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SUMMARY

Four rumen fistulated Ossimi rams were used in 4 x 4 Latin square arrangement, to
investigate the effect of dietry levels of protein and fiber on some rumen fermentation
parameters (pH, ammonia -nitrogen, total volatil fatty acids VFA, rate of solid and
liquid passage from the rumen and microbial protein synthesis,

Rations were formulated and pelleted to include four different levels of CP and CF
i.e, high protein low fiber (HPLF), high protein high fiber (HPHF), low protein low fiber
(LPLF) and low protein high fiber (LPHF). Resulis indicted that: No differences in
rumen pH values were noted between the dietary treatments at any time before or
after feeding. Rumen ammonia - N was higher for the HP diets regardless of the CF
level. Ruminal total VFA concentration increased for the high protein diets and the
low fiber ones. Dry matter and OM digestibility based on in vitro {IVDMD & IVOMD)
were 67.45 & 66.33 %, 60.52 & 60.44 %, 69.82 & 69.19 % and 68.05 & 68.16 %,
respectively. Both rates of solid and liquid passage were significantly and negatively
affected by CF but not' by CP. The rates of passage for solid phase were 3.39, 3.90,
4.85 and 3.81% hr and for liquid phase 20.57, 13.85, 17.38 and 13.68 % hr
respectively, Values of retention time (RT) of solid phase were 22.78, 25.66, 20.61
and 25.55 hr and for liquid phase 4.86, 7.22, 5.72, and 7.31 hr respectively. The high
protein diets showed higher rate of digestion than the low protein diets. Differences
in RNA concentration between dietary treatments were not significant. The overall
averages were higher for the low fiber diets than for the high-fiber diets. Total non -
ammonia - nitrogen (TNAN) was higher for diets of high protein than diets of low
protein. More microbial Protein (MCP) was synthesized with high protein and low
fiber diet. It is concluded that a level of dietary protein as low as 13 % and a level of
dietary fiber as high as 21 % may be used in sheep nutrition without any adverse
effects on ruminal microbial activity as long as diets satisfy the energy requirements
under similar condition.

Keywords: Sheep, protein level, fiber levels, Rumen activity, Microbial protein
synthesis.

INTRODUCTION

In previous two conferences, one of them held in Alexandria (19982) under a title of
Manipulation of Rumen Micro- organisms and the other held in Ismailia (The 5th
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Scientific Conference on Animal Nutrition, 1995), it was suggested that more work is
needed to gain more information on microbial protein synthesis and rumen
fermentation and factors affecting them (Borhami et af, 1992, Mehrez, 1992 and
1995).Mehrez (1995) discussed in detail some of these factors i. e, dietary protein
and extent of its degradation, adequacy of available nitrogen in the rumen to satisfy
microbial nitrogen needs, dietary fiber, starch and sugars, rumen environment factors
such as pH, additives, temperature...etc.

Borhami et al. (1992) stated that the rate and extent of microbial growth in the
rumen could be studied using a variety of laboratory procedures. However,
measurement of microbial yield in vivo is not an easy task. The estimation of
microbial yield in vivo presents problems involving measurement and calculations
While literature values for microbial yield reflect problems in measurements,
therefore, no doubt that the real variations in yield is due to various diets and feeding
conditions. Averages of microbial yields for different calsses of diets and/or method
of estimation showed marked variations (Van Soest, 1982).

The present study was conducted to investigate the effect of varying levels of both
protein and fiber in the diet on some rumen fermentation parameters (pH, NH3-N,
VFA). Rates of solid and liquid passage from the rumen along with microbial protein
synthesis were also determined.

MATERIALS AND METHODS

This study was conducted at the Animal Production Experimental Farm and Animal
Nutrition Lab. of the Faculty of Agriculture, Menofiya University. Two roughages
(berseem hay and wheat straw), and two concentrates (soybean meal and ground
corn grain) were used to prepare four isocaloric rations. Main effects were level of
crude protein (CP) and level of crude fiber (CF). Four tested rations were prepared to
contain high protein high fiber (HPHF), high protein low fiber (HPLF), low protein high
fiber (LPHF) and low protein low fiber (LPLF) respectively. Vitamins and minerals
were provided to meet the requirements (NRC., 1985). Ingredients and chemical
composition of the experimental diets are shown in Table (1).

In vitro DM and OM digestibilities

Four, 2 g samples of each ration were taken to determine in vitro dry matter
(IVDM) and organic matter (IVOM) digestibilities by the two stage technique of Tilly
and Terry (1963) with slight modification (Ahmed, 1989) that the first stage of
incubation was extended to 72 hr. The rumen liquor for the in vitro analysis, was
obtalned from four fistulated Ossime rams (average BW of 40 kg) fed a good quality
berseem hay based diet.

in Situ DM and OM disappearance

In situ dacron bag technique (ISDMD & ISOMD) of Mehrez and @rskov (1977) was
used to determine DMD & OMD in the rumen of sheep at different incubation intervals
(0, 6, 24, and 72 hr). Bags were suspended into the rumen of fistulated sheep
maintained on basal diet of good quality berseem hay. Four replicated samples
were removed at 0, 6, 24, and 72 hr. After removal , bags were then washed
according to Crawford et al. (1978). The bags then were dried in a forced air oven at

80 °C until constant weight was achieved. Contents of bags were transferred
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carefully and quantitatively and ashed in a muffle furnace at 600 °C for 2 hr. The dry
matter and organic matter disappearances were calculated, Rates of digestion were
calculated as regressions of natural logarithmic transformation of potentially
digestible DM remaining at 0, 6 , 24, and 72 hr. of fermentation,

Rumen activity

Four rumen fistulated Ossimi rams weighing approximately 40 kg were placed in
individual metabolic cages (1.6 m x .53 m) as described by Maynard et a/. (1979).
Rams were allowed 10 - day to adapt to the cages before the initiation of the
experiment.

