
 2 
 

 
 

2.1  
 

 50   . . 2449 

  

  . . 2500  

 

   

 9 

  6  . . 2505 

  . . . . . 2514 

 . . .  

   . . 2502 ( , 2546) 

  

 

  

    ( , 2551) 

    

  5   

  

      

 

  



4 
 

 

  50%  30-36  

  

- -   

    

  

 

  1  4 

 

  ( , 2551)  
 

2.2  
 Bovidae   4  

 (ruminant)  

   ( , 2553) 
 

 Kingdom  Animalia 

      Phylum  Chordata 

           Class  Mammalia 

                Oder  Artiodactyla 

                     Family  Bovide 

                         Subfamily  Bovine 

                               Genus  Bos 

                                    Species  Taurus, Indicus 
  

  

 2   Bos Taurus  Bos indicus ( , 2546) 

 1) Bos taurus   
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(Anaplasmosis)  (Babesiosis)  (Theileriosis) 

 (Trypanosomiasis)  

   2) Bos indicus   

 (Zebu)   

      

 (Sahiwal)  (Red Sindhi)  

      

    

   

 

2.2.1  
1.  (Holstein Friesian)   

 

   

 (Friesian)  

 (Holstein)  800-1,000  

   500-800 

  6,000-7,000   3.6 

   

    

   

 (Black & White Holstein)  

 Red & White Holstein  (dominant gene) 

 (recessive gene) ( , 2534) 
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2.  (Red Dane)  

  

   

    

    950  

 600    

    

     

  4,500   4.2  

 

 ( , 2533) 

3.  (Brown Swiss)  

   

      

      

    

  800-1,000   600-700  

   4,500 

  4.0   

 12   ( , 2546) 

4.  (Jersey)  

   

   

  

  350-450   

500-600    

    

    

  15  
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 24    3,438  10  

 10,000   5.26  ( , 2546) 

5.  (Red Sindhi)  

  

     

    

   450    

350   1,500-2,000  

 3      

  ( , 2531) 

6.  (Sahiwal)  

   

  500-600   

400-450    

     2,500-3,000 

  4.3   3  

   

 ( , 2546) 

2.2.2  
1.  (Thai Friesian)  

 75  

     

 

 4,000 – 5,000  

 (peak)  15  ( , 2553) 

2.     (Thai Milking Zebu)  

 75    

25    

3,000–4,000  ( , 2553) 

3.  (Holstein-Friesian)   
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 18-20  27 - 30   

 5,000-8,000   40  

 

  

 ( , 2553) 

  

2.3   
 

   

      

 

  

 

 

 

 

 ( , 2539) 

 2.3.1  
 1.  (Chemical Quality) 

  

      

   

    

 

  (subclinical mastitis) 
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 2.  (Hygienic Quality) 

  

 

 

 

 

 500-1,000    

 

    

 500,000   

 1 

 

  
 

 1   2-4   

 ( C) 

 

 ( / ) 

  

5 2,600 43,000 

10 11,600 89,000 

13 18,800 187,000 

16 180,000 900,000 

20 450,000 4,000,000 

: , 2539 
  

 3.  (Physical Quality) 

    

(organoleptic proporties)        
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 4.  (Adulteration) 

    

 4.1   

 

  

 

 

 4.2      

 

 

 

 

     

  

 4.3  

 

    

 

  

   

 

 ( , 2539) 

 2.3.2  
  2   

 

 (fat)   (protein)  (lactose) 

 (mineral)   1    

 ( , 2550) 
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    1  

:  (2550) 
 

 1.  (water) 

  82-90  

 

   

 ( , 2549 ) 

2.  (milk fat, milk lipid) 

 (milk fat)   (total lipid) 

  97-98   

 

 1-3  

  

 1   9    

       

   

 

 (total  solid)  (water) 

 

(protein) 

 

(fat) 

  

(mineral)) 

  

(lactose) 

 

(solid not fat : SNF) 
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 ( , 2549; , 2550) 

3.  (milk protein) 

 3    (Casein, 77.9%), whey protein 

(17.2%)  non protein nitrogen (NPN, 4.9%) ( , 2546) 

  

  80    

    ( , 

2549 )    

4.  (lactose) 

 

  

  

   90  

   

  

  ( , 2550) 

5.  (mineral) 

 

 ( , 2546) 

 

 

 ( , 2549)    

6.   

