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Effects of Dietary Nitrogen Sources on Fiber Digestion and Ruminal Fluid 
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ABSTRACT : Fifteen Inner Mongolian wethers with permanent ruminal and duodenal cannulas were used to study the effects of 
dietary rumen-undegradable protein (RUP) to rumen-degradable protein (RDP) ratios or protein sources on fiber digestion in the 
gastrointestinal tract and ruminal fluid characteristics. Fiber digestion and ruminal fermentation were not affected (p>0.05) by dietary 
RUP to RDP ratios (from 1.54 to 0.72). Soybean meal supplementation improved ruminal digestion. Fish meal supplementation 
increased (p<0.05) the ruminal degradability of fiber. The different RUP to RDP ratios (from 1.54 to 0.72) did not influence (p>0.05) 
ruminal fluid pH, but there were differences (p<0.05) in ruminal fluid NH3-N concentration because of urea replacement. Soybean meal 
as a dietary protein source decreased (p<0.05) ruminal fluid pH and increased (p<0.05 or p<0.01) NH3-N, acetate, propionate and 
butyrate concentrations in the rumen. Fish meal as a dietary protein source decreased (p<0.05 or p<0.01) ruminal NH3-N and acetate 
concentrations and increased (p<0.05) ruminal propionate concentration. It can be concluded that dietary protein sources have more 
significant effect on fiber digestion and ruminal fermentation than different dietary RUP to RDP ratios, when the dietary crude protein 
requirements of growing sheep are satisfied. (Asian-Aust, J. Anim. Sci. 2001. Vol 14, Na 10:1374-1382)
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INTRODUCTION

In many developing countries, crop straw is one of the 
most important feed resources fbr ruminants. However, crop 
residues offered as the only feed, even supplemented with 
minerals, vitamins and non-protein nitrogen (NPN) sources, 
do not satisfy ruminant maintenance requirements because 
of their low digestibility and low voluntary intake resulting 
from their main nutritional limitations (i.e., low protein and 
low digestible- energy contents). These problems have been 
traditionally solved by chemical or processing treatment of 
straw, or supplementation with energy or protein sources 
(McCollum and Galyean, 1985; Silva and 0 r skov, 1988; 
Tan and Lu, 1998).

When higher production is required, it is necessary to 
provide supplements of energy and protein. Supple
mentation is especially important fbr animals fed low- 
quality roughage. A number of practical studies indicated 
that supplemental protein improved microbial growth and 
fiber digestion in the rumen when the supplemental 
nitrogen was added to straw-based diets fbr growing 
ruminants (Smith et al,5 1985; Merry et al., 1990). In the 

past decade, some studies discussed the effects of dietary 
protein degradability or protein sources on feed intake, 
rumen fermentation, and performance in ruminants 
(Newbold et al., 1987; Sloan and Rowlinson, 1988; Dawson 
et al., 1999). However, there were only limited data on the 
digestion of neutral detergent fiber (NDF), acid detergent 
fiber (ADF), cellulose (CEL) and hemicellulose (HC) in 
ruminants consuming diets having various rumen- 
undegradable protein (RUP) to rumen-degradable protein 
(RDP) ratios or protein sources. The objectives of the 
present study were to investigate the effects of various 
dietary RUP to RDP ratios and protein sources on the 
digestion of NDF, ADF, CEL and HC, as well as ruminal 
fluid characteristics fbr growing sheep fed a diet based on 
wheat straw.

