Animal Production Research

Vol. 14, No. 3, 2025 (93-107) i
doi: 10.22124/ar.2025.29746.1881

S cISSN: 2538-6107 pISSN: 2252-0872 Univerit of Culan
RESEARCH PAPER OPEN ACCESS

Effect of substituting different levels of biuret instead of urea on
nutrient intake, growth performance, nutrient digestibility, blood
metabolites, and feeding behavior of Afshari fattening lambs

S. Nazari!, A. Azizi'¥ A. Kiani', M. Asnaashari?
9 9

1. Department of Animal Science, Faculty of Agriculture, Lorestan University, Khorramabad, Iran
2. Department of Animal Processing, Animal Science Research Institute of Iran (ASRI), Agricultural Research, Education and
Extension Organization (AREEO), Karaj, Iran

(Received: 02-02-2025 — Revised: 17-05-2025 — Accepted: 17-05-2025 — Available online: 19-05-2025)

Abstract

Introduction: Protein is one of the most expensive nutrients used in ruminant diets and is considered one of the
limiting factors in feed intake in ruminants. The various protein sources used in ruminant nutrition include plant
protein sources (oilseed meal, including soybean meal, rapeseed meal, etc.), animal protein (including meat meal),
marine products (fish meal), and non-protein nitrogen (NPN). However, the apparent shortage of protein sources
required by ruminants has become a global problem and has significantly increased production costs. Therefore,
finding alternative sources to soybean meal as a standard protein source seems essential. NPN sources are
nitrogen-rich compounds that can partially replace real protein in the diet of ruminants and include urea, biuret,
thiouret, dicyandiamide, thiourea, hydrazine, and several ammonium salts such as ammonium acetate, ammonium
succinate, ammonium carbonate, ammonium bicarbonate, ammonium phosphate, and ammonium lactate. Low
supply cost, high nitrogen content, and easy availability are some of the advantages of using NPN sources in
ruminant nutrition. Urea is the most widespread source of NPN, which is an organic compound soluble in water
and alcohol with the chemical formula CO(NH,), and contains 46% nitrogen, which is equivalent to 287.5% crude
protein (CP). In Iran, there is a relatively large capacity for urea production and the possibility of making slow-
release nitrogenous compounds from it, while, unfortunately, the use of NPN in livestock nutrition has not been
given due attention, and these compounds are also imported from abroad in slow-release form. Excessive use of
urea in ruminant diets, due to its extremely high solubility in rumen fluid, increases the concentration of blood
urea nitrogen (BUN) and causes ammonia poisoning. Slow-release urea production technology with controlled
release of nitrogen in the rumen ensures that rumen bacteria have continuous and gradual access to the nitrogen
source. To overcome this problem, several slow-release urea products have been developed and evaluated in the
past. Another source of slow-release urea is biuret (carbamyl urea, alphanamides) with the chemical formula
2(NH,CONHCONH), which is produced by combining two urea molecules at high temperatures, and as a source
of NPN, it has good potential in feeding ruminants. The cost of producing biuret is lower than other slow-release
urea sources. Biuret is less soluble in water and is converted to ammonia in the rumen at a much slower rate than
urea. Also, biuret is relatively non-toxic compared to urea and does not negatively affect the palatability of the
diet. Biuret can be used in ruminant nutrition at much higher levels than urea. Biuret is very safe compared to urea
and can be used in beef cattle diets at a dose 20 times higher than the toxic dose of urea. So far, few studies have
been conducted on the effects of biuret feeding in ruminants, especially determining the optimal level of biuret in
the diet. Therefore, the present study aimed to investigate the effects of replacing different levels of biuret in the
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diet with urea on nutrient intake, growth performance, nutrient digestibility, and feeding behavior of Afshari
fattening lambs.

Materials and methods: In this study, 28 Afshari fattening male lambs with an average age of 135£15 days and
average live weight of 3443.49 kg were used in a completely randomized design with four experimental treatments
and seven replications. The experimental diets included a control treatment (100% urea on a dry matter (DM)
basis) and the inclusion of levels of 34, 67, and 100% biuret based on dietary DM instead of urea. First, the
experimental diets were incubated in an in vitro test to determine the concentration of ammonia-N, and then the
diets were fed to the experimental animals for 70 days.

