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Influence of Varying Ruminally Degradable to Undegradable Protein Ratio on
Nutrient Intake, Milk Yield, Nitrogen Balance, Conception Rate and Days
Open in Early Lactating Nili-Ravi Buffaloes (Bubalus bubalis)
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ABSTRACT : Twenty four early lactating Nili-Ravi buffaloes, eight in each group, were used in a Randomized Complete Block
Design to evaluvate the influence of varying ruminally degradable protein (RDP) to ruminally undegradable protein (RUP) ratio on feed
intake, digestibility, N balance, milk yield and its composition, conception rate and days open. Three experimental diets were formulated
to contain RDP:RUP of 50:50, 66:34 and 82:18 and were denoted as HRUP, MRUP and LRUP, respectively. Dry matter {DM) intake
was higher (p<0.05) in buftaloes fed HRUP diet than in those fed MRUP and LRUP diets. Dry matter digestibility was higher (p<0.05)
in buffaloes fed LRUP diet than in those fed HRUP and MRUP diets. Linear increase was observed in DM digestibility with increasing
RDP:RUP while Neutral detergent fiber digestibility remained unaltered in buffaloes fed HRUP and MRUP diets, however, it was higher
than in those fed LRUP diet. Crude protein digestibility remained unaltered across all treatments. Milk and 4 percent fat corrected milk
(4% FCM) yield was higher (p<0.05) in buftaloes fed HRUP diet than those fed MRUP and LRUP diets. Linear decrease in milk yield
was observed with increased RDP:RUP. Milk protein and fat yields were higher {p<().03) in animals fed HRUP diet than those fed
MRUP and LRUP diets. Milk protein percent in animals fed HRUP diet was higher than in those fed LRUP diet, whereas it did not differ
with those fed MRUP diet. Percent of fat, total solids, solid not fat and lactose remained unaltered across all diets. Nitrogen balance was
higher in buffaloes fed HRUP diet than in those fed other diets. Increasing the RDP:RUP resulted in a linear decrease in N balance. The
blood urea nitrogen and milk wrea nitrogen were lower (p<().03) in buffaloes fed HRUP diet than those fed MRUP and LRUP diets. The
blood pH remained unaltered across all treatments. Days open did not ditfer significantly. Conception rate was higher in buffaloes fed
HRUP diet than those fed MRUP and LRUP diets. The tindings of the present study indicate that feeding high (50% of the total crude
protein) ruminally undegradable protein diet not only increased nutrient intake and milk yield but also improved conception rate in early
lactating buffaloes. (Key Words : RUP:RDP, Milk Yield. Nitrogen Balance, Buffaloes)

INTRODUCTION

Protein is one of the limiting nutrients in the diet of
dairy animals in developing countries (Sarwar et al., 2002).
Adequate protein supply becomes very important in early
lactating buffaloes when dry matter intake (DMI) is
relatively low and protein and energy requirements are high
(Sarwar et al.. 2004a; Shahzad et al., 2008). Poor efficiency
of converting dietary protein into milk protein results partly
from the extensive degradation of protein in the rumen with
high rates of ammonia absorption and significant excretion
of nitrogen (N) in the urine (Koenig and Rode, 2001; Oba et
al., 2004; Sarwar et al., 2004b). Feeding a diet containing
more protein is not a satisfactory solution because the
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breakdown of dietary protein in the rumen is one of the
most inefficient processes in nuninant nutrition (Sarwar et
al., 2003).

