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Abstract

The effects of pistachio by-products aqua extract (PBE) on growth performance and retention of dietary
nitrogen (N) were investigated in finishing lambs fed diets containing 11.3% DM (low protein; LP) or 13.9% DM
(high protein; HP) crude protein. Two groups (n = 10) of Baluchi ram lambs (4-5 months old, 26.25+3.30 kg initial
BW) were allotted to LP and HP treatments. In each group, one half of the lambs received experimental diets mixed
with 500 ml liquid fresh PBE per kg DM of diet. Thus, four experimental diets were tested: LP diet without PBE
supplementation; LP-PEB, LP diet with PBE supplementation; LP+PBE, HP diet without PBE supplementation;
HP-PBE and HP diet with PBE supplementation; HP+PBE. Feed intake, average daily gain (ADG) and feed
conversion ratio (FCR) were recorded for a 50 d experimental period. Plasma urea (PUN) and ruminal NH;-N
concentrations were measured at 0, 2 and 4 h after morning feeding on the 35™ d of the experiment. Apparent total
tract digestibility of DM, organic matter (OM) and N as well as urinary losses and retention of N were also
determined for 5 days at the end of the experiment. Although there was a tendency for feed intake to be lower
(P=0.102) in LP compared with HP fed lambs, the dietary CP level had no effect on ADG and FCR. In contrast,
PBE supplementation improved both growth rate (P=0.021) and FCR (P=0.104) of lambs. The urinary losses of N
and also PUN and ruminal NH;3-N concentrations at h 2 and 4 after feeding were decreased and the retention of N
was increased by PBE supplementation of diets. However, these effects of PBE were only significant in the lambs
fed HP diet. The concentrations of PUN (0 and 4 h after feeding) and ruminal NH;-N (4 h after feeding) were
affected positively by dietary CP level. Although the lambs feeding on the LP diet retained a higher percentage of N
intake or N digested, no difference in daily N retained was observed between LP and HP fed lambs. The
experimental treatments had no effect on DM, OM and N apparent digestibility. Our results indicated that the low
concentration of PBE tannins have a protein-sparing potential depend on dietary CP density, thereby improving
growth performance and N retention in finishing lambs.
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Introduction microbial degradation of dietary proteins to ammonia
(Lapierre and Lobley, 2001). Hence, many feed
The ruminant animals are very inefficient for additives have been developed to improve N
dietary nitrogen (N) utilization and there is a efficiency by decreasing of ammonia production in
growing interest in improving intake-N efficiency in the rumen, among which ionophore antibiotics have
order to reduce feed costs as well as to abate been very successful (Hutjens, 1992). However,
environmental pollution. The low efficiency is anxiety about antibiotic residues in milk and meat
mainly associated with N losses as a result of  has limited use of antibiotics in the animal feeds.
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As a safe antibiotic alternative, the plant phenolic
compounds, particularly tannins, have a protective
potential against protein degradation in the rumen and
increase rumen escape protein and supply of essential
amino acids for the small intestine (Lamy et al., 2011).
It is generally agreed that tannins improve N
metabolism and efficiency of protein utilization in the
ruminants depending on several factors such as their
concentration, type and molecular weight (Patra and
Saxena, 2011) as well as diet composition, animal
species and physiological state of the animal
(McSweeny et al., 2001). Due to the beneficial effects
of tannins on protein metabolism, some commercial
tannins such as quebracho have been proposed for
improving N utilization in the ruminants (Frutos et al.,
2000; Fernandez et al., 2012). Thus a protein-sparing
effect can be expected for tannins. There is evidence
that protein-sparing compounds such as monensin
(Perry et al., 1983; Hanson and Klopfenstein, 1979) and
rumen-protected CLA (Schiavon et al., 2010; Schiavon
et al., 2012) have been used successfully for reduction
of dietary CP density and N losses in ruminants.
Recently, Hart et al. (2011) used low tannin pea silage
(LTPS) for reducing percentage of soybean meal in the
ration of lambs and suggested a concentration sparing
effect for LTPS. However, a little information is
available on the effects of tannins on animal
performance when dietary crude protein (CP) density is
lower than the recommended optimum level.

