
 2

1.           

. . 2549   412,804

163,063   1,211,026 .

  7.4 .

 7.0 .

      1.1 

 6 

  2-4 % 

 (soluble protein)  (sugar) 

(starch)  (lipid)  20-40 % 

cellulose, hemicellulose, lignin  60-80 % ( , 2542)

 phenolic acid  lignin 

 2. 1 



4

 2.1  ( %  ) 

Table 2.1 Chemical  composition  of  rice straw ( % DM )
DM OM CP NDF ADF ADL EE Ash Reference 

89.2

94.9

86.0

90.5

95.7

90.0

82.7

81.7

82.6

80.9

-

-

4.0

4.11

2.3

4.3

3.3

3.1

77.5

75.9

85.6

78.6

77.6

-

52.4

56.7

63.1

59.5

54.3

-

5.24

5.1

5.2

3.3

4.5

-

-

1.9

1.8

1.4

-

2.2

-

-

-

-

16.8

16.4

Cheva-lsarakul (1991) 

Cheva-lsarakul and Potikanond(1986) 

Cheva-lsarakul and Cheva-lsarakul(1984) 

Cheva-lsarakul and Cheva-lsarakul (2529)
Wanapat and Kongpiroon (1988) 

Promma et al.(1985)
 Source: Adapted  from  Sawalak (2542) and Doyle et al. (1986 )

 (Ibrahim 

 Schiere, 1985) 

 ( , 2533; Cheva-Isarakul, 1990) 

 (Hamada, 1989) 

1.2

 21 

 (Promma et al, 1985) 

 (u r e a s e) 
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 (Williams et al, 1984) 

-  (Chesson and Orakov, 1984) 

 (2538) 

 4 

 30 

 Wanapat et.al. (1985)  Perdok et al. (1982) 

 3 – 4 %

(Sunstol et al., 1978)  (2531)  4 %  Wanapat 

(1985) Promma et al. (1985)  5  6 % 

 2.8 – 3.4 %  Sunstol et al., (1978) 

 Borhami  Sunstol (1982) 

 50% 

 3  (Promma et
al.,1985)

 3 

 (Promma, 1993; Wanapat, 1985; Jayasuriya and Perera, 

1982)
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 (2545) 

 2  10 .

 1: 1  3  4, 5  6% 

 3  7, 14  21 

 (CP)  CP 

 CP  (p< 0.05) 

 ( NH3)  CP 

 (p< 0.05)  6 %  14 

1.3

. .2522

 (2536) 

 (2530)

.

 100 : 100 : 6 
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.  21 

.

 5 

 5  52 %  8.9% 

 3 – 5 

1.3.1

 Borhami et al. (1982) 

 3   7.2 %  3.8 % 

 (Promma et al.,1992)

Promma et.al..(1994)  (40 /

 1.75 . .)  (100 /  1.75 .)

 TDN 50 %  9.1 %  3 

 7.6 /

 (no date) 

 2.2 
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 2.2  5 %  2 %

                     ( %DM) 

Table 2.2 Crude protein content of dried ammonia fixing urea- treated rice straw using 5% 

molasses  and  2 %  sulfuric  acid  ( % DM )

Straw

Acid

Additive

UTS

-

-

UTS

sulfuric  acid 

-

UTS

-

molasses

UTS

sulfuric  acid 

molasses

SEM

CP, % 

ammonia  CP, % 

undegraded  urea, % 

DM digestibility, % 

7.63a

2.87a

0.35

54.8b

10.90b

4.77c

0.82

52.7a

10.54b

4.03b

0.95

56.5c

12.80c

6.56d

0.86

56.0c

0.48

0.05

0.05

0.35

Source: Promma et al. ( no date ) 

: : :

100:100:5:6  21 

     1.4 

 4 

 Ibrahim (1983) 

 Promma et al. (1985)  5-17 

 (TDN)  (44.7 

 49.5%, Promma et  al. 1992 ) 

 2.3
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 2.4 

 2.3

 (% DM) 

Table 2.3    Chemical  composition  and  total  digestible  nutrient  of   urea-treated  straw (UTS) 

                       comparing  with  other  roughages (% DM) 

 Rice  straw UTS Para  grass Grass  silage 

DM % 

CP % 

TDN % 

Ca % 

P % 

S % 

Mg % 

Cu (ppm) 

Mn (ppm) 

Zn (ppm) 

91.7

3.0

44.7

-

-

-

-

-

-

-

45.2

7.2

49.5

0.31

0.07

0.06

0.10

10.5

732

51.5

21.1

7.5

46.7

0.44

0.36

0.37

0.29

27.0

129.0

83.0

22.0

7.7

43.3

0.6

0.15

0.15

0.17

10.0

150.0

20.0

Adapted  from    Promma et. al.(1992)

 2.4

         (% )

Table 2.4 Nutritive value of urea treated  rice straw comparing with corn silage and other     

roughages ( % DM ) 

 Urea- treated rice 

straw

Corn silage Ruzi  hay Good quality hay 

Dry matter 57 32.7 88 88 

Protein 8.1 7.7 5.9 10.8 

Crude fiber 37.7 24.6 31.9 28.2 

ADF 53.6 29.8 38.5 32.1 
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TDN 54.1 66.9 47.1 57.2 

Source: Promma et al. ( no date ) 

     1.5 

Promma et  al. (1985)
 2.5

2.5

Table2.5 Milk production of cows fed urea treated  rice straw (UTS) and fresh grass     

supplemented with concentrate 

 Fresh  grass Grass+ UTS UTS 

DMI (kg/h/d) 5.88 7.37 5.93 

Concentrate DM intake (kg/h/d) 4.40 4.40 4.40 

 4% FCM (kg/h/d) 10.28 11.77 10.33 

%  milk  fat  3.08 3.28 3.25 

Source:  Promma et  al. (1985)
    Promma (1993) 

 1 .  2 .

