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ABSTRACT

An experiment was carried out to evaluate how interactions between forage to concentrate ratio and dietary
crude protein level may alter nitrogen efficiency and UT-B expression in growing Baluchi male lambs. Four
Baluchi male lambs [30 + 2 kg BW] were used in a 4 x 4 latin square design with 28-d periods and a 2 x 2
factorial arrangement of dietary treatments. The treatments fed forage: concentrate [FC; DM basis] ratios of
45:55 low concentrate (LC) or 25:75 high concentrate (HC) with dietary levels of CP of 14 low protein (LP)
or 18% high protein (HP) [CP, DM basis]. Dry matter intake increased as dietary concentrate level in-
creased. Treatments, dietary CP content and F: C ratio had significant effect on CP intake. Increasing die-
tary N content of the diet increased dry matter (DM), crude protein (CP) and organic matter (OM) digesti-
bility. Forage to concentrate ratio had a significant effect on neutral detergent fiber (NDF) and OM digesti-
bility. Treatments had significant effect on the CP, NDF and OM digestibility. There were an interaction
between dietary CP content and F: C ratio on the ruminal pH, NH;-N concentration, individual volatile fatty
acids (VFA) concentration, acetate: propionate ratio and BUN concentration. Except ruminal pH, all ru-
minal fermentation and blood metabolite factors were affected by both dietary CP content and F: C ratio in
trial. Treatments had significant influence on the NI (g/d) and urinary N excretion (g/d) (% of N intake).
Also, both dietary CP content and F: C ratio had significant effect on NI. The lambs consume high crude
protein treatments tended to have greater urinary N excretion (g/d) than those consume low crude protein
treatments. The F: C ratio had a significant effect on urinary N excretion (g/d). Approximately 6.56 times
more UT-B was expressed by the rumen ventral sac for lambs on the treatments contain 18% crude protein
relative to those on the treatments contain 14% crude protein. In conclusion this study shows that changes
in characteristic of the diet produce significant changes in UT-B urea transporter expression within the
ovine rumen. Changing urea entry into the GIT via dietary regulation of UT-B could serve as important
mechanism to maintenance of nitrogen balance and increase nitrogen efficiency in Baluchi growing lambs.
Our findings suggest that the dietary regulation of urea transporters plays a major role in altering urea entry
into the gastrointestinal tract.
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ess of urea nitrogen salvaging (UNS), urea entry into the

ruminant gastrointestinal tract, (Marini and Van Amburg,
The nitrogen supply of the ruminal microorganisms in the 2003). It is thought that urea enters into the ruminant gas-
host is essential for amino acids synthesis. During the proc- trointestinal tract via facilitative urea transporters (Stewart
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and Smith, 2005). The passage of urea across cell mem-
branes is facilitated by such transporters then the urea de-
scends a concentration gradient (Smith and Rousselet,
2001).

The Urea Transporter-A (Slc14a2) and Urea Transporter-
B (Slcl4al) genes release them to play a crucial role in the
mechanism of the urinary concentration (Fenton et al.
2004).

Such urea transporters have been spotted in the gastroin-
testinal track (GIT) of many species, such as cattle (Marini
and Van Amburgh, 2003; Stewart et al. 2005) and sheep
(Ritzhaupt et al. 1998; Marini et al. 2004; Ludden et al.
2008). Decreasing forage to concentrate ratio in feedlot
system increased dietary energy content, which would sig-
nificantly provide ruminal available energy, thus increasing
the utilization of NH;-N for microbial protein synthesis.
Providing higher amounts of dietary Rumen fermentable
carbohydrate (RFC) is associated with increased urea-N
transfer to the rumen (Kennedy and Milligan, 1980;
Huntington, 1989) and increases sequestration of NH;-N
into microbial protein. Furthermore high producing rumi-
nants are normally given high portions of dietary N so that
protein requirements are sufficiently maintained (25.6 to
32.0 g of N/kg of DM; NRC, 2001). According to Marini
and Van Amburgh (2003), despite high levels of N intake
(25.0 to 34.0 g of N/kg of DM), about 29 to 42% of hepatic
urea N output was recycled to the GIT.