Table 1. Formulation and chemical analysis of the experimental diets,

Ingredients, % HPLF HPHF LPLF LPHF1
Soy bean meal 16.8 23.4 7.0 13.3
Caorn grains 23.63 23.5 32.4 33.1
Berseem hay 54,54 10.0 55.6 10.0
Wheat straw 5.03 43.1 50 436
M+V2 (0.31%) + + + +
Molasses (4.0%) ++ ++ ++ ++
Chemical Composition

Dry matter (DM) 91.92 88.79 92.97 89.33
On DM basis

Organic matter (OM) 90.99 90.83 91.83 90.75
Crude protein (CP) - 17.92 17.29 13.81 13.76
Crude fiber (CF) 16.53 21.36 17.03 21.78
Ether extract (EE) 3.26 3.08 3.45 3.09
Nitrogen free extract 53.28 49.10 57.54 52.12
(NFE)

Ash 9.01 9.17 8.17 9.25
TDN3 (calculated) 61.99 61.83 62.00 62.02

1- HPLF, high protein low fiber; HPHF, high protein high fiber; LPLF, low protein low fiber; LPHF,
low protein high fiber. 2- M+v, Minerals and Vitamins. 3- TDN, Total digestible nutrients

The experimental diets (Table 1) were fed to the animals according to NRC
requirements (1984). The experimental design was 4 x 4 Latin square.

Each experimental period consisted of a 15-day adjustment and 4-day ruminal
sampling periods. Water was available all the times.
On d-16 of each period, ruminal samples from each animal were collected at hourty
interval for 7 hr. after feeding. Ruminal digesta were strained through four layers of
cheesecloth, ruminal pH was immediately measured using a pH - meter with a glass
electrode. A part of each rumen sample was acidified with 10% HCI and frozen at

-20 °C  unanalyzed for ammonia - N and total volatile fatty acids . The other part of

rumen sample was centrifuged at 500 x g for 5 min and frozen at -20 °C until
analyzed for bacterial RNA
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Extemarkers of polyethylene glycol (molecular weight 4000, PEG) and chromic
oxide (CryO3) were used to determine ruminal passage rates for liquid and solid
phases of rumen content, respectively. On the 17th d of each collection period, a
mixture of 20 g of PEG ( dissolved in 100 ml of water ) and 5 g of chromic oxide was
dosed into the rumen via the ruminal fistula of each animalimmediately before
feeding at 0800 hr. Samples of ruminal contents were taken at 0, 2, 4, 6, 8, 24, 30,
48, and 72 hr after dosing; an aliquot of each sample was centrifuged at 500 x g for
20 min and the supernatant was kept for analysis of PEG. The rest of the sample
was dried and ground (1-mm screen) for chromium analysis.

The change in ruminal i?ncentrations of PEG and CryOg over time were described
by the equation Y =Ae™, where Y is the concentration of marker at time T, A is the
(extrapolated) initial (zero - time) concentration of the marker at dosing, and k is the
fractional outflow rates of liquid (PEG) or solid (Crp Og).

Analytical Methods:

Dry matter (DM), crude protein (CP), crude fiber (CF), ether extract (EE), nitrogen
free extract (NFE)and ash were determind according to A.O. A C. (1980). Ammonia
nitrogen was determined using MgO distillation method (Al-Rabbat et af, 1971).
Total volatile fatty acids was estimated by steam distillation as described by Warner
(1964) using the markham distillation apparatus. RNA was determined in this
supernatant by the orcinol procedure using hydrolyzed yeast RNA as a standard
(Munro and Fleck, 1969). Protein was determined by the Hartrees modification of
lowry (folin-phenol) procedure .Bovine serum albumin served as protein standard
{Hartree, 1972). Polyethylene glycol was measured by the turbidimetric method of
Ulyatt (1964). 'Chromium concentration in feed and ruminal digesta was determined
by the method of Wiliams ef al (1962) using an atomic absorption
spectrophotometer,

Statistical Analysis:

Experimental data were statistically analysed according to Snedecor and Cochran
(1867) using one or two way classification followed by Duncan's muitiple range test
(Duncan, 1955) to examine the significancy between means.