. .

 5.9 .

 2.6%  9.0 .

-

 Promma et al. (1985) 

 (401, 433, 

431  79 / )

 (2545)

(  1)  (  2) 

 (  3)  1
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 2  (2.85  2.92 % )

 2.38% 

(P<0.05)  3  (12.80, 11.32 

12.00 . 4% FCM) 

 (3.82  3.15 3.25%, P<0.05) 

 1 .

2.

 (corn  silage)  80-90 

 6-8 %  (TDN ) 63-68 % 

 20 .

 100  (  , 2549)

2.1

 1-2 . .

 21 

 ( , 2544 ) 
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 –  pH  4 

 (

)  10 % 

 (

, 2545 ) 

 (2543) 

 3  25, 50 

75 %  1-3  1 % 

 50 X 87  10-13 

 36  4  45 

 pH 

 CP, ADF  NDF 

 pH  75 % 

( p < 0.05 )  CP,  pH 

 ( p < 0.05 )  75 % 

 50 %

 1 %  75 % 

 (2544)  5 

 50% 

 DM 30.06% CP 7.92%  EE 3.24% ADF 28.91%  NDF  52.91%   NFC  30.55% 

 DM  1.13% 

 50-65 %  78 

82%

      2.2 
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 (2543) 

 23.17% 

93.33 %  8.7 %  2.37%  ( NDF )  64.48%  ADF 

39.13 %  Merino  6  3  2 

(  )  3  91: 9, 

82:18  73:27 

 (2544)  pH  4.1  1.97 % 

 a c i d o s i s  

 87.5%   14.25 

  1.26 

 1.59, 4.71, 1.05, 0.65 

 0.13, 0.06  0.17 

 4% FCM  18.16 

 3.91%   3.22 %  4.72 %  8.83 % 

 NFC  acidosis 

 acidosis 

 (2548)  TDN 67.14 % , NEL 1.55 

 8.01 % 

 21 %  1   2 

 12.2 – 14.5 

 2.6 – 3.1 

 15  (14.3 )
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(  4.7 %,  3.5 %,  4.4 %  8.6 %) 

 1 

3.

 Weende 

Proximate analysis 

 Detergent method  Forage fiber analysis (Goering and 

Van Soest, 1970) 

 (in vivo) in sacco (in vitro)

      3.1  (in vivo digestibility)

 conventional method 

 2 

1.Preliminary period 

 7-10 

 14-21 

2.Collection period 

 7 

 7-10 

 Nutrient digestibility (%)   =   Nutrient consumed (kg)  -  Nutrient in feces (kg)     

                     Nutrient consumed (kg) 

 (difference method)

 (  associative effect)  (regression 

X 100
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method) 

 ( ,  2541) 

      3.2 

 (in vitro technique) 

 (2541) 

1.  2  (2 stages method)  Tilley and Terry 

2.  –  incubate 

 De Boever et al. (1986)  pepsin – cellulase 

 40 

in vitro  Tilley and Terry 

3.  (nylon bag technique) in sacco 

 (  48) 

4.  (gas production technique) 

5.  (rumen simulation technique) 

 4. 
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 (NRC,1988) 

 buffering capacity (BC) 

(NRC, 1988)

 ( , 2545) 

 (NFC) 

 NDF  ADF   28 %  21%  (NRC, 1988) 

 NFC  40 % ( NRC, 2001 )

, ,  (Volatile  fatty acid , VFA ) 

 acetate, butyrate  propionate  

 acetate  butyrate 

 propionate 

  2.1 
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     2.1

   Figure 2.1 Carbohydrate  metabolism  in  dairy  cattle     

   Adapted   form  Wattiaux. (no  date) 

5.

 (non – protein nitrogen,  

NPN) 

 ( , 2541) 

 NPN 

      5.1 

 N2H4CO  46% 

 287.5%  CP

 (urease) 

NH3

(keto acid)  NH3

 ( , 2546) 

 (readily available carbohydrate, RAC) 

 NH3

 NH3  NH3
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  NH3  NH3

  Ensminger (1993)  

 2%  1%  30  100 

( , 2541)   (2533)  20 /

 1.5%  20 /

0.75%

 ( , 2548)

       5.2 

 30 ./

 ( , 2541) 

6.

 (2548) 

 3  1)

( ) 2)

 1 ./  2.2 . 3)

1 ./  2.0 .

4 % 
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     (2550)  60 

 3  1) 

 2 )  1  1 .

  3) 

 1 

. .  2 . .  3 

 2.62 , 2.70  2.72 % 

 4%

 (2550) 

 87.5%

 6  503.71±59.71 . 239.05±16.81

 14.78±1.10 .  4-6  3  3   1) 

   2) 

  3) 

 1 . .  1.5 . .

 2 

 4 %  2  1 3

 3 

Ovenell et al. (1991) 

 Bodine et al.
(2000)
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Shem  et  al. (2003) 

 4  1  2 

 1  0.5  0.5  3  1 

 0.5  4  1  0.5 

 0.5 