During the last 25 vears, the trend has been shifted from
balancing rations for crude protein (CP) to balancing for
ruminally degradable protein (RDP) and ruminally
undegradable protein (RUP) fractions (Eastridge, 2006).
Imbalance of RDP and RUP in a ruminant diet can
compromise the microbial protein production, ruminal
digestion and protein availability to dairy animals, if RDP is
insufficient to meet microbial need (Santos et al., 1998;
Reynal and Broderick, 2003). Lactating dairy animals
require amino acids for milk production. Amino acids are
supplied primarily by combinations of microbial protein
and RUP. Therefore, CP should supply in an adequate
amount of RDP for optimum microbial protein production
that is of good quality for milk and protein production in
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Table 1. Ingredients and chemical composition of experimental
diets (DM basis)

, Diets'
Ingredients TRUP MRUP TRUP
Wheat straw 35.00 35.00 35.00
Enzose (Dextrose) 13.60 28.00 45.66
Com steep liquor 7.70 14.00 2.50
Wheat bran 28.50 9.38 0.62
Com gluten meal 60 % 9.20 8.00 5.600
Urea 0.36 0.90 352
Oil 3.10 2.80 4.60
Dicaleivm phosphate 2.00 2.00 2.00
Mineral mixture 0.50 0.50 0.50
Chemical composition
NE,, (Mcal/kg) 1.60 1.60 1.60
Organic matter (%) 91.20 91.80 94.00
Crude protein (%) 16.00 16.00 16.00
Neutral detergent fiber (%)  39.50 32.30 28.00
Ash (%) 8.80 820 6.00
RDP? % of DM 8.00 10.56 13.12
RUP* % of DM 8.00 544 2.88
RUP % of CP 50.00 34.00 18.00
RDP:RUP 50:50 66:34 82:18
NSC:RDP? 4 4 4

"HRUP, MRUP and LRUP stand for high ruminally undegradable protein,
medium ruminally undegradable protein and low ruminally undegradable
protein, respectively.

? Ruminally degradable protein.

? Ruminally undegradable protein. Nonstructral carbohydrates.

terms of its amino acid content (NRC. 2001) and adequate
amounts of RUP with an amino acid pattern that is
complementary to that of microbial protein for maximal
productivity at minimal N waste.

Ruminally undegradable protein is supplemented, when
microbial protein synthesis alone is insufficient to meet the
metabolizable protein requirements in dairy animals.
especially during early lactation (Kalscheur et al., 2006).
Supplementing rmuminant diets with RUP can increase the
efficiency of N utilization by increasing the flow of N and
amino acids to the small intestine (Titgemeyer et al., 1989).
Increasing the dietary RUP increased the milk yield
(Chatrvedi and Walli. 2001. Flis and Wattianx. 2005:
Gulati et al., 2005) and milk protein and fat contents
(Chamrvedi and Walli, 2001) in lactating cows during early
lactation.

Higher level of RDP in a dairy ration causes excessive
ruminal NH; production which ultimately results in an
increased blood urea (Butler, 1998; Dhali et al, 2006).
Increase in ruminal NH; and blood urea decreases DMI in

cows (Huber and Cook, 1972 Fenderson and Bergen. 1974).
Increase in blood urea increases the days open (Jordan et al.,

1983), reduces conception rate (Butler, 1998; Dhali et al.,
2006). Shorter days-open intervals were observed in cows
supplemented with RUP (Wiley et al., 1991). Imbalance of
RDP and RUP in a dairy ration also canses negative energy
balance associated with metabolic disposal of excessive N
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escaping from the rumen (Staples et al., 1993). Sufficient
scientific literature is available regarding RUP and RDP
effects on production in lactating exotic dairy cows.
However, the scientific information regarding these aspects
in early lactating buffaloes is very limited. Moreover.
physiological status, environmental condition and feeding
strategies of buffalo vary from that of exotic dairy cows in
temperate regions and RDP:RUP responses of exotic cows
may not be directly applicable to lactating buffalo.
Therefore, the present study was designed to examine
optimal RDP:RUP and its effect on feed intake, digestibility,
N balance, milk yield and its composition, days open and
conception rate in early lactating buffaloes.

