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Abstract

Introduction: Although sheep husbandry in Iran has a long history, it is usually practiced in a traditional manner
with low productivity. The growing population, increasing demand for red meat, and high costs of feed supply
necessitate the use of rations with balanced nutrients, minimal waste, and maximum profitability. Therefore,
nutrition management and improving productivity in this sector are of particular importance. Physical processing
of feed is one of the key management strategies in this regard and is among the most important factors affecting
feed intake and apparent digestibility. Feed processing and particle size modification have been shown to influence
animal performance. Pelleting, grinding feed ingredients, and various processing methods applied to cereal grains
and other ration components have all been employed to improve nutrient utilization efficiency in ruminant
nutrition. This study investigated the effects of physical form and feeding method of diets on growth performance,
apparent digestibility, and selected ruminal and blood parameters of fattening lambs.

Materials and methods: Twenty-eight Lori-Bakhtiari male lambs, with an average age of approximately three
months and an average body weight of 35.8+4.4 kg, were used at the Small Ruminant Research Farm, Faculty of
Agriculture, Lorestan University, Iran. The experimental period lasted 75 days, including 15 days of adaptation
and 60 days of fattening. Animals were housed individually (150x100x100 cm; lengthxwidthxheight) in pens
equipped with water and feed buckets, and had ad libitum access to feed and water throughout the study. Four
experimental diets were designed in a 2x2 factorial arrangement, consisting of two concentrate forms (pelleted
and mash) and two feeding methods (total mixed ration and separate feeding). The treatments included: (1) Total
mixed ration (TMR) with mash concentrate, (2) Separate feeding of mash concentrate and forage, (3) TMR with
pelleted concentrate, and (4) Separate feeding of pelleted concentrate and forage. The diets for both growing and
finishing periods were formulated according to NRC (2007) to meet at least the minimum nutrient requirements
of the lambs. The concentrate portion of each diet was ground to 3 mm, and pelleted concentrates were processed
using a 5 mm die. During the experimental period, diets were fed twice daily at 08:00 and 16:00 h. Feed intake
and refusals were recorded throughout the study. Lambs were weighed on day one and subsequently every 20
days before the morning feeding after a 16-hour fasting period. Average daily gain was calculated as the difference
between initial and final weights divided by the number of days. Apparent nutrient digestibility was determined
using the acid-insoluble ash marker method. On day 28 of the growing phase and day 58 of the finishing phase,
ruminal fluid samples were collected three hours after the morning feeding using a stomach tube. To reduce saliva
contamination, the first 10-20 mL of the sample was discarded. Data were analyzed using a completely
randomized design with the SAS software (version 9.4).
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Results and discussion: Feeding pelleted concentrate during the growing period increased the digestibility
coefficients of ADF and NDF, while in the finishing period, it improved the digestibility of nutrients, dry matter,
organic matter, and ADF (P<0.05). Feeding mash concentrate during the finishing period increased blood urea
nitrogen, alanine aminotransferase activity, and eating and chewing times, while reducing resting time (P<0.05).
Separate feeding of forage and concentrate during both the growing and finishing periods increased feed intake,
improved crude fat digestibility, and in the finishing phase, increased ruminal pH and alkaline phosphatase
activity. Feeding mixed rations increased NDF digestibility and alkaline phosphatase activity during the growing
phase, and improved ADF digestibility during the finishing phase (P<0.05). The interaction between concentrate
processing and feeding method significantly affected crude fat digestibility, blood urea nitrogen, and eating
activity in the growing period, as well as crude protein and crude fat digestibility in the finishing phase (P<0.05).
However, concentrate processing, feeding method, and their interaction had no significant effect on growth
performance traits (P>0.05). Overall, the results demonstrated that physical form and feeding method of the diet
influenced apparent digestibility, ruminal and blood parameters, and feeding behavior, but had no effect on growth
performance.