Obviously there is probability for usage of urea N recy-
cling to the GIT, even in the ruminants which are consum-
ing high-N diets, to enhance N efficiency of ruminants.
Ruminal NH3-N concentration is negatively correlated with
the rate of urea N transfer into the rumen because increased
NHj;-N concentration decreases the permeability of the ru-
minal epithelium to urea-N (Kennedy and Milligan, 1980).
Hence, the Level of the N fed, is important because it de-
termines how much N is directed toward ruminal NH;-N
(Lapierre and Lobley, 2001; Ibrahimi et al. 2013). Anyway,
except a few studies, there is no more information about the
effect of concurrent alters in dietary forage to concentrate
ratio and crude protein (CP) on urea N kinetics in ruminants
which on high N diets.

Our hypothesis was that changes in the proportion of die-
tary N that is digested in the rumen (by varying dietary CP
level) would alter urea N recycling to the rumen and that
this effect would be more pronounced with decreasing for-
age to concentrate ratio, which could cause the high pres-
ence of ruminal starch degradation leading to the urea N
recycling to the rumen. This study aimed to show how con-
current alters in dietary forage to concentrate ratio and
crude protein change nutrients intake and their digestibility,
ruminal fermentation, nitrogen balance, ruminal UT-B ex-
pression in Baluchi lambs.
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MATERIALS AND METHODS

Animals and experimental design

Four Baluchi wether lambs [30 = 2 kg BW] equipped with
ruminal cannulas were used in a 4 x 4 Latin square design
with 28-d periods (adaptation: 21 d and sampling: 7 d) and
a 2 x 2 factorial arrangement. Lambs had free access to
clean water over the experimental period. Due to high N
requirements, it was considered to select fast growing Balu-
chi lambs, in current study.

Experimental treatments and feeding management

Four total mixed treatments were formulated according to
two ratios of forage: concentrate [FC; DM basis] (45:55
(LC) or 25:75 (HC)) with two dietary levels of CP (14 (LP)
or 18% (HP)) [CP, DM basis]. The ingredients for 4 con-
centrate mixtures used to formulate the experimental treat-
ments are presented in Table 1. Treatments were offered to
the animals twice daily for ad libitum intake (09:00 and
16:00 h). Chemical composition of the treatments, based on
the determined total feed intake which measured as de-
scribed in AOAC (1990), is presented in T 2.

Sample collection
During 7-d collection periods, individual lamb feed intake
was recorded daily. Samples of experimental total mixed
ration (TMR) and orts were collected daily, weighed, stored
at -20 °C and composited per lamb for each experimental
period before chemical analysis. Two days before the be-
ginning of feces sampling to let adaptation, lambs equipped
with special bags. A preweighed plastic container was used
for collection of total daily output of urine and feces. Each
day for digestibility detection a subsample (10%) of total
fecal output was grabbed and dried at 55 °C. Urine was
collected in a solution of 3.6 M H,SO, to keep the pH <3 to
prevent bacterial growth and the loss of ammonia. To detect
urine N content, at each collection, urine volume was quan-
tified for each lamb; an aliquot (20%) was seized daily, and
stored at -20 °C. At 0900, 1100, 1300, 1500 and 1700 h, on
d 26, approximately 200 mL of ruminal contents were sam-
pled. Ruminal pH was detected via a portable pH meter
right away.

Two aliquots (10-mL) of ruminal fluid were mixed with
2 mL of metaphosphoric acid (25% wt/vol), and 10 mL of
HC1 0.2 N, respectively and frozen for next analyses. Blood
samples were done concurrent ruminal fluid sampling via
syringe from jugular vein. Resulted plasma from centri-
fuged Blood samples at (1500xg for 15 min at 4 °C), frozen
for next analysis. Two h after the morning feeding, on d 27,
approximately 1 cm ruminal epithelial tissue from the ven-
tral sac was clipped, freezed right away in liquid N, and
stored at -80 °C.
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Sample analysis