Results and discussion: Using biuret in the diet did not affect nutrient intake, including DM, organic matter
(OM), CP, and neutral detergent fiber (NDF), and feeding behavior traits compared to the control treatment. With
increasing the level of biuret in the diet, daily weight gain, total weight gain, and feed conversion ratio improved
linearly compared to the control treatment (P<0.05). The improvement in growth performance traits in biuret-fed
lambs can be explained by higher feed intake compared to the control (urea only) treatment. One possible reason
may be the better efficiency and retention of nitrogen in biuret due to the lower rumen degradation rate compared
to urea. The slower release of ammonia from biuret as a source of NPN compared to urea probably makes biuret
more efficiently utilized by rumen microorganisms. As the level of biuret increased in the diet, the digestibility of
NDF increased linearly compared to the urea-containing treatment (P<0.05), although OM digestibility was not
affected by the experimental diets. In the present study, it was expected that the improvement in NDF digestibility
with increasing biuret levels in the diet would be accompanied by an increase in nutrient intake, which was not
the case. The reason for the increase in fiber digestion with biuret supplementation compared to urea may be due
to the greater availability of ammonia to rumen microbes, especially cellulolytic bacteria, as ammonia is known
to be the most important source of nitrogen for the growth and proliferation of fiber-digesting bacteria in the
rumen. With increasing the amount of dietary biuret, the concentration of blood total protein increased linearly,
but the concentration of blood urea nitrogen decreased linearly compared to the treatment containing urea
(P<0.05).

Conclusions: The results of the present study showed that the use of biuret compared to urea in the diet caused a
decrease in ammonia-N content in the rumen and improved growth performance and feed conversion ratio.
Therefore, it is recommended to use biuret instead of urea up to the full replacement level 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 biuret

Level of biuret in the diet (% DM)

0 34 67 100
Ingredients
Wheat straw 15.0 15.0 15.0 15.0
Barley grain, ground 32.0 32.0 32.0 32.0
Corn grain, ground 32.0 32.0 32.0 32.0
Soybean meal 8.0 8.0 8.0 8.0
Wheat bran 7.55 7.41 7.27 7.14
Premix! 425 425 425 4.25
Urea 1.20 0.80 0.40 -
Biuret - 0.54 1.08 1.61
Chemical composition
Dry matter 90.0 90.0 90.0 90.0
Organic matter 93.3 93.31 93.3 933
Crude protein 14.38 14.39 14.38 14.38
RUP 37.5 37.4 37.4 37.4
Neutral detergent fiber (NDF) 28.9 28.8 28.8 28.7
Acid detergent fiber (ADF) 19.2 19.1 19.1 19
Ether extract 2.61 2.60 2.60 2.29
Ca 0.74 0.73 0.73 0.73
P 0.38 0.38 0.38 0.37
N 2.30 2.30 2.30 2.30
S 0.23 0.23 0.23 0.23
N/S 10 10 10 10
ME (Mcal/kg DM) 2.67 2.66 2.66 2.66

! 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, 25 mg lodine, 25000 mg Mg, 25000 mg Na (NaCl),

25000 mg Na (NaHCOs), and 1000 mg Antioxidant.
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Fig. 1. Effect of experimental diets containing different levels of biuret on rumen ammonia nitrogen
concentration (mg/dL) at different incubation times in vitro
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Table 2. Effect of experimental diets containing different levels of biuret on nutrient intake of fattening lambs

(g/day)
Level of biuret in the diet (% DM) SEM Contrast
0 34 67 100 Linear  Quadratic
Whole period (70 days)
Dry matter 1614 1630 1663 1686  30.5 0.12 091
Organic matter 1506 1521 1551 1573  28.2 0.12 0.93
Crude protein 232 234 239 242 597 0.19 091
Neutral detergent fiber 466 469 479 484 13.9 0.33 0.94
Day 1-14
Dry matter 1215 1204 1219 1233 16.3 0.36 0.44
Organic matter 1134 1123 1138 1150  15.2 0.37 0.43
Crude protein 175 173 175 177 2.17 0.37 0.45
Neutral detergent fiber 351 347 352 354 4.55 0.57 0.44
Day 15-28
Dry matter 1361 1367 1377 1397 15.6 0.87 0.67
Organic matter 1269 1275 1285 1303 14.6 0.86 0.65
Crude protein 196 197 198 201 2.25 0.78 0.64
Neutral detergent fiber 393 394 397 401 4.49 0.21 0.56
Day 29-42
Dry matter 1489 1497 1509 1528 16.7 0.11 0.68
Organic matter 1390 1396 1408 1426 14.8 0.10 0.70
Crude protein 214 215 217 220 2.27 0.12 0.65
Neutral detergent fiber 402 403 406 409 4.25 0.19 0.77
Day 43-56
Dry matter 1639 1647 1655 1678 14.9 0.10 0.62
Organic matter 1530 1537 1545 1566 14.9 0.11 0.69
Crude protein 236 237 239 242 2.32 0.12 0.56
Neutral detergent fiber 474 475 477 482 4.44 0.22 0.49
Day 57-70
Dry matter 1752¢° 1776% 1821 18432  16.2 0.01 0.78
Organic matter 1634° 1657% 1699 17200 15.1 0.01 0.87
Crude protein 252°¢ 255b° 262% 265 233 0.01 0.87
Neutral detergent fiber 506° 511b° 525% 5292 4.67 0.01 0.79

