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  g/kg of DM        Ingredient            

107     Crude Protein 
570  Starch 
225   NDF   
74   ADF                      
29   Ash   
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Table 2. Composition of the diet ( g/kg of DM) 

g/kg of 
dietary 

DM 
Ingredient  

g/kg of 
dietary DM 

Ingredient 

45.3  Wheat bran 217.8 Alfalfa 
hay 29.5 Rice bran  294.9  Corn 

3.2 Sodium 87.3 Wheat 
4.9 Calcium 28.4 Beet pulp 

0. 8 
Dicalcium 
phosphate  

99.8 
Barley 
grain 

3.9 Vitamin- 28.4 Corn 
1.6 NaCl 48.8 Wheat 

  69.2  Canola 
  36.3 Soybean 

 *Each 1 kg Contained : 5×105 Iu vitamin A, 105 Iu 
vitamin D, 100 mg vitamin E, 9×104 mg P, 5 × 104 
mg Na, 19 ×  103 mg Mg, 3×103 mg Fc, 300 mg 
Cu, 2× 103 mg Mn, 3×103g Zn, 100 g Co, 100 mg I, 
1 mg Se, 3× 103  mg Antioxidant (B.H.T). DM: dry 
matter 
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Table 3. Effect of processing on processing index and test weight 

Test Weight (g) PI  )(%    Treatment 
464.7 80.4 P1T1S3 
483.4 83.6 P1T3S3 
352.5 60.9 P2T1S2 
471.7 81.6 P2T2S3 
461.6 79.8 P1T2S3 
351.9 60.8 P1T1S2 
301.9 52.2 P2T2S2 
281.5  48.7 P1T2S1 
312.2 54 P1T3S2 
351.9 60.8 P1T2S2 
478.4 82.7 P2T3S3 
477.3 82.5 P2T1S3 
234.8 40.6 P2T2S1 
351.1 61.7 P2T3S2 
273.4 47.3 P1T1S1 
255.1 44.1 P1T3S1 
299.3 51.7 P2T3S1 
320.2 55.4 P2T1S1 
578  Control 

P1 and P2: 3 and 5 bars pressures, respectively; T1, T2 and T3: 75, 90, and 105 centigrades, respectively; S1, S2 and S3: low, 
medium and high interspace of roll, respectively. 
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Table 4. Dry matter ruminal degradation of barley grain (%) at different incubation times 

48 24 12 8 4 2 Incubation time  
a 6.71 a 66 a 4.57 a 1.53 a 5.47 43.8a Control  
a 4.62 b 1.55 b 1.47 b 43 b 7.37 34. 4 b Steam flake treated 

4 06.3 2.07 7.1 6.1 2 SEM 
      Effect of pressure (Bar) 

66a 58.2a 49.2a 44.5a 38.4a 34.6a 3  
58.8b 52b 44.9b 41.4b 37a 34.2a 5  

56.1 2.1 0.79 0.61 0.61 0.61 SEM  
      Effect of temperature °C 

63a 54.2a 47.2a 43.3a 38.3a 35.1a 75 
62.6a 55.3a 46.5a 42a 36.3a 32.9a 90 
61.7a 55.2a 47.5a 43.6a 38.5a 35.4a 105 

91.1 47.1 96.0 75.0 77.0  06.1 SEM1 
       Effect of roll interspace 

c 3.56 b 2.50 c 43 c 9.38 c 5.33 c 3.29 Low 
62.4b 54.5b 43.1b 42b 37.1b 34.2b Medium  

6a.68 6a.60 1a.52  47.9a 42.6a 39.3b High  
91.1 47.1 96.0 0.75 0.77  1.06 SEM  

NS 3* ** ** ** ** Steam flake   
** ** ** ** NS NS2 Pressure 
NS NS NS NS NS NS Temperature 
** ** 4** ** ** ** Roll interspace 
NS NS NS 

* * NS 
Pressure ×Temperature×Roll 

interspace 
1: Standard Error of Mean a, b, c, d: within each row, values with different superscripts differ at (P<0.05). 2: Non-significant. 
3: (P<0.05). 4: (P< 0.04) 
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Table 5. Ruminal degradation of barley grain protein (%) at different incubation times 
48 24 12 8 4 2 Incubation time 

89.5a 3a.83 71.3a 64a 8a.53 4a.47 Control  
7b.69 54b 4b.40 5b.34  6b.27 8b.23 Steam flake treated 

55.1 6.1  2.1 1 1 17.1  SEM 
      Effect of pressure (Bar) 

69.9a 6a.53 40.4a        34.8a 3a.28 25a 3  
69.4a 3 a .54 40.3a 8a.34 8b.26 6b.22 5  
0.68 0.66  51.0 42.0 45.0 54.0 SEM  

      Effect of temperature °C  
71.6a 54.3ab 42.1a 36.7a 30.2a 8a.26 75 
69b 52.1b 38.3b 1c.32 3c.25  6b.21 90 

68.5b 55.2a 41a 34.6b 27.2b 23b 105 
0.8 0.8 0.63 0.51 0.55 0.67 SEM1 
      Effect of roll interspace 

69.2a  51.9b  37.3c 30.8c 23.2c 19.3a Low 
a 4.69 b 8.52 b 2.39 b 7.33 3b.27 8b.23 Medium  

5a.70  57.1a .44.7a 39a  1a.32  1a.28 High  
0.83 0.80 0.63 0.51 0.51 0.63 SEM  
** ** ** ** ** ** Steam flake   
NS NS NS NS * ** Pressure 
* * ** ** ** ** Temperature 