Thawed feed, refusals, and feces were dried in a forced-air
oven at 60 °C for 48 h and ground through a 1-mm sieve
before being analyzed. The DM, OM, and N contents were
determined according to the AOAC (1990). The neutral
detergent fiber (NDF) and acid detergent fiber (ADF) con-
tents were analyzed according to Van Soest et al. (1991).
Volatile fatty acids were separated and quantified by gas
chromatography. Ruminal NH;-N was determined using
distillation method. Total N in pooled urine was determined
using the macro-Kjeldahl procedure (AOAC, 1990). For
UT-B gene expression analysis, total RNA was extracted
from a 20 to 30 mg tissue sample using a High Pure RNA
Isolation Kit, followed by digestion with RNasefree DNase
(High Pure RNA Isolation Kit). About, 1 pg of RNA was
used to generate first-strand cDNA using cDNA Synthesis
Kits. The cDNA obtained was stored at -20 °C until ana-
lyzed. Gene transcript abundance was quantified using real-
time quantitative PCR using SYBR Green fluorescence
detection. The primers used for urea transporter-B (UT-B)
and ovine glyceraldehyde 3-phosphate dehydrogenase
(ovine GAPDH; NCBI Accession No. BC102589) were
previously reported (Stewart et al. 2005; Ludden et al.
2009). Ovine GAPDH was used as an internal reference to
normalize UT-B mRNA expression. Briefly, the PCR prim-
ers were UT-B (forward, 5'-ggacctgcctgtcttcactc-3'; reverse,
5'-gatcaaggtgcttgggaaaa-3") and ovine GAPDH (forward,
5'-gattgtcagcaatgcectect-3'; reverse, 5'-ggtcataagtccctccacga-
3") with amplicon size of 97 and 94 bp, respectively. Am-
plification conditions for ovine GAPDH and UT-B included
a predwell for 3 min at 95 °C and 35 cycles of denaturing
for 30 s at 95 °C and annealing for 30 s at 58 °C. The real-
time qPCR reaction mixture used for each gene consisted of
12.5 pL of Maxima SYBR Green qPCR Master Mixes, 0.5
pL of each primer (25 uM), and 1.0 pL of template cDNA,
made up to 25 pL. The amplification efficiency was
100.1%.

Statistical analysis
Data were applied to the mixed model (SAS, 2004) of with
the following statistical model of:

Yijum= B+ P + L + A + By + (AB)it + €ijiim

Where:

Yijum: dependent variable.

p: overall mean.

P;: period effect.

L;: lamb effect.

A\: effect of forage to concentrate ratio (fixed effect).
By: effect of CP level (fixed effect).
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(AB)y: interaction between effect of forage to concentrate
ratio and effect of CP level.
Eijam: Tesidual error.

Treatments were considered as a fixed effect and period
and animal were considered as random effects. Differences
between least squares means were considered significant at
(P<0.05), using PDIFF in the LSMEANS statement.

RESULTS AND DISCUSSION

Diet characteristics

Table 2 presents the chemical compositions of experimental
treatments. Experimental TMR contained 14 or 18% crude
protein (as % of DM; Table 2). Slight deviation between
dietary CP and actual CP levels, data were shown in Table
2. According to the NRC (1985), normal growth rate lambs
CP requirement drop from 16.7% to 14.7% for lambs 20-40
kg. Because Baluchi lambs have the potential for acceptable
growth rates the, optimum dietary CP for fattening must be
maintained. Drouillard et al. (1991) observed a 7% increase
in dry matter intake (DMI) when lambs were fed a 14.5%
CP diet compared with an 8.9% CP diet. Fluharty and
McClure (1997) also observed an increase in DMI when
lambs were fed a high protein diet (18.9% CP) compared
with a lower CP diet (14.5% CP). According to the NRC
(1985) recommendations, in this experiment, the CP level
of experimental treatments considered as 14 or 18% to ob-
tain optimum dietary CP for fattening.

Nutrient intake and total tract nutrient digestibilities

As shown in Table 3, dry matter intake was not affected by
interaction between crude protein content and forage to
concentrate ratio (P=0.15). The forage to concentrate ratio
had a significant effect on dry matter intake (P=0.01).
Treatments had Significant effect on crude protein intake
(P=0.001). Also, both crude protein content (P<0.01) and
forage to concentrate ratio (P=0.01) had Significant effect
on crude protein intake. No significant differences between
treatments were found in either dry matter (P=0.14) or ADF
digestibility (P=0.44).

However crude protein (P=0.05) NDF (P=0.002) and or-
ganic matter (P=0.001) digestibility were affected by inter-
action between crude protein content and forage to concen-
trate ratio. Besides, forage to concentrate ratio had a sig-
nificant effect on NDF (P<0.01) and organic matter
(P=0.006) digestibility. Significant differences were ob-
served for dry matter (P=0.001), crude protein (P=0.007)
and organic matter (P<0.001) digestibility in lambs fed
treatments contain 18% crude protein compared to the
lambs fed treatments contain 14% crude protein.
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1) [0 Ingredient of total mix rations with F: C (45:55 and 25:75) containing low (14, % of DM) or high (18, % of DM) crude protein

Ttems 14% CP 18% CP
Low concentrate High concentrate Low concentrate High concentrate

Ingredients, % DM

Alfalfa hay 45 24.99 45 25

Barley grain 25 24.99 25 25
Canola meal - 19 19

Wheat barn 29 48.22 10 30
Limestone 0.2 0.2 0.2
Mineral, vitamin supplement 0.5 0.5 0.5 0.5

Salt 0.3 0.3 0.3 0.3

CP: crude protein and DM: dry matter.

