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SUMMARY

Three experimental rations containing concentrate feed mixture and scybean meal
(SBM) along with one of three roughages, namely rice straw (RS), maize stalks (MS) or
clover straw (CS) were formulated to be similar in CP% (13-14%). Three mature male
ruminally canulated sheep were fod at $0% of their ad libitwm intake from each
experimental ration.

The DM and CP disappearance values of SBM were in situ determined at 3, 6, 9, 12,
18 h of incubation with each experimental ration and effective degradability was
assessed. The in sitv disappearance values showed that the DMD of SBM was
significantly (P<0.05) increased when fed with CS from 3h up to 6hr then fed with RS or
MS, while DMD continued to increase (P<0.05) from 6hr up to 18h when fed with MS.
The DMD increased (P<0.03) when fed with CS thau RS at 9h and 18h. The CP of SBM
disappearance increased (P<0.05) at 3h up to 6h when fed with CS more than when fed
with RS or MS. The CP disappearance increased (P<0.05) more when fed with MS ar CS
than with RS at 9h. It continued to increase (P<0.05) when fed with MS than with CS or
RS trom 12h up to 18h, while it increased (P<0.05) when fed with CS than with RS at the
same period.

The effective degradability (EDY) of DM was significantly increased {(P<0.05)
when fed with MS than when fed with RS or C8, while the ED} of DM increased (P<0.035)
when fed on CS than RS (57.57, 35.81 and 51.77% , respectively). The ED of the CP
increased (P<0.05) when fed with MS than with CS and at the beast was with RS ration
(45.65, 36.43 and 27.08% , respectively).

In conclusion, this study indicated that, although the crude protein (CP) is the most
common method for expressing protein content, it fails to make important distinctions to
the various contributors to poor-quality roughages. The simple measurements such as the
degradable fractions (a, b and ¢) values are good indicators to distinguish between protein
which degrades in the rumen and that which doer not degrade. These different
components of CP can be affecte? vith the type of low quality roughage.

A clear understanding of these degra iable tractions are needed to optimize the use
of pretein supplements with ruminants fed different low-quality torages.

Keywerds : soybean meal, rice straw, maize stalks, clover straw, effective degradability.

INTRODUCTION Ruminants rations arc supplied with
oil seed cakes as cheap source of
protein. Protein supplementation is
needed when forage protein is too low to
mect the ruminant requircments and / or

Protein is one of the important
nuirients needed by animals for their
growth and productivity.
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in instances when forage intake must be
stimulated.

The requirements for protein are
delineated into degradable crude protein;
that is required by the rumen microbes,
and metabolizable protein which is
required by the host animal.

Degradable CP is a combination of
protein that solubilizes in the rumen
fluid and insolubic protein that is
degraded by the microbes.
Metabolizable protein is a combination
of microbial protein synthesized in the
rumen and the undegraded feed protein.
Failure to mect the degradable protein
requircrent wiil result in a reduction of
mricrobial protein synthesis,
fermentation in the rumen and
metabolizable protein supply. Protein
source like soybean meal is excellent
protein saurce because it contributes o
degradable protein and can contribute to
metabolizable protein when fed in
cxcess  of the  degradable  protein
requirement.

Rouglages play a niajor role as feed
for rumuants. Scascnal patterns afTect
the availability and quality of these
roughages, particularly during the dey
scason  (Wanapat  1999). Not all
indigenous fodder plants arc readily
palatable and acceptable Ly animals,
Somic have antinutritional factors and
to:ins. The differences between piant
species arc likely to be related to the
differences in lignin  structure, with
gymnosperm  lignin  composed  of
ceniferay. and sinapyl alcohols, and
grass lignin of coniferyl, sinapyl, and P-
cournaryl clcohols (Ladisch et al, 1983).
The impact of lignin degradation on the
biodegradability of the remaining carbon
has not been citensively researched. The
mathematical relationships developed by
Van Socst (1994} arc best used in a
comparative scose, to help understand
the differences in bioavailubility of
substrates of differcut composition.
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The present study was conducted to
predict the potential degradability of the
dry matter and protein of soybean meal
when supplemented to rice straw (RS) ,
maize stalks (MS) and clover straw (CS)
based dicts wusing the in situ bug
technique.

MATERIALS AND METHODS

The experimental work of the
present study was conducted at the
Agricultural Experimental Station and
the Laboratories of Animal Production
Deartment, Faculty of Agriculture,
Mansoura University.

Experimental design :

Three oxperimental rations were
formulated to investigate the influence
of the type of poor quality roughage
(rice straw, mairc statks and clover
straw) on soybean meal (SBM) protein
degradation in the rumen. The
experimental rations were formulated to
be almost iso-nitrogenouns and to contain
slightly more than 12% crude protein
{Table, 1) recommended by Orskov er ol
(1972) to cnsure maximal rate of
fermentation in the rumen. The rice
straw, maize stalks and clover straw
were chopped to length of about 5 cm.
Experimental
management.

Three healthy Rahmany rams were
used. They were about 1.5-2 years old,
with an everage live body weight of 45

animals  and  their

kg, They were fited with wide
permancit  rumen  cannula (4 cm
diameter).

