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Table 1. Ingredients and chemical composition of experimental diets containing different levels of concentrate 

Grower    Finisher  

% of concentrate 55 70 85  55 70 85 

Ingredients        

Alfalfa hay (dried) 45.0� 30.0� 15.0�  45.0� 30.0� 15.0�
Barley grain, ground 25.8 32.8 39.9  25.8 32.8 39.9

Corn grain, ground 10.5 13.3 16.2  10.5 13.3 16.2 

Soybean meal 12.7 16.1 19.6  8.36 10.6 12.9 

Wheat bran 4.13 5.25 6.38  8.36 10.6 12.9 

Mineral and vitamin premix
‡
 1.01 1.29 1.56  1.01 1.29 1.56 

Sodium bicarbonate 0.74 0.94 1.15  0.74 0.94 1.15 

Common salt 0.25 0.32 0.38  0.25 0.32 0.38 

Nutrient composition of diets (g per kg DM)        

Dry matter  903 903 897  902 897 894 

Organic matter  814 827 819  814 832 836 

Crude protein 163 171 179  148 153 157 

Neutral detergent fiber (NDF) 229 251 255 291 292 301 

Acid detergent fiber (ADF) 175 145 95  139 150 100 

Non-fibrous carbohydrate
1
 (NFC) 485 473 463  438 453 458 

Calcium  9.3 8.8 8.2  9.2 8.6 8.1 

Phosphorus  3.4 3.8 4.3  3.6 4.1 4.6 

Metabolizable energy (MJ/kg DM) 10.6 11.2 11.7  10.5 11.0 11.6 
‡ The mineral and vitamin premix contained (1 kg premix): 1000000 IU vitamin A, 150000 IU vitamin D3, 2000 IU vitamin E, ���
�2000 mg Mn, 5000 mg Zn, 1000 mg Cu, 100 mg Se, 280000 mg Ca, 20000 mg P, 50 mg Co, 5000 mg Mg, 120 mg Iodine. 
1 NFC = 100 – Ash – CP – EE – NDF�

��
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Table 2. Effect of concentrate level of the diet and fattening period duration on feed consumption, weight gain and 

feed conversion ratio in Lori-Bakhtiari lambs�

 % of CL
1

  FP
3

  

 55 70 85 SEM
2

P-value 1
st
 month 2

nd
 month 3

nd
 month SEM P-value 

IBW
4
 (kg) 38.7 39.8 39.0 0.98 0.97 30.1

c
38.7

b
47.7

a
0.62 <0.01 

FBW
5
 (kg) 47.7 48.0 50.0 0.98 0.36 38.7

c
47.7

b
59.0

a
0.65 <0.01 

DMI
6
 (g/day) 1571 1551 1675 43.7 0.12 1303

c
1690

b
1803

a
34.9 <0.01 

MEI
7

(Mcal/kg) 

4.1
b

4.2
b

4.7
a

0.12 <0.01 3.5
c

4.6
b

4.8
a

0.09 <0.01 

CPI
8
 (g/day) 275

b
280

b
309

a
7.8 <0.01 243

b
316

a
305

a
6.3 <0.01 

ADG
9
 (g) 274

b
281

b
326

a
13.6 0.03 300

ab
320

a
261

b
13.1 <0.01 

CPI/ADG 1.03 1.01 0.97 0.04 0.67 0.81
c

1.03
b

1.17
a

0.04 <0.01 

MEI/ADG 0.02 0.02 0.02 0.001 0.92 0.011
c

0.014
b

0.018
a

0.001 <0.01 

FCR
10

6.2 6.4 5.3 0.51 0.29 4.7
b

5.6
b

7.6
a

0.52 <0.01 
a-c Values with differing letters within the same row are significantly different (P<0.05). 

1. Concentrate level, 2. Standard error of the means, 3. Fattening period duration, 4. Initial body weight, 5. Final body weight, 6. 

Dry matter intake, 7. Metabolizable energy intake, 8. Crude protein intake, 9. Average daily gain, 10. Feed conversion ratio 
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Table 3.�Interaction effects of concentrate level of the diet and fattening period duration on feed consumption, 

weight gain and feed conversion ratio in Lori-Bakhtiari lambs�

FP1 1st month  2nd month  3rd month 
SEM3 P-value 

% of CL2 55 70 85  55 70 85  55 70 85  CL FP CL×FP 

IBW 4(kg) 30.5c 30.3c 29.5c 39.0b 38.8b 38.5b 46.6a 47.5a 49.0a 1.07 0.97 <0.01 0.03

FBW5

(kg) 
39.0d 38.8d 38.5d  46.6c 47.5c 49.0c  57.6b 57.7b 61.4a 1.13 0.36 <0.01 0.02 

DMI 
6(g/day)