MATERIALS AND METHODS

Animals and feeds
Fifteen growing Inner Mongolian wethers with an initial 

live weight of 28.9±1.0 kg fitted with permanent rumen and 
duodenal cannulas were penned individually, with free 
access to fresh water. The animals were randomly divided 
into five groups, 3 animals per group, on the basis of their 
body weight. Chemical compositions of their feedstuffs are 
in table 1. Each sheep was offered equal amounts (to 5% 
refusal) of chopped wheat straw (2 cm length) and 
concentrate at 07:00 and 19:00 daily to meet 1.1 times the 
maintenance requirements of Inner Mongolian sheep 
(SIMA, 1992). Before conducting the formal experiment, 
the rapidly degradable fraction (a), potentially degradable
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Table 1. Chemical composition of experimental feedstuffs (% DM)
Feedstuffs DM CP FAT NDF ADF ASH NDFCP CHO NSC SC
Wheat straw 92.0 4.2 1.3 82.1 57.7 8.5 1.3 86.0 5.1 80.8
Com 86.3 8.7 3.2 13.1 5.5 1.7 1.4 86.4 74.7 11.7
Wheat bran 89.6 16.2 3.1 27.4 11.9 4.1 2.3 76.6 51.5 25.1
Rapeseed meal 94.1 27.2 8.5 39.4 33.5 16.8 9.2 44.0 13.8 30.2
Soybean meal 89.9 39.7 5.6 18.4 15.8 9.0 6.4 45.7 33.7 12.0
Com starch 87.8 0.9 0.2 2.5 0.8 0.2 - 98.8 96.2 2.5
Fish meal 92.9 66.0 6.6 3.2 2.1 22.0 1.4 5.4 3.6 1.8
Blood meal 89.3 79.2 - - - 10.1 - - - -
Urea - 281.0 - - - - - - - -
DM=dry matter, CP=crude protein, FAT= crude fat, NDF= neutral detergent fiber, ADF=acid detergent fiber, ASH=total crude ash, 
NDFCP=NDF bound crude protein, CHO=total carbohydrate, NSC=nonstructural carbohydrate, SC=structural carbohydrate.

Table 2. The potential dynamic crude protein degradability of main protein sources and urea
Feedstuffs CP(%) a(%) b(%) c(%/h) kp (%/h) PED (%)
Com 9.2 36.7 45.2 7.2 4.8 63.8
Wheat bran 13.3 61.7 40.1 7.5 4.1 87.6
Soyabean meal 44.0 33.2 61.4 7.7 9.9 60.0
Blood meal 73.3 21.8 34.5 4.9 7.8 35.0
Fish meal 61.3 23.8 72.0 2.7 8.5 41.0
Urea 280 - - - - 100.0
Rapeseed meal A 27.2 - - - - 72.0
CP=crude protein, a= readily available fraction, b= degradable part of insoluble fraction, c=fraction degradation rate, kp= passage rate, 
PED=potentialIy effective degradabolity.
A The potential effective crude protein degradability of rapeseed meal was cited from Haenlein (1993).

fraction (b), fractional digestion rate (c), passage rate (kp) 
and potentially effective degradability (PED) (see table 2) 
of crude protein (CP) were measured according to the 
method described by Lu and Xie (1991) for main dietary 
nitrogen sources. The PED of five different concentrate 
supplements were calculated on the basis of these measured 
PED (see table 3). During the experimental period, the daily 
amounts of offered and refused wheat straw and concentrate 
were weighed to obtain actual intakes.

Experimental procedures
The entire experiment lasted 40 days. The adaptation 

period was the first 15 days; five groups of sheep were 
offered equal amounts of wheat straw and concentrate. 
After the adaptation period, the rate of disappearance of 
wheat straw dry matter (DM), NDF, ADF, HC and CEL 
from nylon bags (70x100 mm, pore size: 45 |im) was 
determined as described by 0rskov and McDonald (1979). 
Wheat straw was ground to pass through a 1 mm screen 
using a mill (DF-2, Changsha Instrument Factory, China). 
Duplicate bags containing approximately 2.5 g of DM of 
wheat straw were incubated in the rumen of each sheep for 
periods of 0, 1, 2, 3, 6, 12, 24, 36, 48, 72 and 96 h. After 
withdrawal from the rumen, the bags were washed with 
c이d water in a washing machine until the water ran clear. 
The length of the washing procedure was 30 min, consisting 

of five rinsing cycles. A "0 h wash value" for calculation of 
the lag time of DM, NDF, ADF, HC and CEL degradation 
was determined twice in three bags. After washing, all 
samples were dried at 105°C fbr 24 h.

After a recovery period from Day 21 to Day 23, from 
Day 24 to Day 32, 40 g-day -1 (4x10, i.e., dosed four times 
at 6h intervals each day) of chromium-mordanted wheat 
straw were administered via the rumen cannula at 06:00, 
12:00, 18:00 and 24:00 respectively. The straw markers 
were prepared according to the method of Uden et al. 
(1980). From Day 29 to Day 32, ruminal digesta, duodenal 
digesta and rectal fecal samples were taken at 6h intervals. 
Equal amounts of samples within each segment were mixed, 
dried at 105 °C fbr 24 h, ground and analyzed for DM, OM, 
NDF, ADF, HC and CEL to determine their ruminal, 
duodenal and rectal flows as described by Lu and Xie 
(1991). Apparent digestibility of DM, OM, NDF, ADF, 
CEL and HC in the rumen, post-ruminal digestive tract and 
total gastrointestinal tract were then calculated.

