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This study evaluated the responses of Thin-tailed lambs (TTL) and Texel
crossbred lambs (TCL) to different feeding levels in terms of protein
metabolism, rumen fermentation, growth performance, and body
composition. A total of 20 male growing lambs aged four months were
used, consisting of TTL (9.56 = 0.97 kg) and TCL (15.30 + 2.84 kg).
Lambs were individually housed and fed a complete pelleted diet
containing 14.42% crude protein and 70.03% total digestible nutrients

(TDN). The experiment used a nested completely randomized design with
feeding levels of 4% and 5.5% body weight within each breed group.
Texel crossbred lambs had higher dry matter intake, nutrient digestibility,
DOL: protein retention, and microbial protein synthesis than thin-tailed lambs
https://doi.org/10.3389 (P<0.05). Increasing the feeding level increased nutrient intake (P<0.05),
9/magrj.v54i2.60551 but did not improve protein utilization efficiency (P>0.05). Higher feeding
levels also reduced rumen pH and increased blood urea concentration after
feeding (P<0.05). Body composition analysis showed greater total body
water and body protein content in TCL than in TTL (P<0.05), whereas the
relative proportions of body components were similar among treatments
(P>0.05). Overall, breed exerted a greater influence than feeding level on

protein utilization, growth performance, and body composition in lambs.
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INTRODUCTION

The global demand for lamb meat continues to increase along with population
growth and the rising need for animal protein sources. Sheep are considered an
important livestock commodity in many tropical countries because they are adaptable
to various environmental conditions, reproduce relatively quickly, and have short
production cycles with excellent potential for meat production (Gowane et al., 2017).
In addition to contributing to food production, sheep play an important economic role
for smallholder farmers as a source of household income, savings, and financial
security. In developing countries such as Indonesia, sheep are commonly raised under
smallholder production systems because they are relatively easy to manage, require
lower production costs than larger ruminants, and are able to utilize locally available
feed resources efficiently (Sujarwanta et al., 2024). Although local sheep possess
excellent adaptability to tropical environments, their production performance is still
considered relatively limited, especially regarding growth rate and carcass yield
(Idayanti et al., 2024). For this reason, crossbreeding between local and exotic sheep
breeds has increasingly been applied as an approach to improve productivity while
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maintaining adaptation to tropical production conditions (Athifa ef al., 2024). Such
strategies are also relevant to climate-smart livestock systems that aim to improve
production efficiency under changing environmental conditions (Wilkes ef al., 2017).

Thin-tailed lambs (TTL) are recognized for their ability to survive and perform
under tropical feeding conditions, particularly when feed quality is relatively low
(Mahgoub et al., 2025). In contrast, Texel sheep generally exhibit faster growth and
better carcass characteristics because of their larger body size, although they often
require more intensive nutritional and environmental management in tropical areas
(Wang et al.,, 2020). Nevertheless, the success of crossbreeding programs is not
determined solely by genetic improvement. Efficient nutrient utilization, especially
protein metabolism, also plays an important role in supporting tissue accretion and
carcass development. Protein utilization efficiency therefore becomes an important
consideration in developing feeding strategies for improving sheep productivity
under tropical production systems.

Crossbreeding thin-tailed sheep with Texel sheep produces Texel crossbred
lambs (TCL), which are expected to combine the adaptability of local tropical sheep
with the superior growth and carcass potential of exotic breeds. However, the success
of a crossbreeding program is influenced not only by genetic improvement but also
by the animals’ ability to efficiently utilize nutrients, particularly protein. Protein
plays a major role in tissue growth and carcass development, making protein
utilization efficiency an important factor in sheep production systems.

Previous studies have shown that increasing feeding levels and dietary protein
concentration can improve nutrient intake and animal performance in sheep. Li et al.
(2025) reported that increasing dietary protein concentration from approximately
11% to 17.25% increased average daily gain in Suffolk x Hu F1 crossbred sheep from
186.8 g/day to 227.9 g/day, accompanied by improvements in metabolic efficiency
and nitrogen retention. Nevertheless, responses to increased feeding levels may differ
among breeds because each genotype has different nutrient utilization patterns,
metabolic characteristics, and tissue deposition capacities. Yateem et al. (2021)
reported that local tropical sheep have different body composition characteristics and
net protein requirements compared with large-framed sheep, indicating variation in
nutrient utilization strategies among genotypes. Mirzaei-Alamouti et al. (2021) also
emphasized that metabolic responses to feeding level are strongly associated with
genotype, particularly regarding protein utilization efficiency and tissue growth
patterns.