MATERIALS AND METHODS

Tiwventy four early lactating Nifi-Ravi buffaloes (2515
days post calving, liveweight 635425 kg), eight animals in
each group, were used in a Randomized Complete Block
Design and were housed on a concrete floor in separate
pens. Buffaloes which calved within a month were selected
to avoid any variation because of days in lactation. Three
experimental diets i.e. high mmminally undegradable protein
(HRUP), medium ruminally undegradable protein (MRUP)
and low mminally undegradable protein (LRUP) were
formulated (Table 1). The HRUP, MRUP and LRUP diets
were balanced to contain a RDP to RUP ratio of 50.50,
66:34 and 82:18, respectively. All diets were formulated to
be iso-nitrogenous and iso-caloric using NRC (2001). Diets
were mixed daily and fed twice a day ad /libitum. Feed
offered and orts were sampled daily and composited by
animal for analysis. Feed offered, orts and fecal samples
were analyzed for dry matter (DM), organic matter (OM),
crude protein (CP), ash (AOQAC. 1990) and neutral
detergent fiber (NDF; Van Soest et al., 1991).

Buffaloes were fed for 120 days. The first 30 days were
adaptation while the last 10 days of each remaining month
served as collection periods. Daily feed intake and milk
production were averaged over 90 days. Milk samples (a.m.
and p.n.) were taken during the collection period. Milk
samples were analyzed for CP, fat, total solids and solid not
fat using AOAC (1990) methods. Milk urea nitrogen
(MUN) was determined as described by Dhali et al. (2005)
using a colorimetric  p-dimethylaminobenzaldehyde
(DMAB) procedure, The milk (10 ml) samples were
warmed at room temperature (30°C) and mixed well. Milk
was deproteinised with 12% cold trichloroacetic acid
solution (10 ml), allowed to stand for an hour, centrifuged
at 3,000xg for 30 mumutes and then filtered. Clear
supematant (2 ml) was mixed with 2 ml DMAB reagent
(1.6 g DMAB+90 ml ethanol+10 ml concentrated HCI).
Lactose content was determined with a Lactoscope™
Compact (Delta Instuments De Bolder 68. 9206AR
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Table 2. Nutrient intake and digestibilities in early lactating Nili-Ravi buffaloes fed diets containing varying RDP:RUP
. Dietsl 2 3

Parameters TRUP MRUP TRUP SE L Q
Intake (kg/d)

Dry matter 14.85° 12.30° 11.12° 0.91 0.001 0.070

Organic matter 13.55° 11.26° 10.46° 0.35 0.001 0.044

Crude protein 2.38° 1.97° 1.78° 0.06 0.001 0.070

Neutral detergent fiber 587 397° 3 028 0.001 0.001

RUP 1.19° 0.67° 0.32° 0.08 0.001 0.001

RDP 1.19° 1.30° 1.46° 0.03 0.001 0.554
Digestibility (%)

Dry matter 64.76° 67.31° 71.55° 1.07 0.001 0.546

Crude protein 7377 75.84 76.71 0.98 0.363 0.722

Neutral detergent fiber 62.70" 60.81° 51.26 1.85 0.001 0.026

Means within row with different superscripts differ (p<0.03).

! Ruminally degradable protein to ruminally undegradable protein ratio in HRUP, MRUP and LRUP diet is 50:50, 66:34 and 82:18, respectively. HRUP,
MRUP and LRUP stand for high ruminally undegradable protein, medium ruminally undegradable protein and low ruminally undegradable protein,

respectively.
?p value for linear effect. *p value for quadratic effect.

Drachtern, Netherlands).

Digestibility was determined by the total collection
method. During collection periods, complete collections of
urine and feces were made according to the procedure
described by Nisa et al. (2006). The feces of each anmimal
were collected daily, weighed, mixed thorounghly and 20%
was sampled and dried at 55°C. At the end of each
collection period. dried fecal samples were composited by
animal and 10% of the composited sample was taken for
analysis. For urine collection, small special metal buckets
fitted with plastic pipe were made to surround the vulva.
This plastic pipe ended in a large container (30 liters). The
urine excreted by each animal was acidified with 50%
H,SO, and 20% was sampled and preserved at -20°C
awaiting analysis. At the end of each collection period, the
preserved urine samples were composited by animal after
thawing and 10% of the composited sample was used for
analysis (Nisa et al., 2004).