Pistachio by-products (PB), a pistachio de-hulling
by-products soon after harvest, contain high level of
phenolic compounds, including tannins (Bagheripour et
al.,, 2008; Mokhtaropur et al., 2012). It is has been
reported that the phenolic compounds of PB are water
extractable (Mokhtarpour et al., 2014). Therefore, PB
and also its aqua extract can be used as an affordable
source of tannins in pistachio producing countries such
as Iran.

The subject of the current study was to investigate
the effect of the pistachio by-products extract, as a source
of tannins, on the performance and N retention of lambs
fed two different levels of protein with their diets.

Materials and Methods

The animals in this study were selected from the
flock at Animal Research Station of Ferdowsi
University of Mashhad, Mashhad, Iran and were housed
and cared for in accordance with the institutionally
approved animal care and use protocol. Pistachio by-
products were provided from pistachio de-hulling
factories in Feizabad (Khorasan e Razavi, Iran).

Two isoenergetic diets containing 11.3% DM (Low
protein; LP) or 13.9% of DM (high protein; HP) crude
protein were prepared with 30% corn silage and 70%
concentrate consisting of whole barley grain, soybean
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meal, vitamin and mineral premix, calcium carbonate
and salt (Table 1). Two groups (n=12 lambs per group)
of Baluchi ram lambs (4-5 months old, 26.25+3.30 kg
BW) were housed in 1x1 m individual cages and fed
individually with the low protein (LP) or high protein
(HP) diets twice daily at 0700 and 1400. Fresh water
was freely available during the experiment. In each
experimental group, one half of the lambs (n = 5)
received diets mixed with 500 ml of liquid fresh
pistachio by-products aqua extract (PBE) per kg DM of
diet. Thus, four dietary treatments were tested: LP diet
without PBE supplementation; LP-PEB, LP diet with
PBE supplementation; LP+PBE, HP diet without PBE
supplementation; HP-PBE and PH diet with PBE
supplementation; HP+PBE. The PBE was freshly
prepared after 24 h soaking of pistachio by-products in
the cold water (1:3 w/v) and filtering through two
layers of cheesecloth. After a 14-day adaptation period,
feed consumption and body weight gain of lambs were
recorded and feed conversion ratio were calculated for
50-days.

On the 35™ d of the experimental period, rumen
fluid and blood samples were collected 0, 2 and 4 h
after morning feeding from two lambs in each group.
Rumen fluid samples were collected using a stomach
tube (oral lavage) and filtered through two layers of
cheesecloth and then 10 ml sub sample was acidified by
10 ml 0.2 N HCI. Plasma samples were separated by
centrifugation (3000 g, 15 min) of five ml blood
samples collected from the jugular vein in EDTA-
containing tubes. Rumen fluid and plasma samples
were stored at -20°C until subsequent analysis. From
day 45 to 50 of the experimental period, two lambs
from each experimental group were moved to
metabolism cages. The lambs were fed experimental
diets and daily total fecal and urine output were
collected. Feed, orts and feces were weighted daily and
their samples were immediately dried at 60°C for 48 h.
The acidified urine (by 200 ml 2 M H,SO, to maintain
urine pH <3.0) was weighted and 100 ml samples were
stored at -20°C.

All chemical analysis was performed in triplicate.
Dried samples of feed, orts and faeces were milled to
pass through a 1 mm screen. Total ash was determined
after 4 h dry-ashing at 550°C and organic matter was
calculated as the difference between the weight of
original sample and the weight of incinerated ash. Feed,
orts and faeces as well as urine were analyzed for N
content by Kjeldahl method (AOAC 1997, Method
990.02). The ammonia N concentration of rumen fluid
was determined by the method of Varner et al. (1953)
as was described by Rust et al. (1965) with a few
modifications. Briefly, acidified rumen fluid sub
samples were centrifuged at 15,000 g for 15 min and a
2 ml sample of the supernatant was distilled by a
distillation unit (Behr distillation unit S5, Germany)



after adjustment of the pH with a sodium borate buffer.
The ammonia was collected in 3% boric acid and
titrated with 0.01 N HCI using a pH titration unit
(Titroline® easy, Germany). An autoanalyzer
(Biosystems A 15; 08030 Barcelona, Spain) was used
for determination of plasma urea concentrations. The
fresh PBE was analyzed for total phenolic compounds
(TP) and total tannins (TT) by Folin-Ciocalteu reagent
using tannic acid as standard (Makkar, 2000). The
condensed tannins content of PBE was also determined
by butanol-HCl method (Porter et al., 1986) and
expressed as leucocyanidin equivalent.