NS ** ** ** ** ** Roll interspace 

* NS ** ** ** ** 
Pressure ×Temperature×Roll 

interspace 
1: Standard Error of Mean a, b, c, d: within each row, values with different superscripts differ at (P<0.05). 2: Non-significant. 
3: (P<0.05). 4: (P< 0.04) 
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Table 6. Degradability components of barley grain dry matter   

  
Incubation time a1 (%) b2 (%) c3 (%) ED1

4
(%/h) ED2

5(%/h)  ED3
6 (%/h) 

Control grain 42.3a 49.5a 0.07a 77.3a 66.9a 61.1a 

Steam flake treated 38.8b 34b 0.05a 59.7b 51.6b 47.8b 

SEM 1.12  4 0.013 2.21 1.6 1.3 
Effect of pressure (Bar)       
3 39.1a 35.2a 0.06a 61.3a  53.1a 49.3a 

5  38.4a 32.7a 0.05a 58.1b  50b 46.3b 

SEM  0.53 1.75 0.006 0.78 0.56 0.48  
Effect of temperature °C       
75 40.6a 35.2a 0.06a  60.1ab 52.4a 48.8a 

90 38.4b 31.3a 0.05a  57.8b  49.7b 45.8b 

105 37.3b 35.5a 0.05a  61.3a 52.5a 48.7a  

SEM10 0.65 2.14  0.007  0.96 0.69 0.59 
Effect of roll interspace       
Low 35.4b 34.8a 0.06a 56.7b 48.3c 43.7c 

Medium  37.2b 34.3a 0.04a 58.6b 50.72b 47.4b 

High  43.7a 32.8a 0.05a 63.9a 56a 52.3a 

SEM  0.65 2.14 0.007 0.96 0.69 0.59  
Steam flake  * ** NS ** ** ** 
Pressure NS7 NS NS ** ** ** 
Temperature ** NS NS *8 ** 9 ** 
Roll interspace ** NS NS ** ** ** 

Pressure ×Tempreture  ** NS NS NS * * 
Pressure ×Steam flake  ** NS * NS NS NS 
Temperature ×Steam flake  ** NS NS NS NS NS 

Pressure ×Temperature×Roll interspace ** * NS ** NS NS 
1: rapidly degraded fraction. 2: slowly degraded fraction. 3: rate of degradation. 4, 5 and 6: effective degradability (0.02, 
0.05 and 0.08 h-1). 7: Non-significant. 8: (P<0.05). 9: (P< 0.04). 10: Standard Error of Mean 
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Table 7. Degradability components of barley grain protein   

Incubation time a1 
(%) b2 (%) c3 (%) ED1

4 
(%/h) ED2

5 

(%/h) h)  
ED3

6 (%/h) 

Control grain a1.45 6a.46 0.008a  4a.81 7a.71 4a.65 
Steam flake treated 5b.35 6a.50 0.03a 61a 4b.48 1b.41 

SEM 3.1  67.3 006.0 09.1 17.1 01.1 

Effect of pressure (Bar)       

3 8a.35 7b.48 03a.0 5a.61 4a.48  43.2a 

5  2a.35 5a.54 02b.0 4a.60 4a.48  9a.42 
SEM  62.0 8.1 002.0 46.0 51.0 0.43 
Effect of temperature °C       
75 2a.37 8a .49 03a.0 4a.62 2a.50 44.4a 

90 2ab.35 52a 03 a.0 6b.60 4ab.48 4a.43 

105 34b 52a 03a.0 60b 46.6b 5b.41 
SEM10 76.0 1.2 003.0 57.0 63.0 53.0 
Effect of roll interspace 

 

      
Low 1b.32 2a.55 03ab.0 3b.59 46b 39.7c 

Medium  b 33 a 57  02b.0 61ab 5b.47 3b.42 
High   3a.41 6b.42 04a.0 6a.62  7a.51 3a.47 
SEM  76.0 1.2 003.0 57.0 0.63 0.53 
Steam flake   

 
**  NS7 ** ** ** ** 

Pressure NS * * NS NS NS 
Temperature * NS NS 8* 9** ** 
Roll interspace ** ** * ** ** ** 

 Pressure ×Temperature  ** * NS NS NS ** 
 Pressure ×Steam flake   

 
NS ** * ** NS NS 

 Temperature ×Steam flake   
 

** ** * ** NS NS 
Pressure × Temperature × Roll interspace NS NS NS ** NS NS 
1: rapidly degraded fraction. 2: slowly degraded fraction. 3: rate of degradation. 4, 5 and 6: effective degradability (0.02, 
0.05 and 0.08 h-1). 7: Non-significant. 8: (P<0.05). 9: (P< 0.04). 10: Standard Error of Mean 
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Abstract 

Effects of different processing conditions in steam flaking was examined on the dry matter and crude protein 
degradability of barley grain in Holstein cows. This study was conducted as a factorial experiment in completely 
randomized design. Two levels of pressure (3 and 5 Bar), 3 levels of heating temperature (75, 90 and 105 
centigrade), and three levels of the roll interspaces (low, medium and high) were used. In situ ruminal 
degradability was measured using three ruminally fistulated Holstein cows. Dry matter and crude protein 
degradability of processed materials were significantly decreased by steam flaking compared with untreated 
barley (P<0.05). Rumen degradability of dry matter and crude protein were decreased by increasing heat, 
pressure and decreasing space between rolls (P<0.05). The amount of immediately degraded fraction (a) of dry 
matter and crude protein of treated barley were decreased by steam flaking, compared with untreated barley. 
Significant reduction of potentially degradable fraction (b) in dry matter and crude protein were observed in 
treated barley (P<0.05). Additionally, increased pressure and heat and reduced roll interspace decreased 
effective degradability (P<0.05). According to reducing effects of steam flaking on the degradability of dry 
matter and crude protein, high degradability of barley grain and acidosis can be alleviated by steam flaking. 
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