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Introduction: In ruminants, protein sources that provide amino acids and nitrogen requirements of ruminants,
are among the most expensive parts of the diet (Hashem & Tayeb, 2023). Plant protein sources (such as soybean
meal, rapeseed meal, etc.), animal protein sources (such as meat meal and seafood), and non-protein nitrogen are
used to provide the protein requirements of ruminants. However, the shortage of protein sources has become a
global challenge, and the price of soybean meal—one of the primary standard protein sources—remains high,
driving up production costs. Therefore, identifying alternative protein sources to replace soybean meal in diets is
essential. NPN sources are a group of compounds that are not proteins but contain nitrogen in their structure and
include urea, ammonium salts, nitrates, alkaloids, asparagine, purine, choline, uric acid, amines, amides, amino acids
and nucleic acids. Urea is considered a practical NPN source due to its lower cost and contains 46% nitrogen, which
is equivalent to 287.5% crude protein. However, rapid breakdown of urea in the rumen and high release of ammonia
will increase the amount of nitrogen excreted in the urine and reduce livestock performance. One of the less studied
sources of slow-release urea is biuret. Biuret (carbamyl urea or alphanamides) with the chemical formula
NH2CONHCONH; is produced by the condensation of two urea molecules at high temperatures in the Bosh-Meiser
process, and can be used as a slow-release NPN source in ruminant nutrition. Biuret contains about 41% nitrogen
(256% crude protein) and is degraded by ruminal microorganisms at a slower rate than urea. Most studies conducted
on the use of NPN sources in ruminant nutrition has focused on animal health and performance, and very few
studies have been conducted on the effects of these sources on the carcass quality of fattening lambs. Therefore, the
aim of the present study was to investigate the effects of replacing different levels of biuret at the expense of urea on
growth performance, rumen microbial protein synthesis and meat quality characteristics in Afshari fattening male
lambs.

Materials and Methods: The experiment was conducted in a completely randomized design with 4
experimental treatments and 7 lambs in each experimental group (total 28 Afshari male lambs). The average age of
the animals was 135+15 days and their average live weight was 34+1.13 kg. The lambs were kept and raised in
individual pens from the first day of experiment. The animals were fed with experimental diets for 84 days, the first
14 days considered as adaptation period to the experimental diets and individual pens, and the remaining 70 days as
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the main period of the experiment. The experimental diets contained biuret at levels 0 (control treatment), 0.54, 1.08
and 1.61% on dry matter (DM) basis. Biuret production from urea was carried out by converting one urea molecule
into equimolar amounts of ammonia and cyanic acid at a temperature above the melting point of urea (145°C). The
cyanic acid produced from urea then reacts with other urea to form biuret. In general, two urea molecules are
converted into one biuret molecule and one ammonia molecule. In this study, the process of producing biuret from
urea was carried out at a temperature of 145°C for 3 hours without using catalyst.

Results and Discussion: The results showed that with increasing biuret level in the diet total weight gain,
average daily weight gain and micro protein production linearly increased (P<0.05), although the average final
weight and DM intake were not affected by the experimental diets (P>0.05). Blood urea nitrogen (BUN) increased
linearly as the level of biuret elevated in the diet (P<0.05). With increasing biuret level in the diet, meat crude
protein percentage tended to increase linearly (P=0.07), although the moisture, crude fat, and crude ash contents of
meat were not affected (P>0.05). With increasing dietary biuret level, meat pH tended to increase (P=0.08). Water
holding capacity, tendency to redness (a*) and brightness (L*) of meat increased linearly with increasing dietary
biuret levels (P<0.05), but meat shear force decreased linearly (P<0.05). Cooking weight loss was not affected by
the experimental diets (P>0.05). With increasing level of biuret color score and overall acceptance of raw and
cooked meat increased linearly (P<0.05). Concentrations of major essential amino acids in meat increased linearly
with increasing the level of biuret in the diet (P<0.05), while glutamine concentration decreased linearly (P<0.05).

Conclusion: The current study indicated that using biuret instead of urea up to 1.61% of the dietary DM
improved growth performance, microbial protein production and meat quality and sensory properties in fattening
lambs.