Statistical Analysis

The data for feed intake, body weight, growth
rate and FCR as well as digestibility and N retention
were analyzed using the GLM procedure of SAS using
the model
Y = p + CP; + PBE; + (CPXPBE);; + g;;
where p is the overall mean, CP; is the effect of CP
level (i = LP and HP), PBE; is the effect of PEB level (j
= with PBE supplementation; +PBE and without PBE
supplementation; -PBE), CPXPBE is the interaction
between CP and PBE level and g is the associated
error. For data collected over time within each sampling
period (ruminal NH3;-N and PUN concentrations), a
repeated-measures analysis was performed using the
MIXED procedure of SAS. The means were compared
using Duncan’s multiple range test and differences
among treatments were considered significant when
P<0.05, whereas when 0.10>P>0.05, differences were
considered to indicate a trend toward a significant
effect.

Results

A summary of the mean initial and final body
weight as well as ADG, DMI and FCR of lambs is
presented in Table 2. The effects of dietary CP density
on both DMI and ADG of lambs were non-significant
(P>0.05). There was, however, a tendency for DMI to
be lower (P=0.102) in LP fed lambs compared with HP
lambs. The efficiency of feed intake expressed as FCR
was similar between LP and HP groups. In contrast,
PBE supplementation improved growth rate (P=0.021)
and also FCR (P=0.104) of lambs. The effect of PBE
supplementation on ADG was only about 3% for lambs
fed LP diet, whereas a 16% increase (P=0.08) in ADG
was observed by adding of PBE to HP diet.

As a result of similar feed intake between LP and
HP lambs, the intake of N in HP was significantly
higher (P<0.001) than LP fed lambs (Table 3). DM,
OM and N digestibility were not affected by dietary CP
density or PBE supplementation. The lambs feeding on
the LP diet excreted lower N in fecal (P=0.004) and
also in urine (P<0.001) than HP fed lambs. Although
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Table 1: Ingredients and chemical composition of diets

(DM basis)
Experimental diets'
LP- LP+ HP- HP+
PBE PBE PBE PBE
Dietary ingredients (g/kg)
Corn silage 300 300 300 300
Whole barely grain 660 660 560 560
Soybean meal 25 25 125 125
Vitamin and mineral premix* 7.5 7.5 75 75
CaCO3 5 5 5 5
Salt 25 25 25 25
Chemical composition®
ME (Mcal/kg of DM) 26 26 27 27
CP (% of DM) 11.3 113 139 139
RDP (% of DM) 84 84 106 10.6
RUP (% of DM) 29 29 33 33
RDP/RUP ratio 29 29 32 32
TP (% of DM) ND 19 ND 19
TT (% of DM) ND 091 ND 091
CT (% of DM) ND 027 ND 0.27

'LP-PBE: low protein diet without pistachio by-products aqua
extract (PBE) supplementation; LP+PBE: low protein diet
with PBE supplementation; HP-PBE: high protein diet
without PBE supplementation, HP+PEG: high protein diet
with PBE supplementation; *Vitamin and mineral premix (per
kg DM): 330,000 IU of vitamin A, 60,000 IU of vitamin D,
1000 IU of vitamin E, 160 g Ca, 85 g P, 63 g Na, 45 g Mg,
2100 mg Zn, 1500 mg Mn, 535 mg Cu, 12 mg Se, 45 mg [;
>ME: metabolisable energy; CP; crude protein; RDP: rumen
degradable protein, RUP: rumen undegradable protein; TP:
total phenolics; TT: total tannins; CT: condensed tannins.