Straw marker infusion was terminated at 06:00 h on 
Day 33 and from Day 33 to 35 ruminal digesta samples 
were taken from each sheep at 3 h intervals for 3 days to 
estimate the mean retention time (MRT) of wheat straw in 
the reticulo-rumen. The decline in the natural logarithm of 
Cr concentrations over time was used to estimate the 
fractional passage rate of ruminal digesta.
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Ta 이e 3. The ingredients (%) and composition (%DM) of 
the five concentrates
Feedstuffs Cl C2 C3 C4 C5
Com 44.0 55.0 63.0 6.0 42.0
Wheat bran 8.0 3.0 1.0 8.0 0
Blood meal 46.0 38.0 30.0 0 0
Soybean meal 0 0 0 84.0 0
Fish meal 0 0 0 0 56.0
Urea 0 2.0 4.0 0 0
Bone meal 0.8 0.8 0.8 0.8 0.8
Salt 1.2 1.2 1.2 1.2 1.2
Tot 이 100.0 100.0 100.0 100.0 100.0
Nutritional composition
ME(Mcal/kg DM) 2.81 2.80 2.76 2.91 2.72
Dry matter (%) 88.1 88.0 86.9 88.8 90.2
Crude protein (%) 38.8 38.9 39.1 38.6 38.2
Rumen degradable 15.3 18.9 22.7 23.5 16.2protein (%)
RDP/CP (%) 39.4 48.6 58.1 60.8 42.4
RUP/CP (%) 60.6 51.4 41.9 39.2 57.6
RUP:RDP 1.54 1.06 0.72 0.65 1.31
C 지 cium (%) 0.29 0.28 0.28 0.46 2.78
Phosphorus (%) 0.35 0.31 0.30 0.63 1.68
Neutral detergent 7.9 8.0 8.5 17.8 7.3

fibre (%)
Acid detergent fibre (%) 3.4 3.4 3.6 14.3 3.5
Total carbohydrate (%) 44.1 49.8 55.2 49.1 39.3
Non-structural 37.0 42.6 47.6 36.8 33.4carbohydrate (%)
Structural 7.2 7.2 7.6 12.2 5.9carbohydrate (%)
C], C2, C3, C4 and C5 mean concentrate 1, 2, 3, 4 and 5 in the 
diets respectively. RDP=rumen degradable protein, RUP=rumen 
undegradable protein, CP=crude protein.

After recovery, Days 36 to Day 38, ruminal fluid was 
sampled on Days 39 to 40 via cannula according to the 
following timetable:

Day 39: 08:00, 09:00, 10:00, 11:00, 13:00, 16:00, 19:00, 
23:00,21:00, 22:00, 23:00.

Day 40: 01:00, 04:00, 07:00.
Ruminal fluid pH was measured immediately after 

sampling and fluid was then filtered through a metal mesh 
(1 mm pore size). Filtrate (20 ml) was diluted 1:1 with 0.2 M 
HC1 and stored frozen until analysis of NH3-N. A second 10 
ml subsample was centrifuged at 25,000 xg for 20 min, 
mixed with 1 ml of a solution of formic acid and 25% 
H3PO4 at a ratio of 1:3 (V/V) and kept frozen for volatile 
fatty acids (VFA) analysis as described by Erwin et al. 
(1961).

Chemical analyses
All samples were analysed for DM, OM and CP content 

by the Association of Official Analytical Chemist methods 
(AOAC, 1980), and for NDF, ADF, HC, CEL and NDF 

bound CP (NDFCP) content by the procedure proposed by 
Van Soest et al. (1991) and Yang (1993). Ruminal fluid 
samples were analysed for NH3-N according to the method 
of Feng and Gao (1993). Estimation of VFA contents was 
performed by gas-liquid chromatography in a GC-7A 
(Shimadzu Co. Kyoto, Japan). Measurement of chromium 
(Cr) was performed according to the procedure of Gao and 
Feng (1993).