RESULTS AND DISCUSSION

Dry matter and OM disappearance were evaluated in vitro and in situ, and data are
shown In Table (2). The lowest values of I[VDMD and IVOMD were reported for
HPHF diet. In situ values were higher than in vitro with all diets. Differences between
dietary treatments were not significant. The underestimation of the in vitro method
could be attributed to the accumulation of the fermentation end -products which
change the media and affect the microbial activity and shorten the protozoal life
(Ahmed, 1989). De Faria and Huber (1984) studied the effect of dietary protein and
energy on DM disappearance of three forage types (corn silage, alfalfa hay and grass
hay) from dacron bags suspended in the rumen of fistulated steers and found that
neither protein levels nor energy concentrations significantly affected DMD of any of
the studied forages at 24 , 48 and 72 hr of suspension.
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Table 2 In vitro and in situ dry organic matter disappearance (%) as affected by
dietary protein and fiber levels (mean + SE )

item* HPLF HPHF LPLF LPHF
IVDMD 67.45°+ 084  60.529+105 60 82D+0 69 68.050+1 28
IVOMD 66.33°1060  60442+103 69 19040 64 68.160+1.01
ISDMD 74.1241.52 73.62+1.29 76.98+1 47 74.53+1.08
ISOMD 76.13+2 35 75.43+1.32 77 34+1 71 73.09+1.44

“HPLF, high protein low fiber; HPHF, high protein high fiber; LPLF, low protein low fiber; LPHF, low
protein high fiber.  IVDMD., in vitro DM digestibility; IVOMD, in vitro OM digestibility; ISDMD, in situ
DM digestibility: 1SOMD, in situ OM digestibility. a, b, ¢ Means not sharing the same superscript
within each row are significantly different (p< 0.05).

Rumen pH was high before feeding in all groups and sharply declined to reach the
lowest values at 3 hr post- feeding and then increased thereafter. No differences were
noted between the dietary treatments at any time before or after feeding (Fig. 1).

Van Beukelen sf al. (1981); Orma and Eassa, (1988); Bakr, (1991) observed the
lowest values of rumen pH at 2-4hr post-feeding with different dietary treatments.

Those investigations along with others reported pH values quite similar to those
obtained in this study.

Ruminal pH.

o 1 2 3 4 5 -] 7
Hours after feeding

Figure 1. Ruminal pH as effected by dietary treatments

Ruminal ammonia -N was almost equal in all treatments before feeding being on
the average 22 mg/dl. as shown in Fig. 2.

In general, NH3z - N reached the highest values in all diets at 1 hr after feeding. It
declined thereafter sharply to reach the lowest level at 7 hr. Animals fed the high
protein diets, regardless of the fiber level | showed the highest (P< 0.05)
concentration at all times. Roffler and Satter (1975) showed a positive correlation of
ruminal NH3 -N concentration to concentration of protein in the diet . Earlier reports
by Abou-Akkada and El-Shazly (1964) and El-Ashry (1971) showed that ruminal NH3
was increased by increasing dietary CP level
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Ruminal ammonia-N mg/d|

Hours afterfeeding.

Figure 2. Ruminal ammonia-N concentration as affected by dietary treatments.

Figure (3) illustrates the total VFA concentration. The lowest values were reported
before feeding for aligroups. At one hour post - feeding sheep fed the LPHF diet
showed the lowest VFA concentration than the other 3 groups which were nearly
similar.
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Figure 3. Ruminal volatile fatty acids production as affected by dietary treatments

The same trend was observed at all times after feeding, The high protein diets and
the low fiber ones had higher fermentable materials which would be degraded to VFA
by the rumen micro-organisms during digestion. The energetic efficiency of rumen
microbial production was related to the fermentable materials degraded to VFA
(Walker and Nader, 1968; Mathison and Milligan, 1971). Johanson et a/. (1961)
stated that VFA are the end products of complex carbohydrates fermentation .

RNA concentration was determined (Fig. 4) at different times after feeding as
affected by the dietary protein and fiber levels. Values were high before feeding and
started to decline to reach the lowest values at 2 h after feeding then it increased to
reach a maximum at 3-4 hthen it levelled off. The overall average showed a non -
significantly higher values for the low fiber diets than for the high - fiber diets. Dietary
pratein did not show any effect on the overall average of RNA The use of RNA as a
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marker assumes the complete ruminal degradation of dietary RNA. Schelling et al.
(1980) reported that a significant amount of dietary nucleic acid passing from the
rumen.

McAllan and Smith (1968) concluded that nucleic acids in the rumen fluid were
almost entirely of microbial origin. Accordingly, data obtained in this study (Fig. 4)
may be devided into three phases 1) from 0-2 hr, 2) from 2-4 h and 3) from 4 to 7
h. The decline |rc} the 157 phase may indicate the RNA degradation rate, while the
increase in the 2™ phase reveals the rate of microbial protein synthesis, and the 3
phase shows the rate of RNA outflow. As it could be seen, interpretation of the
results is difficult, because RNA and ratio of RNA to protein in bacteria may vary
relative to feeding time of the animal (Smith and McAllan , 1874),

—a—HPLF
—a—HPHF
—a—LPLF
—a— LPLF

Ruminal ANA mo/dl

Hours after feeding

Figure 4. Ruminal RNA concentration as affected by dietary treatments.

Total non ammonia -N (TNAN) in the rumen of sheep fed different levels of protein
and fiber were determined and presented in Table (3).

The higher TNAN values were obtained with diets of high protein at either fiber
levels. Elliot et al. (1965) showed that extra protein intake increased the total nitrogen
(TNAN) of rumen ligour. El-Ashry (1971) reported similar results. The decline in
TNAN may indicate different flow rates out of the rumen . This.is in good agreement
with the data of the flow rates in the present study.

