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ABSREACT

The relationship between ruminal ammonia-nitrogen concentration (NHa-N) and the
dietary contents of crude protein (CP), digestible crude protein (DCP) and totat digestible
nutrients (TDN) were estimated using 64 different diets that varied in CP (ranging from 8 to
18%), in DCP {ranging from 5 to 14%) and in TDN (ranging from 4% to 79%). Dietary CP,
DCP and TDN were suggested as basis for the criteria relating to the ruminal ammonia
nitrogen concentration in sheep. The relationships between CP (X4} andfor DCP (X2) and
NHa-N {Y) as linear and quadratic equations were not significant. The inclusion of TDN as X,
resulted in higher multiple correlation coefficient either with CP or DCP; the higher value was
obtained with DCP and TDN. Mean ammonia-nitrogen concentration in the rumen reached
the level of 5.5mg/100mi rumen liquor (RL) at approximately 10% dietary digestible protein
as calculated from the prediction equation, above this level, ammonia increased rapidiy with
increasing digestible protein in the diet.
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INTRODUCTION

The regression of ruminal ammonia nitrogen concentration on one
or more of the diet composition has been estimated by many investigators
(Sater and Slyter, 1974; Sater and Roffler, 1975; Offer and Percival, 1998:
Brown et al., 2000 and 2001). Data of 35 different diets that varied in crude
protein (from 8 to 24%) and in total digestible nutrients (from 53 to 85%)
were analyzed (Sater and Roffler, 1975) and the mean ruminal nitrogen
concentration in cattle was reported to vary from 0.8 to 56.1 mg/100ml RL
with increasing dietary protein levels. They concluded that mean ruminal
ammonia concentration could be predicted using the following equation:

NH3-N = 38.73 = 3.04(X,) + 0.171(X;)* — 0.49(X;) +0.0024(X.)?
where, X, and X; represents CP and TDN, respectively; R?=0.92.

When they used CP (X) as the only predictor for NH;-N
concentration in cattle, the prediction equation was:

NH3N =10.57 - 2.5(X) + 0.159 (X)*, R? = 0.88
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Applying the equations of Sater and Roffler (1975) to predict the
ruminal ammonia concentration in sheep is not acceptable because of the
variation in rumen fermentation patterns between large (cattle) and smail
(sheep) animals (Naga, 1992). This paper presents and discusses a
mathematical approach for relating some of the dietary composition to
predict ruminal ammonia nitrogen concentration in sheep.

COMPILATION AND DATA ANALYSIS:

Ruminal ammonia concentration {(NHz;-N, mg/100mi RL) and
percentage of some dietary components (CP, DCP and TDN) were
compiled from 64 digestibility and rumen fermentation studies which were
carried out at the Department of Animal Production of Alexandria
University. Diets varied in crude protein (ranging from 8 to 18%), in
digestible crude protein (ranging from 5 to 14%) and in total digestible
nutrients (ranging from 49 to 79%).

The regression lines of ruminai ammonia nitrogen concentrations
(NH;-N as Y) and dietary composition (CP, DCP and TDN as X;) of the
compiled data (Fig. 1 and 2) shows two different trends corresponding to
CP% on one hand and both DCP and TDN% on the other. The
relationships between NH;-N concentration and the dietary components
were estimated by multiple linear regressions using the statistical program
of SAS (2000). The correlation coefficients between variables (X;, X; and
Xs) and (Y) were always above 0.70. A regression equation for each
variable was therefore formulated, and then the regression equations that
used to predict ruminal NHs-N (Y) concentration from CP (X,), DCP (X>)
and TDN (X3) were presented:

Y ==1.30 =2.0(Xs) + 0.6(X1)? + 0.64(X;) — 0.003(X;)°
Y = 17.25~ 4.23(Xz) + 0.25 (X3)* + 0.15(X3) — 0.0010G)

Vol. 12 (2), 2007 338



J. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

NH3-N (mg/100 ml RL.}

40.00

000

1000

4.00

400

*
* I!-—- R
. e 13

e - P~ 2|
*

*

*

14.00 16.00 .00 20,00

Fig (1): The regression lines of NH3-N on CP and DCP percentage
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Fig (2): The regression line of NH3-N on TDN percentage
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RESULTS AND DISCUSSION:

Table (1) shows the regression equations for the prediction of NH;-
N in the rumen of sheep. The last two equations gave a reasonable (R?)
coefficient of determination (0.71 and 0.79), respectively.