      

  

6.1        

  2     
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6.2  

 

  

6.3  

6.4   

 10,000   1    

 

 2.3.3  
 

  2 

       

      

  
1.  

    

 2 
 

 2   

       

 87.41 3.78 2.00 6.81 0.30 12.59 

 87.00 4.00 3.30 5.00 0.70 13.00 

 82.05 7.98 4.00 5.18 0.79 17.15 

 85.71 4.78 4.29 4.46 0.76 14.29 

:  (2550) 
 

2.  

  

  (2539) 

 60   40 
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  3 

  

  
 

 3  

       

 3.7 3.1 4.9 0.7 8.45 12.4 

 4.0 3.47 5.6 0.7 8.99 13.3 

 4.1 3.37 4.7 0.7 8.52 13.1 

 5.0 3.60 4.9 0.7 9.01 14.4 

 5.1 3.70 4.9 0.7 9.21 14.6 

:  (2546) 
 

3.  

   (peak) 

 4-8   

  

 (persistency)  

 305   1   1 standard lactation 

  2   (dry) 

   2 

 

 (colostrums)    

  

(Immunoglobulin)  

 4-5    8 

 

 

  

  1-2  



15 
 

 

 
 

 
 2      

 : , 2542 
 

4.  

  

    

4-6     1-3 

 6   

 6   4-6 

  

  

  1-5  

     1-2  13%     3-4  5% 

     2-3   9%      4-5  3% 

  6    
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 ( , 2546)  

5.  

 

  

 (2544) 

   

   

    

  

  

 

 

 

 

  

   

  

 ( , 2544) 

6.  

 
 4  Rough Endoplasmic Reticulum 

 (alveolus)  (Acetate) 

 40   -hydroxybutyrate 10  

 50   50   Triacylglycerrol  

 40-45  

 5-10  ( , 2548) 
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 4  

    

   :  

20:80 35:65 

 ( ./ ) 15.38 16.05 

 

      (%) 4.41 4.51 

      (%) 

     (%)   

3.61 3.38 

8.59 8.75 

     (%) 12.93 13.20 

:  (2546) 
 

 4  

  

  (2550)  60 

 

 

 

  

 

 2   

1)  

 

   

  

  

   

 20-21   



18 
 
16  

 

2)   5-20  

 

  

 ( , 2544) 

7.  

 

   

   

  

 

 

 

  

  

8.  

    

   (2546)  (2550) 

  

 

  20  

 

-

    

 2.3.4   
  ( .) (2548) 

 

  3  
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 (colostrum)   

  

 1.  

    1.1    

    1.2   

     1.3  

 68   (clot 

on boiling test) 

    1.4  (pH)  6.6 – 6.9 

    1.5  (solids not fat)   8.25 

    1.6  -0.525 oC 

    1.7  20 oC  1.028 

    1.8  4  

    1.9  1   4.5 

    1.10    

    1.11    

    1.12  

 2.  

     3  (quality grade)   

    (premium)  (good)  

(standard)  5  
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 5  

  

(premium) 

 

(good) 

 

(standard) 

 

(standard plate count) 

<200,000 colony/ml 

 

200,000  < 400,000 

colony/ml 

400,000  600,000 

colony/ml 

 

(somatic cell ) 

< 200,000 cell/ml 200,000  < 350,000 

cell/ml 

350,000  500,000 

cell/ml 

 (protein) > 3.4 % > 3.2  3.4 % 3.0  3.2 % 

 (fat) > 4 % > 3.6  4 % 3.2  3.6 % 

 

(total solids) 
> 12.7 % > 12.5  12.7 % 12.3  12.5% 

 

 

  

 
 2.3.5  
  . . 2540  4   

30  

 10,000  

 

 

  

 1.  

 1)     
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 2)   

 

  

   

  

 

 3)   

  3  

 

  

  

  

  

 4)   

 

 

 -  

 -  2  3  

     

 -   

 -  

 - 

 30-35  

 -    
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 2.  

