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Cotton staw is used as a roughage sowce in conjunction with maize in draught prone regions in the world for animal

production. However, this diet generally contains relativel

y low rumen degradable protein compared with ils supply -of

fermentable metabolizable energy; therefore leading to a suboptima)l animal performance and high methane production,
Although urea supplementation is known 1o improve microbial crude protein (MCP) preduction and animal production, the
recommended levels of urea supplementation range between 1% and 6.7% according to Literatures. This in vitro study was
conducted as a preliminary investigation to detemmine the impact of urea supplementation up 10 3% (as dry matter in the
diet} on rumen fermentation characteristics and protozoa population, on typical maize meal and cotton swaw-based diex
used for sheep production in Xinkang province, China. MCP production was improved by 64% when urea Increased from
0% to 2% in the diet, with no additional benefit ohserved at 3% urea in the diet, On the other hand, methane preduction
was reduced when urea increased from 0% to 3% in the diet. These results indicated that 2% urea supplemented under the
current feeding condition may improve MCP production and reduce methane production, However, further in vivo study is
needed to confirm that 2% wrea in the diet would not cause adverse effects on animal health.

Keywords: microbial crude protein; methane; pH; cotlon; maize; ramen

1, Introduction

Rumen microbes ferment feed carbolydrates to produce
volatile fatty acids, and they also degrade feed nitropen
{N) to synthesis microbial crude protein (MCP; Cottle
1991}, The MCP production contributes to protein supply
to the small intestine, accounting for 40-90% of total
abserbable protein (Koenig et al, 2000, The availability of
ramen degradable protein (RDP) and fermentable metabo-
lizable energy (FME) largely determines the MCP produc-
tion in the rumen. Insufficient RDP relative to FME in the
diet does not only limit animal performance, bul also
nerease methane (CH.,) production as waste product due to
surplus carbohydrate; which contributes to greenhouse gas
emissions (Jolmson & Johnson 1993, Ruminal methano-
gens are associated with the existence of protozeal species
(Clark et al. 2011). This suggests CH; production may be
changed through menipulating rurinal protozou pepula-
tion (Johnsen & Joimson 1995).

Cotton straw i3 a by-product of cotton production
and it has been used as a roughage source tosether with

suboptimal animal performance and high CH, produc-
tion, Urea can be supplemented as an inexpensive RDP
source {o improve MCP production and animal perform-
ance. The commen indusiry practice is to supplement less
than 1% of urea as dry matter (DM} in the diet to prevent
ammonia woxicity (Cottle 19913, but Currier et al, (2004)
suggested up 16 6,7% of feed can be consumed as urea it
animal and dietary factors are ideal. To prevent ammonia
toxicity on animal, this in vifre study was conducted as a
preliminary investigation to determine the impact of urea
supplementation up to 3% as DM in the diet on rumen
fermentation characteristics and protozoa population, on
typical maize meal and catton straw-based diet for sheep
production,

2, Materials and methods

A healthy non-lactating karakul sheep weighed 30 kg,
fitted with permanent ruminal cannula was housed in a

maize in draught prone regions in the world; to form a
basal diet for sheep production (Osuji et &l 1993).
However, this diet generally contains refatively low RDP
compared with its supply of FME: therefore leading to a

ethical standards of Tarim University. Sheep was offered
with 1 kg DM per day of chopped cotton straw and maize
meal to fulfil their nutrient requitement for maintenance
(Nisol & Brookes 2007). Tn addition fresh waler was
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Table 1. Ingredients of the experimental diets.

0% 1% 2% 3%

Ingredients urea  urea  urea  urea
Urea {g kg DM™} 0 10 20 30
Maize meal (g kg DM™) 225 222 221 217
Wheat bran {g kg DM ™) 30 39 29 29
Fish meal {g kg DM™) 15 i3 13 13
Cotton straw (g kg DM~ 405 401 397 333
Maize straw (g kg DM 135 134 132 131
Dry grass (g kg DM™) 135 134 132 13l
Salt (g kg DM 5 3 5 5
Lime stone (g kg DM™) 10 10 10 10

. Cotton seed meal {g kg DM™) 30 30 20 29

Premix mineral (g kg DM 10 10 10 10

offered to the sheep ad /ibtum. Rumen content was
sampled via ruminal carnulz in the moming at 10.00 h
prior to feeding. Rumen liquid was obtained through
filtering rumen sample with four layers of cheesecloth.