Table 1: Linear and quadratic regression equations between diet
composition data (CP, DP and TDN)* and NH;-N* concentration in
sheep {n=64)
Prediction Equations R’
Y=1795-021X,
Y=11.94 + 0.34X,
Y=4.92 + 0.33X;

Y=40.03 —3.55X, + 0.12X21

2
Y=33.21 -4.67X,+ 0.28X »

2

Y=-21.71 + 0.89X3- 0.005X 4
Y=7.57+0.31X,+ 0.33X;
Y=21.48 - 1.38%, + 1.40X;

) Z
Y= 1.30-2.0X, + 0.08X | + 0.64X;3— 0.003X ; 0.71**

. 2 2
Y=17.25-423X,+ 025X, +0.15X3-0.001X 4 0.79%*

*CP, dietary crude protein; DCP, digestible crude protein; TDN, total
digestible nutrients; NH,-N, ruminai ammonia nitrogen concentration.
** P<0.01

Using these two equations, the ruminal levels of ammonia were
calculated for diets that were varying in CP, DCP and TDN contents, and
then data were presented in Tables (2 and 3). The present results show
that low levels of ruminal ammonia nitrogen were observed with low CP,
DCP and TDN-diets comparing with high energy ones with increasing
protein. Ruminal ammonia nitrogen concentration was found to be highly
affected by diet composition (Hristov et al., 2004). Regression equation
including TDN and CP for the prediction of ammonia concentration in the
rumen of cattle (Sater and Roffler, 1975) is completely different than that of
sheep obtained in the present study. This may be due to the differences in

rumen activity patterns between large (cattle) and small (sheep) ruminants
(Naga, 1992).
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Increasing dietary protein concentration usually results in increased
ammonia-N concentrations in the rumen (Table 2). Similar results were
presented in many other reports (Armentano et al., 1993; Castillo ef af,
2001; Davidson et al., 2003; Olmos Colmenro and Broderick, 2003).

Diets with elevated CP concentration usually have greater apparent
N-digestibility (Broderick, 2003); the present results confirmed these
findings (Tables 2 and 3).

Results in (Table 2) suggest that rumen ammonia-N concentration
ranged between 12.51 and 19.11 mg/100ml RL at 14% dietary crude
protein and between 55 and 85% of dietary TDN.

Table 2: Influence of diet composition {percentages of CP and TDN)
on mean ruminal ammonia-N concentration* (mg/100ml RL) in sheep

Dietary TDN%

CP% On DM basis

On DM 55 60 65 70 75 80 85

basis
8 16.54 1542 1675 1792 1895 19.82 20.55
9 13.31 1478 16.11 17.82 18.31 19.18 19.91
10 12.83 1430 1563 16.80 17.83 18.70 19.43
11 12.51 1398 1531 1648 17.71 18.38 19.11
12 12.35  13.82 15.15 1632 17.35 18.22 18.%2
13 1235 13.82 1525 1642 1745 18.32 19.05
14 12.51 1398 15.13 1648 17.51 18.38 19.11
15 12.83 1430 1563 1680 17.83 18.70 19.43
16 13.31 1478 1611 1728 1331 19.18 19.91
17 13.56¢ 1542 1675 1792 13.59 19.81 20.55
18 1475 1622 1755 1872 14.75 20.62 21.35
19 1571 17.18 18.61 1978 1571 21.62 22.41
20 16.83 1830 1963 20.80 16.83 22.70 23.43

*Calculated from the prediction equation in Table (1) from CP and TDN
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Table 3: Influence of dietary composition (percentages of DCP and
TDN) on mean ruminal ammonia-N concentration* (mg/100 ml RL) in

sheep
DCP% TDN%
On DM On DM basis
basis 55 60 65 70 75 80 85

5 758 775 7.88 795 798 7.95 7.88
6 6.10 627 640 647 6.50 6.74 6.40
7 534 551 564 571 574 5.71 5.64
8 464 481 494 501 5.04 5.01 4.94
9 466 483 496 503 506 5.03 4.96

10 518 435 548 555 558 5.55 5.49
11 6.20 637 605 657 660 6.57 6.50
12 772 789 802 809 8.12 8.09 8.02
13 974 991 10.04 10.11 10.14 10.11 10.04
14 1226 1243 1256 12,63 1266 12.63 12.56

*Calculated from the prediction equation in Table (1) from DCP and TDN.

Mehrez et al. (1977) found an increase in the rate of rumen
fermentation and substrate degradation when rumen ammoenia-N
concentration reached 21mg/100ml RL. The concentration of ammonia-N in
the rumen is a function of both rate of ruminal-N degradation and
concentration of rumen degradable protein above microbial needs and the
amount of dietary energy available to the ruminal microorganisms.
{Tamminga et al., 1994; NRC, 2001). On the other hand, the rate of
digestion and feed intake are reduced with low ruminal ammonia-N
concentration due to starvation of ruminal bacteria for ammonia (Sater and
Syiter, 1974). Mean ammonia-N concentration in the rumen reached
5.5mg/100ml RL at approximately 10% digestible protein (Table 3); above
this level, ammonia-N increased rapidly with increasing dietary crude and
digestible protein (Tables 2 and 3). Results of Sater and Roffler (1975)
stated that 5mg of rumen ammonia-N/100ml RL is required for minimum
rumen microbial growth.

The success of any system for the prediction of ruminal
fermentation patterns depends on the extent that this system can
counteract the sources of variability. Most digestibility and fermentation
trials are conducted using a small number of animals (2-4), which is less
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than the ideal number required tc overcome the individual variation
between animals. This was clear from the work of Bredon ef al. (1961). On
the other hand, the regression equations based on diet composition to
predict the rumen fermentation patterns give lower values of R? as
compared to other systems of prediction (Brown ef a/., 2000 and 2001).
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