daily retention of N was very similar between LP and
HP (6.7 vs. 6.8 g/d, P=0.375), the LP lambs retained a
higher percentage of N intake or N digested compared
with HP. Similarly, urinary losses of N were decreased
(P=0.008) due to PBE supplementation. However, the
urinary excretion of N for lambs in LP-PBE, LP+PBE
and HP+PBE was similar and lower than HP-PBE
group. The N retention was also higher for lambs
received PBE in the diets. This effect of PBE was
depended on dietary CP level and significant only when
lambs fed HP diet. The greatest daily N retention value
was observed in HP+PBE, whereas the lambs in other
groups retained similar amount of N.

There was no difference in ruminal NH;-N
concentration among lambs before feeding. For all
experimental groups, the ruminal concentration of
NH;-N was significantly reduced 2 h after morning
feeding (Fig. 1a). Nevertheless, the level of ruminal
ammonia 2 h after feeding was higher in HP-PBE than
other groups. The increase of NH;-N concentration in
the rumen fluid of HP fed lambs from 2 to 4 h after
feeding was retarded by adding PBE to the diet. In
contrast, similar levels of ruminal ammonia were
observed between h 2 and 4 after feeding for LP lambs
with no effect due to PBE supplementation (8.0 vs. 7.9
mg/dL).
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Table 2: Effects of crude protein (CP) level, pistachio by-products aqua extract (PBE) and CPxPBE interaction on feedlot

performance of lambs

CP level PBE CP x PBE interaction’ Root P value
LP HP -PBE +PBE LP-PBE LP+PBE HP-PBE HP+PBE
Item' (n=10) (n=10) (n=10) (n=10) (n=5) (n=5) (n=5) (n=5) MSE cP PBE  CPxPBE
IBW (kg) 26.2 27.1 27.0 26.4 26.1 26.3 27.9 26.4 3.74 0.619 0.726 0.649
FBW (kg) 36.5 37.8 36.9 373 36.2 35.7 37.6 37.9 3.98 0.506 0.830 0.980
DMI (g/d) 9494 1071.0 1011.5 1008.9  990.3 908.6 1032.7 1109.3 146.50 0.102 0972 0.288
ADG (g/d) 204.6 2124 197.7 2193 201.7 207.6 193.8 231.0 1692 0365 0.021 0.080
FCR (F:G) 4.7 5.0 5.1 4.6 4.9 4.4 52 4.8 0.59 0.180 0.104 0.892

'IBW: initial body weight; FBW: final body weight; DMI: dry mater intake; ADG: average daily gain; FCR: feed conversion
ratio; 2LP-PBE: low protein diet without PBE supplementation; LP+PBE: low protein diet with PBE supplementation; HP-PBE:
high protein diet without PBE supplementation; HP+PEG: high protein diet with PBE supplementation.

Table 3: Effects of crude protein (CP) level, pistachio by-products aqua extract (PBE) and CPxPBE interaction on dry
mater (DM), organic matter (OM) and nitrogen (N) digestibility, fecal and urine N excretion and N retention of

lambs
CP level PBE CP x PBE interaction’ P value
Item LP HP -PBE +PBE LP-PBE LP+PBE HP-PBE HP+PBE Root
m=4) (mn=4) (m=4) (m=4) @©=2) (=2) (n=2) (n=2) MSE CP PBE CPxPBE

DMI (g/d) 1083.3 1088.3 1100.1 1071.5 1083.7 1082.8 1116.5 1060.2 56.32 0.905 0.512 0.525
OMI (g/d) 1036.7 1032.0 1044.2 1024.5 1034.4 1039.1 1054.0 1010.0 59.34 0915 0.663 0.593
N intake (g/d) 199 242 221 22.0 19.8 19.9 244 24.1 0.21 <0.001 0.453 0.369
Digestibility

DM (% of DM intake) 76.4 753 763 753 77.7 75.0 74.9 75.6 275 0.596 0.634 0.433

OM (% of OM intake) 78.8 783 79.0 782 78.9 78.8 79.0 777 229 0.779 0.666 0.736

N (% of N intake) 71.1 704 71.1 704 71.4 70.8 70.9 70.0 1.58 0.593 0.543 0.945
N excretion