1335c 1304c 1271c  1629b 1654b 1787ab  1748ab 1694b 1967a 60.5 0.11 <0.01 0.03 

MEI7

(Mcal/kg) 
3.4e 3.5de 3.6d  4.2cd 4.4bc 5.0ab  4.4bc 4.5b 5.5a 0.16 <0.01 <0.01 0.01 

CPI 
8(g/day) 

239de 247cde 224e  284abc 313a 315a  298ab 273bcd 321a 10.0 0.45 <0.01 <0.01 

ADG 9(g) 295 293 311  272 312 377  257 238 289 22.7 0.03 <0.01 0.3 

CPI/ADG 0.74 0.88 0.72 1.11 1.02 0.86 1.18 1.07 1.13 0.06 0.16 <0.01 0.06

MEI/ADG 0.01 0.01 0.01  0.02 0.01 0.01  0.02 0.02 0.02 0.001 0.92 <0.01 0.11 

FCR10 4.3 4.7 4.1  6.4 5.4 5.0  6.9 6.7 7.0 0.37 0.26 <0.01 0.11 
a-d Values with differing letters within the same row are significantly different (P<0.05). 

1. Fattening period duration, 2. Concentrate level, 3. Standard error of the means, 4. Initial body weight, 5. Final body weight, 6. 

Dry matter intake, 7. Metabolizable energy intake, 8. Crude protein intake, 9. Average daily gain, 10. Feed conversion ratio 
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Table 4. Effect of concentrate level of the diet and fattening period duration on apparent digestibility coefficients of 

dry matter and nutrients of diet in Lori-Bakhtiari lambs
 % of CL1   FP3   

55 70 85 SEM2 P-value 1st month 2nd month 3rd month SEM P-value

DM4 (%) 47b 55a 55a 1.16 <0.01 47c 53b 57a 0.97 <0.01 

CP5 (%) 42b 50a 54a 1.32 <0.01 46b 49ab 51a 1.08 0.01 

EE6 (%) 70a 61b 63b 1.17 <0.01 66 66 63 1.14 0.06

NDF7 (%) 55b 63a 65a 1.06 <0.01 55c 58b 69a 0.95 <0.01 

ADF8 (%) 57c 64b 70a 1.15 <0.01 57c 64b 69a 0.93 <0.01 
a-c Values with differing letters within the same row are significantly different (P<0.05). 

1. Concentrate level, 2. Standard error of the means, 3. Fattening period duration, 4. Dry matter, 5. Crude protein, 6. Ether 

extract, 7. Neutral detergent fiber, 8. Acid detergent fiber
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Table 5. Interaction effects of concentrate level of the diet and fattening period duration on apparent digestibility 

coefficients of dry matter and nutrients of diets in Lori-Bakhtiari lambs�

FP1 1st month  2nd month  3rd month 
SEM3 P-value 

% of CL2 55 70 85 55 70 85 55 70 85 CL FP CL×FP

DM4 (%) 67d 67d 73b  70cd 73bc 76ab  72bc 80a 75abc 1.30 <0.01 <0.01 <0.01 

CP5 (%) 64d 68cd 74ab 69bc 67cd 76a 66cd 78a 72abc 1.34 <0.01 <0.01 <0.01

EE6 (%) 87a 79cd 87a 84abc 79cd 83bcd 79d 80cd 79d 1.01 <0.01 <0.01 <0.01

NDF7 (%) 59b 60ab 63ab  62ab 67ab 69a  60ab 69a 59b 2.38 0.12 <0.01 0.02 

ADF8 (%) 58bc 57bc 59bc 58bc 62bc 62ab 60bc 71a 51c 2.57 0.07 0.2 <0.01
a-d Values with differing letters within the same row are significantly different (P<0.05). 

1. Fattening period duration, 2. Concentrate level, 3. Standard error of the means, 4. Dry matter, 5. Crude protein, 6. Ether 

extract, 7. Neutral detergent fiber, 8. Acid detergent fiber�
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Table 6. Effect of concentrate level of the diet and fattening period on ruminal parameters in Lori-Bakhtiari lambs��

 % of CL1   FP3   

55 70 85 SEM2 P-value 1st month 2nd month 3rd month SEM P-value

TVFA4 (mmol) 97 94 96 2.83 0.78 96 92 99 3.00 0.23

AA5 (mmol) 62 59 60 2.52 0.66 58ab 56b 66a 2.49 0.02 

PA6 (mmol) 17b 18b 23a 0.95 <0.01 21a 16b 21a 0.93 <0.01

iBA7 (mmol) 2.5a 1.5b 1.7b 0.17 <0.01 2.0 2.1 1.7 0.16 0.21 

nBA8 (mmol) 11.6 13.0 11.0 0.92 0.30 11.4 12.5 11.2 0.89 0.47 

iVA9 (mmol) 1.7 1.5 1.7 0.08 0.1 1.8 1.7 1.5 0.09 0.06 

nVA10 (mmol) 2.1 1.8 2.1 0.11 0.17 2.2 1.9 1.9 0.11 0.07

Acetate/Propionate 3.7a 3.4a 2.7b 0.15 <0.01 3.0b 3.6a 3.2ab 0.12 0.02 

Amonia (mmol/L) nitrogen 12 12 13 1.18 0.79 11b 15a 10b 0.93 <0.01 

Protozoa (106 mL) 4.6 4.4 5.1 0.39 0.47 4.2b 4.2b 5.8a 0.47 0.02
a-b Values with differing letters within the same row are significantly different (P<0.05). 