Blood samples were collected from the jugular vein of
each animal in heparinized syringes at 6 h post feeding to
determine pH (AOAC, 1990). Blood samples were also
collected from each buffalo without anticoagulant to harvest
blood serum which was stored in aliquots at -20°C awaiting
analysis for blood urea. The blood urea concentration was
determined photometrically using an analytical kit (Cat #
CS 612, Crescent Diagnostics, Saudi Arabia) following the
Berthelot method. Days open and conception rate were
calculated only for the animals that became pregnant during
the experimental period.

Energy balance was calculated by the following
equations (NRC, 1989).

Energy balance (Mcal/d)
_ (NEL intake - NEL maint. - NEL lactation)
Efficiency factor

NE. intake = DMI (kg)<xNEy
NE_ maint. (postpartum) = BW (kg)*"*x0.08 Mcal/kg" ™

NE. lactation
= Milk (kg)x((41.63xfat (%)+24.13xprotein (%o)+21.60
xlactose (%0)-11.72)x2.2)/1,000

An efficiency factor of 1 was used to calculate energy
balance when it was positive and 0.82 when it was negative.

Statistical analysis

The data collected on DMI. digestibility, milk yield,
milk composition. MUN, BUN, blood pH and N balance
were subjected to ANOVA using the general linear model
procedure of SPSS (SPSS 10.0.1. 1999). Linear and
quadratic contrasts were determined using the same SPSS
model.

RESULTS

Dry matter intake (DMI) was higher (14.85 kg/d) in
buffaloes fed HRUP diet than those fed MRUP (12.3 kg/d)
and LRUP (11.12 kg/d) diets (Table 2). Similar trends were
observed for OM. CP, NDF and RUP intakes. However,
RDP intake by buffaloes fed HRUP diet was lower (p<0.035)
than by those fed MRUP and LRUP diets. Linear decrease
(p<0.01) in DM, OM. CP and NDF intake was noticed with
decreasing dietary RUP level.

Dry matter digestibility by buffaloes fed LRUP diet was
higher (p<0.03) than by those fed HRUP and MRUP diets.
Linear increase (p<0.01) was observed in DM digestibility
with decreasing dietary RUP level (Table 2). Neutral
detergent fiber digestibility was higher (p<0.03) in
buffaloes fed HRUP and MRUP diets than in those fed
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Table 3. Milk yield and its composition in early lactating Nili-Ravi buffaloes fed diets containing varying RDP:RUP

. DiBtSI 2 3
Parameters HRUP MRUP TRUP SE L Q
Milk vield (kg/d) 955" 8.29° 8.02° 0.19 0.001 0.028
4% FCM* (kg/d) 1213 10.33° 10.16° 0.31 0.003 0.108
Protein yield (g/d) 412.56" 353.08" 334.43° 10.56 0.001 0.195
Fat vield (g/d) 553.90°" 467.56" 462.75"° 17.14 0.020 0.181
Protein (%) 432 427 4.17° 042 0.016 0.624
Fat (%) 5.80 564 5.77 0.15 0.941 0.660
Total solids (%) 1541 15.23 15.35 0.21 0.918 0.753
Solid not fat (%) 9.54 9.59 9,57 0.09 0.876 0.867
Lactose (%) 563 5.57 342 0.06 .19 0.722

Means within row with different superseripts differ (p<0.05).

! Ruminally degradable protein to ruminally undegradable protein ratio in HRUP. MRUP and LRUP diet is 50:50, 66:34 and 82:18, respectively, HRUP,
MRUP and LRUP stand for high ruminally undegradable protein. medivm ruminally undegradable protein and low ruminally undegradable protein,

respectively.
2 p value for linear effect. * p value for quadratic effect. * Fat corrected milk.

