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ABSTRACT : The effects of two types of protein,
soybean meal (SBM) and fish meal (FM); and two types
of energy supplements, com flour (CF) and paper pulp
(PP), on intake of guinea grass (Panicum maximum),
fibre digestion and microbial activities in four Merino
rams with an average weight of 544 £ 4.5 kg were
studied. Each animal was fitted with a ruminal cannula
and a duodenal cannula at the proximal position. The
animals were fed twice daily with chopped guinea grass (5
cm) ad libitum and one of the four dietary supplements:
170 g FM+268 g PP; 170 g FM+268 g CF; 200 g SBM +
200 g PP or 200 g SBM+200 g CF. All the supplements
were mixed with 100 g molasses. fn sacco and in vive
digestibilities, digesta flow rates, fermentation and
microbial population were studied in a 4 X 4 Latin square
design with a 2 X 2 factorial arrangement of dietary
treatments.

The effects of energy or protein sources were not
significant on grass intake of sheep. The potential
degradabilities of NDF and ADF were not significantly
affected by any of the supplements. However, the energy
and protein sources had significant efects on
disappearance rate of NDF and ADF. The disappearance
rate of both NDF and ADF were significantly (p < 0.05)
higher in animals fed PP when compared to animals fed

CF. Animals fed FM also showed significantly (p < 0.03)
higher disappearance rate of ADF than those fed SBM,
Animals fed PP showed better digestion in the rumen and
total tract. Total flow of NDF and ADF through the
duodenum was not significantly affected by the various
supplements.

The mean rumen pH values (5.8-6.1) were not
significantly different among the four different diets. The
concentration of rumen ammonia was significantly (p <
0.0001) higher in animals fed SBM (235-266.4 mg N/L}
supplement than in animals fed FM (174.9-179.7 mg N/L),
while total VFA concentration was not significantly
affected by both energy and protein supplements. Mean
values of total VFA ranged from 72.5-82.3 mM. Molar
proportions of acetate, propionate and butyrate were
typical of a roughage type fermentation. Molar proportion
of acetate was significantly (p < 0.0001) higher in sheep
fed PP when compared to sheep fed CF. Animals fed FM
had higher total viable bacterial counts, while animals fed
CF showed higher protozoal numbers, Proportions of
cellulolytic bacteria were only slightly higher in animals
fed SBM or PP.

(Key Words: Fibre Digestion,
Supplementations)

Energy and Protein

INTRODUCTION

The high fibre and low nitrogen (N) content of
tropical grass are the main factors affecting digestibility
and feed intake of animals. When the N content of feed is
less than 1%, the animal’s appetite will be depressed and
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voluntary intake reduced (Minson, 1990). Ruminants
when fed with low-N forages or straw-based diets with
continvous supplementation of urea show an increase in
feed intake, digestibility and protein in the rumen (Preston
and Leng, 1987). However, true protein supplementation
was found to be more effective than non-protein
supplementation. The rate of fibre digestion in animals
supplemented with fish meal is higher than those
supplemented with urea (McAllan and Smith, 1984). In
energy-deficit diets, additional energy input is necessary
to optimise rmen protein synthesis (Poppi and
McLennan, 1995). Readily fermentable carbohydrate
supplement also enhances cellulolytic activity in the

AJAS 1998 Vol. 11 (No. 5) 510.521



SUPPLEMENTATION AND FIBRE DIGESTION IN SHEEP

rumen (William et al., 1984). However, high amount of
soluble carbohydrate in diets may reduce both voluntary
intakes of forages and fibre digestion (Khalili, 1993).

The objective of this study was o determine the
effects of two types of protein (soybean meal and fish
meal) and two types of energy (com flour and paper pulp)
supplements with varying degrees of degradability on
fibre digestion and microbial activities.

MATERIALS AND METHODS

Animals
Four Merino rams with an average weight of 54445

Table 1. Supplements offered (g/d/animal)
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kg were each fitted with a ruminal and duodenal cannula
at the proximal position (4 ¢m posterior to the pylorous
duodenum, Ivan and Johnston, 1981). The animals were
dosed one month before surgery to Kkill gastrointestinal
parasites and were used five weeks after surgery.

Experimental design and diets

The animals were fed twice daily with chopped (5 ¢m)
guinea grass (Panicum maoximum) ad libitum and four
dietary supplements. The supplements were two types of
protein (soybean meal and fish meal) and two types of
energy (com flour and paper pulp). The supplements
offered per day per animal are presented in table 1.

. Fish meal Soybean meal Paper pulp Com flour

Diet FM) (SBM) (PP) (CF) Molasses
1 170 0 268 0 100
2 170 0 0 268 100
3 0 200 200 ' 0 100
4 0 200 0 200 100

Each supplement was formulated to contain the same
amount of N and gross energy but with varying rates of
rumen degradability. Comn flour (CF) was purchased from
Glow San Sdn Bhd, Selangor, Malaysia. Paper pulp (PP)
boards made from softwood (Scott Paper Sdn. Bhd.) were
cut into small pieces (approximately 0.5 X 0.5 c¢m) by
using an electric plane. Fish meal (FM) and soybean meal
(SBM) were purchased from Mansura Trading, Selangor,
Malaysia.

The experimental design was 4 X 4 Latin square with
a 2 x 2 factorial airangement of dietary treatments. The
effects of protein and energy supplements on fibre
digestion (in sacco and in vivo), digesta flow rates,
fermentation pattern and microbial population . were
studied within four periods. Each period (31 days)
consisted of 14 days for dietary adaptation and 17 days
for experimentation. During the experimentation period,
the animals were placed in individual crates fitted with
containers for urine and faecal collections.