Faecal (g/d) 5.7 7.1 6.4 6.5 5.7 5.8 7.1 7.2 0.33 0.004 0.609 0.966

Urine (g/d) 7.4 10.3 9.3 8.4 7.5% 7.3% 11.1¢ 9.5° 0.26 <0.001 0.008 0.016

Urine (% of N intake) 374 423 41.7 38.1 37.9* 36.9* 45.5¢ 39.2° 1.25 0.005 0.015 0.040
N retained

g/d 6.7 6.8 6.4 7.1 6.7% 6.7% 6.2% 7.4° 0.16 0.375 0.005 0.007

% of N intake 337 281 295 323 33.6° 33.9° 25.4% 30.8°  0.70 <0.001 0.004 0.007

% of N digested 474 399 414 459 47.0° 47.9¢ 35.8% 44.0° 0.85 <0.001 0.002 0.004

"Within each row, means with common superscript do not differ (P>0.05); LP-PBE: low protein diet without PBE
supplementation; LP+PBE: low protein diet with PBE supplementation; HP-PBE: high protein diet without PBE
supplementation; HP+PEG: high protein diet with PBE supplementation.

In comparison with HP, the lambs fed LP diet had
lower (P=0.024) plasma concentration of urea before
morning feeding. An increase in PUN was observed in
both LP (30 %, P=0.001) and HP (13%, P=0.048) fed
lambs 2 h after feeding (Fig. 1b). There was, however,
no difference in PUN concentration measured 2 h after
feeding between LP and HP lambs. On h 4 after
feeding, the PUN concentration in LP fed lambs was
dropped to the same level that was detected before the
morning feeding, whereas the levels of PUN between h
2 and 4 after feeding were similar in HP lambs.
Although PBE had no effect on the PUN concentration
of lambs before feeding, we observed a lower level of
PUN 2 and 4 h after feeding due to PBE
supplementation of HP diet only.

Discussion

A trend to significant (P=0.102) lower DMI observed
in lambs fed LP diet is likely due to lower dietary
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RDP/RUP ratio. In ruminants, it has been reported that
the voluntary DMI can be affected negatively by
decrease of dietary RDP/RUP ratio (Valkeners et al.,
2008). In our experiment, 80% of the soybean meal in
the HP diet was replaced with whole barley grain in the
LP diet; consequently the LP had a lower RDP/RUP
ratio than HP diet (Table 1). Feed intake may also be
affected by the present of tannins in the diet as a result
of decreasing palatability or negatively affecting
digestion because of the astringency caused by
formation of complexes between tannins and salivary
glycoproteins (Landau et al., 2000). However,
depression of feed intake in animals fed low tannin
diets (<5.0 % DM) is uncommon (Patra and Saxena,
2011), as also observed in the present experiment.
There are some reports that indicate improvement
in performance for lambs fed increasing levels of
dietary CP (Haddad et al., 2001; Ebrahimi et al., 2007).
In the current study, however, a 2.6% increase in
dietary CP density from 11.3 to 13.9 % had no effect on
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Fig.

ADG and FCR. Close to these levels of dietary CP,
Dayani et al. (2011) reported no difference in ADG and
FCR of lambs fed diets contained 12 or 14% CP.
Although a 2% increase in dietary CP level from 14 to
16% improved performance of Awassi lambs, there was
no difference in ADG and also FCR between lambs fed
12 and 14% CP contained diets (Haddad et al., 2001).
In contrast, the low concentration of tannins (9.1 g/kg
DM, Table 1) prepared by adding PBE to the diets
significantly (P=0.02) increased ADG as well as
improved FCR by about 10% (P=0.104).The advantage
of tannins, specially condensed tannins (CT), at a
moderate concentration (20-40 g CT/kg DM) on the
growth performance of ruminant animals has widely
been reported (Patra and Saxena, 2011). Montossi
(1995) suggested a minimum effective CT
concentration of 5 g/kg DM for positive impact on
ruminant performance. The beneficial effect of PBE
supplementation on ADG for lambs in the LP was
about 3%, whereas ADG improved by 16% in HP
groups. Previously, we also noticed a significant
interaction between low concentration CT (4.06 g/Kg
DM) and dietary CP density on growth performance
with a greater response in growing lambs feeding LP