Table 4. Nitrogen balance in early lactating Nifi-Ravi buffaloes fed diets containing varying RDP:RUP

Dietsl'

> 2 2
Parameters TRUP MRUD TRUP SE L Q
N intake (g/d) 330.16° 314.837 284 677 13.49 0.030 0.688
Fecal N (g/d) 99,722 73.05° 66.3" 6.41 0.113 0.695
Fecal N (% of intake) 26.23 23.20 2328 0.98 0.043 0.722
Urinary N (g/d) 184.20 166.67 158.40 2.68 0.121 0.603
Urinary N (% of intake) 48.45"° 5263 55.64° 1.59 0.026 0.350
Milk N (g/d) 64.66° 5548° 5242° 249 0.197 0.602
Milk N (% of intake) 17.01 17.62 1841 0.30 0.181 0.349
N Balance (g/d) 31.58° 19.68° 755" 281 0.011 0.407

Means within row with different superseripts differ (p<0.05).

! HRUP, MRUP and LRUP stand for high ruminally undegradable protein, medium ruminally undegradable protein and low ruminally undegradable
protein, respectively. Ruminally degradable protein to raminally undegradable protein ratio in HRUP, MRUP and LRUP diet is 50:50, 66:34 and 82:18,

respectively.
* p value for linear effect. * p value for quadratic effect.

Table 5. Blood pH. blood urea nitrogen and milk urea nitrogen in early lactating Nili-Ravi buffaloes fed diets containing varying

RDP:RUP

.
Parameters TIRUP 1\]:;1]‘:3? TRUP SE L2 Q!
Blood pH 7.82 7.83 7.87 (.01 0.050 .785
BUN (mg/dl) 25.25°¢ 29.20° 34.18* 1.11 0.001 0.667
MUN® (mg/dl) 13.99°¢ 16.5° 21.03* 0.79 0.001 0.235

Means within row with different superseripts differ (p<0.05).

! Ruminally degradable protein to ruminally undegradable protein ratio in HRUP, MRUP and LRUP diet is 50:50, 66:34 and 82:18, respectively. HRUP,
MRUP and LRUP stand for high ruminally undegradable protein, medium ruminally undegradable protein and low ruminally undegradable protein,

respectively.

* p value for linear effect. * p value for quadratic effect.  Blood urtea nitrogen. ° Milk urea nitrogen.

LRUP diet, however, NDF digestibility remained unaltered
between animals fed HRUP and MRUP diets. Linear
(p<0.01) and quadratic (p<0.03) decrease in NDF
digestibility was noticed with decreasing dietary RUP level,

Milk vield and four percemt fat corrected milk (4%
FCM) was higher (p<0.05) in buffaloes fed HRUP diet than
those fed MRUP and LRUP diets (Table 3). Linear decrease
(p<0.01) in milk yield was observed with decreasing dietary
RUP level. Milk protein and fat vield were higher (p<0.05)
in animals fed HRUP diet than in those fed MRUP and
LRUP diets. Milk protein percent was higher (p<0.03) in

animals fed HRUP diet than in those fed LRUP diet,
whereas it did not differ from those fed MRUP diet.
However, fat percent, total solids, solid not fat and lactose
remained unaltered across all diets. Linear decrease
(p<0.03) in percent milk protein and its vield and fat vield
was noticed with decreasing dietary RUP level.

Nitrogen balance, whether expressed as g/d or % of N
intake was higher (p<0.03) in buffaloes fed HRUP diet than
those fed MRUP and LRUP diets (Table 4). Nitrogen
balance between buffaloes fed MRUP and LRUP diets was
non-significant. Similar trends were noticed in N intake,
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Table 6. Energy balance in early lactating Nili-Ravi buffaloes fed diets containing varying RDP:RUP
] Diets’ 2 3

Parameters TRUP MRUP TRUP SE L Q
Energy mtake (Mcal/d) 23.76*° 19.68° 17.79°¢ 1.25 .001 0.001

NE maint. (Mcal/d) 12.69 12.56 1345 .90 .001 0.010
NE, lactation (Mcal/d) 9.574 8.14° 787" 1.05 0.001 0.001
Energy balance (Mcal/d) +1.5 -1.25 -4.31 - - -

Means within row with different superscripts differ (p<0.03).