  

 

 

 

 

  

   

 2.3.6  
  ( .) 

 

 

 

 1.    

    1.1   

    1.2  24   

    1.3     

    1.4  8    

    1.5  Lactodensimeter  1.026 - 1.030  20 

   1.028 - 1.034  15  

    1.6   Ethyl alcohot test 

 75  1:1  

    1.7  (Clot on boiling test) 

    1.8  Methylene blue test  4   Resazurin test  1 

 4.5 point  

    1.9  0.16  (Lactic acid)  pH 6.60 – 6.80 

    1.10     Delvo test 

 



23 
 
    1.11     

  ( .)  

    1.12    (Hydrogen peroxide), 

 

    1.13  Direct Microscopic Count 

 1,500,000    1  

2549  

 2.   

    2.1  (total solids) 

    

      12.00       0.20   

       12.00 – 12.29        0.10   

     12.30 – 12.59        0.00   

     12.60 – 12.89        0.10   

      12.90   0.20   

 3.  

    3.1  Standard Plate Count (SPC) 

  

         1500,000    0.20 / . 

    1500,000 – 300,000    0.10 / . 

    300,000 – 500,000    0.00 / . 

     500,000 – 700,000       0.10 / . 

         700,000      0.20 / . 

    3.2  (somatic cell count)   

         1500,000  0.20 /   

    1500,000-300,000   0.10 /   

    300,000-500,000   0.00 /  

    500,000-700,000     0.10  /  

      700,000     0.20  /  

 4 .  (Freezing Point) 
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     Cryoscopic Method     

-0.520    

    -0.519  -0.515                0.10 /  

    0.514  -0.510           0.20 /   

     0.510              1.00  /   

/  

 

2.4  
 

 

      

 

  

 2.4.1  (days open: DO) 
  15-45  

 

  

 40    40  

  21   

  21  

 

 ( , 2546) 

2.4.2  (calving interval: CI)  
  280  

  85  

  365  

  

  ( , 2546) 

 Barnes (2001)  15  

 24   305   30-40  



25 
 

  45-60  

 

 (2551)  

 1  393±40  

 2-6  395±47   

 2.4.3  (age at first calving: AFC) 
  24-25  

 

 550  

  12   14-15  

 

  15   250-300  ( , 

2546)  

 2.4.4  (number of service per conception: NSC) 
  

    

 1  

  (2542)  1.5 

   (2553)  

  1.79±1.24  

  6   

 

  

 ( , 2546) 
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 6  

    

 ( ) 10 10-12  15 

 ( ) 21 18-24  26  16 

 ( ) 18 10-24  30  8 

 ( ) 11 5-16  

 ( )    

     -  278   

     -  288   

     -  278   

 ( ) 12 10-14  16 

 ( ) 14 14-18  16 

 ( .) 300 250-350  350 

 ( ) 24 25-28  28 

 ( ) 12 14-16  16 

  85 90-100  100 

 1 1.5  2 

    

  -  (%) 100 60  55 

  -  (%) 100 80  75 

  -  (%) 100 90  85 

 (%) 100 90  85 
 

 2.4.5  
1   

 (2548) 

  (P<0.05) 

 (AFC)  75  

 75   

 75   
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 (CI)   (DO) 

 75    75 

  87.5  93.75   

 93.75   

93.75  

  Veerkamp et al. (2001) 

   (2542) 

 50, >75  >87.5   424.3, 449.7 

 457.3    
2.  

 (2548) 

    

(P>0.05)  Marti and Funk (1994) 

 

 

 (2545)  TMZ 

(Thai Milking Zebu) 

 (NSC)  CI  1 

  2  6  

 (2542)  NSC 

 2, 3  4  (P<0.01) 

 

3.  

 (2548) 

 ( )  CI  DO (P<0.05)  

 2  4   4 

  10   

Dematawewa and Berger (1998)  

 ( )  DO   
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4.  