Calculations
The flows of DM, OM, NDF, ADF, CEL and HC at 

duodenum and rectum were calculated usin응 the single
marker method as described by Lu and Xie (1991). The 
disappearance of DM, NDF, ADF, HC and CEL from nylon 
bags was fitted to the equations of McDonald (1981) and 
Dhanoa (1988).-

p=a5 for t<t0 (1)
p=a+bx(l-e-ct) for t>t0 (2)

where
P= some measured quantity such as percentage of dry 

matter or fiber loss,
a,=soluble fraction or 0 h wash value
a= readily available fraction fitted by the least squares 

method
b=degradable part of insoluble fraction
c=fractional degradation rate (h*1)
The lag time (L) before the start of component b 

degradation was calculated as described by Khalili and 
Huhtanen (1991):

L=1 /(cx(ln(b/(a+b-a*)))} (3)
The potentially effective degradability (PED) was 

calculated as
PED=a+bxc/(c+kp) (4)

where kp is the fractional passage rate of digesta from 
the rumen. The dietary structural carbohydrate (SC), non- 
structural carbohydrate (NSC) and carb아】ydrate (CHO) 
contents were calculated according to the following 
equations proposed by Van Soest et al. (1991)-

SC=NDF・NDFCP (5)
NSC=100-(NDF+CP+FAT+ASH-NDFCP) (6) 
CHO=100-CP-FAT-ASH (7)

Statistical analyses
All degradation, apparent digestibility and ruminal fluid 

data were analyzed using ANOVA procedures of SAS 
(1985). The statistical models included group, and 
degradation, digestibility or ruminal fluid characteristics. 
The P-values that were <0.05 were considered significant.

RESULTS AND DISCUSSION

Fiber digestion
The aims of the present experiment are made clear in 

ta이e 3: effects of different dietary CP degradabilities (i.e., 
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RURRDP) can be noted among the designed Cl, C2 and 
C3. Further, we also investigated the effects of different 
protein sources by comparing C4 and C5. In other words, 
both protein sources and dietary RUP to RDP ratios were 
considered in this experiment so as to investigate their 
effects on fiber digestion and ruminal fluid characteristics.

The results for DM, OM, NDF, ADF, HC and CEL 
digestion in the different segments of the gastrointestinal 
tract are shown in table 4. No differences among five 
dietary treatments were found for ruminal DM, OM, NDF, 
ADF and CEL digestibilities, 지though ruminal DM, OM, 
NDF, and HC digestibilities were numerically higher in C4 
and C5, and ruminal DM, OM, NDF, ADF and CEL 
digestibilities appeared to decline gradually among Cl, C2 
and C3 (except HC). These results suggested that 
supplementation with 2% and 4% urea might influence fiber 
digestion in the rumen of sheep fed blood meal; fiber 
digestion was probably more effective for diets containing 
soybean meal or fishmeal as the main protein source than 
diets with blood meal and urea as main protein sources. On 
the other hand, post-ruminal digestibilities of DM, OM, 
NDF, ADF, HC and CEL did not differ among the five 
dietary treatments except for post-ruminal DM digestibility 
of C2. In the C2 diet, post-ruminal digestibilities of DM, 
OM, NDF, ADF, HC and CEL seemed to be improved. 
Digestibilities in the tot지 digestive tract did not differ 
amon응 five treatments. Among three combinations of blood 
meal and urea (CI, C2, and C3), the total digestibilities of 
DM and OM were improved fbr 2% urea s나pplement diet; 
however there was no apparent trend of 而provement in 
total digestibilities of fiber. The total digestibilities of DM, 
OM, NDF, ADF, HC and CEL could be influenced by 4% 
urea supplementation in the diet, although the decreasing 
trends were not significant. When dietary RUP to RDP 
ratios were similar, such as C3 diet (RUP:RDP=0.72) and 
C4 diet (RUP:RDP=0.65), the former (blood meal and urea 
as protein sources) could restrain fiber digestion, the latter 
(soybean meal as protein source) might improve fiber 
digestion in the rumen and total digestive tract.