Conclusions: The results of this study indicated that although dry matter intake was higher in the separate feeding
of concentrate and forage treatment, feeding a TMR with pelleted concentrate improved apparent nutrient
digestibility and some metabolic parameters. These findings suggest that feed efficiency was higher in the TMR
with pelleted concentrate treatment, which may be more beneficial for fattening lambs. Furthermore, feeding
method significantly influenced ruminal pH during the finishing period and blood alkaline phosphatase activity
during both periods, while concentrate physical form affected blood urea nitrogen and alanine aminotransferase
activity in the finishing period, warranting further investigation.
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Table 1. Ingredients and chemical composition of experimental diets in growing and finishing periods

Ingredients Growing ration Finishing ration
(% of DM of ration) (% of DM of ration)
Alfalfa hay 18 20
Wheat straw 12 10
Barley 38 40
Corn 25 32
Soybean meal 10 4
Corn gluten 4 1
Fat powder 2.5 2.5
Wheat bran 15 14.8
Premix” 5 5
Urea 0.4 0.7
Chemical composition
Dry matter 90 90
Organic matter 92.45 92.67
Crude protein 16.10 15.03
Neutral detergent fiber (NDF) 35.36 21.31
Ether extract 431 5.15
Ca 1.10 1.19
P 0.42 0.49
Metabolizable energy (MCal/kg DM) 2.63 3.01

* The mineral and vitamin premix contained (1 kg premix): 1000000 IU vitamin A, 400000 IU vitamin D3, 1000 IU vitamin E,
800 mg Mn, 800 mg Zn, 100 mg Cu, 20 mg Se, 140 g Ca, 5 g P, 20 mg Co, 20 mg lodin, 20 g Mg, 39 g Na (NaCl), 83 g Na

(NaHCO3), and 1000 mg antioxidant.
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Table 2. Effect of concentrate processing, feed delivery, and their interactions on growth performance of fattening lambs