Although many studies have evaluated the effects of feeding level and dietary
protein on sheep productivity, most of them mainly focused on growth performance
and general production responses. Information regarding the relationship between
increased feeding levels, protein metabolism efficiency, body composition, and
carcass production in tropical local sheep and their crossbreeds is still limited.
Genetic background is likely to influence protein requirements, nutrient utilization
efficiency, and metabolic responses to feeding level, especially when comparing
tropical-adapted sheep with larger-framed crossbred sheep (Chelkapally et al., 2023).

Therefore, this study was conducted to evaluate the effects of breed differences
between thin-tailed lambs and Texel crossbred lambs, as well as different feeding
levels, on protein metabolism efficiency, body composition, and carcass production.
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The results of this study are expected to contribute useful information for developing
feeding strategies that are more efficient and suitable for improving the productivity
of local and crossbred sheep under tropical conditions.

MATERIALS AND METHODS
Ethical approve
The study was carried out at the Research Farm, Faculty of Animal and
Agricultural Sciences, Universitas Diponegoro, Semarang, Indonesia. All procedures
involving animals followed the ethical standards approved by the Animal Ethics
Committee of the same faculty.

Animals, experimental design and treatments

The experimental animals consisted of 20 four-month-old male lambs,
comprising 10 Thin-tailed lambs (TTL) and 10 Texel crossbred lambs (TCL). The
average initial body weight of Thin-tailed lambs was 9.56 + 0.97 kg, whereas Texel
crossbred lambs weighed 15.30 + 2.84 kg. The animals were housed individually and
served as experimental units throughout the study period. The study used a nested
completely randomized design, in which breed (TTL and TCL) was the main factor
and feeding level was nested within breed. Feeding levels were determined based on
dry matter requirements, with 4% of body weight (BW) as the low level and 5.5%
BW as the high level. Accordingly, four treatment combinations were established,
each with five replicates. The study consisted of several consecutive phases,
including 7 days of preparation, 14 days of dietary adaptation, 7 days of preliminary
observation, and 63 days of treatment administration.

Animal feeding and management

The lambs received a pelleted complete feed formulated with 17% peanut
hulls, 28% pollard, 10% cassava residue, 8.5% palm kernel meal, 8% corn gluten
feed (CGF), 5.5% soybean meal, 2% molasses, 18% rice bran, and a mineral mix.
The diet contained 14.42% crude protein and 70.03% total digestible nutrients
(TDN). Detailed nutrient contents of the diet used in this study are shown in Table 1.
Feed was offered twice daily according to the assigned feeding level, while drinking
water was provided ad libitum. Body weight measurements were taken weekly to
determine average daily gain (ADG), while feed intake was calculated from the
difference between feed offered and feed refused.

Table (1): nutritional content of experimental feed

Nutrients Content
Dry Matter (DM) (%) 91,30
Crude Protein (%) 14,42

Crude Fiber (%) 20

Crude Fat (%) 5,36
Ash (%) 5,18
Energy (Kcal) 3727
Total Digestible Nutrient 70,03

Dry matter intake was calculated as fresh feed intake multiplied by the dry
matter content of the diet. Dry matter and crude protein digestibility were determined
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using the total collection method by comparing nutrient intake with nutrient excretion
in feces.

Digestion trial, chemical analysis and protein measurement

Feces and urine were collected for 7 consecutive days using the total collection
method to evaluate crude protein digestibility and protein utilization. Samples of feed
and feces were subsequently analyzed for nutrient composition. Proximate analysis
was performed to determine dry matter (DM), crude protein (CP), crude fat, and ash
contents according to AOAC (2016) procedures. Crude protein concentration was
determined from total nitrogen content analyzed using the Kjeldahl procedure with a
conversion factor of 6.25. The nitrogen content of feed, feces, and urine samples was
evaluated using the same analytical method.