1. Concentrate level, 2. Standard error of the means, 3. Fattening period duration, 4. Total volatile fatty acids, 5. Acetic acid, 6. 

Propionic acid, 7. Isobutyric acid, 8. Butyric acid, 9. Isovaleric acid, 10. Valeric acid 
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Table 7. Interaction effects of concentrate level of the diet and fattening period duration on ruminal parameters in 

Lori-Bakhtiari lambs��
FP1 1st month  2nd month  3rd month SEM3 P-value 

% of CL2 55 70 85 55 70 85 55 70 85 CL FP CL×FP

TVFA4 (mmol) 103 86 101  92 98 85  95 100 103 5.42 0.78 0.23 0.06 

AA5 (mmol) 66.0 53.1 56.6  58.6 60.1 53.0  61.0 64.4 62.8 3.3 0.21 0.14 0.13 

PA6 (mmol) 19 b 16 b 27 a 15 b 19b 16b 17b 19b 26a 1.5 <0.01 <0.01 <0.01

iBA7 (mmol) 2.5 1.6 1.7  2.7 1.7 1.8  2.1 1.4 1.5 0.26 0.02 0.21 0.94 

nBA8 (mmol) 11.2 11.5 11.6  12.3 14.3 11.0  11.3 12.6 10.0 1.51 0.29 0.47 0.78 

iVA9 (mmol) 2.0 1.6 2.0 1.7 1.5 2.0 1.5 1.4 1.4 0.16 0.09 0.06 0.85

nVA10 (mmol) 2.3 2.0 2.4 2.0 1.8 2.0 2.0 1.7 1.8 0.18 0.17 0.07 0.89

Acetate/Propionate 3.5a 3.5a 2.1c  4.0a 3.2ab 3.4a  3.7a 3.5a 2.5bc 0.22 <0.01 0.02 <0.01 

Amonia nitrogen 

(m mol/l)

11.8 10.1 11.1  14.5 15.0 16.0  9.7 10.2 11.5 1.6 0.79 <0.01 0.91 

Protozoa (106 ml) 5.2 3.3 4.0  4.0 4.1 4.7  5.0 6.0 6.6 0.75 0.50 0.02 0.40 
a-c Values with differing letters within the same row are significantly different (P<0.05). 

1. Fattening period duration, 2. Concentrate level, 3. Standard error of the mean, 4J Total volatile fatty acids, 5. Acetic acid, 6. 

Propionic acid, 7. Isobutyric acid, 8. Butyric acid, 9. Isovaleric acid, 10. Valeric acid�
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Abstract 

In this study, the effect of forage:concentrate ratio on growth performance, nutrient digestibility, and rumen 
parameters in male Lori Bakhtiari Lambs was investigated. A total of 27 male lambs (70 ±15 days of age, mean live 
weight of 26.3 ± 3.3 kg) were fattened for three months with three different levels of concentrate (55, 70, and 85%) 
and three different fattening period duration (first, second and third months). The apparent digestibilities of rations 
were measured monthly using acid-insoluble ash as an internal marker. Ruminal fluid samples were taken to 
determine the ruminal fermentation parameters at the end of each month. The results showed that increasing the 
level of concentrate improved daily weight gain and decreased feed conversion ratio (P<0.05). Increasing the diet 
concentrate level resulted in a decreased ratio of acetate to propionate and isobutyric acid concentrations (P<0.05). 
The ratio of acetate to propionate and daily weight gain decreased with increasing fattening period duration 
(P<0.05). In contrast, feed conversion ratio, ammonia concentration, and protozoa count increased. Interactions 
between diet concentrate level and fattening period duration had significant effects on final body weight, feed 
intake, nutrient digestibility coefficients, propionic acid concentration, and acetate:propionate ratio (P<0.05). In 
conclusion, the positive effects of concentrate level on performance, nutrient digestibility, and volatile fatty acid 
production were affected by the duration of the fattening period. Therefore, it is better to shorten the duration of the 
fattening period when using a high concentrate diet, and the maximum dietary concentrate level should be equal to 
70% if the duration of the fattening period is increased.  
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