 (2542) 

  ( - )  ( - )  

( - )  NSC  (P<0.05) 

  

 Foote et al. (1985)  

 (254)  NSC, CI  DO (P<0.01) 

 

  

 

2.5    
  2  (2n  diploid)  

  (gene pair)  

 R/r  R  3  r  3 

  (locus)  (alternative 

form)   (allele/allelomoph = another from)  

  2   2   R ( )  r ( ) 

 (genotype)    

RR  rr   (homozygote)  2   Rr 

 (herterozygute)  

 (phenotype)      

     

  2   

   1.  (continuous variation) 
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   2.  (discontinuous variation) 

   

   

  
 2.5.1  (heritability, h2) 

 (2548) 

 (AFC)  

(DO)  0.08  0.051  Campos et al. (1994) 

 DO  (CI)  0.052, 0.026, 

0.098  0.021    Moore et al .(1992) 

  AFC  DO  0.039, 

0.013, 0.020  0.040   Abdallah and McDaniel (2000) 

 DO  0.030 

  Campos et al. (1994) 

  (MY)  

0.420  0.327  Meinert et al. (1989)  305  

 40–100   0.280  0.260  

 Boettcher et al. (1998)  (SCC) 

 1  2  0.137 0.155  

 Carlén et al. (2004)  SCC  1  

2  0.140±0.010  0.130±0.010   Dal Zotto et al. (2007) 

 SCC  0.060 

 2.5 2  (genetic correlation; rg)  

   (2548)  AFC  DO 

CI  MY  0.453, 0.362  -0.594   

DO  MY  CI  0.216  0.268   Moore et al. (1992) 

 AFC  DO  -0.09 

 -0.06   AFC  CI  Grosshans et al. 

(1997)  0.16  Campos et al. (1994) 

  CI  DO  0.519  0.676  
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 MY  DO  CI  0.268, 0.159, 0.162  

0.170   Dematawewa and Berger (1998) 

 MY  DO  0.19  Rogers 

(1993)  MY  SCC   0.3  
Kennedy et al.(1982), Pösö and Mäntysaari (1996)  Evans and Berry (2005)  

0.140, 0.190  0.150±0.06  

2.5.3  (phenotypic correlation, rp) 
 (2548)  AFC  CI, 

DO  MY  -0.042  -0.100 

  Grosshans et al. (1997) 

 AFC  DO  -0.39  Moore et al. (1992) 

  AFC  

DO  -0.09  -0.06   Campos et al. (1994) 

 CI  DO    0.519  0.676  

 Dematawewa and Berger (1998)  MY 

 DO  0.288  Rogers (1993)  MY   

SCC  -0.1  Kennedy et al.(1982)  Pösö and Mäntysaari 

(1996)  -0.13  -0.05  

2.5.4  
 

 

 

  (estimate breeding value; EBV) 

 gamete ( ) 

  gamete  transmitting ability 

  Best Linear 

Unbiased Prediction (BLUP) 

    

 (genetic relationship) 

  BLUP  
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 ( , 2548; , 2548) 

 animal model 

      

  ( , 2548) 

    eZuXbY   
 

   Y   =    n ×1  

   b   =     p×1  (fixed effect)  

    (p = ) 

   u   =    q×1  (random effect) 

    (q = ) 

X   =    (design matrix)  n×p 

 (fixed effect) 

Z   =    (design matrix)  n×p          

             (random effect) 

e   =    
 

 (Mixed Model Equation; MME)  
 

YZ
YX

u
b

AZZXZ
ZXXX

ˆ

ˆ
1  

 

     A   =    (relationship matrix) 

         =   2

2

a

e      2

21
h
h
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2.6  (economic weight) 

   1 

 

  

 

      

   

     

   

     

   

 

 

   

  

 

 

 

 ( , 2540; , 2542) 

   

 2.6.1   
  (Net Income)  (Profit) 

  

 (Saven et al., 2005; Chongkasikit, 2002) 

  P  =  (-m) + y (s-a) 

 P =  (Profit Function)  

 m = Maintenance cost of animal  
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 y =  (trait) 

 s =  (Price per unit of trait)  

 a = Marginal cost of trait 
 

 Maintenance cost of animal 

  

 (Derivative)  

        

     w =  y
p

 

 

 2.6.2  (regression method) 
  