L) 57 Chemical composition of total mix rations with F: C (45:55 and 25:75) containing low (14, % of DM) or high (18, % of DM) crude protein

Ttems 14% CP 18% CP

Low concentrate High concentrate Low concentrate High concentrate
Chemical composition
DM, % 90.3 90.5 90 90.6
CP, % DM 14 13.9 17.8 17.8
NDF, % DM 39.1 40.1 34.6 36
ADF, % DM 19.34 14.5 19.9 14.6
NFC, % DM 389 37.3 39.8 38.5
Fat, % DM 7.7 8 7.7 7.3
Ash, % DM 33 3.5 3.1 33
ME, Mcal/kg 2.35 2.38 2.39 2.40

CP: crude protein; DM: dry matter; NDF: neutral detergent fiber; ADF: acid detergent fiber and NFC: nonfiber carbohydrates.

l0)5¢ Value of nutrient intake and total track nutrient digestibilities in growing Baluchi male lambs fed treatments with forage: concentrate ratio with

45:55 (LC) or 25:75 (HC) containing 14% or 18% crude protein (CP, % DM)

CP level (%) Main effects P-value

Item 14 18 F:C ratio CP level (%) FC P ExP

LC HC LC HC SEM LC HC 14 18
Intake, (g/d)
DM 743.48 789.14 720.48 789.64 19.60 7319 7893 7663  755.0 0.01 0.58 0.15
Cp 103.27° 111.20° 133.18" 144.28° 03.10 1182 1277 107.2 1387 0.01 <0.001 0.001
Digestibility, %
DM 65.95 66.60 66.68 70.71 1.03 66.3 68.6 66.2 69.6 0.22 0.001 0.14
CP 67.99° 70.20° 74.53° 77.78° 1.32 71.2 73.9 69.0 76.1 0.07 0.007 0.05
NDF 38.11° 34.03° 38.75% 34.51° 0.34 384 342 36.0 36.6 <0.001 0.1 0.002
ADF 32.86 27.19 26.78 25.36 2.55 29.8 26.2 30.0 26.0 0.2 0.1 0.44
OM 69.01° 69.75° 71.60° 73.46° 0.23 70.3 71.6 69.3 72.5 0.006 <0.001 0.001

The means within the same row with at least one common letter, do not have significant difference (P>0.05).
LC: low concentrate; HC: high concentrate; CP: crude protein; DM: dry matter; NDF: neutral detergent fiber; ADF: acid detergent fiber and OM: organic matter.

SEM: standard error of the means.

High concentrate treatments usually have lower cell wall
content, higher ruminal degradability and faster digestion
and passage rates compared to grasses (Mertens, 1997).
Thus, grater dietary NDF and ADF content, reduce dry mat-
ter intake in lambs on low concentrate diets. The grater
crude protein intake in lambs received the treatments con-
tain 18% crude protein have been attributed to greater die-
tary protein level.

In the high concentrate treatments, higher level of soluble
substrates could be the reason for improving NDF and or-
ganic matter digestibility. In present study, NDF and or-
ganic matter digestibility trended to the highest level at
75% concentrate in treatments, which indicated that, in-
crease in concentrate up to 75% in diet could improve nu-
trient digestibility.
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Dry matter, organic matter and crude protein digestibility
were higher (P<0.05) for lambs fed treatments contain 18%
crude protein. These data are similar to the findings of
Manso et al. (1998) who observed an increase in dry mat-
ter, organic matter and crude protein digestibility when
lambs were fed two treatments differing in their crude pro-
tein content (168 g per day vs. 86 g per day). Bunting et al.
(1987) and Sultan and Loerch (1992) obtained similar re-
sults. This result implies that the lambs have high nutrient
uptake when fed treatments contain 18% crude protein. If
crude protein supply is lower than the minimum required
for microbial growth, intake may be restricted because of
depressed ruminal digestion. Feeding more crude protein
increases the deamination of amino acid in the rumen and
the supply of branched-chain volatile fatty acids (VFA),
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which may improve nutrient digestion (Misra and Thakur,
2001).