Each experimental ration was offered
ad lib. zt 8.00 am to the experimental
animals. The amimals were kept in
individual pens for the first 21 days.
Each animal was then kept in a
metabolic cage for another 21 days as a
preliminary period and the incubations
were  carricd  during the last two
successive days. During the
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fermentation studies, 90% of ad [ib.
intake was offered.

In situ disappearance :

The artificial fiber bag technique
developed by Mehrez and Orskov
(1977) was applied for measuring rate of
DM disappearance in the rumen. On
cach of the sampling days, 5 weighed
dacron bags were incubated in the rumen
of each sheep (3, 6, 9, 12 and 18 h
incuvation interval). Each bag contained
about 5 grams DM of the tested soybean
meal with each of the three experimental
rations. The data of disappearance were
fitted by the cxponential equation
derived by @rskov and McDonald,
(1579) to describe the relation between
disappearance and clapse of time of
incubation to predict the degradable
potential of the tested material. In order
to decfine and derive the portions of
material which disappear from the bags
during incubation in the rumen, they
described the relationship between
disappearance and clapse of time of
incubation through an exponential
equation :

(P=a+b(1-e%)

Represents the percentage
degradability at time T,
"a" Represents the readily soluble
fraction ~ which  disappears
irrespective to fermentation (the
intercept with y axis).

Represents the fermentable
fraction which disappears with
the elapse of incubation interval.
Represents the undegradable
fraction.

"t" Time (h).
Statistical analysis :

The data collected for dry matter and
ctude protein  disappearance were
analyzed as « factorial design, while the
degradability constants for dry matter
and crude protein of SBM were analyzed
by one way ANOVA in order to

ascertain whether the observed treatment
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effects were real and discernible from
chance cffects. The null hypothesis was
tested by F. test of significance (Gomez
and Gomez, 1984). The difference
between treatment means were tested by
Duncan's (1955) Multiple Range test.

RESULTS AND DISCUSSION

feet of the tested roughage rations on
dry matter disappearance (DMD) and
critde protein disappearance (CPD) of
soybean meal (SEM):

Table (2) shows the effect of tested
roughages on DMD from 3h up to 18h
of ruminal fermentation of SBM. The
DMD of SBM was significantly
{(P<0.05) increased when fed with CS
from 3h up to 6h than when fed with RS
or MS, while DMD continned to
increase (P<0.05) from 6h up to 18h
when fed with MS. The DMD increased
(P<0.03) when fed with €8 than RS at
5h and 18h.

Table (3) shows the efTect of tested
roughages on CPD from 3k up to 18h of
ruminal fermentation. The CPD of SBM
was significantly (P<0.03) increased
when fed with RS or CS from 3h up to
6h, whi'e CPD continued to increase
(P0.03) from 6h up 10 911 and then from
12h up to 18h when fed with MS only.
On the other hand, CPD increased
(P<0.05) at 3h up to 6h when fed with
CS than when fed with RS or MS, then
CPD increased (P<0.05) when feeding
with MS or CS than RS at Sh, but CPD
incieased (P<0.05) when fed with MS
then CS or RS from 12h up io 18h,
while CPD increased (P<0.05) when fed
with CS than RS at the same period.

Dietary protein  breakdown or
protease activity is accomplished by a
number of rumen microorganisms and in
a series steps with cach step involving
different rumen microorganisms.
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Tabie (1) : Formulation of the experimental rations.

- —= =
Items Formulation of rations (%)

RS ration (1) MS ration {2) CS ration (3)
RS 60 - -
MS - 60 -
CS - - 75
CFM 30 30 17
SBM 10 10 8

Table (2): Effect of the tested roughage rations at different incubation intervals on
DM disappearance of SBM.

Incubation interval

Ttems 3h 6h 9h 1Zh 18h

RS rations 38.48" 44 44° 46.26" 36.03° 35.99°
MS rations 38.34' 4324 57.34° €176 65.27°
CS rations 41.55* 46,988 5417 55.95° 61.49°

abed, e f, 8, h i, j, k and | : Means withia the same row and column with different superseripts are
siznifizantly differeni { P< 0.05)

Table (3): Effzct of the tested ronghage rations at diffcrent incubation intervals on
CP disappearance of SBM.

Incubation interval

Items

3h oh 9h 12h 18h
RS rations 11.52 21.208 22.88% 27.24% 33,14
MS rations 16.84™ 24.59% 39.33%4 43.93° 55.38°
CS rations 23.94% 31.04° 34.82% 36.47°% 42.09>

abed, ¢, f, g, h and 1 : Means within the same row and column with different superscripts are
significantly different (P<0.05)

Table (4): Effect of the tested roughage rations at different incubation intervals on
DM degradability constants (%) of SBM.

Items a b [ ath ED

RS rations 29,787 33.54™ 0.096 63.32 51.77™
MS rations 20.91™ 52.06* 0.122 72.97 57.57%
CS rations 32.39% 36.41" 0.096 68.80' 55.81"

k, Lund m: Means within the same column with different superscripts are signtficantly different { p< 0.05)

Table (5): Effect of the iested roughages rations at different incubation intervals
on CP degradability constants (%) of SBM.