-Rumen liquid was mixed with pre-prepared rymen

buffer soludon (by adding 10.0 mg CaCl, 10.0 mg
MnCl-4H,, 1.0 mg CoCly6H,0, 8.0 mg FeCly 6H,0,
1.2 g NH4HCO;, 10.8 g NaHCOs, 1.8 ¢ Na.HPO,,
1.9 g KH;POy, 0.2 g MgS0,7H.0, 1.7 gNaOHand 0.2 ¢
NasS o 650 ml of distilled water) in a ratio of 112 to
malke anificial rumen fermentation solution, and was kept
under the continuous flushing with CO, for 10 min before
transferring into a water bath at 36°C.

A basal diet (0% urea) was formulated using feed
ingredients presented in Table 1. Dietary treatments were
formulated into four levels of dietary urea concentration
(0-3% as DM in the diet; Table 1), I vizo digestibility
of arganic mafter on DM basis (DOMD) was measurad

s described by Clarke et al. (1982). The metabolizable

energy (ME) level of the diet was caleulated using the
equation of ME (MI kg DM™) = DOMD (g kg DM™') x
0.016. Kjeldahl method, (Buchi, K-370, Switzerland) was
used fo analyze N concentration in the diet. Distary
crude protein (CP) was caleulated by CP (g kg DM Y =
N (g kg DM % 6.25,

Feed (200 mg) and artificial mumen fermentation
solution (30 ml) were added into syringe (100 mi) with
sealed tip for in vitro fermentation. The starting level of
piston was recorded before placing the gyringe into a
shaking water bath at the speed of 10 shakes per min at
39°C. Follow the same process, each dietary freatment

of cheesecloth. Protozoa population was quantified by
adding 35% of formalin into 1 ml of fermented rumen
liquid and stained with methyl green (0.6 g " and NaCl
(8.0 g 'y in a counting chamber according 1o Meng
ef al. (2000),

According to the method described by Malkar et al.
(1982), the fermented rumen liguid was centrifuged at
1500 rpm at 4°C for 20 min. Supematants were
discarded, and ceils obtained were washed with distilled
water and this process was repeated for three times. The
supernatants were discarded and the cells were trans-
ferred to flask for MCP determination by Kjeldah!
method {(Huchi, K-370, Switzerland). Gas chromato-
graphy (GC-14B, Shimadze, Jepan) was used for CH,
measurement followed the procedures described by Lila
et al. (2003).

Stalistical analysis was performed using SPSS 13.0
(SPSS Science, Chicago, lliinois). General analysis of
variance was conducted to determine the significant
effect of dietary treatments. Multiple comparison was
used to compare treatmment means when P < .05,

3. Results and discussion

Maize meal and cotton straw represented 63% of the diet
{Table 1). The results showed that when urea increased
from 0% to 3% in the diet, the caleulaled CP concen-
tration in the diet increased from 76 to 155 g kg DM,
while little ME change was defected across the treal-
ments (Table 2). The MCP production was increased
by 64% when urea increased from 0% to 2% in fhe diet,
No MCP production differsnce was observed between
2% and 3% urea treatments (Tuble 3% On the other
hand, CH, production was decreased by 8% when urea
increased from 0% to 3% in the diet. Urea supple-
meatation increased both pH and protozea population
{Table 3).

According to Nicol and Brookes (2007}, the main-
tenance ME requirement of the sheep used in the current
study was 3.8 MI per day; calculated using formula

Table 2. Chemical compositions of the experimental diets.