¢ Values with different superscript letters in each row are significantly different (P<0.05). SEM: Standard error of the means
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Table 3. Effect of experimental diets containing different levels of biuret on growth performance of fattening

lambs

Level of PW in the diet (% DM) Contrast
ftem 0 34 67 100 SEM e Quadratic
Whole period (70 days)
Initial body weight (kg) 34.5 34.5 34.3 34 1.39 0.79 0.89
Final body weight (kg) 49.01 49.5 50.5 51.8 1.15 0.12 0.78
Total weight gain (kg) 14.5° 15% 16.2% 17.8* 0955  0.02 0.58
Average daily gain (g) 207° 2140 231 254 11.7 0.01 0.60
Feed conversion ratio 7.80? 7.620 7.20% 6.64> 0.433  0.02 0.52
Day 1-14
Final body weight (kg) 37.3 37.5 37.2 37.2 1.24 0.88 0.87
Total weight gain (kg) 2.87 2.95 2.89 320 0452 0.64 0.78
Average daily gain (g) 207 214 207 229 13.7 0.34 0.60
Feed conversion ratio 5.88 5.63 5.88 541 0271 0.33 0.68
Day 15-28
Final body weight (kg) 40.7 40.9 41 41.1 1.29 0.82 0.84
Total weight gain (kg) 3.28 3.39 3.79 3.89  0.292 0.11 0.87
Average daily gain (g) 234° 2422 270% 277 16.7 0.04 0.78
Feed conversion ratio 5.79 5.66 5.12 5.05 0335 0.12 0.88
Day 29-42
Final body weight (kg) 439 441 443 44.7 1.35 0.67 091
Total weight gain (kg) 3.19 3.24 3.27 3.53  0.189 0.24 0.57
Average daily gain (g) 228 229 235 257 13.2 0.13 0.51
Feed conversion ratio 6.55 6.54 6.41 5.94  0.266 0.12 0.39
Day 43-56
Final body weight (kg) 46.6 46.8 47.1 48.3 1.29 0.36 0.68
Total weight gain (kg) 2.74° 2.75b 2.73° 3.60° 0.195  0.01 0.45
Average daily gain (g) 193° 194° 195° 256 13.3 0.01 0.34
Feed conversion ratio 8.482 8.55° 8.482 6.53°  0.432 0.01 0.29
Day 57-70
Final body weight (kg) 49.01 49.5 50.5 51.8 1.60 0.22 0.78
Total weight gain (kg) 2.38° 2.68% 3.49* 3.51* 0348  0.01 0.76
Average daily gain (g) 171° 1932 250% 251 264 0.01 0.71
Feed conversion ratio 10.1° 9.14% 7.27° 7.31°  0.644  0.01 0.42

b Values with different superscript letters in each row 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 biuret on nutrient digestibility (g/kg DM) of

fattening lambs

Level of biuret in the diet (% DM) Contrast
ftem 0 34 67 100 SEM Lincar Quadratic
Dry matter 806 818 814 822 5.33 0.09 0.75
Organic matter 812 823 824 826 6.73 0.20 0.49
Crude protein 809 819 822 828 6.38 0.07 0.75
Neutral detergent fiber 583° 589 5942 5992 3.78 0.01 0.82
Acid detergent fiber 539 535 541 544 3.34 0.08 0.13

*b Values with different superscript letters in each row are significantly different (P<0.05). SEM: Standard error of the means
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Table 5. Effect of experiments diets containing different levels of biuret on blood metabolites of fattening

lambs
Level of biuret in the diet (% DM) Contrast
Item 0 34 67 100 SEM "Tinear  Quadratic
Glucose (mg/dL) 62.9 62.8 64.7 64.4 1.11 0.23 0.87
Total protein (g/dL) 6.69° 688  7.06° 719" 0.151 0.02 0.84
Albumin (g/dL) 2.65 2.62 2.76 2.82 0.073 0.08 0.49
Blood urea nitrogen (mg/dL) 8.812 8.65% 8.47%° 8.37° 0.080 0.01 0.69

*¢ Values with different superscript letters in each row are significantly different (£<0.05). SEM: Standard error of the means
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Table 6. Effect of experimental diets containing different levels of biuret on feeding behavior of fattening

lambs
Level of biuret in the diet (% DM) Contrast
ftem 0 34 67 100 SEM Lincar Quadratic
Eating (min/d) 365 367 369 372 5.77 0.31 0.81
Rumination (min/d) 383 385 386 390 4.67 0.18 0.73
Chewing (min/d) 747 752 755 762 9.94 0.23 0.87
Eating/DM intake 226 252 222 220 3.46 0.21 0.88
Rumination/DM intake 237 236 232 231 2.81 0.10 0.85
Chewing/DM intake 463 461 454 452 5.96 0.12 0.76
SEM: Standard error of the means
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