Keywords: Biuret, Fattening lamb, Meat amino acid profile, Meat quality, Organoleptic properties
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Table 1- Ingredients and chemical composition (% DM or as stated) of experimental diets

Slyss P2 (Siid 00le duoyd ) 003 50 &jou prlaww

> . Level of biuret in the diet (% DM)
Feed ingredients 0 054 108 161
piS o8 15.0 15.0 15.0 15.0
Wheat straw
205 yoals # 32.0 32.0 32.0 32.0
Barley grain, ground
esdiolel €3 32.0 32.0 32.0 32.0
Corn grain, ground
by dlbws 8.0 8.00 8.00 8.00
Soybean meal
PAS Loge 7.55 7.50 7.45 7.39
Wheat bran

> s )
byt 4.25 4.25 4.25 4.25
Premix
g 1.20 0.80 0.40 -
Urea
S - 0.54 1.08 1.61
Biuret
Chemical composition
Sl odle 90.0 90.0 90.0 90.0
Dry matter
S om_ 93.3 93.31 93.3 93.3
Organic matter
P Olon 14.4 14.4 14.4 14.4
Crude protein
S 53 0525 LB 2 oy 375 37.4 37.4 37.4
Rumen undegradable protein (%CP)
(S odiagd )3 Jolorall b 28.9 28.8 28.8 28.7
Neutral detergent fiber (NDF)
el 0355 )3 Joloeols b 192 19.1 19.1 19.0
Acid detergent fiber (ADF)
S5l olas 2.61 2.60 2.60 2.29
Ether extract
ol 0.74 0.73 0.73 0.73
Ca
I;“ 0.38 0.38 0.38 0.37
ﬁ)”” 2.30 2.30 2.30 2.30
;’5 4 0.23 0.23 0.23 0.23
2595 & Ojar 10 10 10 10
N/S
Metabolisable energy (<Sis sslo p,55LS 13 (6,515K0) padgilio LB (55, 2.67 2.66 2.66 2.66
Y0-+ (5t pyS Lhee Y0+ E cypelizy Ml 150y Vee e D3 ypelig el dly Be e e s A cpaliyg el doly Yo+ gl bglko iy pySolS yn

oieie p)S e VO oo a5 (oo YO (LS )5 (oo Vo 3d p5 (oo YO« + qopnadS )5 (o V¥ v v v cpguibin 25 (o YO o )5 (o YVO 55, )5 e
Al a1l p )5 oo Voo e 5 Sl S pats ©jgots mes oS oo VB2 ¢+ (Sl g0ty s p S i YO 40
1 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
(NaHCOs3), 1000 mg Antioxidant.
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Table 2- The effect of experimental diets containing different levels of biuret instead of urea on growth performance, BUN and
rumen microbial protein synthesis in fattening lambs

(u_§w.> a.?Lo .Lo).\).o).:? ).3 o)9| d‘-’?‘.’ yyon a]a..u D)IJ.}lle L;Ua$ 4]43|) &y
Level of dietary biuret instead of urea (%DM) S Contrast
0 0.54 1.08 161 SEM ok b
Linear Quadratic
(e s ’“ ) ol o9 345 345 345 345 1.07 0.79 0.89
Initial body weight
( pr 5) 2l 039 49.01 495 50.5 51.8 1.15 0.12 0.78
Final body weight
(p55k5) s 12 S 145 15% 16.2% 17.8° 0.955 0.02 0.58
Total weight gain
(p5) 39 0is ol 207" 214 231% 2543 117 0.01 06
Average daily gain
e fad s 7.80° 762  7.20% 6.64° 0.433 0.02 0.52
Feed convertion ratio
(i9) 2 5) (Byae St osle 1614 1630 1663 1686 305 0.12 0.91
Dry matter intake
2 S ke) 05> slossl Bsr
(o> 8.81°  865° 847 8.37° 0.080 0.01 0.69
Blood urea nitrogen
Uss 2 £5) oasSee 033 9.40° 967  9.9o 10.22 0.111 0.01 0.92
Microbial nitrogen
2 2 £5) a9, i 58.6° 60.4"¢ 62.1% 63.8% 0.691 0.01 0.91

Microbial protein
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- Different letters in each row indicate significant difference between groups (P<0.05).
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Table 3- Efect of experimental diets containing different levels of biuret instead of urea on chemical composition and amino acid
profile of the Longissimus muscle of fattening lambs

. (Sis a.?h» M).)).oﬂ? ).3 oygl oty O yom o sl ol by £
Caio Level of dietary biuret instead of urea (%DM)) oSl Contras
Parameter 0 054 108 161 SEM ok b2