Ruminal fermentation and blood metabolite

The ruminal pH and NH;3-N, BUN, VFA concentration and
acetate: propionate ratio data are shown in Table 4. There
were an interaction between crude protein content and for-
age to concentrate ratio on the ruminal pH (P=0.001), NH;-
N concentration (P<0.001), acetate (P=0.02), propionate
(P=0.02), butyrate concentration (P=0.002), acetate: propi-
onate ratio (P=0.04) and BUN concentration (P<0.001).
The ruminal pH (P=0.05), NH;-N concentration (P<0.001),
acetate (P=0.001), propionate (P=0.003), butyrate concen-
tration (P=0.001), acetate: propionate ratio (P<0.001) and
BUN concentration (P<0.05) were affected either by for-
age: concentrate ratio through the trial. Significant differ-
ences were recorded for NH;3-N concentration (P<0.001),
acetate (P=0.01), propionate (P=0.002), butyrate concentra-
tion (P=0.001), acetate: propionate ratio (P=0.005) and
BUN concentration (P<0.003) in lambs fed treatments con-
tain 18% crude protein compared to the lambs fed treat-
ments contain 14% crude protein.

The pH value decreased as the amount of concentrate in
diet increased, which was similar to findings from Kumar et
al. (2013). However, the pH value was not affected by
crude protein content. This results is in agreement with pre-
vious in vivo studies (Promkot and Wanapat, 2005;
Chantiratikul et al. 2009; Chen et al. 2010), which reported
that pH was not significantly affected by increasing crude
protein level. Except 2 h after feeding (P=0.004), time in-
tervals had no significant effect on ruminal pH (Figure 1).
A general increase in rumen pH was observed before the
morning feeding at 09:00 as can be seen in Figure 1. This
may be due to increased rumination during night time,
roughage intake in the early mornings (Bae et al. 1979) and
N influx into the rumen when nitrogen concentrations were
low. Rumination stimulates saliva production and therefore,
an increase in pH may occur due to the buffering capacity
of saliva (Mackawa et al. 2002).

A decline in rumen pH was observed after 11:00 (Figure
1). A combination of decreased forage intake and the high
availability of fermentable energy from starch degradation
and consequently a decrease in rumen NH;-N due to utiliza-
tion of rumen NH;3;-N by rumen microbes for microbial
growth and microbial protein synthesis, could be the rea-
sons for the decline in rumen pH after 11:00. This greater
change in pH was also accompanied by a much greater
change in total concentration of VFA. Because Roughage
tends to have a more stable pH as a result of a slow fermen-
tation and digestion rate (Chapaval et al. 2008; Ribeiro et
al. 2011). The finding of current study is same with pervi-
ous result (Lindberg, 1983; Suarez et al. 2007) which no-
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ticed that raising forage: concentrate ratio, caused an in-
crease in ruminal pH. A slight increase in pH was observed
from 15:00 until 17:00 (Figure 1). The increase in pH fol-
lowed after 15:00 could be due to the afternoon feeding
taking place at 16:00, resulting in increased saliva produc-
tion during intake.

Crude protein concentration is the primary reason for ob-
served difference in NH;-N concentration among treat-
ments with different crude protein content. Increase in
deamination of amino acid in response to rise of CP content
in treatments may cause elevate concentrations of NH;-N.
Treatments with lower forage to concentrate ratio differed
numerically from other treatments with higher forage to
concentrate ratio before start feeding (Figure 2). The lower
NH;-N concentration observed for treatments with lower
forage to concentrate ratio before feeding could have been
due to better availability of nitrogen to the rumen bacteria
and improved NH;- N utilization by rumen bacteria in the
rumen (Wahrmund et al. 2007). The rumen NH;-N concen-
tration at 2 hours after feeding was significantly higher than
other sampling intervals after feeding for all treatments
(P=0.001) (Figure 2). Therefore, indicating that the rumen
NHj;-N concentration only started to increase significantly
at 2 hours after feeding for all treatments. This may be due
to higher crude protein intake and higher digestibility of
crude protein especially in the treatments contain 18%
crude protein (Table 3). The NH;3-N concentrations of the
treatments containing lower levels of crude protein in-
creased at a slower rate than those containing higher per-
centage of crude protein. A considerable decrease in NH3;-N
concentration was observed for all treatments from 4-8 hour
after feeding (P=0.01). The NH;-N reduction monitored
might have been due to synchronization between soluble
carbohydrate and NH3-N which increase microbial protein
synthesis. This data is agreement with result were found by
(Santoso et al. 2004; Hristov et al. 2005; Lee et al. 2006;
Suarez et al. 2007).