! Ruminally degradable protein to ruminally undegradable protein ratio in HRUP. MRUP and LRUP diet is 50:50, 66:34 and 82:18, respectively, HRUP,
MRUP and LRUP stand for high ruminally undegradable protein, medium ruminally undegradable protein and low ruminally undegradable protein,

respectively.
? p value for linear effect. * p value for quadratic effect.

Table 7. Days open and conception rate in early lactating Nili-Ravi buffaloes fed diets containing varying RDP:RUP

Diets’

Parameters SE L? Q
HRUP MRUP LRUP

Days open 99 104 109 3.84 0.317 0.99

Conception rate (%) 75 50 50 - - -

Means within row with different superscripts differ (p<0.03).

! Ruminally degradable protein to ruminally undegradable protein ratio in HRUP, MRUP and LRUP diet is 50:50, 66:34 and 82:18, respectively. HRUP,
MRUP and LRUP stand for high ruminally undegradable protein. medivm ruminally undegradable protein and low ruminally undegradable protein,

respectively.
* p value for linear effect. * p value for quadratic effect,

fecal N (g/d). milk N (g/d)y and N utilization. Decreasing the
dietary RUP level resulted in linear decrease (p<0.05) in N
intake and its balance and utilization. Urinary N (% of
intake) was higher (p<0.05) in buffaloes fed LRUP diet than
in those fed HRUP and MRUP diets. Urinary N excretion
(% of intake) increased linearly (p<0.05) with increasing
degradability of protein. However, urinary N (g/d). fecal N
(% of ntake) and milk N (% of intake) remained unaltered
across all diets.

Blood urea nitrogen (BUN) concentrations were
significantly different, whereas, the blood pH remained
nnaltered across all treatments (Table 5). Milk urea nitrogen
(MUN) concentrations were significantly different across
all treatments (Table 5). Decrease in dietary RUP level
resulted in linear increase (p<0.01) in MUN. Energy
balance was positive in early lactating buffaloes fed HRUP
diet, however, it was negative in buffaloes fed MRUP and
LRUP diets (Table 6). Decreasing dictary RUP level
resulted in decreased (p<0.01) energy intake. Days open did
not differ significantly across treatments (Table 7).
Conception rate was higher (p<0.05) in buffaloes fed HRUP
diet than in those fed MRUP and LRUP diets (Table 7).

DISCUSSION

Increased DMI by buffaloes fed HRUP diet might be
attributed to sufficient supply of ruminal ammonia nitrogen
for optimum rumen microbial proliferation which intern
might have increased feed intake by producing more
enzymes per unit of time in nuninant animals
(Chumpawadee et al., 2006). Synthesis or multiplication of
rumen microbes is very much dependent on adequate

