallet et al., 2006)

 (Guesdon et al., 2006)

5.  

3 4

4

3

 (P<0.05) 3

55.73, 51.63 46.36

72.73, 67.76 63.50

3 4

 (P<0.05)
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 (P>0.05) 

35.24, 36.30 30.25 5.79, 6.02

4.81 3

 (P>0.05)

3  (P>0.05)

 (P>0.05) 

4 3

(P<0.05) 8.95, 9.33 7.64 7)

3

 (P>0.05) 

8

4

3

25.89 °C

 28.18 °C
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3

3

7 42

3 / 4 / / P-value

(g)

51.63±10.37ab 55.73±8.53a 46.36±7.28b 0.0449

67.76±9.21ab 72.73±9.20a 63.50±6.92b 0.0422

2.65±1.02 1.97±0.57 2.10±0.67 0.0913

35.24±4.81a 36.30±4.78a 30.25±3.86b 0.0053

5.79±0.79a 6.02±1.08a 4.81±0.62b 0.0035

20.08±3.74 22.16±3.95 20.81±4.68 0.4696

7.44±3.32 9.73±2.16 6.58±1.44 0.0683

(cm)

12.39±2.13 10.47±2.91 11.79±2.03 0.1506

12.39±2.13 10.47±2.91 11.79±2.03 0.1506

38.05±3.23 38.50±3.75 37.69±3.35 0.8490

10.58±1.25 10.83±1.38 10.15±1.28 0.4518

7.64±0.68b 9.33±2.33a 8.95±1.58ab 0.0471

5.57±0.97 6.28±1.11 6.57±1.66 0.3479

: a,b

(P<0.05)

     ±
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8 42  (

)

: ±

3

 (P>0.05) 3

(P>0.05) 4  (P<0.05)

7.16, 6.82 7.85 3

4  (P>0.05) 

 (P<0.05)

32.89, 32.00 22.08 4

 (P>0.05) 3

 (P<0.05) 3.28, 3.10 3.75  ( 9)

3 / 4 / / P-value

2.50±0.92 1.74±0.44 1.37±0.35 0.0586

3.78±0.51 3.95±0.52 3.95±0.41 0.6257

0.14±0.05 0.10±0.03 0.13±0.04 0.1128

1.96±0.27 1.97±0.27 1.88±0.27 0.6566

0.32±0.04 0.32±0.06 0.30±0.04 0.3771

1.12±0.21 1.20±0.21 1.29±0.27 0.2172

0.41±0.17 0.53±0.13 0.4±10.09 0.1962
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 9 42

3 / 4 / / P-value

(g)

7.16±0.54b 7.85±0.94a 6.82±0.67b 0.0069

44.62±5.11 46.60±6.08 42.87±3.30 0.1998

3.40±0.58 3.38±0.54 3.00±0.45 0.1338

1.99±0.47 2.23±0.63 2.03±0.63 0.5996

32.89±10.82a 32.00±7.79a 22.08±5.73b 0.0100

6.08±0.48 6.47±0.76 5.73±0.92 0.0700

26.46±1.67 25.51±3.11 25.17±3.86 0.5615

10.40±2.64 11.21±2.37 9.06±1.64 0.0767

17.02±3.13 17.59±3.24 14.89±2.13 0.0671

11.45±2.16 12.59±2.47 10.51±1.85 0.0785

3.75±0.67a 3.28±0.48b 3.10±0.45b 0.0186

(cm)

31.58±2.93 35.08±10.60 29.16±4.17 0.1161

70.91±5.24b 76.25±5.91a 69.50±7.02b 0.0261

65.58±7.02 67.50±14.38 62.08±9.03 0.4564

9.50±0.79a 8.58±1.72a 6.91±1.92b 0.0011

:  a,b

(P<0.05)

±

3

 (P>0.05) 

3

 (P>0.05) 

4  (P<0.05) 70.91,
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69.50 76.25 3 4

 (P>0.05) 

 (P<0.05)

9.50, 8.58 6.91  ( 9)

3

 (P>0.05) 

3 4

 (P<0.05) 

 (P>0.05) 0.21, 0.17

0.19 10)

10 42  (

)

:  a,b

(P<0.05)