Rumen fluid samples were collected with the aid of a stomach tube before
feeding (0 h) and again at 2 and 4 h after feeding. The collected rumen fluid was
immediately filtered through cheesecloth to remove large feed particles. Rumen pH
was then measured directly using a digital pH meter that had been calibrated with
standard buffer solutions at pH 4.0 and 7.0. Ammonia concentration in the rumen
fluid was analyzed using the phenol-hypochlorite colorimetric method, and The
absorbance was measured at 630 nm using a spectrophotometer. The ammonia
concentration was expressed as mg NHs/100 mL rumen fluid. Blood samples were
collected from the jugular vein at 0, 3, and 6 h after feeding, followed by
centrifugation to obtain blood serum. Blood urea concentration was determined using
an enzymatic colorimetric method and expressed in mg/dL.

Microbial protein production was estimated from urinary purine derivative
excretion. Daily urine samples were analyzed for purine derivatives, mainly allantoin,
following the method of Young and Conway (1942). Absorbance was measured at a
wavelength of 522 nm using a spectrophotometer. The amount of absorbed microbial
purines and microbial nitrogen supply to the intestine were estimated according to
the approach described by Chen and Gomes (1992) for sheep, considering metabolic
body weight. The calculation assumed microbial purine digestibility of 0.83, a purine
nitrogen to total nitrogen ratio of 0.116, and purine nitrogen content of 70 mg N/mmol
purine.

Determining body composition (Urea space method)

Body composition was evaluated during the 3rd, 6th, and 9th weeks of the
treatment period using the urea space technique. This approach was applied to
estimate body water, protein, and fat contents based on urea distribution in body
fluids after intravenous urea administration. Estimation of body composition
followed the method described by Preston and Kock (1973). The obtained values
were expressed both as absolute amounts (kg) and relative proportions (%).

Statistical analysis

Data analysis was performed using analysis of variance (ANOVA) for a nested
completely randomized design, where breed served as the main factor and feeding
level was nested within breed. Statistical differences among treatments were
evaluated at the 5% and 1% significance levels using IBM SPSS Statistics version
25.
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RESULTS AND DISCUSSION

Nutrient intake and digestibility

The results showed that dry matter intake, digestible dry matter intake, and dry
matter digestibility were higher in Texel crossbred lambs (TCL) than in Thin-tailed
lambs (TTL) (P <0.05). Increasing the feeding level from 4% to 5.5% of body weight
increased dry matter intake and digestible dry matter intake (P < 0.05), but did not
affect dry matter digestibility or feed conversion (P > 0.05). Detailed results are
presented in Table 2.

Table (2): dry matter intake and digestible dry matter intake

TCL TTL p -value
Parameters
4% 5.5% 4% 5.5% | Breed | Feed
Dry Matter Intake (g/day) | 927.71 | 1,147.98 | 581 | 791.29 | 0.001 | 0.015
Digestible Dry Matter | 50/ o9 | 71723 |342.43| 431.13 | 0.001 | 0.115
Intake (g/day)
Dry Matter Digestibility (%)| 63.16 61.96 | 58.35 | 54.35 | 0.008 | 0.286

Protein utilization

The results for crude protein intake, digestible crude protein intake, retained
crude protein, and protein excretion via feces and urine showed that all protein
utilization parameters were higher in Texel crossbred lambs (TCL) than in Thin-tailed
lambs (TTL). Increasing the feeding level from 4% to 5.5% of body weight increased
crude protein intake, fecal protein excretion, digestible crude protein intake, and
retained crude protein (P < 0.05), but did not affect crude protein digestibility or the
percentage of retained protein (P > 0.05). Detailed results are presented in Table 3.

Table (3): crude protein intake, digestibility, retention, and crude protein excretion

TCL TTL p -value
Parameters
4% | 5.5% | 4% | 5.5% | Breed | Feed
Crude Protein Intake (g/day) 133.78165.54|119.83 (114.10| 0.001 [0.015
Digestible Crude Protein Intake | ) 55| 156 87| 62.24 | 81.41 | 0.001 [0.047
(g/day)
Crude Protein Digestibility (%) | 75.75 | 76.17 | 74.16 | 71.17 | 0.038 |0.380
Retained Crude Protein (g) 96.56 [122.66| 58.97 | 78.09 | 0.001 |0.036
Crude Protein Retention (%) 72.73 | 73.62 | 70.14 | 68.25 | 0.022 |0.583
Crude Protein Excretion
Feces (g/day) 32.52 | 38.67 | 21.54 | 32.69 | 0.001 [0.003
Urine (g/day) 469 | 421 | 3.27 | 3.32 | 0.092 [0.863