277

Res. Opin. Anim. Vet. Sci., 2014, 4(5): 273-280.

diets containing licorice leaves as a source of tannins
(data unpublished). Valizadeh et al. (2010) obtained an
ADG 230 g/day in Baluchi lambs fed diets containing
14.7% CP, which is very similar to those we observed
in HP+PBE group (231 g/day, Table 2). These authors
also reported no differences in growth rate and FCR of
lambs due to feeding different levels (0, 10, 20 and 30%
of diet DM) of pistachio by-products. Our results,
however, hinted that there is likely to exist a
relationship between dietary CP density and the
protein-sparing effect of tannins, thereby the
effectiveness of tannins is more obvious when CP is at
a marginal level for impact on performance. It has also
been demonstrated that the beneficial protein-sparing
effects of monensin (Hanson and Klopfenstein, 1979)
or rumen-protected CLA (Schiavon et al., 2010) on the
ruminant performance were depended on dietary CP
level; the greatest response in FCR occurred in animals
feeding on the low CP density diets.

The overall means for total tract digestibility of
DM, OM and N were about 76, 78 and 71%,
respectively, with no effect due to experimental
treatments, which are comparable with those reported in
animals fed high concentrate diets containing optimum
levels of CP (Devant et al., 2000; Haddad et al., 2001).
Although there is evidence that nutrient digestibility
can be affected by dietary CP level mainly associated
with N supply for bacterial growth (Veira et al., 1980;
Willms et al., 1991), the limitation of N for microbial
activity in our study seems unlikely. Willms et al.
(1991) observed similar DM, OM and also N
digestibility between lambs fed 12 and 14% CP diets.
Similarly, no difference in nutrient digestibility was
reported in Awassi lambs fed diets containing 12, 14,
16 or 18% CP (Haddad et al., 2001). Oldham and Smith
(1982) suggested that increasing dietary CP level above
10 to 12% had little effect on DM digestibility in non
lactating ruminants. Likewise, the lack of differences in
nutrient digestibility between -PBE and +PBE (Table 3)
is likely attributed to low concentration of tannins in the
diets. Generally, the high concentrations of tannins
(>55 g CT/kg DM) reduce nutrients digestibility in the
ruminants (Min et al., 2003).

Although N digestibility was similar between LP
and HP lambs, statistically significant lesser values of
absolute fecal N output (g/d) were observed in lambs
fed LP diet (Table 3). Similar fecal N excretion was
reported in heifers (Devant et al., 2000) and lambs
(Ludden et al., 2002a) fed different levels of dietary CP.
These authors also suggested that both N intake and
digestibility improved by increasing levels of dietary
CP. However, when there was no difference in N
digestibility between lambs fed diets containing 12 and
14% CP, Willms et al. (1991) observed a lower daily
fecal excretion of N in lambs with lower N intake.
Additionally, urinary excretion of N was increased as a



result of higher N intake in HP lambs (Table 3).
Similarly, urinary N losses were increased as dietary
CP concentration increased from 10 to 15% in lambs
supplemented with cottonseed meal (Cole, 1999). A
linear increase in urinary N excretion was also observed
in lambs fed increasing levels of dietary CP (Ludden et
al., 2002a).