±

3 / 4 / / P-value

0.40±0.32 0.42±0.06 0.42±0.04 0.3015

2.48±0.25 2.53±0.32 2.66±0.20 0.2437

0.19±0.03 0.18±0.03 0.18±0.02 0.7927

0.11±0.02 0.11±0.02 0.12±0.03 0.6010

2.05±0.92 1.74±0.44 1.37±0.35 0.0586

0.34±0.02 0.35±0.03 0.35±0.05 0.6014

1.48±0.12 1.38±0.15 1.56±0.22 0.0576

0.58±0.14 0.60±0.13 0.56±0.09 0.6537

0.95±0.17 0.95±0.18 0.92±0.11 0.8831

0.63±0.12 0.68±0.14 0.65±0.10 0.6308

0.21±0.03a 0.17±0.02b 0.19±0.02ab 0.0458
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3

4

 (Julian et al., 1987) 

3 4

4

3 )

3

4

4

3

4
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6.

3 4  (P<0.05) 

 (P>0.05) 

11.71, 11.25 11.17

3 4

 (P>0.05) 7.65,

7.54 7.40

3

4  (P<0.05) 

 (P>0.05) 123.67, 121.48 121.29

 ( 11)

11

42

3 / 4 / / P-value

(g) 11.25±0.62b 11.17±0.95b 11.71±0.62a 0.0341

(mm) 7.65±0.40 7.54±0.47 7.40±0.62 0.2467

(mm) 121.48±3.23b 121.29±3.67b 123.67±3.80a 0.0444

bending force (kN) 14.60±1.60b 14.57±1.81b 16.77±2.75a 0.0229

bending moment (N-cm) 23.96±2.63b 23.22±2.88b 27.58±4.53a 0.0089

(kgc) 95.90±1053b 92.96±11.53b 110.38±18.15a 0.0090

: a,b

(P<0.05)

±
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bending force, bending

moment 3 4

 (P<0.05) 

 (P>0.05) bending force  16.77, 14.57 14.60 kN

bending moment  27.58, 23.96 23.22 N-cm

110.38, 95.90  92.96 kgc  ( 11)

3 4

3 56.06,

55.37 56.31

 (P>0.05)

1.71, 1.65 1.68 0.97, 0.94 0.94

 (P>0.05)

22.28, 21.95 22.49  12.72, 12.70

12.67  ( 12)

 (long bone)

 (epiphysis)

 (hyaline cartilage) 

 (intercellular

matrix)

 (endochondral ossification)

 (epiphyseal plate)
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bending force

 (Crenshaw et al., 1981b)

12 42

3 / 4 / / P-value

(g) 7.61±0.51 7.55±0.74 7.49±0.41 0.8951

(%) 56.06±2.54 55.37±1.97 56.31±1.15 0.5862

 (g) 1.71±0.13 1.65±0.19 1.68±0.11 0.5464

(g) 0.97±0.06 0.94±0.11 0.94±0.09 0.5437

(%) 22.28±1.12 21.95±0.86 22.49±0.63 0.2357

(%) 12.72±0.66 12.70±0.85 12.67±0.69 0.9832

: ±

*  (dry matter)

 (Hermann, 2006) 

Jendral et al. (2008) 

cortical

Newman and Leeson (1998) 

 bending force
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Newman and Leeson (1998) 

95  (Werner,

1992) 

 (spongy bone trabecular

bone)  (medullary cavity) 

, 2534) 

7.

3

 (P>0.05) 

4  (P<0.05) 24.09,

23.32 26.06  ( 13)

13

42

3 / 4 / / P-value

(%) 24.09±2.77b 26.06±1.75a 23.32±1.91b 0.0020

(mg/dl) 205.82±21.59b 205.96±23.14b 235.17±23.83a 0.0001

(mg/dl) 735.28±277.84 782.90±340.79 761.33±340.50 0.9517

: a,b

 (P<0.05)

±
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3 4

 (P>0.05) 

 (P<0.05)  205.82, 205.96 235.17

3 4

 (P>0.05) 735.28, 782.90 761.33

 ( 13)

4  (P<0.05) 

3 Aengwanich

and Chinrasri (2002) 

 28.5 (Sturkie, 1976; Beutler, 2001) 

Koike et al. (1983)

3

3 4 Onbasilar

and Aksoy (2005) 1,  3 5

3 4

 Onbasilar and Aksoy (2005) 

5 1 3

5 393.80

3 4

(P<0.05) 
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(acetylcholine)