In sacco and in vivo digestibilities, fibre intake and
digesta flow

In sacco degradability of guinea grass was determined
by the nylon bag technique (Qrskov and McDonald,
1979). The nylon bags (9 ¢m X 12 ¢m, 44 gm mesh size)
containing 5 g of fresh guinea grass, approximately 2.5
mm in lengths, were incubated in the rumen for 12, 24,

48, and 72 h. Percentage losses of ADF and NDF were
plotted against incubation times, and by using the
equation p=a+b (1-e7*) of Qrskov and McDonald
(1979), the potential degradability (p) and the degradation
rate (¢) of NDF and ADF were estimated by the Gauss-
Newton iterative procedure (nonlinear) in the SAS
programme (1988).

The amounts of feed intake, and faeces and urine
outputs were recorded twice daily for nine days for the in
vivo digestibility study. Ten percent representatives of the
supplements and fresh guinea grass offered and 15%
representatives of guinea grass refusal and faecal outputs
were collected and stored at —20°C until used for
analyses. There were no refusals for supplements. For
analyses, the samples were dried at 60°C for 72 h to
determine their moisture content. They were then ground
through a 2-mm screen to be used for neutral detergent
fibre (NDF) and acid detergent fibre (ADF) analyses
(Goering and Van Soest, 1970). The total tract
digestibility, true and apparent digestibility of fibre in the
rumen were calculated by using equations developed by
Czerkawski (1986):

Total tract fibre digestibility (%)

_ 100 x [Intake fibre (g/d) —Faecal Fibre Output (g/d)]

- Intake fibre (g/d)

Fibre digestion in the rumen = Intake fibre —
Undigested: fibre
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The digesta flow was estimated by the double marker
technique of Faichney (1980). Chromium (Cr)-mordanted
paper pulp (particulate marker) and cobalt (Co)-EDTA
(liguid marker) were prepared according to the method
described by Uden et al. (1980). Chromium-mordanted
paper pulp (10 g/d/animal) was mixed with the
supplement and fed to the animals for 11 days, while Co-
EDTA (180 mg Co/d) was infused at 5 ml/h at the same
time. Duodenal samples were collected during the last
two days of markers administration. One hundred ml of
duodenal digesta were collected from the cannula by
letting the digesta to flow out (by gravity) through a
plastic tube into a container at the following times of the
day: 24:00, 06:00, 12:00, 18:00, and at 03:00, 09:00,
15:00 and 20:00 the next day. The samples were stored at
—207C and later pooled. A total of 16 samples (4
animals, 4 periods) was obtained Each pooled sample was
homogenized and then divided equally into two portions.
One portion was used as a representative of pooled whole
duodenal digesta phase, while the other portion was
centrifuged at 1,000 g for 5 min, and the pellet obtained
represented the pooled particulate duodenal digesta phase.
Both phase samples were lyophilized and analysed for
NDF, ADF (Goering and Van Soest, 1970), Cr and Co
(Le Du and Penning, 1982). The computer programme
developed by Nolan (pers. com.) based on the double
marker method of Faichney (1980; 1993) was used for
calculating the true fibre flow through the duodenum.

Fermentation pattern and bacterial population

Representative samples of rumen contents were
obtained before feeding and at 3, 6 and 9 h after the onset
of feeding. The samples were determined for pH, fixed
with methyl green formalin-saline for protozoal counts
(Ogimoto and Imai, 1981) and the rest acidifed with 24%
metaphosphoric acid in 12 M sulphuric acid for ammonia
and total volatile fatty acids (VFA) analyses (Abdullah, et
al., 1995). Protozoal numbers were estimated by counting
in the Neubauer Counting Chamber under the light
microscope (Laborlux S, Leitzwetzlar, Germany).

For viable and cellulolytic bacterial counts, rumen
contents were sampled once at 3 h after the moming feed.
The anaerobic roll tube technique was used to determine
total viable bacteria, while the most probable number
(MPN) method was used to estimate total cellulolytic
bacteria (Bryant and Burkey, 1953; Scott and Dehority,
1965). The percentage of cellulolytic bacteria was
calculated by comparing the total cellulolytic bacterial
population with the total viable bacterial population.

JETANA ET AL.

Statistical analyses

The means of each parameter measured in the
degradability studies, fibre intake and flow and the
microbial populations were analysed by analysis of
variance (ANOVA) techniques according to the General
Linear Model (GLM) procedures of the Statistical
Analysis System Institute (SAS, 1988). Treatment means
were compared by the least significant difference method.

The 2 x 2 factorial type of diets was used to examine
diet effect, which was divided into the main effect of
protein and energy sources and their interactions.
According to the GLM procedures of SAS, the single
degree of freedom orthogonal comparisons were 1) FM
versus SBM, 2) PP versus CF and 3) the interaction of
protein and energy sources. The interaction, when
significant (p < 0.05) will be shown in the results.

Rumen fluid data (pH, ammonia-N and VFA) were
analysed by split-plot analyses of variance (Snedecor and
Cochran, 1967) using following the model:

Yijklm = 4 + Ai + Pj + Tk + eijk + Hi + (AH)il +
(PH)j! + (TH)KI + eijkim

Where: 4 is mean of A, P, T and H (animal, period,
treatment and time effects, respectively); eijk is the main
plot error; eijklm is the sub-plot error.

The main plot included dietary treatment period and
animal effects: treatment X period X animal was used in
the SAS (1988) model to calculate main-plot error,
subplot error and was tested for time X treatment
interaction. Time X treatment interaction when detected
{p < 0.05) will be shown in the results.

RESULTS

Composition of feeds and diets

The chemical compositions of guinea grass, CF, FP,
SBM and FM are presented in table 2. Guinea grass
contained 1.7% N (10.4% CP). The energy supplements,
CF and PP contained 85% starch and 92.9% NDF,
respectively, but only trace amounts of N (< 0.1%). The
protein supplements, SBM and FM contained 6.7 and 8.0
% N, soybean meal contained 35.6% NDF, respectively.