0% 1% 2% 3%

Chemical composition urea  urea  urea  urea
Crude protein (g kg DM 76 102 128 155
Dry matter (g kg DM™') 898 8§98 898 98
Ash-{g-leg- DMLy Ht— 1109 108

was Tepeaied ToT siX times, (hree of them were later used
for pH, MCP production measurement, protozoa popu-
lation quantification and other three were measured for

- CH, production.

At the end of 24 h fermentation, pH was measured

and fermented rumen liquid was sampled through

filtering 15 ml fermented mumen conlent with two layers

Neuwtral detergent fiber (g kg 291 289 286 284
DM

Acid detergent fiber (g kg 207 205 203 201
DM™) ' :

Ether sxtract (g kg DM™) 29 20 20 29

Metabolizable energy (MJ kg 8.8 8.7 8.6 8.5
DM




Downloaded by [Pibulsongkram Rajabhat Universi't'y] at 23:09 26 Januvary 2015

Jawrnal of Applied Animal Research

Table 3. Urea supplementation effects on pH, concentrations of
MCP (MCP; mg/ml), protozoa population (10°/ml) and
methane production (CHy; uliml) afier 24 hr in vifro mumen
fermentation.

0% 1% 2% 3% P
urea urea urea urea SE value
MCP 11t 1.3° 1.8 1.8% 0101 0.013
Protozoa 57.1°  S8.8°  61.07 603 0462 0017
CH,4 1980 200" 192 183° 0254 0.031
pH 6367 6.61° 669" 674" 0021 0.001

Note: Means with different superscripts are significantly different at the
5% confidence level.

0.45 MJ ME per kg of BW®™, This is 52% lower than
the ME supply of 8.8 MJ per day from the basal diet
(assuming feed consumption was 1 kg DM per day), The
basal diet provided 76 ¢ kg DM~ CP, which is same as
the estimated CP maintenance requirement of the sheep
used in the cument study (Brookes & Nicol 2007).
Therefore, animal performance under the cwrent feeding
condition is likely to be limited by protein supply rather
than energy supply.

~ Adding urea as a source of RDP should increase
MCP production and contribute to metabolizabie protein
supply to the animal (Johnson & Johnson 19933, This is
evident by the improved MCP production when urea
increased from 0% 10 2% in the diet. Zhou et al. (2009)
reported that MCP production ranged between 0.6 1o
2.0mg mlﬁl, which is comparable to the results from the

" current study. The average protozoa popuiation from the

current study is also comparabis fo previously reported,
using faunated sheep (Koenig &t al. 2000). Both MCP
production and protozoa population increased as urea
was supplémentt:d m the dief up to 2%, with no further
change at 3% urea in the diet {Table 3). This may refiect
the 2% urea was the upper limit for microbial activity
which alse constrained the change of MCP production.
Nevertheless, the overall pattern of urea supplementaticn
led to an merease in pH is similar to Bernard et al,
{2001) demenstrated, and ammonia accumulation from
urea degradation may be responsible to the increased
ruminal pH {Cottle 1991},

Methane is a waste product from carbohydrate
fermentation; it contributes to greenhouse gas emissions
and causes environmental poliution {Clark et al. 20113,
The change of CH. production in the rumen is related

to—the-sourees—of—carbutrydrate ~andprotein, and -~ ziso
ruminal environment (e.g., methanogens population and
pH; Johnson & Johinson 1995), The reduction in CH,
production when urea was supplemented i this study
may be related to increased ammonia accumulation from
urez break down in the rumen and it inhibited the
methanogenic activity (He et al. 2005).

—d

4. Conclusions

The 3% uvrea supplementation in this in vitro study did
not provide additional MCP production and protozoa
population compared with 2% urea supplementation,
Methane production decreased as urea supplementation
increased. This study showed higher levels of urea
supplementation (2% in the dist) than currently industry
used (19 in the diet) on maize meal and colton straw-
based diet, can improve MCP production and reduce
CH, production. However, in vive study is needed to
confirm 2% urez in the diet has no adverse effect on
animal health under the current feeding condition.
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