Euphrates Journal of Agricultural Science-18 (3):1255-1264, (Sep. 2026)  Al-Jubouri &Aljumaily

Effects of Dietary Slow-Release Urea Supplementation on Rumen
Fermentation and Blood Biochemical Parameters in Sheep

Ghassan Hameed Shehab Al-Jubouri and Mwaffuk Hussain Aljumaily
Department of Animal Production, College of Agriculture, Tikrit University, Iraq.
Corresponding author’s email: gs231158pag@st.tu.edu.iq
Email addresses of coauthors: drmwaffuk75@tu.edu.ig

Abstract

This study was conducted at the Sheep Farm of the Department of Animal Production, College
of Agriculture, Tikrit University, from October 5, 2025, to January 5, 2026, to evaluate the
effect of dietary supplementation with slow-release urea (SRU) on the productive and
physiological performance of Awassi lambs. Fifteen Awassi lambs were randomly assigned to
three treatments, with five lambs per treatments, aged 3 — 4 months with an initial body weight
of (26 kg),The first treatment served as the control group (without slow-release urea
supplementation), whereas the second and third treatments received diets supplemented with
(3%) and (5%0) slow-release urea, respectively. The experiment lasted for (12 weeks) and was
arranged according to a Completely Randomized Design (CRD).

The results indicated that ruminal ammonia concentration increased significantly (P < 0.05) in
the third treatment compared with the second and first treatments, recording values of (17.40,
15.00, and 13.60), respectively. Regarding ruminal pH, no significant differences were observed
among the three treatments before feeding. However, one hour after feeding, the second
treatment exhibited a significantly higher ruminal pH than the third and first treatments,
recording values of (7.30, 7.02, and 6.20), respectively.

Keywords: Slow-release urea; Awassi lambs; Rumen fermentation; Ruminal pH; Ruminal
ammonia; Volatile fatty acids; Blood biochemical parameters

productive performance. Replacing plant or

Introduction animal protein sources with non-protein
nitrogen can reduce feed costs by lowering

The use of non-protein nitrogen (NPN) as the cost of dietary nitrogen, thereby

a dietary nitrogen source for ruminants has decreasing the overall cost of feed

increased considerably over the past production [17].

decades. Previously, it was widely used as

an alternative to true protein without causing Urea is one of the most commonly used non-

adverse effects on animal health or protein nitrogen sources in ruminant diets.
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However, it undergoes rapid hydrolysis in
the rumen due to the activity of the
microbial enzyme urease, resulting in
ammonia release at a rate that often exceeds
the capacity of ruminal microorganisms to
utilize it efficiently for microbial protein
synthesi. [24] The efficiency of urea
utilization largely depends on the rate at
which it is hydrolyzed into ammonia in the
rumen. Consequently, several approaches
have been developed to reduce the rate of
urea degradation, including coating or
blending urea with substances such as
gelatin or other protective materials to
produce slow-release urea (SRU) [24] .
This technology provides a gradual supply
of nitrogen while simultaneously supplying
energy derived from the coating material,
thereby  enhancing  microbial  protein
synthesis. Previous studies have
demonstrated that incorporating SRU into
ruminant diets can improve milk production
and nutrient digestibility, although its effects
on digestion rate and carcass characteristics
in animals fed low-concentrate diets have
been limited [24].

The use of slow-release nitrogen sources has
also been reported to maintain stable blood
urea nitrogen concentrations, indicating
improved synchronization between
ammonia release and microbial utilization.
This synchronization enhances microbial
protein synthesis efficiency while preventing
excessive elevations in blood ammonia
concentrations, thereby improving the safety
of nitrogen supplementation compared with
conventional urea [16].

Given the importance of slow-release urea
and the limited information available
regarding its use as an alternative protein
source in ruminant nutrition, the present
study was conducted to evaluate the effects
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of dietary slow-release urea supplementation
on the ruminal environment and selected
blood parameters of Awassi lambs.