The amount of supplements (fresh weight) provided
daily per animal is presented in table 3. The nitrogen
contents (N) of the supplemental diets were quite similar.
They were within the range of 12.7-13.1 g N/d. However,
the starch content varied widely between the different
diets, ranging from 0 in PP supplemented diet to 228.3 g
in CF supplemented diet. Similarly, the NDF content also
varied widely between the diets. It was high in PP (231.6-
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Table 2. Chemical components of feeds (% based on DM basis)

Components Guinea Soybean Fish Paper Com Molasses
grass meal meal pulp flour
Dry matter! 91.9 952 932 92.8 88.9 63.1
Organic matter 934 933 63.3 99.7 99.9 91.6
Nitrogen 1.7 6.7 8.0 0.0 0.1 0.6
Neutral detergent fiber 73.6 336 0 929 0.3 0.9
Acid detergent fiber 422 11.3 0 83.7 0.1 0.1
Starch? ND ND ND ND 8§5.2 ND
Gross energy (joules/g)’ ND 18.0 14.8 15.0 144 8.5
ND : Not determined.
" : Based on DM at 60C.
2 . Starch was analysed by the method described by Southgate (1976).
> & Gross energy was determined by using the TKA-Bomb.
Calorimeter System C 4000 Adiabatic (Germany).
Table 3. Amount of supplements (fresh weight) provided daily per animal
Fish meal Soybean meal

Component

Paper pulp Com flour Paper pulp Com flour
Amount of different constituents of supplements (composite) provided daily per animal (g)
Dry matter 470.2 459.8 439.1 431.4
Organic matter 406.1 396.1 420.5 413.1
Nitrogen 13.0 127 13.1 12.8
NDF 2316 1.3 236.9 65.1
ADF 2082 03 176.9 21.8
Starch 0 2283 0 170.4
Gross energy (joules/g) 15.7 157 16.9 17.0

236.9 g) diet but much lower in CF supplemented (1.3-
65.1 g) diet. Dry matter of supplements was similar for
all treatments (431.4-470.2 g), but OM of FM was
slightly lower (396.1-406.1 g) than the OM of soybean
meal (413.1-420.5 g).

In sacco and Jin vivo digestibilities and digesta flow
The results of the percentage losses and degradation
parameters of ADF and NDF of guinea grass are
presented in tables 4 and 5. At 12 h of incubation,
percentage losses of ADF and NDF of guinea grass were
significantly (p < 0.008) affected by energy sources. The
percentage losses were highest in animals fed SBM+PP
and lowest in animals fed SBM+CF. A significant (p
< 0.05) interaction between protein and energy was
observed at this incubation period. However, at 24, 48
and 72 h incubation, there were no significant differences
in NDF and ADF percentage losses of guinea grass
among the animals fed the different supplementary diets.
The potential degradability (p) of both NDF and ADF

were not significantly different among sheep fed the
various supplements (tables 4 and 5). However, the
disappearance rate (¢ h~') of NDF and ADF was
significantly (p < 0.05) affected by the energy sources.
Animals supplemented with PP had higher rates than
animals supplemented with CF. A significant (p < 0.05)
interaction between protein and enmergy was observed for
the rate of disappearance (¢ h~') for NDF and ADF
(tables 4 and 5). The values were significantly (p < 0.05)
higher in animals fed FM as the protein supplement (with
both CF and PP) than those fed SBM with CF (tables 4
and 5). '

Table 6 shows the intake, flow and digestion of NDF
in sheep fed the various supplements. Total amount of
NDF consumed by sheep tended (p < 0.08) to be affected
by energy supplements as PP contained higher amount of
fibre than CF. Sheep fed CF supplement had higher
values of NDF flow through the duodenumn, although the
differences were not significant. However, digestion of
NDF in the rumen and in the total tract were significantly
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Table 4. Percentage disappearance and degradation parameters (p and c) of guinea grass NDF in sheep fed guinea grass

as a basal diet with different protein and energy supplements

Probability for

Fish meal Soybean meal
contrast between
Items > C - " C SED
aper orn aper ormn .
pulp flour pulp flour e Energy
Percentage disappearance at various incubation period (h)
0 10.9 104 11.8 109 0.6 NS NS
12 48,3 48.0% 50.7¢ 46.1° 0.9 NS 0.008*
24 63.2 63.0 62.5 60.1 20 NS NS
48 68.0 67.0 68.3 68.4 12 NS NS
72 694 68.7 70.3 69.7 1.1 NS NS
Degradation parameters
P 69.5 68.6 69.6 69.4 1.5 NS NS
c (™ 0.09%* 0.1* 0.1° 0.08° 0.004 NS 0.05*

S.E.D. : Standard error differences.
NS  : Not significantly different (p > 0.05).

P : Potential degradability.

c : Rate of disappearance. . :

¥ : Means in the same row with different superscripts are significantly different (p < 0.05).
[Means in the same row without superscripts are not significantly different {p > 0.05)).

# : Interaction between protein and energy (p < 0.05).

Table 5. Percentage disappearance and degradation parameters (p and ¢) of guinea grass ADF in sheep fed guinea grass

as a basal diet with different protein and energy supplements

Probability for

Fish meal Soybean meal
contrast between
Items B c D c SED
aper om aper om )
pulp flour pulp flour Protein Energy
Percentage disappearance at various incubation period (h)
0 7.0 6.6 6.3 6.6 0.4 NS NS
12 44.9°* 44 5% 47.4° 42.5¢ 09 NS 0.008*
24 55.0 54.9 54.2 512 25 NS NS
48 60.7 594 61.0 61.1 1.5 NS NS
72 62.8 61.9 63.8 63.1 14 NS NS
Degradation parameters
P 61.9 61.8 61.8 - 61.9 1.5 NS NS
c (™ 0.1°* 0.1* 0.1* 0.08" 0.005 0.03 0.02*

S.E.D. : Standard error differences.
NS . Not significantly different {p > 0.05).

