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Abstract

Introduction: In recent years, the increasing demand for feed to increase livestock production and the climate
problems have led to a significant increase in the price of feed, especially protein-based feed. The proper
processing and use of alternative and cheap by-products therefore increases livestock production and contributes
to the country's livestock feed shortage. Peanut waste is one of such by-products. Peanut, with the scientific name
of Arachis hypogaea, belongs to the Legume family, which is also called groundnut or pistachio. Peanuts are
classified as an oil seed because of their high oil content and are grown in much of the world and are rich in protein
and fiber. The crude protein (CP) digestibility of peanuts is reported to be about 70%, but its fat digestibility varies
based on the fatty acid structure. Peanuts contain anti-nutritional factors such as phenolic compounds
(procyanidins) and phytic acid, which reduce the bioavailability of other nutrients, but this amount is lower in
peanuts than in legumes such as soybeans. After oil extraction, peanut meal is produced, which is used as a source
of protein in animal feed. By-products of peanut cultivation include almond husk, almond outer shell, thin skin
on almond kernel, and peanut waste feed (PWF). Peanut shells are produced in large quantities annually and are
discarded without any specific use or economic value. About 34 -35 grams of shells are produced per kg of peanut
kernel. The annual production of peanut shells in the world is about 740 thousand tons as waste from the peanut
processing industry. In a study, the CP, neutral detergent insoluble fiber (NDF), crude fat, total digestible nutrients,
and condensed tannins of peanut shells were reported to be 22.7, 32.6, 19, 87.8, and 15.6% dry matter (DM),
respectively. Phenolic compounds in peanut shells, such as tannins, may have positive effects on animal
performance. In another study, the CP, crude fat, and total carbohydrate contents of peanut kernel shells were
determined to be 12, 16, and 72% (DM basis), respectively, and the total phenolic content was determined to be
140-150 mg/g DM. In a study, supplementing goat diets with 25 and 50% peanut shells on a DM basis increased
DM intake and daily weight gain, while also reducing fecal microbial load. In Iran's northern provinces, a
significant area of land is devoted to peanut production. Peanuts are mostly consumed as nuts in Iran, so
unfortunately, accurate amounts of peanut waste production are not available. The PWF is a new food waste
produced in Iran and consists of the almond shell (hard shell), kernel waste, and the thin brown shell around the
kernel. So far, few studies have been conducted to investigate the effects of feeding diets containing PWF on
ruminant nutrition. Therefore, the purpose of this research was to investigate the effects of different levels of PWF
on performance, apparent nutrient digestibility, rumen antioxidant activity, and nutritional behavior of Lori-
Bakhtiari fattening lambs.

Materials and methods: In this research, 28 fattening lambs with an average age of 120+6 days and an average
live weight of 304+2.50 kg were used in a completely randomized design with four treatments and seven
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replications. The experimental diets were PWF included in the diet at levels 0 (control), 4, 8, and 12% DM and
were fed to lambs for 60 days. Diet nutrient digestibility was measured using acid-insoluble ash as an internal
marker on the 43™ day of the experiment. Determination of the total rumen antioxidant capacity was performed
on the 45" day of the experiment and 3 hours after morning feeding. The feeding behavior of fattening lambs was
determined visually on the 47" day of the experiment for 24 hours.

Results and discussion: The contents of DM, crude protein, crude ash, crude fat, neutral detergent fiber, acid
detergent fiber, non-fibrous carbohydrates, and total phenolic compounds of PWF were 92+2.22, 22.8+0.46,
16.5+£0.26, 1.28+0.016, 25.7+0.53, 19.1£0.33, 34+0.57, and 21.5+0.35% DM, respectively, and metabolizable
energy content was 2.4+0.075 Mcal/kg DM. Using different levels of PWF in the diet had no significant effect on
nutrient intake, growth performance parameters, nutrient digestibility, and eating and rumination behavior
(minutes per day) of fattening lambs (P>0.05). By increasing the level of PWF in the diet up to 12%, the total
antioxidant capacity of the rumen increased, but the chewing behavior (minutes per day) in fattening lambs
decreased compared to the control treatment (P<0.05).

Conclusions: The results generally indicated that the use of peanut waste up to 12% DM is recommended in the
diet of fattening lambs.
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Table 1. Ingredients and chemical composition (% DM or as stated) of experimental diets containing different
levels of peanut waste (PW)

Level of PW in the diet (% DM)

0 4 8 12
Ingredients
Alfalfa hay (dried) 20.0 20.0 20.0 20
Wheat straw 10.0 10.0 10.0 10.0
Barley grain, ground 30.0 30.0 30.0 30.0
Corn grain, ground 16.0 16.0 16.0 16.0
Soybean meal 12.5 10.5 8.0 5.50
Peanut waste - 4.0 8.0 12.0
Wheat bran 8.0 5.88 4.25 2.60
Urea - 0.125 0.25 0.40
Mineral and vitamin premix! 3.50 3.50 3.50 3.50
Chemical composition

Dry matter 90.0 90.0 90.0 90.0
Organic matter 92.4 92.0 91.6 91.2
Crude protein 15.16 15.20 15.11 15.10
Neutral detergent fiber (NDF) 32.7 325 325 325
Ether extract 2.53 2.47 242 2.37
Ca 0.84 0.86 0.88 0.89
P 0.41 0.41 0.42 0.42
ME (Mcal/kg DM) 2.59 2.58 2.56 2.54
Total phenolic compounds 0.23 1.11 1.96 2.81