Materials and Methods

This experiment was conducted at the Sheep
Farm, Department of Animal Production,
College of Agriculture, Tikrit University,
from October 5 to January 5, 2026. Fifteen
Awassi lambs, approximately three months
of age and weighing 26 kg, were used in the
experiment. The animals were housed in
three semi-open pens with concrete floors
and walls and metal roofs. Each pen was
equipped with individual feeders and
drinking troughs to facilitate the monitoring
of daily feed intake. The dimensions of each
pen were 2.0 m x 1.5 m.

The lambs were randomly assigned to three
experimental treatments, with five animals
per treatment, according to a Completely
Randomized Design (CRD). Feed
allowance was standardized among
treatments and offered in two equal meals
daily, at 08:00 a.m. and 03:00 p.m.

The experimental treatments
follows:

were as

e Control: Basal diet without slow-
release urea supplementation.

e T1: Basal diet supplemented with 30
kg of slow-release urea per ton of
feed.

e T2: Basal diet supplemented with 50
kg of slow-release urea per ton of
feed.

The  experimental  treatments  were
supplemented with slow-release coated urea
(SRU). This type of urea is produced by
coating urea granules with layers of fats or
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fatty acids, specifically palm oil, which
restricts the penetration of water and
enzymes into the urea granules, thereby
reducing the rate of urea hydrolysis in the
rumen.

Blood Sampling

Blood samples (10 mL) were collected from
the jugular vein of each lamb according to
the procedure described by [11]. The
samples were placed into heparinized tubes
to prevent coagulation. Serum was separated
by centrifugation at 3,000 rpm for 20 min,
after which it was transferred into glass vials
and stored at —20°C until biochemical
analyses were performed.

Measured Parameters
Rumen Fluid Characteristics
Rumen pH

Immediately after collection, the pH of
rumen fluid was determined using pH
indicator paper. The indicator strip was
immersed in the rumen fluid sample, and the
resulting color was compared with the
manufacturer's reference color chart to
determine the corresponding pH value [21].
Determination of Ruminal Ammonia
Concentration

Ruminal ammonia concentration was
determined according to the method
described by [8]. Rumen fluid samples were
first filtered through filter paper after
thawing to room temperature. Subsequently,
0.5 mL of the filtrate was transferred into a
clean test tube, followed by the addition of 3
mL of a solution containing 4 g sodium
ethylene diamine tetraacetate
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(Naz EDTA) and 13 g sodium hydroxide
(NaOH) dissolved in 1 L of distilled water.
Thereafter, 5 mL of a reagent containing 10
g phenol and 0.05 g sodium nitroprusside
dissolved in 1 L of distilled water was
added. Finally, a solution consisting of 5 g
sodium hydroxide (NaOH), 10 mL
sodium hypochlorite solution, and 31.8 g
trisodium phosphate dissolved in 1 L of
distilled water was added.

The test tubes were tightly sealed, shaken
twice, and incubated in a water bath at 35°C
for 15 min. Subsequently, the tubes were
transferred to another water bath maintained
at 20°C for 5 min. Sample absorbance was
then measured using a spectrophotometer
at a wavelength of 589 nm.

Standard solutions of ammonium sulfate
with different concentrations were prepared
and analyzed following the same procedure
to construct a standard calibration curve,
which was subsequently used to determine
the ammonia concentration of rumen fluid
samples.

Total Volatile Fatty Acids (TVFA)

Total volatile fatty acid concentration was
calculated according to the following
equation:[6]

Total VFA =
sodium hydroxide
titration x 10

Volume of standardized
(NaOH) used in

Statistical Analysis

The experimental data were analyzed using
the Statistical Analysis System [25].
Treatment means were compared using
Duncan’'s Multiple Range Test as
described by [11] . Differences were
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considered statistically significant at P <
0.05.