Evaluation of microbial protein production (MPP), purine derivative
excretion, and nutrient conversion efficiency showed that Texel crossbred lambs
(TCL) produced more microbial protein than Thin-tailed lambs (TTL) (P < 0.05).
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Texel crossbred lambs also exhibited higher purine derivative excretion and greater
efficiency of protein and organic matter conversion into microbial protein compared
with TTL (P < 0.01). Feeding level had no significant effect on microbial protein
production or purine derivative excretion (P > 0.05). However, increasing feeding
level significantly improved the efficiency of nutrient conversion into microbial
protein (P < 0.01). The complete data are shown in Table 4.

Table (4): microbial protein production and purine derivatives.
TCL TTL p -value
4% | 5.5% | 4% | 5.5% | Breed | Feed

339 | 341 | 2.70 | 3.03 | 0.036 [ 0.637

Parameters

Microbial Protein Production

(g/day)
Purine Derivatives (mmol/L) 1.22 | 1.29 | 1.42 | 1.46 | 0.001 |0.355

Conversion of protein consumed
to microbial protein production | 39.53 | 48.77 | 30.89 | 37.78 | 0.001 | 0.001

(g/2)

Conversion of Organic Matter
Consumed to Microbial Protein |257.52(342.62|202.49|278.22| 0.001 | 0.001
Production (g/day)
Conversion of Organic Matter
Digestible to Microbial Protein |174.56(237.46|130.89|180.25| 0.001 | 0.001

Production (g/day)

Conversion rates of digestible crude protein and metabolizable crude protein
were generally comparable between Texel crossbred lambs (TCL) and Thin-tailed
lambs (TTL) at both feeding levels. Statistical analysis showed no significant effects
of breed or feeding level on the conversion of digestible crude protein and
metabolizable crude protein (P>0.05). Detailed values for protein conversion are
presented in Table 5.

Table (5): conversion of consumed, digestible, and metabolizable crude protein.
TCL TTL p -value

4% 5.5% | 4% 5.5% | Breed | Feed

Parameters

Conversion of Crude Protein

093 | 0.88 | 0.84 | 0.80 | 0.251 |0.803
Consumed

Conversion of Crude Protein

Digestible 0.70 | 0.67 | 0.62 | 0.57 | 0.084 |0.670

Conversion of Metabolizable

Crude Protein 0.67 | 0.65 | 0.59 | 0.54 | 0.065 | 0.738

Rumen pH, ammonia and urea of blood

Rumen pH values and rumen ammonia concentrations at different observation
times showed distinct responses to breed and feeding level. Rumen pH at 2 and 4
hours after feeding was significantly lower at the 5.5% body weight feeding level
than at the 4% body weight level (P <0.01). Breed had no significant effect on rumen
pH at any observation time (P > 0.05). For rumen ammonia concentration, breed had
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no significant effect at 2 and 4 hours after feeding (P > 0.05), but had a significant
effect at 0 hour (P < 0.05). Feeding level significantly affected rumen ammonia
concentration at 0 hour (P < 0.05), but had no significant effect at 2 and 4 hours (P >
0.05). The change in rumen ammonia concentration from 2 to 4 hour was influenced
by breed (P < 0.05), whereas feeding level had no significant effect (P > 0.05). The
data on rumen pH and ammonia concentrations are presented in Table 6.

Table (6): rumen pH and ammonia concentration at 0, 2 and 4 hours after feeding.

TCL TTL p -value
Parameters 4% | 55% | 4% | 5.5% | Breed | Feed
Rumen pH
Hour 0 6.66 6.65 6.74 6.62 | 0.727 | 0.394
Hour 2 6.23 5.88 6.34 5.86 | 0.527 | 0.001
Hour 4 6.48 6.17 6.46 6.26 | 0.630 | 0.007
Ammonia Concentration (mg/100 mL)
Hour 0 82.23 99.11 84.16 84.15 | 0.827 | 0.011
Hour 2 99.11 | 112.07 | 100.51 | 101.98 | 0.621 | 0.556
Hour 4 118.82 | 130.90 | 133.24 | 134.44 | 0.356 | 0.652
Change in Ammonia (mg/100 mL)
0-2 Hours 27.38 12.96 16.36 17.83 | 0.752 | 0.557
2-4 Hours 19.71 18.83 32.72 | 32.46 | 0.030 | 0.993

Blood urea concentrations at 0, 3, and 6 hours after feeding did not differ
between Texel crossbred lambs (TCL) and Thin-tailed lambs (TTL) at any
observation time (P > 0.05). Increasing the feeding level from 4% to 5.5% of body
weight resulted in higher blood urea concentrations from 0 to 3 hour after feeding (P
< 0.05), but no difference was observed at 6 hours after feeding (P > 0.05). Mean
blood urea values are presented in Table 7.