  Profit Equation 

  

n    

  ( , 2548) 
 

pp xbxbxby ...2211  
 

       y  

  pxxx ,...,, 21   

 pbbb ,...,, 21  Relative Economic Value  pxxx ,...,, 21  
 

  ( y  )   

 (Gross Income)  (Net Income or Profit)  

(Economic Efficiency)   Regression  
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 Rogers (1993)  Berry et al. (2003) 

 0.14 /   González-Recio et al .  (2004) 

  

0.13±0.95  -4.90±0.64   Wolfová et al. (2007) 

   0.10-0.12  -108.9  

/ /     

 0.85 (  2526) 

  0.268 

 

  (2540) 

 1  0.67  

 1   0.43   (2539) 

 1  196  

 
2.7  (selection index) 

  

   

 

 

 (selection intensity, i)  

(response to selection, R)  ( , 2547) 

 

  (Linear Prediction) 

 (Multiple Regression)  ( , 2548; , 2548) 
 

I=b1x1+b2x2+…+bmxm 

 I = Selection Index 

b = Selection Index coefficient  Regression coefficient (b-values) 

x =   
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    xbI  
 

  

 (aggregate genotypic value, H)  
 

iiawH  
 

    H     =    

    iw   =    i   

    ia   =    i  
 

  H  ia     I  

  

  
 

Pb=GW 
 

 P =  variance  covariance   

G =  variance  covariance   

 b   =   selection index coefficient (b-values) 

w =  (economic weight)  
 

 
 

  

mgmmgmgm

mggg

mggg

mpmmpmpm

mppp

mppp

w

w
w

b

b
b

::::::::
2

1

2
21

2
2

2221

112
2
11

2

1

2
21

2
2

2221

112
2
11
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 (2540)   (2540) 

 4%  (MY4%) 

 (CI)  I =  0.25MY4% - 0.99CI  I = 0.64 MY4% - 0.39CI 

  (2547)  (MY) 

 (CI)  (AFC)  I = MY - 0.7259CI - 0.3661AFC  

 (2526)   (MY)  (F) 

 (PF)  I = 0.18MY - 17.96F, I = 1.07MY - 107.79FP, I = 1.22MY - 2.78F  

I=1.44MY-78.69-1.33PF  

 Moore et al. (1992)   

2    (AC)  (WC) 

 (TE)  3.5% (FCM)  (DO)  1 

 I= - 0.0215AC - 0.0119WC - 0.0044TE + 0.0099FCM + 0.0196DO  2  

I = - 0.0629WC - 0.0069TE + 0.0117FCM + 0.0155DO 

 2   I= -0.0249AC - 0.0636WC - 0.0068TE + 0.0227FCM + 0.0580DO   

I= -0.0978AC - 0.0142WC + 0.358FCM + 0.0748DO  Boettcher et al. (1998) 

 (UD)  (FTL) 

 (MS)  1 (SCC1) 

 (SCC2)  I = 5.5UP - 1.2FTL + 3.5MS - 3.9SCC1 - 8.75SCC2 

   I = 3protein + fat - 0.03milk 

 I = - 1EBVmilk + 55EBVfat + 230EBVprotein  I = 1.15(protein yield+3protein content) 

 I = -0.15BVmilk + 2BVfat + 12BVprotein  I = -0.03milk + 0.50fat + 3.00protein  

  I = 0.018milk + 2.14fat + 4.76protein + 28productive life - 154SCS - 14size + 29udder + 15feet&legs  

( , 2547)  
 

2.8   
   . . 2532 

  16    . 001232 

 17  2532  83   32,580  
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    176 

 1 .  .  .   . . 2536 

  

 8    

 8   17,000     

  . . 2538  2  

  ( .)  225,000  

 15   2  8  

–   ( . . .)   

 . . 2539    

 1.  

( .)  27   135   6.6  

 2.  22  

 2.7  

 3.   79  -  

 5   2.2   

 4.  –   72  5  

2542  195   79.95    

  . . 2546   

  

 

     30 

 . . 2545   84.05  

 59.07   70.28 

  

  

  

  21  . . 2546  4 

 . . 2546  ( , 2550) 