! The mineral and vitamin premix contained (1 kg premix): 25000 IU vitamin A, 5000 IU vitamin D3, 1000 IU vitamin E, 1250
mg Mn, 375 mg Cu, 25 mg Se, 140000 mg Ca, 2500 mg P, 20 mg Co, 25mg lodine, 25000 mg Mg, 25000 mg Na (NaCl),

25000 mg Na (NaHCOs), 1000 mg Antioxidant.
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Table 2. Effect of experimental diets containing different levels of peanut waste (PW) on nutrient intake of
fattening lambs (g/day)

Ttem Level of PW in the diet (% DM) SEM Contrast
0 4 8 12 Linear  Quadratic
Whole period (60 days)
Dry matter 1981 1877 2004 1908 99.52 0.85 0.96
Organic matter 1828 1727 1836 1738 91.33 0.72 0.98
Crude protein 301 285 305 290 15.14 0.85 0.97
Neutral detergent fiber 654 612 645 609 32.12 0.51 0.93
Day 1-20
Dry matter 1695 1699 1720 1680 39.24 0.89 0.57
Organic matter 1564 1562 1576 1530 36.11 0.59 0.54
Crude protein 258 259 262 255 5.96 0.89 0.57
Neutral detergent fiber 559 554 553 536 12.71 0.24 0.62
Day 21-40
Dry matter 1973 1851 2025 1922 115.1 0.96 0.94
Organic matter 1820 1703 1855 1751 106.2 0.91 0.95
Crude protein 300 281 308 292 17.65 0.96 0.94
Neutral detergent fiber 651 604 652 613 37.34 0.72 0.91
Day 41-60
Dry matter 2110 2082 2265 2122 152.2 0.83 0.97
Organic matter 1947 1915 2075 1934 139.3 0.73 0.98
Crude protein 322 316 344 323 23.13 0.83 0.97
Neutral detergent fiber 697 679 730 677 49.15 0.58 0.95

SEM: Standard error of the mean
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Table 3. Effect of experimental diets containing different levels of peanut waste (PW) on performance of
fattening lambs (g/day)

ltem Level of PW in the diet (% DM) SEM Contrast
0 4 8 12 Linear  Quadratic
Whole period (60 days)
Initial body weight (kg) 32.6 32.8 325 329 2.082 0.82 0.76
Final body weight (kg) 49.1 48.7 48.9 48.1 2.731 0.91 0.83
Total weight gain (kg) 16.3 15.9 16.4 15.2 1.143 0.88 0.55
Average daily gain (g) 271 265 273 253 19.11 0.90 0.59
Feed conversion ratio 7.35 7.08 7.33 7.54 0.537 0.87 0.61
Day 1-20
Final body weight (kg) 373 36.9 36.9 37.1 2.487 0.96 0.83
Total weight gain (kg) 4.60 4.10 441 4.21 0.526 0.85 0.47
Average daily gain (g) 230 206 220 211 27.64 0.89 0.85
Feed conversion ratio 7.36 8.17 7.80 7.90 0.539 0.88 0.66
Day 21-40
Final body weight (kg) 43.5 41.9 42.7 42.4 2.535 0.74 0.72
Total weight gain (kg) 6.20 5.10 5.84 5.40 0.485 0.15 0.58
Average daily gain (g) 310 257 292 273 24.36 0.14 0.58
Feed conversion ratio 6.37 7.20 6.93 7.03 0.548 0.18 0.46
Day 41-60
Final body weight (kg) 49.1 48.7 48.9 48.1 2.734 0.91 0.83
Total weight gain (kg) 5.65° 6.76* 6.25° 5.73%® 0.347 0.23 0.04
Average daily gain (g) 281° 338 313¢ 286%® 18.72 0.66 0.04
Feed conversion ratio 7.55 6.16 7.30 7.47 0.665 0.59 0.15

#b1n each row, values with different letters are significantly different (P<0.05). SEM: Standard error of the means
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Table 4. Effect of experimental diets containing different levels of peanut waste (PW) on dry matter and
nutrient digestibility (g/kg DM) and total rumen antioxidant capacity (mol Fe?*/Lp) of fattening lambs (g/day)

ltem Level of PW in the diet (% DM) SEM Contrast
0 4 8 12 Linear Quadratic

Dry matter 753 756 758 766 11.53 0.44 0.79
Organic matter 769 782 775 771 5.702 0.99 0.13
Crude protein 774 782 793 780 7.563 0.42 0.21
Neutral detergent fiber 581 577 575 573 9.892 0.53 0.78
Acid detergent fiber 531 527 526 523 8.893 0.53 0.97
Total rumen 1422° 15232 1555  1564* 42.94 0.03 0.31

antioxidant capacity

*b1n each row, values with different letters are significantly different (P<0.05). SEM: Standard error of the means
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Table 5. Effect of experimental diets containing different levels of peanut waste (PW) on feeding behavior of
fattening lambs

ltem Level of PW in the diet (% DM) SEM . Contrast .
0 4 8 12 Linear  Quadratic

Eating (min/d) 370 327 318 330 23.43 0.45 0.47
Rumination (min/d) 380 367 365 355 21.52 0.49 0.95
Chewing (min/d) 7502 693 683° 685° 18.91 0.03 0.57
Eating/DM intake 187 174 159 173 14.32 0.48 0.34
Rumination/DM intake 192 195 182 186 10.13 0.45 0.55
Chewing/DM intake 379 369 341 359 18.82 0.34 0.47
Eating/NDF intake 567 534 494 542 32.34 0.54 0.36
Rumination/NDF 582 599 565 583 15.65 0.56 0.45
intake

Chewing/NDF intake 1148 1131 1058 1124 42.54 0.57 0.48

*b1n each row, values with different letters are significantly different (P<0.05). SEM: Standard error of the means
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