supply of nitrogen and carbon skeleton at ramen level (Ali
et al., 1997). The HRUP diet might have favored optimum
rumen microbial growth by providing corn steep liquor and
enzose as precursors of mitrogen and carbon skeleton,
respectively. This might have increased feed intake.
Increased feed intake by increasing the rumen microbes has
also been reported by Haddad et al. (2005). Decreased DMI
by buffaloes fed LRUP diet was due to the high degradable
protein portion of this diet. Rapid degradation of this
protein portion might have overcome the capacity of rumen
microbes to efficiently capture all the ruminal ammonia
nitrogen for their growth and thus substantial ammonia
nitrogen might have escaped from the mmen. This
phenomenon was also supported by increased serum BUN
concentration (Table 3). Reduced feed consumption by
cows fed a diet containing high degradable N has also been
reported by Wilson et al. (1975). Chaturvedi and Walli
(2001) reported linear decrease in DMI in early lactating
crossbred cows with increased RDP level. Similar findings
have been reported by other researchers (Kridli et al.. 2001;
Lee et al.,, 2001; Haddad et al., 2005). Moreover, protein
supplements, especially those high in RUP, stimulate DMI
to a greater extent than diets containing highly soluble N in
the form of urea (Kalbande and Chainpure, 2001).
Fenderson and Bergen (1974) also reported decreased DMI
with increased mminal ammonia and plasma urea
concentrations in steers fed excessive dietary N either as
natural protein or nonprotein mnitrogen. The plausible
explanation of lowest DMI by buffaloes fed LRUP diet
might be attributed to increased BUN concentration due to
higher RDP (Table 5). Higher CP intake in buffaloes fed
HRDP diet was due to increased DMI. Higher NDF and
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RUP intakes in buffaloes fed HRUP diet were due to their
higher dietary contents and increased DMI. Lower intake of
RDP in buffaloes fed HRUP diet was due to its lower
dietary RDP content.

Higher DM digestibility in buffaloes fed LRUP diet
might be attributed to longer rumen retention time due to
decreased DMI. Positive association between rumen
retention time and digestibility has been reported by Sarwar
et al. (2004b). Similar findings have also been reported by
Griswold et al. (2003) who reported increased DM
digestibility with increased dietary RDP in cows.

Higher milk vield in buffaloes fed HRUP diet was
because of higher DMI. Increased milk production in
lactating dairy cows with increased dietary RUP has also
been reported by other researchers (Petit and Veira, 1991;
Sklan and Tinsky, 1993; Shirley et al., 1998 Kalschenr et
al.. 1999. Westwood et al.. 2000; Chaturvedi and Walli.
2001. Flis and Wattiaux, 2005). Similar findings were
reported by Lee et al. (2001) in dairy goats. The increased
milk yield with increased dietary RUP level might be due to
increased feed intake (Westwood et al., 2000) as well as the
increased supply of metabolizable protein and amino acids
(Gulati et al.. 2005), The RUP may increase the milk yield
either directly or indirectly (Clark, 1975). The direct role
may be through either increased supply of limiting amino
acids to the mammary gland for protein synthesis or
through enhanced gluconeogenesis in liver resulting in
increased supply of glucose to the mammary gland for
lactose synthesis. The indirect role may be mediated
through altered hormonal status, especially increased
concentration of plasma growth hormone which causes
partitioning of mutrients in favor of growth and milk
production and away from fat deposition (Sartin et al.,
1985).

The increased milk protein content in buffaloes fed
HRUP diet was due to increased intake of RUP that might
have increased supply of limiting amino acids or total
amino acids to the mammary gland for protein synthesis.
Fat yield was higher in buffaloes fed HRUP diet than in
those fed LRUP and MRUP diets. The increased fat yield in
buffaloes fed HRUP diet was due to increase in milk yield.

Higher N intake in buffaloes fed HRUP diet than in
those fed MRUP and LRUP diets was due to their higher
DMI. A positive N balance was noticed across all diets.
Higher N balance in buffaloes fed HRUP diet was due to
higher level of RUP in their diet. Pattanaik et al. (2003)
reported higher N retention in calves fed a low degradable
protein diet than in those fed high degradable protein diet.
Similar findings were reporied by Paengkoum et al. (2004)
who described that N retention decreased linearly as the
dietary RUP level decreased. Kalscheur et al. (2006)
reported linear increase in urinary N excretion with

Nisa et al. (2008) Asian-Aust. J. Anim. Sci. 21(9):1303-1311

increasing level of RDP in dairy cows. Similar results were
reported by other workers (Castillo et al., 2001; Davidson et
al,, 2003; Pattanaik et al., 2003. Reynal and Broderick,
2005).