P : Potential degradability.
c : Rate of disappearance.
* 1 Means in the same row with different superscripts are significantly different (p < 6.05).

[Means in the same row without superscripts are not significantly different (p > 0.05)].

# : Interaction between protein and energy (p < 0.05).
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(p < 0.04, p < 0.02) higher in sheep fed PP supplement.
Protein sources (SBM and FM) did not have a significant
effect on the various paramenters measured.

The intake, flow and digestion of ADF in sheep fed
the different supplementary diets are shown in table 7.
Similar to NDF, PP supplementation also had a
significant effect on ADF intake, the amount of ADF
digested in the rumen and total tract digestibility, The

other parameters measured were not significantly affected
by the energy supplements. Protein supplements did not
have any significant effect on any of the parameters
measured. Although, the ADF flow through the
duodenum was higher by about 12.5% in sheep fed FM
than in those supplemented with SBM, the difference was
not significant.

Table 6. Neutral detergent fibre (NDF) intake, digestion and flow of NDF from the rumen of sheep fed guinea grass as

a basal diet with different protein and energy supplements

Probability for

Fish meal Soybean meal
contrast between
Parameters SED
Paper Corn Paper Corn Protein Energy
pulp flour pulp flour
NDF (supplement) (g/d) 231.6 1.3 236.9 65.1 - - .
NDF (guinea grass) (g/d) 437.9 496.1 461.5 464.9 110.8 NS NS
Total NDF intake (g/d) 669.5 497.4 695.4 530.0 110.8 NS 0.08
Total NDF flow (g/d)
at duodenum : 228.3 266.4 232.7 249.5 44.0 NS NS
Faecal NDF out put (g/d) 2183 241.5 2169 230.6 355 NS NS
NDF digested in the rumen (g/d)  441.1 247.6 462.8 278.3 102.7 NS 0.04
NDF digested in the rumen (%) 65.0 39.6 66.5 50.3 11.6 NS 0.05
Total tract NDF digestibility (%) 67.3+* 47.6° 69.1* 554® 72 NS 0.02
S.E.D. : Standard error differences.
NS : Not significantly different (p > 0.05).
* : Means in the same row with different superscripts are significantly different (p < 0.05).

(Means in the same row without superscripts are not significantly different (p > 0.05)].

Table 7. Acid detergent fibre (ADF) intake, digestion and flow of ADF from the rumen of sheep fed guinea grass as a

basal diet with different protein and energy supplements

Probability for

Fish meal Soybean meal contrast between
Parameters Paper Comn Paper Com SED
pulp flour pulp flour Protein Energy
ADF (supplement) (g/d) 208.2 0.3 176.9 21.8 - - -
ADF (guinea grass) (g/d) 243.0 282.3 260.4 271.6 66.6 NS NS
Total ADF intake (g/d) 451.3° 282.6° 437.3%® 293.4® 873 NS 0.02
Total ADF flow (g/d)
at duodenum : 169.9 154.1 141.1 1424 323 NS NS
Faecal ADF out put (g/d) 146.9 158.5 1439 152.3 24.6 NS NS
ADF digested in the rumen (g/d)  281.4°¢ 128.6° 296.2* 151.0® 62.3 NS 0.02
ADF digested in the rumen (%) 62.8% 34.0° 67.7° 51.0® 13.2 NS 0.08
Total tract ADF digestibility (%) 67.6* 37.00 67.3 48.3%® 8.6 NS 0.05
S.E.D. : Standard error differences.
NS : Not significantly different (p > 0.05).
* : Means in the same row with different superscripts are significantly different (p < 0.05).

[Means in the same row without superscripts are not significantly different (p > 0.05)].
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Fermentation pattern and microbial population

Rumen pH, ammonia and VFA concentrations and
molar proportions were determined at various times
before and after the onset of feeding. Rumen pHs were
significantly affected (p < 0.05) by diets and times of
sampling. The rumen pHs for all animals were low at 3 h
after the onset of feeding (figure 1). When the values
were compared for the effects of diets, the rumen pH for
sheep supplemented with CF was significantly lower (p <
0.05) at 3 h after feeding and tended (p < 0.08) to be
lower at 6 h after feeding (figure 1). However, when the
means of rumen pH of the four dietary supplements were
compared, no significant differences between the supple-
ments were observed (table 8).

For all animals, the concentrations of ammonia-N
reached a maximum at 3 h after feeding (figure 2).
However, the ammonia-N concentrations were higher in
animals fed SBM supplements at all sampling times. The
mean values of ammonia-N concentrations were
significantly (p < 0.0001) affected by protein sources
(table 8). The concentrations of rumen ammonia-N were
significantly higher in animals fed SBM supplement. On
the other hand, energy sources did not have any
significant effect on the mean ammonia-N concentration.

There were no significant interactions between diets
and times of sampling in total VFA concentrations.
Effects of diets on total VFA concentrations were also not
significant. Total VFA ranged from 67-101 mM (figure 3).
The lowest value (67 mM) was observed in animals fed
FM+PP at 6 h after the onset of feeding. Molar
proportions of acetate in sheep supplemented with PP
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Figure 1. Rumen pH of sheep fed the four dietary
treatments at various times after feeding.

Table 8. Means of rumen pH, ammonia-N (mg-N/L) and total VFA (mM) and molar proportions of VFA (%) in rumen
fluid of sheep fed guinea grass as a basal diet with different protein and energy supplements

Probability for

Fish meal Soybean meal contrast between
Rumen Parameters SED
Paper Com Paper Com Protein Energy
pulp flour pulp flour
pH 6.1 5.9 6.0 5.8 0.14 NS NS
Ammonia-N (mg-N/L) 174.9%+ 179.7° 2664° 235.3° 17.2 0.0001 NS
Total VFA (mM) 72.5 72.8 81.7 82.3 74 NS NS
Molar %:
Acetate 74.8 69.8° 72.8% 71.5> 1.1 NS 0.0001*
Propionate 17.5° 19.1* 19.0® 18.5% 0.8 NS NS
Butyrate 7.4 9.0 7.6 7.9 0.9 NS NS
Acetate : Propionate 4.4° kil 3.9 3.9 0.19 NS NS
S.E.D. : Standard error differences.
NS  : Not significantly different (p > 0.05).
¥ : Means in the same row with different superscripts are significantly different (p < 0.05).