Petersen et al. (1985) reported that the supplementation 
of urea, soybean meal, or blood meal as a protein source in 
growing steer diets could significantly increase NDF 
digestibility and, especially, soybean meal supplementation 
could also significantly improve ADF digestibility. Stokes 
et al. (1988) found out that inclusion of increased 
concentrations of soybean meal in dairy diets might 
improve OM and NDF digestibility. Guthrie and Wagner 
(1988) reported that soybean supplementation in diets fbr 
growing beef cattle also increased DM, OM and ADF 
digestibility. Warly et al. (1992) reported that soybean meal 
supplementation could increase OM, NDF, ADF and CEL 
digestibility for growing sheep fed rice straw basal diets. In 

the present experiment, trends towards higher NDF, ADF 
and HC digestibilities in the rumen and total digestive tract 
were noted when soybean meal was included as the main 
protein source compared to diets with blood meal and urea 
as main protein sources in the diets. On the other hand, it 
has also been reported that the urea supplementation of 
ruminant diets could improve fiber digestion. Punia et aL 
(1988) and Djajanegara and Doyle (1989) concluded that 
urea supplementation enhanced NDF digestibility in beef 
cattle fed wheat straw diets and sheep fed rice straw diets, 
respectively. However, the effects of urea on fiber digestion 
in this study were not similar to the previous reports. 
Inclusion of 2% urea (see C2) only tended to improve DM 
and OM digestibility compared to wheat straw diets 
iixluding blood meal as the main protein source (see Cl). 
No differences were noted in NDF, ADF and CEL 
digestibilities. On the contrary, the inclusion of 4% urea 
(see C3) could obviously reduce DM, OM, NDF, ADF, HC 
and CEL digestibilities. Ortigues et al. (1989) concluded 
that fishmeal supplementation in beef cattle diets could 
improve dietary fiber digestion, further enhancing the 
ability of digesting fiber in the hindgut. In this study, the 
diet including fishmeal were not digested better than those 
including soybean meal, nor was fiber digestion improved.

The digestibility res니ts in table 4 showed that the large 
amounts of NDF, ADF and CEL could be dige어ed in sheep 
rumen; post-ruminal digestibilities of NDE ADF and CEL 
were lower than ruminal digestibilities. Although the 
rumin사 and post-ruminal digestibilities of DM and OM 
also expressed the same trends, the post-ruminal 
digestibilities still were h^her than those ofNDF, ADF and 
CEL. Generally speaking, when dietary CP satisfies the 
requirements of ruminants, the main factors affecting fiber 
digestion in the digestive tract will be the protein source, 
and RUP or RDP concentration. According to the present 
study, fiber digestion tended to be improved with soybean 
meal or fishmeal as major CP sources. Urea as nitrogen 
sources increased the RDP concentration; however, both its 
ability to improve fiber digestibility and its supplemental 
amounts are limited.

Wheat straw degradation in situ
The results for the ruminal degradation of DM, NDF, 

ADF, CEL and HC in wheat straw are shown in table 5. The 
kp of particulate marker did not differ among diets with 
different RUP to RDP ratios or protein sources. The PED of 
DM in nylon bags was not influenced by diet (table 5), but 
fishmeal supplementation (see C5=1.31) tended to improve 
the rumina] degradability of DM. The rapidly degradable 
fraction (a) and degradation lag time (L) of DM were 
affected (p<0.05 or p<0.01) by dietary RUP to RDP ratios 
and protein sources. The inclusion of 4% urea? soybean 
meal and fishmeal (see C3=0.72, C4=0.65 and C5=1.31)
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Table 4. Effect of dietary RUP to RDP ratios or protein sources on digestibilities of DM, OM, NDF, ADF, CEL and HC in 
different segments of the digestive tract of sheep*

Dietary RUP to RDP ratios or different protein sources
Cl 니.54

SEM
C3=0.72 C4=0.65 C5-1.31

Digestibility of DM (%)
C2 티.06

In the rumen 39.0。 37.5c 34.0cd 41.5bc 43.1bc 1.58
Post-ruminal digestive tracts 19.3e 23.3dc 19.4e 17.6e 14.5e 1.43
In the total digestive tract 58.2a 60.8a 53.4ab 59.2 그 57.6a 1.23

Digestibility of OM (%)
In the rumen 48.3 허 47.9cd 43.2d 51.0* 522서。 1.57
Post-ruminal digestive tracts 14.6 17.8 14.4 12.6 10.8 1.18
In the total digestive tract 62.9ab 65.7a 57.5abc 63.6 으 63.0ab 1.35