Table (7): blood urea concentration at 0, 3, and 6 hours after feeding.

b TCL TTL p -value

arameters 4% | 55% | 4% | 5.5% | Breed | Feed
Blood Urea (mg/dL)
0 Hour 38.70 | 4490 | 42.15 | 41.52 | 0.991 | 0.356
3 Hour 41.72 | 52.88 | 4598 | 51.62 | 0.688 | 0.078
6 Hour 36.78 | 47.42 | 41.08 | 44.40 | 0.842 | 0.064
Change in Blood Urea (mg/dL)
0-3 Hours 3.02 7.98 3.83 | 10.10 | 0.426 | 0.022
3-6 Hours 4.94 5.46 4.90 7.22 | 0.655 | 0.692

Productivity and body composition

Average daily weight gain (ADWGQG) was affected by breed and feeding level
and was higher in Texel crossbred lambs (TCL) than in Thin-tailed lambs (TTL), with
a significant difference between breeds (P < 0.05). Increasing the feeding level from
4% to 5.5% of body weight tended to increase ADWG, but the difference was not
statistically significant (P > 0.05). Feed conversion values were similar between TCL
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and TTL as well as between feeding levels, with no significant differences observed
between breeds or feeding levels (P > 0.05). A summary of growth performance and
feed conversion is presented in Table 8.

Table (8): average daily weight gain, feed conversion ratio.
TCL TTL p -value

4% 5.5% 4% 5.5% | Breed | Feed

Parameters

Average Daily Weight Gain
(g/day)

Feed Conversion Ratio 4.39 3.56 6.90 5.23 | 0.068 | 0.096

149.84 | 190.10 [102.94|145.90| 0.012 | 0.060

Body water composition at weeks 3, 6, and 9 showed that body water content
was higher in Texel crossbred lambs (TCL) than in Thin-tailed lambs (TTL) at all
observation times (P < 0.05). Differences in feeding level did not affect body water
content in either breed (P>0.05). Detailed data on body water composition are
presented in Table 9.

Table (9): body water composition.

Parameters TCL TTL p -value

4% | 5.5% 4% | 5.5% | Breed | Feed
Body Water, kg (%)
Week 3 5.28 5.05 3.68 4.04 0.001 | 0.239
(58.36) | (58.41) | (58.66) | (58.59) | 0.368 | 0.417
Week 6 5.95 5.79 431 4.62 0.003 | 0.300
(58.22) | (58.26) | (58.55) | (58.49) | 0.371 | 0.417
Week 9 6.30 6.38 4.57 4.96 0.002 | 0.280
(58.15) | (58.14) | (58.50) | (58.42) | 0.374 | 0.418
Body Water Gain, kg (%)

Week 3-6 0.66 0.74 0.63 0.59 0.199 | 0.795
(-0.14) | (-0.15) | (-0.05) | (-0.06) | 0.080 | 0.819
Week 6-9 0.36 0.59 0.26 0.34 0.141 | 0.355
(-0.07) | (-0.12) | (-0.05) | (-0.06) | 0.114 | 0.336
Week 3-9 1.02 1.33 0.90 0.93 0.028 | 0.216
(-0.21) | (-0.27) | (-0.16) | (-0.17) | 0.008 | 0.206

Body protein composition showed that body protein content was higher in Texel
crossbred lambs (TCL) than in Thin-tailed lambs (TTL) throughout the observation
period (P < 0.05). Differences in feeding level did not affect body protein content or
percentage in either breed (P > 0.05). Detailed data on body protein composition are
presented in Table 10.
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Table (10): body protein composition.