(Means in the same row without superscripts are not significantly different {(p > 0.05)].

# : Interaction between energy and protein sources (p < 0.05).
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Figure 2. Rumen ammonia-N of sheep fed the four
dietary treatments at various times after feeding.

were higher (p < 0.0001) than in those supplemented
with CF (table 8). Propionate was lower in sheep
supplemented with FM+PP when compared to sheep fed
FM+CF, while butyrate proportions and acetate:
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100

~— SBM + PP

—4— SBM + CF
-8- FM + PP
—— FM + CF

Total rumen VFA (mM)

60

- |

10

Time after morning feed (h)

Figure 3. Total rumen VFA of sheep fed the four dietary
treatments at various times after feeding.

propionate ratios were not significantly affected by both
the energy and protein supplements.

Table 9 shows the protozoal counts in rumen fluid of
sheep. Their numbers were significantly (p < 0.05) lower

Table 9. Protozoal counts (< 10°%ml) in rumen fluid of sheep fed guinea grass as a basal diet with different protein and

energy supplements

Probability for

Time after morning Fish meal Soybean meal SED contrast between
feed () Paper pulp Com flour Paper pulp Com flour Protein Energy
0 1.5 38 29 2.3 1.1 NS NS
3 1.1 4.3 28 34 1.6 NS NS
6 1.2 3.2% 2.1® 34 09 NS NS
9 0.9° 3.0 34 3.7 1.1 NS NS
Means 1.2% 3.6 2.8 32 0.05 NS 0.001*
S.E.D. : Standard error differences.
NS : Not significantly different (p > 0.05).
* : Means in the same row with different superscripts are significantly different (p < 0.05).
(Means in the same row without superscripts are not significantly different (p > 0.05)].
# : Interaction between energy and protein sources (p < 0.05).
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in sheep fed FM+PP supplements than in sheep fed other
supplements. A significant interaction (p < 0.05) between
protein and energy sources was observed. Animals fed
CF had significantly (p < 0.001) higher protozoal counts
than animals fed PP.

The total number of viable bacteria tended (p < 0.07)
to be higher in sheep supplemented with FM, where their
bacterial counts ranged from 27.2-30.2 x 10%ml, when
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compared to that of sheep supplemented with SBM where
counts ranged from 5.2-12.9 X 10%ml of rumen fluid,
Although the percentage of cellulolytic bacteria in sheep
supplemented with PP or SBM was higher than those fed
CF or FM, the difference was not significant. The
proportion of cellulolytic bacteria ranged from 5.3 to 8.4%
of the total viable bacteria (table 10).

Table 10. Total number of viable bacteria and percentage of cellulolytic bacteria in the rumen of sheep fed guinea grass

as a basal diet with different protein and energy supplements

Probability for

Fish meal Soybean meal
contrast between

Parameters SED

Paper Com Paper Com Protein Ener

pulp flour pulp flour gy
Total viable bacteria (% 10%ml) 30.2% 272 12.9 52 12.5 0.07 NS
Cellulolytic bacteria (%) 82 53 84 7.1 4.3 NS NS
S.E.D. : Standard error differences.
NS : Not significantly different (p > 0.05).
* : Means in the same row without superscripts are not significantly different (p > 0.05).

DISCUSSION

The results of the present experiment showed that the
intake of NDF and ADF of guninea grass by sheep did not
differ significantly between the two energy supplements
(CF and PP) or the two protein supplements (FM and
SBM). Although the two energy supplements and the two
protein supplements vary in rumen degradability, they had
similar effect on the voluntary feed intake of sheep.
Freeman et al. {(1992) also observed that protein sources
and levels of protein supplements had minimum effects
on voluntary intakes in grazing cattle. Allden (1981) and
Gaskins et al. (1990) indicated that protein
supplementation probably had no effect on forage intake
if crude protein content of forages was between 5-7%.
Similarly, Hess et al. (1994) found that protein supple-
mentation had no effect on the amount of forage
consumed by grazing cows. Judkins et al. (1991)
observed that forage intakes were unaffected by SBM and
cracked corn supplementation in beef heifer fed low
quality mixed grass hay. A number of workers
{McCollum and Galyean, 1985; Minson 1990; Poppi and
McLennan, 1995) have concluded that forage intakes in
grazing animals may not be stimulated by protein
supplementation when available N content in forage is
above 1%.

In the nylon bag study, the percentage losses of NDF
and ADF of guinea grass at various times of incubation

~

{except at 12 h incubation) were similar among the four
dietary treatments. This was probably due to the
concentrate: forage ratios being similar among the
treatments (44-47: 53-58). Mertens and Loften (1980) and
Archimede et al. (19935) indicated that the extent of
degradation was influenced by the ratio of concentrate to
forage, whereby the extent of degradation changed
concomitantly to the changes in the ratio of concentrate to
forage. Generally, the addition of readily fermentable
carbohydrates in excess decreases fibre digestion (Mertens
and Loften, 1980; Hoover, 1986).

Although sheep fed SBM+CF showed lower percen-
tage losses of NDF and ADF at 12 h of incubation, the
effect was transient because at other incubation times,
percentage  losses of these parameters were not
significantly affected by diets. On the other hand, Hussien
et al. (1995) reported that a decrease in the in siwm
disappearance of DM, OM and fibre occurred when SBM .
was supplemented to steer fed ammoniated com cobs+
corn silage +oat hulls as basal diet.