A linear increase in serum BUN was due to gradual
reduction in dietary RUP. This higher BUN was due to
higher renal resorption of urea in buffalo. Moreover, higher
BUN values in buffaloes fed MRUP and LRUP diets were
because of a higher level of RDP in their diets. The normal
value of BUN in cows is 15 mg/dl (Roseler et al., 1993).
Norton et al. (1979) reported higher blood urea
concentrations in buffalo than cattle. Increased plasma urea
nitrogen with increased dietary RDP level has also been
reported by Roseler et al. (1993). The increased BUN with
increased dietary RDP level can probably be explained by
increased absorption of numinal NH;-N, resulting in greater
quantities of NH;-N being detoxified in the liver to form
urea N. Wanapat and Pimpa (1999) reported a linear
mcrease i BUN  with increased rununal NH;-N
concentration in swamp buffaloes. Similar findings were
reported by Chumpawadee et al. (2006) and Vongsumphan
and Wandapat (2004). Higginbotham et al. (1989) found an
increase of 2.6 mg/dl in BUN in cows when RDP level was
increased from 58 to 65% of dietary CP.

MUN was increased limearly with increasing RDP
(Dhiman and Satter, 1997). Milk urea nitrogen arises
primarily from passive transfer of urea from blood.
Similarly, high correlation between MUN and BUN was
also reported by Jonker et al. (1998) and Broderick and
Clayton (1997). The BUN or MUN may vary under the
influences of many different factors. They include CP
mtake (Jonker et al., 1998; Nousiainen et al., 2004), CP:
Energy (Broderick and Clayton, 1997), imbalance of RDP:
RUP (Roseler et al., 1993), RDP:NSC (Hoover and Miller,
1990) and diseases or medicines (Vestweber et al.. 1989),
Cows under negative energy balance tend to have slightly
higher urea concentration in milk., which could be
associated with the increase of body protein mobilization
(Schepers and Meijer, 1998). In the present study, total CP,
CP: energy and RDP:NSC were constant across all diets
(Table 1) and protein degradability was the main controlling
factor affecting BUN and MUN concentrations.

Positive energy balance was attributed to increased DMI
due to higher dietary RUP level. Positive energy balance in
buffaloes fed HRUP diet was due to higher energy intake
(23.76 Mcal/d) than those fed MRUP (19.68 Mcal/d) and
LRUP (17.79 Mcal/d) diets.

Although days open did not differ significantly across
treatments, shorter days open were observed in buffaloes
fed HRUP diet than those fed MRUP or LRUP diets. Sklan
and Tinsky (1993) and Westwood et al. (2000) observed
shorter days open for dairy cows fed high RUP than for
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those fed low RUP diet. Kndli et al. (2001) also noticed
similar findings in Awassi ewes. Dhali et al. (2006) reported
a positive relationship between MUN and interval from
parturition to first service. In the present study. MUN was
increased with decreasing RUP level. Dhali et al. (2005)
also reported increased service period with increasing MUN
concentration in crossbred Karan-fries cows. Similar
findings were reported by Gustafassan and Carlsson (1993).
Sklan and Tinsky (1993) examined the effect of protein
degradability on reproduction in Israeli-Friesian cows. They
reported that conception rate was higher (70.9%) in cows
fed a diet containing 39 than in those (58.5%) fed a diet
containing 34% RUP. Guo et al. (2004) reported negative
effects of elevated levels of MUN concentration on
conception rate. In the present study. there was a negative
association between MUN concentration and conception
rate. Change in MUN concentration from 13.99 to 21.03
mg/dl resulted in a 25% decrease in conception rate. Lower
conception rates in buffaloes fed MRUP and LRUP diets
were due to lower DMI because of higher RDP intake
(Table 2). Higher dietary RDP level can adversely influence
conception rate by increasing the BUN (Butler, 1998).

CONCLUSION

The findings of the present study indicate that feeding
high ruminally undegradable protein (50% of the dietary
crude protein) diet not only increased nutrient intake and
milk yield but also improved conception rate in early
lactating A#li Ravi buffaloes.
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