Data of TNAN positively correlated with the NH3 -N. Many early reports suggested
the usefulness of the ratio between RNA to total NA-N as a predictor of rumen
microbial growth (Ellis and Pfander , 1965, Smith ef al ., 1968 ; Schelling et &/,
1980). F

Data in Table (4) show the calculated ratios of RNA - N to total NA-N . In general,
the ratio was high before feeding which may have been due to the high RNA
concentration with lower total NAN.Ratios of RNA/ TNAN declined at 1-2 h post -
feeding. During this period RNA concentration was low due to the degradation rate
while total N was high due to the high protein intake
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Table 3. Total non - ammenia-N in the rumen of sheep fed different levels of protein

and fiber.
Sampling Time (h) HPLF HPHF LPLF LPHF*
0 2423 16.21 23 44 19 61
1 78.30P 72 00P 51 882 59.96a
2 52 138 71.97P 58 328 46.01a
3 49.71ab 67.650 43728 36.894
4 45.gpab 57.33b 34.148 36.268
5 30.18 25.34 28.06 36.26
6 26.75 21.80 27.86 34.75
7 25.56 19.53 26.92 25.65
. 41.38 43.08 36.79 36 63
+SE 6.22 5.93 4.32 416
Total protein (NX6.25) 258 6 2749 229.9 228.9

HPLF, high protein low fiber; HPHF, high protein high fiber; LPLF, low protein lo ficer, LPHF, low
parotein high fiber.

' 2 € Means not sharing the same superscript within each row are significantly different
(p=<0.05).

Table 4. RNA-N to total ratio of sheep fed different levels of protein and fiber

Sampling Time (h) HPLF HPHF LPLF LPHF"
0 18.5 23.7 19.8 24.5
1 4.5 3.9 7.5 5.3
2 4.4 34 47 58
3 13.5 65 13.1 14.3
4 14.1 9.6 16.5 16.4
5 12.9 13.5 12.6 84
6 10.5 11.8 1.6 7.0
7 8.1 10.5 7.1 8.4
X 10.9 10.2 11.6 11.3
+ SE 1.8 2.4 1.9 25

HPLF, high protein I%w fiber; HPHF, high protein high fiber; LPLF, low protein low fiber; LPHF, low
protein high fiber .2 € Means not sharing the same superscript within each row are significantly
different (p< 0.05).

At 3 to 6 hrthe ratio was almost constant in all diets with no differences between
dietary treatment or time of feeding. Ellis and Pfander (1965) reported that a
relativaly constant amount (14 -18 %) of the total MCP-N could be attributed to
nucleic acid - N. Of this total, RNA - N was reported to comprise 10.4 to 14.8 %,
which is near to that obtained in this study. These workers reported highly significant
correlation of total nucleic acids - N (r = 0.80) and RNA (r = 0.72) with total MCP - N.

Almost identical results were reported by Smith et al (1968) in their work with
rumen fluid from calves fed diets of various roughage to concentrate ratios They
reported that a relatively constant protein (approximately 19%) of the total MCP - N
was in the from of MCP nucleic acid - N . Cole et al. (1976) reported a ratio of MCP-N
to RNA-Ntobe 10: 1. Bergen et al (1980) found a ratio of RNA - N to total N to be
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8.4 to 9.1 %. Schelling et al. (1980) found that this ratio is constant irrespective of the

N content of the diet. While others (Theurer, 1980 and Gillett et al., 1982) reported

that the ratio of MCP-N to RNA - N can change with dietary conditions . In this

respect, it could be seen clearly that this ratio is fairly constant only between 3to 6 h

post feeding regardless of the dietary factors studied. Microbial protein synthesized

in the rumen was calculated depending upon ruminally digested OM (in situ, Table 2)

along with some published figures and assumptions j.e. :

1. One hunderd g OM fermented in the rumen produces 2.2 mole ATP (Henderickx et

al., 1972).

2. YATP is 15.2 g microbial cells (produced per one mole of ATP, (Van Nevel et al.,

1975).

3. Rumen bacteria contains 53 % of their DM as MCP (Hutton et al, 1971). .

4. One hunderd g OM digested in the rumen produces 38 g microbial cells (Bucholtz

and Bergen, 1973).

5. One hunderd g OM digested in the rumen produces 21 g MCP (Smith, 1975).
Data calculated are presented in Table (5). Microbial protein produced per day

depending on the amount of OM digested in the rumen (Smith , 1975) was 215 g for

HPLF, 206 g for HPHF, 224 g for LPLF and 201 g for LPHF; differences were not

significant.

Table 5. Calculated microbial protein synthesis in the rumen of sheep fed different
levels of protein and fiber.

Item HPLF HPHF LPLF LPHF*
DM intake, g 1481 1433 1602 1444
OM, % 90.99 90.83 91.83 90.75
OM intake, g 1348 1302 1379 1310
ISOMD 76.13 75.43 77.34 73.09
DOM, rumen 1026 982 1066 957
MCP (x 0.21), g 215 206 224 201
MCP cells (0.38), g 390 373 405 364
MCP (cells x 0.53), g 207 198 215 193
ATP, mol 226 21.6 235 21
Y ATP (x 15.2) 344 328 357 321
MCP (YaTp x 0.53), g 182 174 189 170

MCP synthesis, range, g 182-215 174-206 189-224 170-201
HPLF, high protein low fiber; HPHF, high protein high fiber; LPLF, low protein low fiber; LPHF, low
protein high fiber DMI, dry matter intake; OM, organic matter; OMI, OM intake; ISOMD, in situ OM
digestibility, DOM, ruminally digested OM; MCP microbial protein.