The disappearance rate constants {¢) of NDF and ADF
were lowest in sheep fed SBM+CF. Similar results -were
reported by a number of workers (Veen, 1986; McCarthy
et al., 1989; Hussein et al., 1995) who showed that the
degradation rate of fibre decreased in animals
supplemented with soluble protein (SBM) when compared
to animals supplemented with slowly degradable protein
like roasted SBM or FM. The results also indicated that
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animals given PP supplementation had faster rates of
degradation than those given CF. The effects of energy
sources seemed to be similar to that of protein sources,
where readily degradable feed (CF and SBM) reduced the
rate of disappearance of fibre in the rumen.

Sheep supplemented with CF had significantly lower
digestibilities of fibre (NDF and ADF) in the rumen and
total tracts than sheep supplemented with PP. This result
lends support to the other reports by Mertens and Loften
{1980), Mould et al. (1983), England and Gill (1985) and
Khalili (1993) who observed a reduction in fibre digestion
when animals were supplemented with a readily
fermentable carbohydrate.

It is possible that in sheep fed CF supplement, the
slight increase in passage rate of NDF from the rumen
resulted in a reduction of NDF digestion in the rumen.
Similar observation was reported by Aitchison et al
(1985) in sheep fed hay and supplemented with maize
starch. In these animals, passage rate of digesta and
rumen pool size increased, but digestion in the rumen
decreased.

There were no significant differences in the total fibre
(NDF or ADF) digestions in sheep fed FM or SBM
supplements. Dyness et al. (1994) and Kabre’ et al. (1995)
had also reported that the effects of FM supplement on
apparent digestibility of fibre were small in sheep.

The rumen pH values before feeding were in the
range of 5.8-6.2. However, 3 h after the onset of feeding,
rumen pH of sheep declined as active fermentation of the
newly ingested feed occurred. At this time the pH values
ranged from 4.9-5.8. The greatest drop in pH occurred in
animals supplemented with CF. Corn flour is a highly
degradable source of carbohydrate and, as expected,
would be rapidly fermented by the rumen microbes,
resulting in a rapid decline in pH. However, this low pH
was maintained for only a short while because three hours
later the pH rose to 6.0. At 9 h after the onset of feeding,
the pH increased to almost the same level as that at 0 h.
Protein supplements did not seem to have any effect on
rumen pHs. The rumen pHs were within the physiological
range and a range of 5.8-6.0 may not have any effect on
bacterial growth (Hoover, 1986).

Rumen fermentation pattern in all sheep fed the
various diets was typical of a roughage fermentation, i.e.,
with high acetate and low propionate and butyrate
proportions. However, molar proportion of acetate was
highest in sheep supplemented with PP, A high acetate
production in animals fed PP reflects a high content of
fibre in their diets. Total rumen VFA concentrations
tended to be high at 3 h after the onset of feeding as
fermentation of newly ingested feed took place. Animals
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fed SBM supplement seemed to produce higher amounts
of VFA compared to animals fed FM supplement. This is
not surprising since SBM is a soluble protein source and
would provide the rumen microbes with easily available
amino acids and peptides. The microbes would thus be in
a better growth condition to carry out more fermentation
activity than those in animals fed FM which is a less
degradable protein source (NRC, 1985).

The rumen ammonia concentrations in all animals
were within the physiological ranges and should be
adequate for microbial growth as the values were more
than the optimum value required (100 mg-N/L) for
microbial growth (Leng, 1990).

Rumen ammonia concentration was higher in sheep
supplemented with SBM than in sheep supplemented with
FM. This is propably due to SBM being more degradable
than FM in the rumen. '

The number of protozoa in sheep fed CF
supplemented diets was higher than in those fed PP
supplemented diets. This agrees. with the finding of
Chamberlain et al. (1985) and Jouany (1988) in which
starch supplementation favoured the development of
protozoa, in particular the entodiniomorphid species. Abe
and Iriki (1978) also showed that protozoa were less in
animals given cellulose diet, but more in animals fed
starch, xylose and sucrose diets. Coleman (1960) reported
that cellulose diets did not allow entodiniomorphid
species to survive. Later, he (1986) showed that the
growth of cellulolytic protozoa was greatly enhanced by
starch and without starch in the ration, protozoal density
was low and the rates of digestion were reduced.
Protozoal growth is also influenced by the availability of
proteins. Protozoa are able to utilise short chain peptides,
dipeptides or tripeptides efficiently (Newbold et al., 1989).
In the present study, protozoal numbers were higher in
animals fed SBM+PP than in animals fed FM+PP,
Soybean meal, being more soluble than FM, would
probably provide a better niche for protozoal growth.

The number of viable bacteria was higher in sheep fed
FM. This is expected as long chain peptides are more
important in increasing the bacterial population than short
chain peptides (Newbold et al., 1989). The non-celluloytic
bacteria represent a major proportion of the viable
bacterial population. Non-cellulolytic bacteria prefer
peptides to amino acids, while cellulolytic bacteria prefer
amino acids or ammonia for microbial protein synthesis
(Chen et al, 1987). It has also been reported by Cruz
Soto et al. (1994) that non-cellulolytic bacteria show
faster growth when given peptides than when given amino
acids. The higher proportion of cellulolytic bacteria in
animals fed SBM is probably due to the availability of
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amino acids from SBM. A higher proportion of
cellulolytic bacteria was also observed in animals fed PP.
It is possible that PP being non-soluble but highly
degradable provides a better niche for cellulolytic bacteria.
This small difference in cellulolytic bacterial population
could be sufficient to cause a significant increase in rate
and extent of fibre digestion in the rumen.