PF! FD? Interactions P-value
Item 3 . 5 s Ma- Ma- Pe-  Pe- PF *
Ma Pe SEM Mi Se SEM Mi Se Mi Se SEM PF FD FD
IBW’ (kg) 347  36.5 1.76 353 36.0 1.76 344 351 362 36.7 1.24 032 073 094
FBW?® (kg) 51.5 53.6 1.72 52.7 52.3 .72 510 513 53.6 535 122 022 082 0.76
ADG’ (g) 290 0.01 288 284 0.01 281 284 296 284 0.009 0.61 076 0.61
FI' (g) 2019 2086 85.79 1957° 2147* 857 1913 2125 2001 2170 60.6 0.45 0.03 0.81
FCR 7.1 7.3  406.9 6.8 7.6 4069 6.8 7.5 6.9 7.7 2877 0.73 0.08 0.87
b Values with different letters within the same row are significantly different (P<0.05).
1. Physical form, 2. Feed delivery, 3. Mash, 4. Pellet, 5. Mixed, 6. Separate, 7. Initial body weight, 8. Final body weight, 9.
Average daily gain, 10. Feed intake, 11. Feed conversion ratio. SEM: Standard error of the means
0,59 3 e Olge (5,0 S A AT alpo ol Sy 9 S5 ad e 095 o Ul (55518 ST Jgu
Shls s,
Table 3. Effect of concentrate processing, feed delivery and their interactions on coefficient of nutrient
digestibility in growing and finishing periods
PF! FD? Interaction P-value
Item Ma®> Pe* SEM Mi® Se® SEM Ma- Ma- Pe- Pe- SEM PF FD PF*
Mi Se Mi Se FD
Growing (%)
DM’ 873 876 086 87.0 879 086 87.0 877 86.9 883 0.61 0.73 026 0.71
om? 88.1 883 0.76 87.7 8.7 076 87.8 884 87.6 89.1 054 075 0.17 0.61
CP° 8.1 797 137 79.8 819 037 812 8.1 785 808 097 0.08 0.14 0.89
EE!® 847 847 194 81.7° 87.6* 194 859 835 775 91.7* 137 097 <0.01 <0.01
NDF!'! 64.9° 703* 192 69.8*° 653> 192 714 692 684 61.5 135 0.01 0.02 023
ADF!2 55.7° 62.9* 256 604 581 256 654 604 554 559 181 <0.01 038 0.29
Finishing (%)
DM 87.6> 84.1* 0.62 809 81.8 062 781 79.1 837 845 043 <0.01 0.16 0.85
OM 79.4°> 849 0.64 81.8 826 064 789 799 846 853 045 <0.01 0.18 0.84
CP 799 761 240 79.8 762 240 78.3* 81.5% 81.4* 70.8° 1.70 0.13 0.14 <0.01
EE 73.1 739 349 67.2° 79.9* 349 73.7°% 725 60.6° 87.3* 247 081 <0.01 <0.01
NDF 654 685 206 664 676 206 687 685 641 668 145 0.14 054 047
ADF 68.7° 732* 1.68 72.8*° 69.0° 168 747 71.7 710 664 1.19 0.01 0.03 0.64
¢ Values with different letters within the same row are significantly different (P<0.05).
1. Physical form, 2. Feed delivery, 3. Mash, 4. Pellet, 5. Mixed, 6. Separate, 7. Dry matter, 8. Organic matter, 9. Crud
protein, 10. Ether extract, 11. Neutral detergent fiber, 12. Acid detergent fiber. SEM: Standard error of the means
b g ab) 0)90 10 GlaneSh Glaazinlp (B p gl blite BT 5 S1y95 ad e 0920 0 8lusS (55518 S1-F Jooor
Table 4. Effect of concentrate processing, feed delivery and their interactions on some of ruminal parameters in
growing and finishing periods
PF! FD’ Interaction P-value
Item Ma® Pe* SEM Mi’ Se® SEM Ma- Ma- Pe- Pe- SEM PF FD PFxFD
Mi Se Mi Se
Growing
pH 599 596 0.11 6.05 592 0.11 6.09 589 6.02 595 0.07 09 024 0.57
Amonia 145 148 0.04 145 147 004 147 143 143 151 003 058 0.69 0.15
(mmol/L)
nitrogen
Finishing
pH 6.56 638 0.09 6.38" 6.57* 0.09 646 6.66 629 647 006 006 0.04 0.93
Amonia 1.47 112 0.05 141 1.19 005 139 156 143 081 0.03 0.15 035 0.11
(mmol/L)
nitrogen

&b Values with different letters within the same row are significantly different (P<0.05).
1. Physical form, 2. Feed delivery, 3. Mash, 4. Pellet, 5. Mixed, 6. Separate. SEM: Standard error of the means
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Table 5. Effect of concentrate processing, feed delivery and their interactions on blood parameters in growing