Digestibility ofNDF (%)
In the rumen 44.9ab 37.5 즈 b 36.1b 50.4 즈 b 49.1 北 2.93
Post-ruminal digestive tracts 4.7 10.0 4.0 2.5 0.9 1.53
In the total digestive tract 49.6ab 47.5ab 40.骨 52.9 그 50.(沖 2.16

Digestibility of ADF (%)
In the rumen 44.4 41.5 34.7 48.3 45.4 2.31
Post-ruminal digestive tracts 0.9 3.3 -0.5 1.4 니.7 0.85
In the total digestive tract 45.3 44.7 34.2 49.7 43.8 2.55

Digestibility of HC (%)
In the rumen 46.2abc
Post-ruminal digestive tracts 13.0ef
In the total digestive tract 59.2ab
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Digestibility of CEL (%)
In the rumen 48.0 45.7 40.2 47.8 48.8 1.57
Post-ruminal digestive tracts 1.6 2.9 -0.5 1.6 -1.1 0.74
In the total digestive tract 49.6 48.6 39.7 49.4 47,7 1.86
* In the same items, the values with different superscripts in the same row or column are different (p<0.05). Cl, C2, C3, C4 and C5 
mean concentrate 1, 2, 3, 4 and 5 in the diets respectively. DM=dry matter, OM=organic，matter, NDF=neutral detergent fiber. 
ADF=acid detergent fiber, HC나lemicellulose, CEL-cellulose, RDP=rumen degradable protein, RUP=rumen undegradable protein. 
SEM means standard error of mean.

not only decreased the rapidly degradable fraction of DM, 
but also increased the degradation lag time compared to 
diets Cl and C2. The slowly degradable fraction (b), 
fractional degradation rate (c) and potentially degradable 
fraction (a+b) were not affected by different RUP to RDP 
ratios or protein sources. The inclusion of 2% urea tended 
to improve the PED of DM among the former three 
different RUP to RDP ratio diets (see Cl=1.54, C2=1.06, 
and C3=0.72).

Different RUP to RDP ratios or protein sources in the 
diets affected (p<0.05) the PED of NDF, ADF and CEL. 
Fishmeal supplementation of the diet especially increased 

the PED of NDF, ADF and CEL (see table 5); however, 
there were no differences in the PED of NDF, ADF and 
CEL among the other four diets. Among other degradation 
parameters, a and L of NDF were affected (p<0.01 and 
p<0.05) by RUP to RDP ratios and protein sources. 
Inclusion of soybean meal or fishmeal increased (p<0.01 or 
p<0.05, respectively) the a and L of NDF. Urea replacement 
had no effect on the a and L of NDF; similarly there were 
no differences for the b, c and a+b of NDF among different 
RUP to RDP ratios or protein sources. Furthermore, 
different RUP to RDP ratios or protein sources could 
influence (p<0.05) the c of ADF, but no effects were noted
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Table 5 Effect of different RUP to RDP ratios or protein sources on degradation parameters of DM, NDF, ADF, HC and 
CEL by the sheep1

Parameters Dietary RUP to RDP ratios or diflbrent protein sources Significance?
61=1.54 C2=1.06 3=0.72 C4-0.65 西=1.31 ~

kp(%/h) 3.52 3.43 2.88 3.40 2.86

a (%) 15.3 근 13.9 ab 12.9 b 12.6b 12.砂
b(%) 31.7 35.3 38.2 36.2 39.1
c (%/h) 2.94 3.61 2.27 3.46 3.31

DM a+b (%) 47.0 49.2 51.1 48.8 51.4
L(h) 1.17c 1.87bc 4.00a 3.17ab 3.27 근
PED (%) 29.4 31.9 29.9 31.2 33.5

a (%) 4.1bc 2.8C 2.9C 6.0 근 b 6.9a
b(%) 37.1 39.6 44.0 36.8 41.6
c (%/h) f 하55 3.61 2.11 2.74 3.39

NDF a+b (%) 41.2 42.4 46.9 42.7 48.5
L(h) -0.03a 0.90a 1.23a 니 .7()b -1.81b
PED (%) 19.4b 23.3하) 21.5b 22.7 하) 296

a (%) 2.7 1.8 -1.1 4.4 4.6
b(%) 36.7 43.0 45.6 36.1 41.0
c (%/h) 2.60ab 1.68b 2.67하) 2.68ab 4.04a