Results and Discussion

Table ( 1). Effect of Slow-Release Urea on Selected Blood Parameters of Awassi Lambs

(Mean + Standard Error)

Treatments |LDL Total Albumin Globulin  |AST Activity |ALT Activity
Protein
(9/100 mL) (9/100 mL) (9/100 mL) |(1U/L) (1u/L)
CONTROL p46.400  #0.930+67.600/c0.970+42.800 [1.503+23.60 @1.030+32.400 [b1.330+13.600
1.630 a 0
T2 a63.600  +al.210+69.60[pb1.160+45.800 [2.782+24.80 [b2.480+27.200 [a0.840£15.00
2.461 0 0
T3 a63.00 +p0.860£61.8 [a0.710+49.00  [1.503+23.60 (a2.204+37.400 (@0.812+17.400
1.790 00 0
Significance * * * N.S * *
level

Note: Different letters within the same column indicate significant differences among

treatments (P < 0.05).

The results showed significant differences
(P<0.05) in serum total protein among
treatments. T1 and T2 recorded higher
concentrations than T3, with values of
67.60, 69.60, and 61.80 g/L, respectively.
This finding is consistent with [4], who
reported a significant decrease in serum total
protein  following  slow-release  urea
supplementation

Regarding serum albumin, T3 showed a
significantly higher concentration (P<0.05)
than T1 and T2, with values of 49.00, 45.80,
and 42.80 g/L, respectively. This finding
agrees with [15], who reported increased
albumin concentration in lambs receiving
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polymer-coated urea. The gradual release of
nitrogen may improve synchronization
between nitrogen availability and microbial
requirements, thereby enhancing microbial
protein synthesis and amino acid absorption.
No significant differences were observed in
serum  globulin  concentration among
treatments.

The results showed significant differences
(P<0.05) in serum AST activity among
treatments. Treatment T3 recorded the
highest activity (37.40 IU/L) compared with
T2 (27.20 1U/L), while it did not differ
significantly from the control (T1; 32.40
IU/L). AST is an important indicator
associated with liver and tissue function;
therefore, changes in its activity should be
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interpreted together with ALT and other
blood parameters.

Previous studies reported no significant
differences in serum AST and ALT
activities among  dietary  treatments.
However, the positive correlation between
both  enzymes suggests a  similar
physiological response [30]. The absence of
significant differences in AST indicates that
slow-release urea supplementation did not
adversely affect liver function.

Alanine Aminotransferase (ALT)

The results in Table (1) showed that T3 had
significantly (P<0.05) higher ALT activity
than T1 and T2, with values of 13.60, 15.00,
and 17.40 IU/L, respectively. The lower
ALT activity in T1 and T2 may reflect
improved nitrogen utilization and reduced
hepatic metabolic stress due to the gradual
ammonia release from slow-release urea,
consistent with [20]. However, the present
AST results differed from those reported by

[4].

Similarly, the present findings are
inconsistent with those reported by [3], [23]
, [22], [1], and [13] regarding the effects of
coated slow-release urea supplementation in
ruminant diets. According to [18], excessive
urea intake may increase blood ammonia
concentrations, thereby increasing the
utilization of a-ketoglutarate for glutamate
synthesis. This may interfere with energy
metabolism and affect the Krebs cycle,
potentially increasing reliance on glycolysis
and contributing to altered lactate
metabolism.
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The results showed significant differences
(P<0.05) in serum LDL concentration
among treatments. T2 recorded the highest
value (63.60), followed by T3 (63.00),
whereas the control group (T1) showed the
lowest value (46.40). These changes in LDL
concentration, particularly in T2 and T3,
may indicate alterations in lipid metabolism
in response to dietary slow-release urea
supplementation.

Overall, T2 produced notable changes in
protein,  enzyme, and lipid-related
parameters, whereas serum globulin was
not significantly affected. The response was
not dose-dependent, suggesting that the
effects of slow-release urea may vary
according to the supplementation level.

Rumen Fermentation

The results in Table (2) showed that pre-
feeding ruminal NH; -N concentration was
higher in the control (24.31 mg/100 mL)
than in T2 (21.64) and T3 (20.12). After
feeding, the control and T3 recorded higher
concentrations (31.23 and 29.99 mg/100
mL, respectively) than T2 (28.09 mg/100
mL).