When it was calculated as microbial cells x 0.53 (Hutton et al.,, 1971 and Bucholtz
and Bergen, 1973) values were 207, 198, 215 and 193 for the same respective diets.
The lowest estimate was that according tothe YATP (Henderickx et al,, 1972 and
Van Nevel et al., 1975) being 182, 174, 189 and 170 g / d for HPLF, HPHF, LPLF and
LPHF, respectively.

The similarity of MCP synthesis per day may indicate that all diets used in this
study had enough N and energy to satisfy the microbial growth factors and
requirements . Satter and Roffler (1977) reported that MCP synthesis peaked when
the diet contained approximately 12 to 13 % CP. Above this level (Burroughs et al.,
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1975, Satter and Roffler, 1875) NH3 - N concentration will increase without a
conccurent increase in MCP protein production, Tarakanov (1985) reported that
synthesis of bacterial protein in the rumen of lactating cows was not affected by
increasing in CP from 13 to 20 % in iso - energetic diets. The none significantly
higher MCP synthesis in the rumen of sheep fed the low fiber diets may have been
due to the higher flow rate of the digesta. Firkins et al. (1986) found that extent of
fermentation and efficiency of MCP growth are associated with ruminal rate of
passage.

Bergen et al. (1980) observed that increasing dilution rate of particulate or fluid
digesta may increase efficiency of MCP synthesis. Mees and Merchen (1984)
obtained highly significant relationship between flow rate and efficiency of MCP
synthesis.

Data in Table (6) present the flow rate and retention time of the rumen solid and
liquid phases as affected by the dietary protein and fiber levels.

Table 6. Flow rates and retention time of rumen and liquid phases as affected by
dietary protein and fiber levels (mean + SE )

Phasesa HPLF HPHF LPLF LPHF
Solid

Retention time,RT (hr) 22780+ 0.63 25.66+0.94 20.612+0.32 2555C+1 14
Flow rate (%hr) 439P:046 3.902+0.44 4.85P+026 3.912+026
Liquid

Rgtention time, RT (hr) 4.869+0.27 7.22b_+_0.29 5.728+0.41 ?.31bi0.34
Flow rate (%bhr) 20.57P+0.96 13.859+1.14 17.38P+160 13.689+1.36

“HPLF, high protein low fiber; HPHF, high protein high fiber; LPLF, low protein iow fiber; LPHF, low
t:proteln high fiber.
&b, ¢ Means not sharing the same superscript within each row are significantly different (p<0.05).

Both rates of solid and liquid phases were significantly and negatively affected by
dietary fiber levels. The low fiber diets (HPLF and LPLF) had faster rates of passage
for solid and for liquid. Dietary CP had no effect on niether rates of solid nor liquid
passages. Retention time (RT) within the rumen of both phases had the opposite
figures being more for high fiber diets and less for low fiber diets.

Firkins et al. (1986) reported that fluid and particulate phase dilution rates were
highly co(r = 0.72, P <0.01). Soluble and small particulate feed components were
also reported to have increasing out flow (Teeter and Owens, 1983). This may
explain the higher flow rate obtained in this study with low fiber diets (with smaller
particulate feed components and more soluble fraction),

Values of passage rate and RT of solid phase reported in this study agree with
those of many published articles (Harrison and McAllan, 1880, Mees and Merchen,
1984 and Baraghit ef al. 1995). Rate of passage and RT of liquid phase reported
herein are slightly higher than those rep?rted by Bergen et al. (1980) who found that
ruliquid turnover rate to be 3to 12 % h™ while Tamminga (1979) reported a rate of
20 % h for liquid phase turnover,

The high rate of passage of rumen ligour obtained in this study may be due to use
of PEG measuring the rate of outflow. Harrison et a/. (1975, 1976) mentioned that
rumen fluid turnover rate in sheep can be increased by infusing PEG in the rumen.
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Rate of digestion (Rd. % hr-1)was estimated in this study (in situv ) and data are
shown in table (7) .

Table 7. Digestion rates (in situ) and fractional digestion of DM as affected by
dietary protein and fiber levels (mean + SE )

Item HPLF HPHF LPLF LPHF
Solid Rd, % h 7.11C £ 0.69 6.07PC +0.62 5.8429+ 0.46 4.722 + 0.26
Rate DM passage (Rp% h) 4,39 39 4.85 3.91

Fraction DMD, rumen % 61.83+4.31 60.88+3.72 53.05+1.58 5469+225
Fraction DMD,post ruminal% 38.17 £ 0.83 3912+ 077 46.95+0.79 45.31 £ 1.13
HPLF, high protein low fiber; HPHF, high protein high fiber; LPLF, low protein low fiber; LPHF, low
cproteln high fiber. )
2, b, ¢ Means not sharing the same superscript within each row are significantly different (p<0.05).

The high protein diets showed higher Rd than the low protein diets. Differences
were significant (P < 0.05). Data in Table (7) showed that more DM was digsted
within the rumen for diets with high protein content than with low protein cnes.

The DMD post ruminally followed the opposite trend being low for high - protein
diets and high for low - protein diets. This may indicate that N is a limiting factor
affecting digestion in the rumen, which is in complete agreement with the NH3-N
concentration. Hopson et al. (1963) reported greater DM digestion rate from bags
suspended in the rumen of animals fed high protein hay (alfalfa) than those fed low
protein hay (grass) or straw. Aerts et &/. (1977) maximized DMD when rumen NH3
reached 23 mg / dl.