ADF a+b (%) 39.3 44.9 44.4 40.5 45.6
L(h) 7.55 10.90 9.04 4.89 2.47
PED (%) 「두 17.7b 16.0b 20.8b 20.砂 28.9 그

a (%) 二 7.2 7.9 7.4 3.1 4.8
b(%) 一-36带 40.5하) 44.6ab 45.6 하) 48.1a
c (%/h) 3.57 2.80 2.78 3.56 3.18

HC a+b (%) 43.砰 48.4ab 52.la 48.7ab 52.更
L(h) -5.18 -6.36 -5.55 -1.55 -3.39
PED (%) 254 26.3 29.5 26.3 30.4

a (%) 3.1 -0.5 -2.0 1.8 2.0
b(%) 42.1 49.6 51.3 41.5 45.2
c (%/h) 2.37 2.39 2.48 3.08 4.34

CEL a+b (%) 45.2 49.2 49.3 43.4 47.2
L(h) 6.49 8.89 10.14 6.62 4J0
PED (%) 20.0b 20.1b 21.成 21.暗 29.2a
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Means with different superscripts in the same line are significantly different (p<0.05).
2 Statistical significance: NS, not significant; *, p<0.05; **, p<0.01.
DM=dry matter, NDF=neutraI detergent fiber, ADF=acid detergent fiber, HC=hemicellulose, CEL=cellulose, kp=ruminal digesta 
passage rate, a=readily available fraction, b=degradable part of insoluble fraction, c=fractional degradation rate, L=lag time, 
a+b=potential degradable fraction, PED=potential effective degradability, RDP=rumen degradable protein, RUP=rumen undegradable 
protein.
Cl, C2, C3, C4 and C5 mean concentrate 1, 2, 3, 4 and 5 in the diets respectively.

in the a, b, a+b and L of ADF. Also the a, b, c, a+b and L of 
CEL were not affected by RUP to RDP ratios or protein 
sources. In table 5, parameters describing the degradation of 
HC differed from those of DM, NDF, ADF and CEL. A 
possible reason was that the contents of HC were calculated 
from the differences of between NDF and ADF. According 

to table 5, different RUP to RDP ratios (see Cl, C2 and C3) 
did not affect the degradation parameters of DM, NDF, 
ADF, HC or CEL, but the inclusion of fishmeal influenced 
(p그0.05 or p그0.01) the PED of NDF, ADF and CEL.

Stokes et al. (1988) reported that increased 
concentrations of soybean meal in the diet could increase kp 
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from the rumen; however, similar results were not obtained 
in the present study. In this study, only the inclusion of 4% 
urea (C3) or fishmeal supplementation tended to decrease kp. 
Silva and 0 r skov (1988) reported that fishmeal 
supplementation could increase the degradability of barley 
straw, but soybean meal supplementation didn't influence 
the degradation of barley straw in sheep fed the barley straw 
basal diets. This conclusion was supported in the present 
experiment; fishmeal supplementation could also improve 
the degradation of wheat straw in the rumen.

Ruminal fluid characteristics
The average ruminal pH and concentrations of NH3-N 

and VFA are presented in table 6. Different RUP to RDP 
ratios or protein sources in the diet affected (p<0.05 or 
p<0.01) ruminal pH, and the concentrations of NH3-N, 
acetate, propionate and butyrate. Inclusion of 2% urea or 
soybean meal (see C2 and C4 in table 6) decreased ruminal 
fluid pH (p<0.05 or p<0.01). When urea was included with 
blood meal in the diets, ruminal fluid NH3-N concentration 
increased (p<0.01). The soybean meal diet had higher NH3- 
N concentrations in the rumen than the blood meal and 
fishmeal diets. The lowest NH3-N concentration was 
observed with the diet including fishmeal. Among the Cl, 
C2 and C3 diets, 2% and 4% urea replacement did not 
influence the concentrations of acetate, propionate or 
butyrate in the rumen. Acetate, propionate and butyrate 
concentrations increased (p<0.05) in the rumen of sheep fed 
the diet that included soybean meal. Compared with Cl, C2 
and C3 diets, diet C5 decreased (p<0.05) the concentration 
of acetate and increased (p<0.05) the concentration of 
propionate in the rumen, but did not affect the concentration 
of butyrate. Inclusion of fishmeal decreased (p<0.05 or 
p<0.01) the concentrations of acetate and butyrate in the 
rumen compared to the diet that included soybean meal.