The present experiments indicated that infake of
guinea grass by sheep did not differ when the animals
were supplemented with different energy or protein
sources. However, fibre digestion was decreased when the
animal was supplemented with a more readily soluble
carbohydrate (CF), but was enhanced when supplemented
with a less readily soluble carbohydrate (PP). The rate of
fibre disappearance was also enhanced in animals fed PP,
Feeding twice daily may have resulted in the rumen pH
being continucusly low. Fermentation pattem was typical
of a roughage diet, but acetate proportion was
significantly (p < 0.0001) higher in animals supplemented
with PP. Total VFA concentrations were similar for all
sheep, but ammonia concentration was significantly (p <
0.0001) higher in animals fed SBM supplement. Fish
meal suppiement increased total bacterial numbers, while
CF increased protozoal growth. Cellulolytic bacteria were
slightly higher in sheep fed SBM or PP supplements.

ACKNOWLEDGEMENTS

The funds provided by the Ministry of Science and
the Environment of Malaysia under the Intensification of
Research Priority Areas (IRPA) Program (Project Code 1-
07-05-038) are acknowledged.

REFERENCES

Abdullah, N., H. Hanita, Y. W. Ho, H. Kudo, M. Ivan and S.
Jalaludin. 1995, The effects of bentonite on rumen
protozoal population and rumen fluid characteristics of
sheep fed palm kernel cake. Asian-Australasian Journal of
Animal Science. 8:24%-254.

Abe, M. and T. Idki. 1978. Effects of diet on the protozoa
population in permeable continuous cultures of rumen
contents. British Journal of Nutrition. 39: 255-264.

Aitchison, E. M., M. S. Dhanoa, M. Gill and D. F. Osbourn.
1985, The effect of level of feeding and inclusion of a
maize starch supplement on rumen digesta pool size and
tumover. Proceedings of Nutrition Society. 45:51A.

Allden, W. G. 1981. Energy and protein supplements for grazing
livestock. In “Grazing Animals” (F. H. W. Morley ed.) pp.
289-307. New York: Elsevier Science Publishers.

Archimede, H., D. Sauvant, M. Dorleans, P. Chapoutot and C.
Poncet. 1995. Influence of the nature of forage and
concentrate measured in sacco and in vivo. Animal Feed

JETANA ET AL.

Science and Technology. 54:341-356.

Bryant, M. P. and L. A. Burkey. 1953. Cultural methods and
some characteristics of some of the more numerous groups
of bacteria in the bovine rumen. Joumal of Dairy Science
36:205-217. ]

Chamberlain, D. G., P. C. Thomas, W. Wilson, C. J. Newbold
and C. J. MacDonald. 1985, The effects of protein and
carbohydrate supplements on mminal concentrations of
ammonia in animals given diets of grass silage. Journal of
Agricultural Science (Cambridge) 104:331-340.

Chen, G., H. J. Strobel, J. B. Russell and C. J. Sniffen, 1987.
The effect of hydrophobicity on the uptake and deamination
of peptides by ruminal bacteria in vitro. Applied and
Environmental Microbiology. $3:2021-2025.

Coleman, G. S. 1960. The cultivation of sheep rumen Oligotrich
protozoa in vitro. Joumal of General Microbiology. 22:445-
460.

Coleman, G. S. 1986. The distribution of carboxymethycellulase
between fractions taken from the rumens of sheep
containing no protozoa or one of seven different protozoal
population. Joumal of Agricultural Science (Cambridge).
107:709-722.

Cruz Soto, R. C., S. A. Muhammed, C. J. Newbold and C. S.
Stewart. 1994, Influence of peptides, amino acids and urea
on microbial activity in the rumen of sheep receiving grass
hay and on the growth of rumen bacteda in virro. Animal
Feed Science and Technology. 49:151-161.

Czerkawski, J. W. 1986. An Introductin to Rumen Studies.
Oxford, U. K., Pergamon Press.

Dyness, M. M., A. E. Kimambo, F. Sundstol and J. Madsen.
1994. The influence of urea supplementation or treatment
of rice straw and fish meal supplementation on rumen
environment and activity in sheep. Animal Feed Science
and Technology. 49:223-235,

England, P. and M. Gill. 1985. The effect of fish meal and
sucrose supplementation on the voluntary intake of grass
silage and live-weight gain in young cattle. Animal
Production. 40:259-265.

Faichney, G. J. 1980. The use of markers to measure digesta
flow from the stomach of sheep fed once daily. Joumal of
Agricultural Science {Cambridge). 94:313-318.

Faichney, G. J. 1993. Digesta flow. In “Quantitative Aspects of
Ruminant Digestion and Metabolism” (F.M. Forbes and F.
France eds.) pp. 53-85. Willingford, UK. C.A.B. Intema-
tional Willingford.

Freeman, A. S., M. L, Galyean and J. 8. Caton. 1992, Effects of
supplemental protein percentage and feeding level on intake,
ruminal fermentation and digesta passage in beef steers fed
prairie hay. Journal of Animal Science. 70:1562-1572.

Gaskins, H. R., W. J. Croom Ir, J. E. vanEys, W, L. Johnson
and W. M. Hagler, Jr. 1990. Effects of protein
supplementation and parasympathetic stimulation with
slaframine on utilization of low quality roughage fed to
goats and sheep. Small Ruminant Research. 3:561.

Goering, H. K. and P, J. Van Soest, 1970. Forage Fibre
Analyses. USDA. Agriculture Handbaok No. 379.

Hess, B. W., K. K, Park, L. J. Krysl, M. B. Jukins, B. A.
McCracken and D. R. Hanks. 1994, Supplemental protein
for beef cattle grazing dormant intermediate wheatgrass
pasture: Effects on nutrient quality, forage intake, digesta



SUPPLEMENTATION AND FIBRE DIGESTION IN SHEEP

kinetics, grazing behavior, ruminal fermentation and
digestion. Joumnal of Anima! Science. 72;2113-2123.

Hoover, W. H. 1986. Chemical factors invoived in rumina! fiber
digestion. Joumnal of Dairy Science. 69:2755-2766.