Ganev et al. (1979) and Weakley et al. (1983) reported that the faster rate of
digestion may be due to changes in protein solubility or shift in microbial types in
response to chemical or physical characteristics of the ruminal medium.

From the results reported herein itis concluded that a level of dietary protein as
low as 13 % and a level of dietary fiber as high as 21 % may be used in sheep
nutrition without any adverse effects on ruminal microbial activity as long as diets
satisfy the energy requirements under similar condition.

REFERENCES

Abou Akkada, A.R. and K. El - Shazly, 1964. Effect of absence of ciliate protozoa
from the rumen on microbial activity and growth of lambs. Applied microbiology,
12 : 284,

Aerts, J.V., D.L. Brabander, B.G. Cottyn and F.X. Buysse, 1977. Comparison of
laboratory methods for predicting the organic matter digestibility of forages. Anim.
Feed Sci. Technol. 2 : 337.

Ahmed, B.M., 1989. Determination of dry matter digestibility using three different
techniques. A comparative study. Menofiya J. Agric.Res. 14 : 253.

Al-Rabbat, M.F, R.L Baldwin and W.C. Weir, 1971. In vitro Nitrogen-tracer
technique for some kinetic measures of ruminal ammonia, J. Dairy Sci., 54 : 150.

A O.A.C, 1980. Association of Official Agricultural Chemists. Official Methods of
Analysis Washington DC

Bakr, A.A, 1991 Feeding of goats on under utilized resources. M.Sc. Thesis Fac.
Vet. Med. Zagazig Univ., Egypt.



218 Taie ef al.

Bergen, W.G.; D.B. Bates, D.E. Johnson, J.C. Waller and J.R. Black, 1980 Ruminal
microbial protein synthesis and efficiency. In : F.N. Owens (Ed.). Protein
Requirements of Cattle : Symposium . Oklahoma State Univ. p. 99- 112.

Borhami, B.E.; W.G. Fahmy and K. EI-Shazly, 1892, Rumen environment, microbial
protein synthesis and nitrogen balance in sheep. Conf. Manipulation of Rumen
Microorganisms. Alex. Egypt. Page 138.

Bucholtz, H.F. and W.G. Bergen, 1973. Microbial phospholipid synthesis as a marker
for microbial protein synthesis in the rumen. Appl. Microbiol. 25 : 504.

Burroughs, W.; D.K. Nelson and D.R.Mertens, 1975. Evaluation of protein nutrition by
metabolizable protein and urea fermentation potential. J. Dairy Sci ., 58 : 611.
Cole, N. A, R.R. Johnson, F.N. Owens, and J. R. Males, 1976. Influence on

microbial protein synthesis by steers . J. Anim. Sci. 43 : 497,

Crawford , R.J., Jr., W.H. Hoover, C.J. Sniffen and B.A. Crooker, 1978. Degradation
of feedstuff nitrogen In the rumen vs nitrogen solubility in three solvents J. Anim.
Sci. 46 : 1768.

De Faria, V.P. and J.T. Huber, 1984, Effect of dietary protein and energy levels on
rumen fermentation in Holstein steers. J. Anim. Sci., 58 : 452.

Duncan, D.B., 1955. Multiple range and multiple F-tests. Biometrics, 11: 7.

El-Ashry, M.A., 1971. The effect of level and source of nitregen metabolism in the
rumen of growth ewes. UAR. J. Anim. Prod., 11: 121.

Elliott, R.C.; W.D.C. Reed; 8.H. Cmeilk and J.H. Topps, 1865. The effect of season
and supplementry feeding on the rumen contents of African cattle grazing
subtropical herbage. 1-Distribution of nitrogen and dry matter. J. Agr. Sci.
(comb.), 64 : 387,

Ellis, W.C., and W.H. Pfander, 1965. Rumen microbial polynuclectide synthesis and
possible role in ruminant nitrogen synthesis, Nature (Lond.) 205 : 974.

Firkins, J.L.; L.L. Berger, N.R. Merchen and G.C. Fahey, Jr., 1986. Effects of forage
particle size, level of feed intake and supplemental protein degradability on
microbial protein synthesis and site of nutrient digestion in steers. J. Anim. Sci.
62 1081.

Ganev, G.; ER. Orskovand R. Smart, 1979. The effect of roughage or concentrate
feeding and rumen retention time on total degradation of protein in the rumen J.
Agr. Sci. (Camb.) 93 : 651.

Gillett, J.A, W.G. Bergen and D.B. Bates, 1982. RNA to protein ratios of free and
attached ruminal bacteria. J. Anim. Sci. 556 (Suppl.1) ; 423,

Harrison, D.G., D.E. Beever, D.J. Thomson and D.F. Osbourn, 1975. Manipulation of
rumen fermentation in sheep by increasing the rate of flow of water from the
rumen. J. Agr. Sci. (Camb.) 85 : 93.

Harrison, D.G,, D.E. Beever, D.J. Thomson and D.F. Osbourn, 1976. Manipulation of
fermentation in the rumen. J. Sci. Food Agr. 27 : 617.