The NH3-N concentration remained in the range (6.3 to 
27.5 mg/lOOml) which is suitable for the growth of ruminal 
microbes (table 6) according to the reports of Ortega et al. 
(1979) and Murphy and Kennelly (1987). As soybean meal 
concentrations increased in dairy cow diets, NH3-N and 

butyrate concentrations also increased, but ruminal fluid pH 
decreased and no effects were noted on the concentrations 
of acetate and propionate (Stokes et al., 1988). This is very 
similar to the results of the present study fbr pH, and NH3-N 
and butyrate concentrations; however, the inclusion of 
soybean meal increased the concentrations of acetate and 
propionate in the rumen (see table 6). Silva and 0 r skov 
(1988) reported that supplementation of sheep diets with 
soybean meal could increase the concentration of NH3-N 
and decrease pH in the rumen. Warly et al. (1992) 
concluded that soybean meal supplementation could 
increase the concentrations of NH3-N and propionate, and 
decrease pH, and the concentrations of acetate and butyrate 
in the rumen of sheep fed diets based on barley straw. 
These results are also consistent with those of the present 
study. Beever et al. (1990) also reported similar results to 
those of the present experiment, in that, when fishmeal was 
supplemented to diets fbr growing steers, the concentrations 
of NH3-N, acetate and butyrate were decreased, but the 
concentration of propionate was significantly increased.

It can be concluded that, although urea can change the 
RUP to RDP ratio of the diet and increase the ruminal NH3- 
N concentration, the pattern of ruminal fermentation 
(acetate:propionate:butyrate) did not differ among the diets 
with different RUP to RDP ratios (see Cl, C2 and C3). 
However, by including soybean meal or fishmeal in the 
diets of ruminants, it is not only possible to change pH and 
NH3-N concentration in the rumen, but also to change the 
pattern of ruminal fermentation.

IMPLICATIONS

The present results confirm that various RUP to RDP 
ratios in the diet only slightly influence fiber digestion, 
ruminal fluid characteristics and fermentation pattern when 
crude protein concentrations in the diet satisfy the 
requirements of growing sheep. Although urea easily 
increased the RDP contents of diets, it did not influence 
fiber digestion or ruminal fluid characteristics. Inclusion of 
soybean meal decreased pH and increased the con

Table 6. Effect of different dietary RUP to RDP ratios or protein sources on pH, NH3-N (mg/100 ml) and VFA 
concentration (mmol/1) in the rumen of sheep

Dietary RUP to RDP ratios or different protein sources SEMCl = 1.54 C2=1.06 C3=0.72 C4=0.65 C5 비.31
PH 6.38" 6.32b 6.46a 6.22° 6.39ab 0.04
nh3-n 20.2c 32.3a 30.1a 24.9b 16.4d 2.97
Acetate 20.3b 22.0b 21.6b 27.7a 16.4C 1.81
Propionate 9.3b 9.1b 9.6b 12.2a 13.6a 0.92
Butyrate 2.7C 3.8b 3.4bc 5.8a 3.4b 0.52
a,b,c means with different superscripts in the same row are significantly different (p<0.05). RDP= rumen degradable protein. 
RUP=rumen undegradable protein. Cl. C2, C3, C4 and C5 mean concentrate 1, 2, 3, 4 and 5 in the diets, respectively. 
SEM means standard error of mean.
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centrations of NH3-N, acetate, propionate and butyrate in 
the rumen. Meanwhile the ruminal digestion of DM, NDF, 
ADF, HC and CEL tended to be improved with soybean 
meal; however, it did not improve the ruminal nylon bag 
degradability. Finally, the inclusion of fishmeal decreased 
NH3-N and acetate concentrations, and increased propionate 
concentration in the rumen. Fishmeal supplementation also 
improved the ruminal digestibility of DM, OM, NDF and 
HC. There was significant improvement of ruminal 
degradabilities of NDF, ADF and CEL by fishmeal 
supplementation.
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