Linear Quadratic

(55 03lo 12 )3) (ploorsd S 5
Chemical composition (% As fed)
sk 74.6 747 743 74.7 0.278 0.82 0.56
Moisture
PE o _ 19.5 20.03 19.98 20.3 0.221 0.07 0.62
Crude protein
i 3.47 3.04 3.31 3.07 0.229 0.39 0.69
Ether extract
Pl s 0.776 0.837 0.877 0.857 0.052 0.26 0.46
Crude ash
(Sezs 03lo daoyd) (659 p> dinal (slmtpusl
Essential amino acids (%DM)
Oslsz) 2.47° 257°  259°  260° 0.031 0.01 0.66
Isoleucine
o 3.84 381° 4017 402 0.032 0.01 0.39
Leucine
oY 3.47° 3450 347"  365° 0.023 0.01 0.56
Lysine
OoFPF 261 2.66 2.67 2.70 0.032 0.12 0.65
Threonine
odly 1.83° 1.78° 1.83° 2.012 0.035 0.01 0.45
Valine
osse 1.65° 181° 184  1.90° 0.029 0.01 0.45
Methionine
oVl 242 239 242 251 0.043 0.13 0.56
Phenylalanine
u’ N 1.87° 2.05% 2.108 2.072 0.035 0.01 0.54
Histidine
el el glorel J£ 8.14> 816° 843"  ge4l 0.152 0.02 0.43
Total branch chain amino acids
opxd sl sloseel 5 22.0° 225 929t 33 0.21 0.01 0.64
Total essential amino acid
(S o3le 0)3) (63930 o dinel (slsns
Non essntail amino acids (%DM)

5 Lol
“g”)u ’w_ 6.50 6.62 6.55 6.30 0.123 0.19 0.56
Aspartic acid
o 3.18° 3450 334 3770 0.053 0.01 0.34
Serine
Saaligt sl 8.36° 870"  9.76°  9.76° 0.255 0.01 0.25
Glutamic acid
Oeells 577 556 534  521¢ 0.112 0.01 0.45
Glutamine
oo 2.44 2.55 2.35 2.58 0.082 0.19 0.34

Proline
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WMS 3.50 3.46
Glycine

oY 2 b
Alanine 0 -

otis 241 2.34
Tyrosine

u*’))l - 3.63 3.59
Arginine

Cysteine

S 930 izl (larl JS 39.8 39.9

Total non essntail amino acids

351 3.63 0.068 0.13 0.18
2.43° 2.16° 0.057 0.01 0.34
2.37 2.38 0.056 0.26 0.67
3.69 3.65 0.062 0.19 0.40
0.76 0.82 0.026 0.21 0.18
40.1 40.3 0.361 0.25 0.73

(P<e/+0) 2l o duoyd i o )3 43 gre MB] onid i rdy yo 53 dldiopl gy gl sla Sl —
- Different letters in each row indicate significant difference between groups (P<0.05).
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Table 4- Efect of experimental diets containing different levels of biuret instead of urea on Ph, cooking loss, Water holding capacity
and chilling loss of the Longissimus muscle of fattening lambs

(;_i.i;&a.sln.x.o)s) oy )3 °)5|L§L.>4-.’ L_:”.ua]a.m dja.gl) &%
Cidio Level of dietary biuret instead of urea (%DM) o .Ske 3ylikal gllas. Contrast
Parameter 0 0.54 161 SEM L;\» L;la}).&
Linear Quadratic

pH 6.10 6.20 6.38 0.101 0.08 0.67
(23) 5% Jl ot 09 208 21.2 225 22.3 0.68 0.57 0.52
Cooking loss (%)
(12)3) csled ol 1.55 1.62 1.53 0.039 025 048
Drip loss (%)
(22)2) ] SIS cud b b ab ab a

] . 2.2 64.5 66.5 69.7 2.22 0.03 0.34
Water holding capacity (%)
(099) bsf s 59 794%  719®  g52°  56.g° 2.65 002 085

Shear force (N)
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- Different letters in each row indicate significant difference between groups (P<0.05).
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Table 5- Efect of experimental diets containing different levels of biuret instead of urea on the Longissimus muscle
color of fattening lambs
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- Different letters in each row indicate significant difference between groups (P<0.05).
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Table 6- Efect of experimental diets containing different levels of biuret instead of urea on sensory properties of the
Longissimus muscle of fattening lambs
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- Different letters in each row indicate significant difference between groups (P<0.05).
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