p ¢ TCL TTL p -value
ATAmeters 4% | 55% | 4% | 5.5% | Breed | Feed
Body Protein, kg (%)
093 | 0.87 | 050 | 0.60 | 0.000 | 0.232
Week 3
(10.21) | (9.98) | (8.00) | (8.66) | 0.010 | 0.218
Week 6 111 | 1.06 | 0.67 | 0.75 | 0.000 | 0.314
(10.74) | (10.68) | (9.09) | (9.52) | 0.031 | 0.289
Week 0 120 | 122 | 0.74 | 0.84 | 0.000 | 0.290
(11.02) | (11.06) | (9.44) | (9.92) | 0.036 | 0.278
Body Protein Gain, kg (%)
0.18 | 020 | 0.17 | 0.16 | 0.199 | 0.795
Weelk 3-6 0.53) | (0.70) | (1.09) | (0.86) | 0.114 | 0.745
Week 6.0 0.09 | 0.16 | 0.07 | 0.09 | 0.141 | 0.355
0.28) | (0.38) | (0.35) | (0.40) | 0.952 | 0.529
Week 3.0 027 | 035 | 024 | 025 | 0.028 | 0.216
0.81) | (1.08) | (1.44) | (1.26) | 0.175 | 0.541

Body fat composition indicated that the body fat content of Texel Cross (TCL)
was higher than that of Thin-tailed lambs (TTL) during the observation period
(P<0.05). Differences in feed levels did not result in any differences in body fat
accumulation between the two breeds (P>0.05). The complete data on body fat
composition are presented in Table 11.

Table (11): body fat composition.

TCL TTL p -value
Parameters
4% 5.5% 4% 5.5% Breed | Feed
Body Fat, kg (%)
Week 3 1.90 1.81 1.29 1.42 0.001 |0.243
(20.97) | (20.90) | (20.57) | (20.66) | 0.281 | 0.400
Week 6 2.16 2.10 1.53 1.64 0.002 |0.307
(21.14) | (21.10) | (20.72) | (20.80) | 0.258 | 0.378
Week 9 2.30 2.34 1.63 1.77 0.002 |0.289
(21.24) | (21.26) | (20.79) | (20.88) | 0.264 | 0.398
Body Fat Gain, kg (%)
Week 3-6 0.26 0.29 0.24 0.22 0.135 |0.814
(0.18) |(0.19) |(0.15) |[(0.14) |0.080 |[0.819
Week 6-9 0.14 0.24 0.10 0.13 0.120 |0.345
(0.09) |(0.16) |(0.07) |[(0.08) |0.114 |0.336
Week 3-9 0.40 0.53 0.34 0.35 0.016 |0.217
(0.27) 1(0.36) |(0.21) |[(0.23) ]0.008 |0.206
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The results of this study showed that breed differences had a greater effect on
protein utilization and body composition than feeding level. Texel crossbred lambs
(TCL) consistently consumed more dry matter and crude protein than Thin-tailed
lambs (TTL), which contributed to higher digestible nutrient intake and greater
protein retention. These findings suggest that genetic background plays an important
role in determining feed intake capacity and nutrient utilization. Khanaki ez al. (2021)
reported that genetic variation among breeds can influence net protein requirements
and patterns of tissue deposition. Sheep with greater growth potential are generally
characterized by higher nutrient intake and a greater capacity for body tissue
accretion.

In the present study, increasing feeding level increased dry matter and protein
intake; however, greater nutrient consumption was not followed by higher protein
utilization efficiency. This condition indicates that additional nutrient supply may not
always be converted efficiently once the animals’ physiological requirements have
been sufficiently met. A similar response was described by Khattab and Abdel-
Wahed, (2018), who observed that increasing dietary protein levels stimulated growth
and nitrogen metabolism without consistently improving nitrogen utilization
efficiency. Khattab and Anele, (2022) further explained that excess dietary protein in
ruminants is more likely to increase nitrogen excretion than tissue deposition.

Feeding level also affected rumen fermentation characteristics. The lower
rumen pH observed at higher feeding levels suggests that increased feed intake altered
rumen fermentation activity and fermentation end-product accumulation. Although
rumen pH decreased after feeding, it remained within the physiological range and
therefore was unlikely to inhibit rumen microbial activity. This observation is
consistent with current ruminant nutrition concepts emphasizing that an appropriate
balance between fermentable energy supply and protein degradation is essential for
maintaining optimal rumen pH and microbial fermentation efficiency (Guo et al.,
2024).