Hussein, H. S., M. R. Cameron, G. C. Fahey, Jr., N. R. Merchen
and J. H. Clark. 1995. Influence of altering ruminal
degradation of soybean meal protein on /n sifu ruminal
fiber disappearance of forages and fibrous byproducts.
Journal of Animal Science. 73:2428-2437.

Ivan, M. and D. W. Johnston. 1981. Reentrant cannulation of
the small intestine in sheep: cannula and surgical method.
Journal of Animal Science. 52: 849-856.

Jouany, Y. P. 1988. Effect of diets on populations of rumen
protozoa in relation to fibre digestion. In “The Roles of
Protozoa and Fungi in Ruminant Digestion” (J. V. Nolan, R.
A. Leng and D. . Demeyer eds.) pp. 59-74. Penambul
Books, Armidale, Australia.

Judkins, M. B., D. H. Shain and H. D. Radloff. 1991. Effects of
supplemental com vs. com fortified with soya-bean meal or
urea fed with low-quality mixed grass hay on forage intake,
particulate passage rate and neutral detergent fiber digestion
in beef heifers. Animal Feed Science and Technology.
33:323-329.

Kabre’ P., M. Doreau and B. Michalet-Doreau. 1995, Eeffects of
underfeeding and of fish meal supplementation on forage
digestion in sheep. Jourmmal of Agrcultural Science
(Cambridge). 124:119-127.

Khalili, H. 1993. Supplementation of grass hay with molasses in
crossbred {Bos fawrus X Bos indicus) non-lactating cows:
Effect of level of molasses supplements on feed intake,
digestion. rumen fermentation and digesta pool size.
Animal Feed Science and Technology. 41:23-38.

Le Du, Y. L. P. and P. D. Penning. 1982. Animal based
techniques for estimating herbage intake. In “Herbage
Intake Handbook™ (J. D. Leaver ed.) pp. 37-75. The British
‘Grass Society.

Leng, R. A. 1998. Application of biotechnology to nutrition of
animals in developing countries. In  “FAO Animal
Production and Health Paper 90” Rome: Food and
Agriculture Organization of the United Nations.

McAllan, A. B. and R. H. Smith. 1984. The efficiency of
microbial protein  synthesis in the mmen and the
degradability of feed nitrogen between the mouth and
abomasum in steers given different diets. British Journal of
Nutrition. 51:77-83.

McCarthy, R. D., T. H. Klusmeryer, J. L. Vicini and J. H. Clark.
1989. Effects of source of protein and carbohydrate on
ruminal fermentation and passage of nutrients to the small
intestine of lactating cows. Joumal of Dairy Science.
72:2002-2016.

McCollum, F. T, and M. L. Galyean. 1985, Influence of
cottonseed meal supplementation on voluntary intake,
rumen fermentation and rate of passage of prairie hay in

521

beef steers. Jounal of Animal Science. 60:570-577.

Mertens, D. R. and J. R. Loften. 1980. The effect of starch on
forage fiber digestion kinetics in vitro. Joumal of Dairy
Science. 63:1437-1446.

Minson, D. J. 1990. Forage In Ruminant Nutrition. NewYork.
Academic Press.

Mould, F. L., E. R. grskov and S. O. Mann. 1983. Associative
effects of mixed feeds I, Effect of type and level of
supplementation and influence of the rumen fluid pH on
cellulolysis in vivo and dry matter digestion of various
roughages. Animal Feed Science and Technology. 10:15-30.

National Research Council. 1985. Nutrient Requirements of
Sheep (6™ edn.). Washington, DC, National Academic Press.

Newbold, C. J., N. McKain and R. J. Wallace. 1989. The role of
protozoa in ruminal peptide metabolism. In “Biochemistry
and Molecular Biology of ‘Anaerobic’ Protozoa” (D. Lloyd,
H. G. Coombs. and T. A. P. Paget eds.) pp. 42-55. Chur.
Switzerland: HOAP Harwood Academic Publishers.

Ogimoto, K. and S. Imai. 1981. Atlas of Rumen Microbiology.
Tokyo: Japan Scientific Societies Press.

@rskov, E. R. and I. McDonald. 1979. The estimation of
protein degradability in the rmumen from incubation
measurements weighted according to rate of passage.
Joumnal of Agricultural Science (Camnbridge). 92:499-503.

Poppi, D. P. and S. R. McLennan. 1995. Protein and energy
utilization by ruminants at pasture. Journal of Animal
Science. 73:278-290.

Preston, T. R. and R, A. Leng 1987. Matching Ruminant
Production Systems with Available Resources In the
Tropics and Subtropics. Penambul Books, Ammidale,
Australia.

SAS. 1988. SAS/STAT® User's Guide (Release 6.03 edn.). SAS
[nstitute [ncorporation. Cary, North Carolina.

Snedecor, G. W. and W. C. Cochrane. 1967. Statistical Methods
(6" edn). lowa State University Press. Ames, United States
of America.

Scott, H. W. and B. A. Dehority. 1965. Vitamin requirements of
several cellulolytic bacteria. Journal of Bacteriology. 89:
1169-1175.

Southgate, D. A. T. 1976. Determination of Food Carbohydrates.
London: Applied Science Publisher Ltd.

Uden, P., P. E. Colucci and P. J. Van Soest. 1980. Investigation
of chromijum, cerium and cobalt as markers in digesta. Rate
of passage studies. Joumal of Science, Food and
Agriculture. 31:625-632,

Veen, W, A. G. 1986. The influence of slowly and rapidly
degradable concentrate protein on a number of rumen
parameters in dairy cattle. Netherland Jourmal of Agricul-
tural Science. 34:199-209.

Williams, P. E. V., G. M. Inners and P. J. Moor. 1984,
Supplementation of a diet of straw with starch or fish meal:
Effect on the degradability and rate of outflow of straw
from the umen. Animal Production. 38:551,