Treatments with lower forage to concentrate ratio had a
significant impact on in VFA concentration due to more
digestible organic matter content. The molar proportion of
acetate and acetate to propionate ratio decreased with in-
creasing concentrate level in treatments with lower forage
to concentrate ratio, whereas the proportions of propionate
and butyrate increased as dietary roughage was replaced by
concentrate (Table 4) (Archiméde et al. 1996). This is con-
sistent with the results of Miettinen and Huhtanen (1996),
who reported that a higher proportion of dietary concentrate
would result in higher propionic acid in rumen and a re-
duced ratio of acetic acid and propionic acid. According to
Currier et al. (2004), high concentrations of acetate are
characteristic of high forage diets. Acetate production in-
creased with increasing levels of fiber in the diet.
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Value of pH, concentration of NH;-N and blood urea nitrogen (BUN), molar proportion of individual volatile fatty acids (VFA) and acetate:
propionate ratio in growing Baluchi male lambs fed treatments with forage: concentrate ratio with 45:55 (LC) or 25:75 (HC) containing 14% or 18% crude
protein (CP, % DM)

CP level (%) Main effects P-value
Item 14 18 F:C ratio CP level (%) F-C P ExPp
LC HC LC HC SEM LC HC 14 18

pH 6.68" 6.36° 6.62° 6.35° 0.08 6.65 6.35 6.52 6.48 0.05 0.18 0.001
NH;-N, (mg/dL) 21.44° 16.05° 25.18¢ 20.10° 0.25 233 18.0 18.7 22.6 <0.001 <0.001 <0.001
VFA, (mol/100 mol)

Acetate 67.55% 62.25° 69.72° 65.45° 0.82 68.6  63.8 64.9 67.5 0.001 0.01 0.02
Propionate 16.82° 19.05° 17.80° 22.85° 0.47 17.3 20.9 17.9 20.3 0.003 0.002 0.02
Butyrate 11.37° 12.35 11.95° 13.40° 0.13 11.6 12.8 11.8 12.6 0.001 0.001 0.002
Acetate / propionate 04.01* 03.26" 03.91° 02.87° 0.05 396  3.06 3.63 339  <0.001 0.005 0.04
BUN, (mg/dL) 28.00° 23.25° 38.25° 35.75" 1.48 33.1 29.5 25.6 37.0 0.05 0.003 <0.001

The means within the same row with at least one common letter, do not have significant difference (P>0.05).

LC: low concentrate; HC: high concentrate; CP: crude protein and DM: dry matter.
SEM: standard error of the means.

Other studies also indicated that butyric acid concentra-
tions increased significantly in the rumen with increasing
proportions of dietary concentrate (Wang et al. 2005; Sun
et al. 2008).

(P<0.001) (Table 5). However fecal N excretion (g/d) and
retained N were not affected by interaction between crude
protein content and forage to concentrate ratio in trial.
However, all experimental animals were in positive N bal-
ance. Also, both crude protein content (P<0.01) and forage

75 . . .
to concentrate ratio (P=0.01) had Significant effect on ni-
trogen intake (Table 5).
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Trend of rumianl pH in growing Baluchi male lambs fed treat-
ments with forage: concentrate ratio with 45:55 (LC) or 25:75 (HC) con-
taining 14% or 18% crude protein (CP, % DM)

Blood urea nitrogen is highly correlated with ruminal
ammonia (Thornton, 1970; Hammond, 1983; Hennessi and
Nolan, 1988). Therefore, increasing dietary crude protein
leads to an increase in BUN. It was expected that an In-
crease in dietary energy intake while holding protein intake
constant would decrease BUN (Chase et al. 1993). The
impact of increased level of intake on BUN concentration
seems not to be different from the effect associated with
increased energy intake. In this study lambs received treat-
ments contain 18% crude protein consumed more crude
protein compared to other lambs.