Harrison, D.G. and A.B. McAllan, 1980. Factors affecting microbial growth yields in
the reticulorumen. In: Y. Ruckebusch and P. Thivend (Ed.) Digestive Physiology
and Metobolism in Ruminants. PP, 205 - 226. AV| Publishing Co., westport, CT

Hartree, E.F., 1972, Determination of protein : A modification of the lowry method
that gives a liner photometric response. Anal. Biochem. 48 : 422,

Henderickx, H.K., D.l. Demeyer and C.J. Van Nevel , 1972. Problems in estimating,
microbial protein synthesis in the rumen . P. 57. In Tracer Studies on Non-Protein
Nitrogen for Ruminants . IAEA, Vienna.



Egyptian J. Anim. Prod. (1996) ' 219

Hopson , J.D., R.R. Johnson and B.A. Dehority, 1963. Evaluation of the dacron bag
technique as a method for measuring cellulose digestibility and rate of forage
digestion. J. Anim, Seci., 22 : 448.

Hutton, K., F.J. Bailey. and E.F. Annisonp, 18971. Measurement of the bacterial
nitrogen entering the duodenum of the ruminant using diaminopimelic acid as a
marker. Br. J Nutr., 25: 165.

Johanson, R.D.; E.M. Kemer and R.D. McCarthy, 1961. Absorption of organic acids
from the omasum. J. Dairy Sci,, 44 : 331.

Mathison, GW. And L.P. Milligan, 1971. Nitrogen metabolism in sheep. Br. J. Nutr
25:.

Maynard, L.A; J.K Loosli, H.S. Hintz, and R.G. Warner, 1979. Animal Nutrition. Mc
Graw - Hill Book Co. Inc. NY.

McAllan, A.B. And R.H. Smith, 1968. Nucleic acids in bovine nutrition. 1.
Determination in digesta and the fate of ingested nucleic acids in the rumen .
Proc. Nutr. Soc. 27 : 47A.

Mees, D.C. and N.R. Merchen, 1984 Effects of sodium bicarbonate additions to
wheat straw (WS) -based diets on rumen turnover rates and nutrient digestibility
by sheep. J. Anim. Sci. 59 (Suppl. 1) : 127.

Mehrez, A.Z., 1992 Influence of roughage: concentrate ratio on nitrogen
requirements of rumen microbes for maximal rate of fermentation. Page 234,
Conf. Manipulation of rumen microorganisms. Alex., Egypt.

Mehrez, A.Z., 1995. Fermentation of feeds in the rumen . Proc. 5th Sci. Conf. Animal
Nutrition, vol., Il, 13 - 18, Ismailia, Dec., 1995.

Mehrez, A.Z. and E.R. Orskov, 1977. A study of the artificial fiber bag technique for
determining the digestibility of feed in the rumen .J. Agric. Sci. (Camb.) 88 : 645.

Munro, H.N. and A. Fleck, 1969. Analysis of tissue and body fluids for nitrogenous
constituents . In : H. N. Munro (Ed.) Mammalian Protein Metabolism. Vol. Iil. P
423. Academic Press, New York.

NRC, 1984. Nutrition Requirements of Sheep (6th Ed.). Nat. Acade. Sci.,
Washington, D.C.

Orma, M. and AM. Eassa, 1988. The post feeding changes in the rumen fluid as
influenced by corn particle size : Alfalfa hay, sodium bicarbonate and soybean
hulls in cows, Zagazig Vet. J. 16 : 128 - 142,

Roffler, R.E., and L.D Satter, 1975. Relationship between ruminal ammonia and non
protein nitrogen utilization by ruminants. 1. Development of a model for predicting
nonprotein nitrogen utilization by cattle. J. Dairy Sci . 58 : 1880.

. Satter, L.D and R.E. Roffler, 1975. Nitrogen requirement and utilization in dairy cattle.
J. Dairy Sci. 58: 1219,

Satter, L.D. and R.E. Roffler, 1977. Influence of nitrogen and carbohydrate inputs on
rumen fermentation. In W. Haresign and D. Lewis (Ed.). Recent Advances in
Animal Nutrition - 1977. Butterworth Inc., Boston, MA.

Schelling, G.T., S.E. Koening, and T.C. Jr. Jackson, 1980. Nucleic acids and purine
or pyrimidine bases as markers for protein synthesis in the rumen. page 1in
Protein Requirements For Cattle : symposium. F.N. Owens, ed. Oklahoma State
Univ., Stillwater.

Smith, R.H., 1975. Nitrogen metabolism in the rumen and the composition and
nutritive value of nitrogen compounds entering the duodenum. In .W. McDonald



220 Tale et al.

and A.C.l. Warner (Ed.) Digestion and metabolism in the ruminant. The Univ. of
New England Publishing Unit, Armidale, N.S.W., Australia.

Smith, R.H. and AB. McAllan, 1974. Some factors influencing the chemical
composition of mixed rumen bacteria . Br. J. Nutr., 31 27,

Smith, R.H., A.B. McAllan and W.B. Hill, 1968. Nucleic acids in bovine nutrition 2.
Production of microbial nucleic acids in the rumen. Proc. Nutr. Soc. 27 : 48A

Snedecor, GW. and W.G. Cochran, 1967. Statistical Methods 6th Ed. The lowa
State Univ. Press Ames., lowa, U.S.A.