and finishing periods

PF! FD? Interaction P-value
Item Ma’ Pe* SEM Mi? Sef SEM  Ma- Ma-Se Pe- Pe- SEM PF FD PFxFD
Mi Mi Se
Growing
Glu’ 67.0 65.3 4.47 67.3 65.0 4.47 69.7 64.3 64.9 65.7 3.16 0.70 0.61 0.49
Urea® 27.9 28.4 2.15 27.4 28.9 2.15 24.6>  31.29¢0 302 26.6® 152 0.83 0.48 0.02
AST® 64.6 68.2 5.62 66.3 66.6 5.62 65.7 63.6 66.9 69.6 397 0.53 0.95 0.66
ALT!0 25.7 23.8 4.14 26.8 29.7 4.14 22.4 29.1 31.2 30.4 292 023 0.48 0.37
ALP"! 176.6 1577 15.03 190.3* 144.1® 15.03 197.7 155.6 182.8 1327 10.6 028 <0.01 0.82
ALB™? 3.08 3.31 0.16 3.11 3.28 0.16 2.85 3.30 3.38 3.25 0.11  0.15 0.32 0.08
TP" 7.17 7.60 0.29 7.58 7.19 0.29 7.07 7.26 8.09 7.11 0.20 0.15 0.15 0.06
Na'4 139.2 145 7.98 138.8 145.4 7.98 138.6 139.9 139.1 1509 5.64 047 0.41 0.51
K 4.42 4.33 0.10 4.32 443 0.10 431 4.53 4.34 4.32 0.07 040 0.33 0.26
c1 85.3 78.7 3.49 82.8 81.3 3.49 84.9 85.8 80.7 76.7 247 0.07 0.66 0.48
Finishing
Glu 74.8 74.2 2.51 73.6 75.4 2.51 73.5 76.0 73.7 74.7 1.78  0.82 0.48 0.76
Urea 44.6*  39.7° 2.42 42.5 41.8 2.42 45.7 43.6 394 39.9 1.71  0.05 0.76 0.58
AST 81.6 81.5 6.37 80.2 82.9 6.37 80.0 83.2 80.4 82.8 450 0098 0.67 0.93
ALT 20.52 17.1° 1.59 18.5 19.1 1.59 19.7 20.4 17.4 16.9 1.13  0.04 0.70 0.48
ALP 146.8 161.6 15.03 135.6* 172.9* 15.03 1429 150.8 1283 1949 10.6 033 <0.01 0.06
ALB 3.56 343 0.13 3.42 3.57 0.13 3.50 3.63 3.35 3.51 0.09 032 0.28 0.90
TP 7.95 7.38 0.32 7.56 7.77 0.32 7.94 7.96 7.17 7.58 022 0.08 0.51 0.55
Na 148.3 146.1 2.39 147.8 146.8 2.39 145.7 146.5 1499 146.6 1.69 0.37 0.60 0.38
K 4.72 4.93 0.14 4.72 4.94 0.14 4.58 4.87 4.85 5.01 0.10 0.14 0.11 0.63
Cl 95.8 93.5 1.77 90.4 93.9 1.77 96.7 94.9 94.1 92.8 1.25 0.20 0.40 0.90
&b Values with different letters within the same row are significantly different (P<0.05).
1. Physical form, 2. Feed delivery, 3. Mash, 4. Pellet, 5. Mixed, 6. Separate, 7. Glucose (mg/dl), 8. mg/dl, 9. Aspartate
aminotransferase (IU/1), 10. Alanine aminotransferase (IU/1), 11. Alkaline phosphatase (IU/1), 12. Albumin (g/dl), 13. Total
protein (g/dl), 14. Meq/1
Sbh 5 a3, 0099 55 S)lan slroy ladss )18, n lapl Jlie jl g Sy ad e 0520 0,5l (55918 S1-F Jour
Table 6. Effect of concentrate processing, feed delivery and their interactions on nutritional behavior in growing
and finishing periods
PF! FD? Interaction P-value
Item Ma’® Pe¢* SEM Mi° Se® SEM Ma- Ma- Pe- Pe- SEM PF FD PFx
Mi Se Se FD
Growing (Min/d)
Eating 108 121 18.12 117 112 1812 87° 130%™ 148 94b 12.81 040 0.73 <0.01
Ruminating 257 228  42.0 219 267 42.02 237 277 200 256 29.71 0.26 0.07 0.76
Resting 1049 1067 452 1083 1033 4523 1110 988 1055 1079 31.98 0.70 0.28 0.11
Chewing 366 349  41.6 336 379 41.58 324 407 348 350 2940 0.51 0.09 0.11
Finishing (Min/d)
Eating 243* 163> 3835 214 193 38.35 259 229 169 157  27.12 0.04 0.59 0.81
Ruminating 423 333 66.28 314 441 66.28 366 480 263 403 46.86 0.16 0.05 0.84
Resting 806> 976 69.78 929 853 69.78 849 763 1009 943 4933 0.01 025 0.88
Chewing 666° 496* 83.84 528 634 83.84 624 709 431 560 59.28 0.04 0.18 0.78

¢ Values with different letters within the same row are significantly different (P<0.05)
1. Physical form, 2. Feed delivery, 3. Mash, 4. Pellet, 5. Mixed, 6. Separate. SEM: Standard error of the means
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