Nitrogen balance

There were an interaction between crude protein content
and forage to concentrate ratio on the nitrogen intake (g/d)
(P<0.001) and urinary N excretion (g/d) (% of N intake)
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9 11 13 i 17

Time (Hour)

Trend of rumianl NH;-N in growing Baluchi male lambs fed
treatments with forage: concentrate ratio with 45:55 (LC) or 25:75 (HC)
containing 14% or 18% crude protein (CP, % DM)

The lambs fed treatments contain 18% crude protein and
lambs fed treatments with lower forage to concentrate ratio
had significantly greater nitrogen intake compared to those
fed treatments contain 14% crude protein and lambs fed
treatments with higher forage to concentrate ratio, respec-
tively. The lambs consume high crude protein treatments
tended to have greater urinary N excretion (g/d) than those
consume low crude protein treatments (P<0.001; Table 5).
The forage to concentrate ratio had a significant effect on
urinary N excretion (g/d) (P<0.001; Table 5). Higher nitro-
gen intake by lambs fed treatments contains 18% crude

protein and treatments with lower forage to concentrate
ratio might be due to higher crude protein intake.
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Value of N intake, fecal N excretion, urinary N excretion and N retention in growing Baluchi male lambs fed treatments with forage: concentrate
ratio with 45:55 (LC) or 25:75 (HC) containing 14% or 18% crude protein (CP, % DM)

CP level (%) Main effects P-value

Item 14 18 F:C ratio CP level (%) F-C p ExP

LC HC LC HC SEM LC HC 14 18
N intake
(g/d) 16.48° 17.77° 21.32° 23.04° 0.25 18.9 20.4 17.1 22.1 0.01 <0.001 <0.001
Fecal N excretion
(g/d) 5.27 5.32 5.42 5.12 0.29 5.35 5.22 5.29 5.27 0.68 0.94 091
% of NI 31.94° 29.91° 25.94° 22.24° 1.34 28.7 26.0 309 23.8 0.08 0.008 0.05
Urinary N excretion
(g/d) 8.23° 9.27° 11.95° 13.80° 0.05 10.0 11.5 8.75 12.8 <0.001 <0.001 <0.001
% of NI 50.37° 52.33% 56.24" 60.06 1.58 53.3 56.1 51.3 58.1 0.1 0.002 0.05
N retention
(g/d) 2.96 3.17 3.93 4.11 0.47 3.44 3.64 3.06 4.02 0.69 0.07 0.42
% of NI 17.69 17.74 18.21 17.69 2.01 17.9 17.7 17.7 17.9 091 0.90 0.64

The means within the same row with at least one common letter, do not have significant difference (P>0.05).

LC: low concentrate; HC: high concentrate; CP: crude protein and DM: dry matter.
SEM: standard error of the means.

Usually, if feed intake is not depressed, fecal N remains
similar regardless of the N content of the diet (Siddons et
al. 1985; Marini and Van Amburgh, 2003; marini et al.
2004). In current study, treatments were offered to the
lambs for ad libitum intake and no difference (P=0.15) was
observed in the dry matter intake between treatments. In
current study, increasing the crude protein content from 14
to 18% increased urinary N excretion from 8.75 to 12.8
(&/d).

This finding is in agreement with Sannes et al. (2002)
which reported increasing in urinary N excretion when die-
tary crude protein content increased. The treatments with
lower forage to concentrate ratio had grater nitrogen di-
gestibility compared to treatments with higher forage to
concentrate ratio (Table 3). The greater nitrogen intake and
its digestibility in lambs on treatments contain 18% crude
protein could have caused numerically higher N balance
(Legleiter et al. 2005). Numerically lower N balance in
lambs fed treatments contain 14% crude protein may possi-
bly because of reduced dry matter and crude protein di-
gestibility (Woods et al. 1962).

Expression of UT-B

As shown in Table 6, expression of urea transporter-B
mRNA (expressed as copies/copy of ovine GAPDH) was
not affected by interaction between crude protein content
and forage to concentrate ratio (P=0.63). Also, forage to
concentrate ratio could not impact on the expression of urea
transporter-B mRNA (P=0.2; Table 6). However, the results
of expression of urea transporter-B mRNA in ruminal mu-
cosa biopsies demonstrated that UT-B were expressed more
when lambs were fed HP treatments (P=0.002). Approxi-
mately 6.56 times more UT-B was expressed by the rumen
ventral sac for lambs on the treatments contain 18% crude
protein relative to those on the treatments contain 14%
crude protein.
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Ritzhaupt et al. (1998) by using RT-PCR techniques con-
firm the presence of UT-B in the sheep rumen. Stewart et
al. (2005) also verified the presence of UT-B in the rumen
by locating a 43- to 54-kDa UT-B protein band, describing
the bovine UT-B gene and utilizing RT-PCR to detect UT-
B mRNA.