Rumen ammonia concentrations showed limited and time-dependent
differences between breeds, suggesting variation in protein degradation and nitrogen
utilization processes in the rumen. Increased protein degradation was not always
followed by efficient nitrogen capture for microbial protein synthesis. Belanche et al.
(2021) reported that nitrogen utilization efficiency in ruminants is strongly influenced
by the synchrony between fermentable energy availability and ruminal protein
degradation. Consequently, differences in metabolic characteristics between breeds
may affect rumen ammonia concentration and subsequent nitrogen utilization
pathways.

Nitrogen metabolism responses were also reflected in blood urea
concentrations. Higher blood urea levels observed after feeding, particularly at higher
feeding levels, indicate that a portion of absorbed nitrogen was not optimally utilized
for microbial protein synthesis or tissue deposition, but was instead converted to urea
in the liver and excreted. Blood urea concentration is commonly associated with the
relationship between nitrogen intake and the animal’s ability to utilize nitrogen
efficiently at the metabolic level. The present findings are in agreement with Hristov
et al. (2019), who suggested that excessive dietary protein may increase nitrogen
circulation and excretion without proportional improvement in animal performance.
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The greater microbial protein production observed in TCL indicates a more efficient
rumen fermentation process compared with TTL. In ruminants, microbial protein
represents an important source of absorbable amino acids; therefore, increased
microbial protein synthesis may support protein retention and tissue development.
Similar observations were reported by Khejornsart ef al. (2022), who demonstrated
that improved microbial protein synthesis efficiency was associated with better
growth performance and carcass characteristics in sheep.

Despite differences in protein intake, crude protein conversion efficiency
remained largely unchanged among breeds and feeding levels. This finding indicates
that increased protein consumption was not fully converted into productive tissue
deposition, and part of the excess nitrogen was likely excreted instead. Similar
observations have been described in modern ruminant nutrition studies, which
emphasize that efficient nitrogen utilization depends on the balance between
fermentable energy and degradable protein supply in the rumen (Zhang et al., 2022).
Furthermore, increasing the feeding level to 5.5% of body weight may have
accelerated the passage rate of digesta through the rumen, thereby reducing retention
time for microbial fermentation. As a result, rumen microorganisms may have had
less opportunity to utilize available nitrogen efficiently for microbial protein
synthesis. Consequently, despite the greater protein intake, the efficiency of protein
conversion was not significantly improved because the additional nutrients were not
fully utilized before passing from the rumen.

The combined effects of differences in feed intake, nutrient utilization, and
rumen fermentation were ultimately reflected in the body composition characteristics
of the animals. Differences between TCL and TTL were primarily evident in the
absolute amounts (kg) of body water, body protein, and body fat, whereas the
proportional composition of body tissues remained relatively stable. This suggests
that differences in body composition were mainly driven by variations in body size
and growth rate rather than changes in tissue distribution. Feng et al. (2025) reported
that sheep with higher growth potential have greater net protein and energy
requirements, which are reflected in higher absolute tissue accumulation. The
findings of the present study are in agreement with Satrio et al. (2025), who reported
in Thin-tailed lambs that nutritional treatments mainly affected the total amount of
tissue deposition rather than the proportional distribution of body components.

In the present study, feeding level did not significantly influence either body
composition content or the relative distribution of body tissues, suggesting that the
nutritional treatments applied were insufficient to alter tissue deposition patterns.
Under these conditions, improvements in sheep productivity may depend more on
genetic potential supported by proper nutritional management than on increasing feed
allowance alone. This observation is particularly relevant for sustainable sheep
production systems, where feed efficiency and adaptability to environmental
challenges are increasingly important. Mohamed-Brahmi et al. (2024) likewise
emphasized that genetic adaptability and efficient utilization of available resources
are essential factors contributing to the resilience of sheep production systems,
especially in semi-arid and resource-limited environments.
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CONCLUSIONS
The present results indicate that breed had a stronger influence than feeding
level on nutrient intake, protein retention, and body composition in lambs. Texel
crossbred lambs generally exhibited more efficient protein metabolism and better
growth performance than Thin-tailed lambs. Increasing feeding level increased
nutrient consumption, although improvements in protein utilization efficiency were
not observed.
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