Ruminal ammonia is the primary nitrogen
source for microbial protein synthesis [12].
Its peak concentration generally occurs
about 1 h after feeding with NPN sources
and 3-5 h with true or protected protein
sources [17]. Consistent with [3], the present
findings indicate that ruminal ammonia
concentration decreased with increasing
slow-release urea supplementation.

Previous studies have shown variable effects
of slow-release urea on ruminal NH3; -N
concentration. Some studies reported a slight
or significant increase after feeding,
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attributed to the gradual release of nitrogen
and sustained ammonia availability for
ruminal microbial growth [27, 18, 2, 26, 17,
22]. In contrast, other studies reported a
reduction in ruminal ammonia concentration
with increasing  slow-release  urea
supplementation [3]. These differences may
be related to the level of supplementation,
timing of sampling, and rate of urea
degradation in the rumen.

Total Volatile Fatty Acids (VFA)

The results showed that pre-feeding total
VFA concentration was slightly lower in T3
(7.07 mg/100 mL) than in T1 (7.67) and T2
(7.23). After feeding, T3 showed a marked
increase in VFA concentration (12.98
mg/100 mL) compared with T1 (9.11) and
T2 (8.37).

Previous studies have reported that slow-
release urea supplementation increased
ruminal  volatile fatty acid (VFA)
concentration, possibly due to improved
synchronization between nitrogen
availability and fermentable energy, thereby
enhancing microbial activity and
carbohydrate fermentation [17]. Elevated
ruminal  VFA concentration generally
reflects increased fermentation activity and
energy production in the rumen.

(The present findings agree with those of
[18] , who suggested that -elevated
circulating VFA concentrations reflect
increased fat mobilization caused by an
energy deficit, in which energy expenditure
exceeds dietary energy intake. Likewise, [6]
reported that VFA concentration is closely
associated with energy intake, energy
expenditure, and adipose tissue
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mobilization, thereby supporting the
observed increase in VFA concentration
with higher levels of slow-release urea
supplementation. In contrast, these findings
differ from those reported by [25] , who
concluded that protected urea improved
nitrogen utilization without adversely
affecting metabolic balance or the overall
health status of ruminants.)

The present findings agree with [19] and [7],
who associated increased VFA
concentrations with energy status and
nutrient utilization. In contrast, [27] reported
that protected urea improved nitrogen
utilization without adversely affecting
metabolic balance or overall animal health

No significant differences (P>0.05) were
observed among treatments in pre-feeding
ruminal pH. Ruminal pH is influenced by
dietary composition, with concentrate-rich
diets generally lowering pH, whereas
roughage-based diets tend to maintain
higher values. The observed pH values were
within the range suitable for cellulolytic
bacterial activity [14]. Similarly, [29]
reported that increasing slow-release urea
supplementation increased ruminal pH and
improved feed intake in sheep.
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Ruminal PH

Table 2. Effect of Slow-Release Urea on Selected Rumen Fluid Characteristics of Awassi

Treatments|NH; -N NH; -N VFA BeforeVFA  AfterpH  BeforepH After
Before After Feeding Feeding Feeding Lambs
Feeding Feeding (mg/100 mL)|(mg/100 mL) Feeding
(mg/100 mL)|(mg/100 mL)
Control A A B 0.050+6.84 |B
+
1.114x24.31 0.316+31.23 [0.125+7.67 [0.380+9.11 0.083+6.20
T2 Ab B Ab B 0.06£6.90 |A
0.855+21.64 [1.112+28.09 0.170+7.23 |0.264+8.37 0.130+7.30
T3 B ab B A 0.06£7.02 |A
1.400+20.12 [0.575+£29.99 [0.200+£7.07 [1.770+£12.98 0.070%7.02
Significancl* * * * N.S *
e level

Note: Different letters within the same column indicate significant differences among

treatments (P < 0.05).

(Mean £ SE
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