Tamminga, S., 1979. Protein degradation in the forestomachs of ruminants. J. Anim.
Sci. 49 1615.

Tarakanov, B.V., 1985 Synthesis of bacterial protein and their entry into the intestine
of cow on a diet with varying protein. Nutr, Abst. Rev. 55; 186.

Teeter, R.G and F.N. Owens, 1983. Characteristics of water soluble markers for
measuring rumen liquid velume and dilution rate. J. Anim. Sci. 56 : 717.

Theurer, C.B., 1980. Microbial protein estimation using DAP, AEP and other amino
acids as markers. In : F.N. Owens (Ed.) Protein Requirements of Cattle :
symposium, PP 10 - 22 Oklahoma State Univ.

Tilly, J. M.A. and R.A. Terry, 1963. A two-stage technique for the in vitro digestion of
forage crops. J. Br. Grassl. Soc., 18 : 104.

Ulyatt, M.J., 1964. The use of polyethylene glycol as a marker for measuring rumen
water volume and the rate of flow of water from the rumen of grazing sheep. N.Z
J. Agr. Res. 7 : 713.

Van Beukelen, P.; Th, Wensing and H.J. Berukink, 1981. Evalution of methods to
depress and restore milk fat levels in dary cows. Zbl. Vet. Med. A, 28 : 653.

Van Nevel, C.J., D.I. Demeyer and H.K. Hendricks, 1975. Use of p 32 to estimate
microbial synthesis in the rumen (Proc. Panel. Vinna) |. A. E.A,, Vienna. 15.

VanSoest, P.J., 1982. Nutritional Ecology of the Ruminant. O & B Books Inc,,
Carvallis, OR.

Walker, D.J., and C.J. Nader, 1968. Method for measuring microbial growth in rumen
contents. Appl. Microbiol. 16 : 1124.

Wanrner, A.C.I., 1964. Production of volatile fatty acids in the rumen. Methods of
measurments. Nutr. Abs. Rev. 34 : 339.

Weakley, D.C., M.D. Stern and L.D. Satter, 1983. Factors affecting disappearance of
feedstuffs from bags suspended in the rumen. J. Anim. Sci. 56 : 483,

Williams, C.H., D.J. David, and O. lismaa, 1962. The determination of chromic oxide
in feces samples by atomic absorption spectrophotometry. J. Agric. Sci. 59 : 381.



Egyptian J. Anim. Prod. (1996) 291

Aol e liyg GBSl BLAS o LI o g 5l (a Al il ghane ks L3
9 Sl

Ol U caaal daaa @Sy gl s g aea
p S Gk — Al L‘L:.—:\.civ,_)lli'\_j&j,j\”;ﬂcmylrd

ad—hﬁ-}-&l‘-u_xy'\lca)awq_!—(‘fﬁl.d) Q‘Suﬂ__asla.‘uii_m‘_)ajlnhu_i@&iluj

BLA e G 3 25 i G, (s, 40 o Al Clgis I3 30 ay ) e el pall
e ol il Galaat) (Lipa) 3 5 e pand GGy Ay Gy Sl Oy 5 ey S
Balal (348 Jamay (B SIS0 08D oy s iy S S C My I Uladl Sslal) ar Jona b
(s Al Oy ) S sl RNA (55,0 Gaalad S Ga AL, ALl

O Rty Bigle BN Aiimiiin (5 gl Ry Qe 1 NS 2y ol 30 Gkl Lld o
oY) ki a8 ) Amiii e ‘qw\mwug\mw;uwlu).

tble malial o e L

A dng ol O el g Y DU i S0 i Rt am ) o i) iy

U Gl S8 SR B g Ryl O e L

Ayl 3O e Al 2K o (o 080 8 LD aal Gabaa) 38 5 gt sl
TV E0 oA G gand) dalall y Dilad 3l Llane gl Lous ilS LI Liadatay 8 0
e A e Ale U7 AT = 1A, .0 3 VAU = NRAY 1,86 - a0t 1Y,y

o smay Liginay Ll U5 (2,60 6 2 030 2090 o L el Bl g e dama o 2p
oA 7Y pa lall e Sall )y 5 dama oy BLal 3, 00 G sany Sy ) o Aa G
YYVA @ilg lall ¢ Sall Luailly (S0 4 2130 o 5ae il e dell JSTY,A0 | £L,A0
e Aol VT 4 0, VY (VLYY Gf,AT culg Sl Ala ALy del, ¥2,00 4 Y.,1) iY0,1Y
Lt

-qiw'&&d‘&oﬁ;ﬂ'&uﬂ‘&m&wuﬁﬂ b g Jaaa 32 )

Lsinn a8 Bl A RNA 5 sl (5580 paas) 5 A GO (G cliBiay) culg
GO e LI il 3 U i RNA DB Pl fin B Ry gian 3oy eda oI,

.l_.'l'l,,‘,ﬂl :‘-n-ii__y
G 08 0 18 Ay GO Uls b el IS (T-NAN) Ll i< Con oy A0 58
4y Aniaia

.Qw‘m,oﬁ,ﬂmﬁnm“;;gm;hﬁ,m_ I ol oLy 9123)
u-l°“m‘rl—"‘"wtﬁﬂ‘&m:ﬁﬂ‘hmg‘ﬂﬁmﬁu%ﬁdwmwa&lﬁ
AR G 5 G (6 faay VY e QA Oy s e i DA