Regulation of ruminal UT-B expression by diet current
study confirm pervious results were found by (Marini and
Van Amburgh, 2003) who noticed expression of ruminal
UT-B was changed by nitrogen intake levels. Marini and
Van Amburgh (2003) observed greater expression of UT-B
(based upon visual evaluation) in ruminal papillae collected
from the ventral sac of the rumen in dairy heifers fed high-
N diets (2.97 to 3.4% N) compared with low-N diets (1.45
to 1.89% N). Marini and Van Amburgh (2003) suggested
that when a high-N diet is fed and ruminal ammonia is
high, urea diffuses into the gastrointestinal tract via the
paracellular space. Urease activity is known to be reduced
by high ammonia concentrations (Bunting et al. 1989), a
condition that arises when high-N diets are fed. Therefore,
it is possible that the amount of crude protein fed to lambs
receiving the treatments contain 18% crude protein daily
was sufficient to increase UT-B abundance in the ventral
rumen (Ludden et al. 2009). Moreover, expression of UT-B
may influenced by other dietary elements, such as VFA and
pH (Simmons et al. 2009; Abdoun et al. 2010). Engelhardt
et al. (1978) reported that ruminal VFA, particularly bu-
tyrate, has a stimulatory effect on urea-N transfer across the
ruminal epithelium. Simmons et al. (2009) reported a
higher bUT-B2 mRNA and protein expression in steers fed
concentrate-based diet compared to those fed silage-based
diet. In that study, ruminal butyrate concentration was nu-
merically higher (9.3 vs. 11.7 as % of total VFA) in steers
fed concentrate-based compared to silage-based diet and,
may play a role in expression of bUT-B2 thus, increasing
urea-N transfer into the rumen.
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The expression of urea transporter-B mRNA (fold change) in the ventral rumen in growing Baluchi male lambs fed treatments with forage:
concentrate ratio with 45:55 (LC) or 25:75 (HC) containing 14% or 18% crude protein (CP, % DM)

CP level (%) Main effects P-value
It : i 9
em 14 18 F:C ratio CP level (%) F-C p Exp
LC HC LC HC SEM LC HC 14 18
Ventral ruman
Fold change 1 3.73 591 7.21 1.42 3.45 5.47 2.36 6.56 0.2 0.02 0.63

LC: low concentrate; HC: high concentrate; CP: crude protein and DM: dry matter.
SEM: standard error of the means.

These results are in agreement with the finding of current
study, because the butyrate concentration in lambs on the
treatments contains 18% crude protein significantly higher
than those fed the treatments contain 18% crude protein. On
the other hand, earlier work of Rémond et al. (1993)
showed that shifts in the ruminal pH relative to fed and
fasting state of an animal may play a role in urea-N transfer
across the ruminal epithelium.

Recently, Abdoun et al. (2010) demonstrated in vitro us-
ing isolated ruminal epithelium in Using chambers that in
presence of short-chain fatty acids, reducing ruminal muco-
sal buffer pH from 7.4 to 5.4 showed a bell-shaped curve
for urea transport from serosal to mucosal direction with
highest rate of urea transport between pH 6.0 to 6.4. If the
ruminal pH is approximately in the range of 6.0 to 6.4, the
range which is typically observed under in vivo physiologi-
cal conditions in the rumen, changing the ruminal factors
(e.g., VFA) may have a positive impact on urea-N recycling
to the rumen (Abdoun et al. 2010). The ruminal pH in
lower forage to concentrate ratio was 6.35 and because it
falls in the optimum range of pH for urea transporting, re-
duce the ruminal concentration of NH," (less lipid soluble).
This effect combined with the effect of high crude protein
content on the urease activity and butyrate concentration
and thus increase urea-N transfer into the rumen in lambs
specially fed lower forage to concentrate ratio treatment
contain 18% crude protein.

CONCLUSION

Briefly, lambs on lower forage to concentrate ratio treat-
ment contain 18% crude protein, consume more N (g/d)
compared to the other diets. However, no significant differ-
ences were observed in fecal N excretion between treat-
ments. Thus, lambs on lower forage to concentrate ratio
treatment contain 18% crude protein, conserved more N
(g/d) numerically compared to the other diets. In addition,
UT-B were expressed numerically more when lambs were
fed lambs on lower forage to concentrate ratio treatment
contain 18% crude protein. Changing urea entry into the
GIT via dietary regulation of UT-B could serve as impor-
tant mechanism to maintenance of nitrogen balance and
increase nitrogen efficiency in Baluchi growing lambs.
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