The reduction of urinary N losses caused by LP or
PBE treatment may be a reflection of lower plasma
concentrations of urea (Kohn et al.,, 2005). PUN
concentration can be influenced by level and also
degradability of dietary protein (Dabiri and Thonney,
2004). Moreover, dietary CP and RDP levels positively
affect ruminal ammonia concentration (Devant et al.,
2000; Ludden et al., 2002b). Therefore the lesser
ruminal NH;3;-N (Fig. 1la) and PUN (Fig. 1b)
concentrations were expected for LP fed lambs due to
intake of the diet with lower levels of both CP and RDP
than HP fed lambs (Table 1). Similarly, the PBE
supplementation also reduced PUN and ruminal NH3-N
concentrations after feeding likely in response to the
protective effect of PBE tannins against ruminal
degradation of protein (Patra and Saxena, 2011).
Pistachio by-products silage (PBS) reduced ruminal
NH;-N and serum urea N concentrations in dairy cows
in comparison with corn silage or polyethylene glycol
(as a tannin binder) treated PBS (Mokhtarpour et al.,
2012). Besides tannins, pistachio by-products contains
many bioactive phenolics such as naringenin and
quercetin, which are isoflavone (Tomaino et al., 2010).
Flythe and Kagen (2010) demonstrated that isoflavones
from red clover have antimicrobial activity against
hyper ammonia-producing bacteria. Therefore, lower
PUN and ruminal NH;3-N concentration in lambs fed
PBE supplemented diets may also be attributed to other
PBE phenolics. On h 2 after feeding, although we
observed a reduction in ruminal NH5-N concentration
for all groups, which is in agreement with the findings
of Devant et al. (2000), the ammonia concentrations in
rumen fluid of LP-PBE, LP+PBE and HP+PBE lambs
were similar and significantly lower than HP-PBE
group. At the same time, the increase of PUN
concentration was affected negatively by PBE
supplementation of HP diet. Similar interaction effects
of dietary CP level and PBE supplementation on
ruminal NH;-N and PUN concentrations were detected
4 h after feeding. In consistent to our results, Fernandez
et al. (2012) suggested that tannins supplements have a
higher potential to reduce ruminal NH;-N and BUN in
sheep when fed HP diets. Moreover, it has been
reported that protein precipitation effect of phenolic
compounds is affected positively by protein
concentration in the solution (Ozdal et al.,, 2013).
Similar to the current study, however, the dietary RDP
level of LP was also lower than HP diet in the
experiment of Fernandez et al. (2012). Therefore, the
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influence of dietary RDP level on the tannins potential
for reduction of urinary N losses as well as PUN and
ruminal NH;-N concentration is unclear.

The similar positive N balance between LP and HP
lambs (Table 3) suggests that N in the LP diet was not
limiting growth. This is more likely a result of
improving in N efficiency due to lower N losses in LP
fed lambs. Devant et al. (2000) reported similar ADG
and N retention in growing heifers fed diets containing
14 or 17% CP. This author also observed a higher
efficiency of N intake in heifers fed 14% CP diet
compared with 17% CP diet. The retention of N was
increased by PBE supplementation of diets. Although
PBE supplementation had no effect on N retained in LP
fed lambs, but improved N retention in HP lambs by
16%. Thus the maximal N retention was observed in
HP+PBE group. Assuming that N retention in sheep is
29 g/kg of body weight gain (Kohn et al., 2005), the
predicted body weight gains correspond to N retained
values are 194.3 g/d for LP fed lambs and 179.8 and
214.6 g/d for HP-PBE and HP+PBE groups
respectively, comparable with observed ADG (Table 2).

Conclusion

The primary purpose of this study was to improve
the efficiency of dietary N utilization in order to reduce
production costs and environmental pollution. Our
results showed that reduction of dietary CP density
from 13.9 to 11.3% improved N retained by the
decrease of N losses, without any negative effects on
feed intake, growth rate and also digestibility of DM,
OM and N in Baluchi ram lambs. In addition,
supplementation of diets with PBE increased growth
rate and retention of N depend on dietary CP levels; the
greatest response occurred in animals feeding on the HP
diets. Based on the results of the current study, we
suggested that there is likely a relationship between
dietary CP density and the protein-sparing effect of
tannins, thereby the effectiveness of tannins is more
obvious when CP is at a marginal level for impact on
performance. Moreover, in agreement with Fernandez
et al. (2012), the higher potential of PBE tannins for
depression of PUN and ruminal NH;-N concentration
was observed in lambs when fed HP diet. However, the
influence of dietary RDP level on these effects of
tannins is unclear.
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