 (Christine et al., 2009) Pavlik et al. (2007) 

14 H/L 42

: a,b

 (P<0.05)

±

 -

 (P>0.05) 4

3  (P<0.05) 35.29,

34.43 45.73

3 4

3 / 4 / / P-value

Heterophil (%) 50.93±12.11 58.35±9.58 60.06±11.65 0.0634

Lymphocyte (%) 45.73±13.76a 35.29±9.94b 34.43±12.76b 0.0227

Monocyte (%) 1.86±2.06 2.94±1.91 3.62±1.99 0.0569

Eosinophil (%) 1.46±2.41b 3.58±2.12a 2.12±2.72ab 0.0486

Basophil (%) - - - -

H/L (%) 1.30±0.71 1.87±0.87 2.09±1.05 0.0533
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 (P<0.05) 2.12, 1.46 3.58

 ( 14)

4

3  (4 ) 

 (3 ) 

3

4

3

4

(Maxwell and Roberson, 1998)

3

4 4

3
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 1 

4

3

3 4

3 4

3
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1. 

2.

3.
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4

 (bone breaking strength)

1. autograph (universal testing

machine) Shimadzu AG 10 TE

2.  (3 point bending

test)

 (spanlength) 63.65 65.82

 (testspeed) 50 

 6.35 

Loadcell 50 kN/500kgf

3.  (monitor)

Crenshaw et al.(1981b)
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1.2  (decrease)

2. 1.1 1.2 1

3. 2

Y=1.0309X-0.068

Y =  (Mstd;kg)

X  =  (Mapp;kg)

1  10

(range10)

)

 (kgf)

Increasing Decreasing

1 10 9.8 9.8 9.8

2 20 19.4 19.4 19.4

3 30 29.2 29.2 29.2

1.  100 2

2.  (petroleum ether)

3. 0.4 550-600

 ( 10-12 )

4.  (desecrator)

5.   =  x 100

:  (fat-free)
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haematocrit  2 

1. MCV RBCcount

2.  (centrifugation)

 ( )

 ( ) 

buffycoat

1. heparinizedcapillary

2. heparinized

3.

4. haematocritcentrifuge

5. microhaematocrit reader



82

micro - haematocrit

1.  (lithium heparin) 

2.

3. capillary capillary tube

capillary action 3 4

capillary

4. haematocrit centrifuge

10,000-20,000 10

5. capillary microhaematocrit reader

 ( ) reader

100 Slide bar

ARM) buffy coat

ARM

6. haematocrit

enzymatic colorimetric method

triglycerides 200mg/dl 2.28mmol/l

1. Human Gesellschaft für Biochemica und Diagnostica

mbH

2. 10
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3. 10 1,000

4. waterbath 37± 2 C

5. vortexmixer

6. spectrophotometer 546

7. cuvetteplastic

1.

2. workingreagent 1,000 blank standard

sample

3. blank standard

sample  10 

5. vortexmixer 30

6. water bath 37 5

7. spectrophotometer 546

 (mg/dl)  =    × 
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2 19-42

( ) (%) (°C) (°C) (°C)

19-22 86.64±4.10 27.17±0.81 23.46±1.34 25.32±2.17

22-26 86.60±4.30 26.35±1.06 21.92±1.35 24.14±2.54

26-30 89.07±2.89 26.21±1.98 20.57±2.42 23.39±3.59

30-34 84.10±3.74 28.67±0.86 24.10±1.25 26.39±2.54

34-38 90.39±2.09 30.03±0.69 26.21±1.81 28.12±2.35

38-42 90.78±0.41 29.89±1.44 25.60±1.03 27.75±2.49

19-42 87.92±3.94 28.10±1.96 23.71±2.55 25.89±2.14

19-22 90.85±0.35 30.28±1.69 24.46±1.23 27.37±3.28

22-26 90.21±2.07 29.85±1.95 22.50±1.10 26.17±4.03

26-30 88.96±3.64 29.92±1.76 21.64±2.45 25.78±4.68

30-34 84.25±5.30 32.53±1.13 25.39±1.28 28.96±3.79

34-38 80.03±5.63 33.71±0.89 27.42±1.19 30.57±3.34

38-42 89.39±4.62 33.78±1.31 27.17±1.65 30.48±3.64

19-42 87.70±5.34 31.75±2.06 24.75±2.65 28.18±2.43
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