Items a b C a+b ED

RS rations 3.10' 37.87 0.099 4097 27.08"
MS rations 1.76 75.73¢ 0.069 77.49% 45.65%
CS rations 16.07% 2936 0.108 46.03! 36.45'

k, I 2wd m: Means within the same column with different superscripts =re significantly different (p< 0.05)
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Hobson and Stewart (1997) reported that
30 to 50% of the bacteria isolated from
rumen fluid possess extracellular
proteolytic  activity Ruminobacter
amylophiliis is one of the most active
proteolytic species. Other predominant
proteolytic bacteria include: Butyrivibrio
Jfibisolens,  Prevotella  mmminicola,
Clostridium and Eubacterium.

Maklad and Mohamed (2000) made
a comparison among the effects of
clover hay (CH), corn silage (CS) and
silage without ears (8) as feed
ingredients on bacteria strains in the
rumen of sheep. The mean values of
Buacreroids amylophilus were 17, 75 and
42% CH, C5 and S rations,
respectively. The B.  Succinogenes
vatwes were 75, 58 and 50% when fed
with CH, CS and S, respectivcly The
total viable bacteria count (CFU/ml) x
10 vatuyes were 18.85, 29.30 and 17.09
with feeding on CH, CS and 8§ rations,
respectively.

The quality and quantity of
carbohydrates fermented in the rumen
influecnces the growth of rumen
microorganisms (Nocck and Russell,
1988). The energy availability {rom
forage is limited by fiber concentration
because fiber is slowly and incompletely
digested, whercas cell solubles are
almost completely digested (Buxton and
Redfearn, 1997). Thus the proportion of
fiber to cell solubles are major
determinant of energy availability in
forages. Grasses normally have more
fiber than legumes, cs:zcially in leaves.
Grasses fiber is morc digestible than that
of legume but legume's fiber is digested
at a2 faster rate. Ruminants digest 40-
30% of legume fiber and 60-70% of
grass fiber.

Blade et al (1993) reported that
leguminous hays had a fast degradation
raie and that their asymptote reach a
plateau after 24 to 48 hr incubation, but

e
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for graminaceous hays the higher DM
degradation was the result of a slower,
but continnous ratc of fermentation
where the plateau was not reached until
about 72 h incubation. Under in vitro
conditions, such a low rate of
degradation time led to a higher apparent
DMD.

Effect of the tested roughages rations
oi the degradability constant~ (a, b, ¢)
and effective degradability of DM and
CP for SBM:

The cffect of the tested roughages
rations o:: the degradability constants a,
b, ¢ and cffective degradability (ED) of
DM of SBM is presanted in Table (4).
The solubiz fraction (p) of DM was
significantly higher (P<0.03) when fed
with CS§ than when fed with MS or RS.
but the Ligher (P<0.03) when fed with
on MS thuan RS. The degradable fraction
(b} was significantly increased (F ~0.03)
when fed with MS than when fed with
RS or CS, while the DM degradable
froction (b) was higher (P<0.05) when
fed with CS than with RS, and the same
trends were observed with the DM
degradability (a+b). There was no
significant cffect on the rate constant (¢)
when fed on RS, MS or CS.

Table (5) shows the effect of the
tested roughages rations on the
degradability constants a, b. ¢ and
effective degradability of CP of SBM.
Tz soluble fraction (1} of CP was
significantly higher (P<0.05) when fed
with CS thun when fed with MS or RS,
while the CP degrudabic fraction (b) was
siguiticantly increased (P<0.03) when
fed with MS than when ted with RS or
CS. Tiere was no significant treatment
clfect on the rate constant (¢). The CP
degradability (a+b) and  eflective
degradability (ED) were higher (P-<0.03)
when feeding on MS than RS or CS.

Effective degradability (ED), is the
degradability to be anticipated in vivo as
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¢. fractional outflow rate). The actual
retention time in the rumen and hence
the outflow rate depends on the type of
the basal ration and level of feeding
(Orskov & McDonald, 1979). In
addition, Mehrez (1981) demonstrated
clearly that the effective degradation of
several protein supplements varied when
fed either with concentrate or roughage
basal diets specialy of plant origin. To
demonstrate the effect of the tested
roughages on the ED, the equation
developed by McDonald, (1981) was
applied, being :
ED=a+(bc/ctk)

The fractional outflow rate from the
rumen (k) was considered as 0.05, as
described by Michalet-Dorean et ol
(1987) as shown in Tables (4 and 5).

Barry (1995) used exponential and
logistic  eqnations for  respective
processes. This integration allows
estimation of extent of ruminal digestion
of substrate for various feedstuffs. He
reported that the sensitivity to variations
in passage rate in these exponential rates
was found to be relatively low (+/-
0.01/h). This method enables 10 combine
the effects of multiple physical
processes  with  differing  kinctic
behavicr. Khazaal et al. (1995) showed
that intake from a food is mostly
explained by the rate at which the food
is degraded (c) and the effect of this on
the rate of passage of food through the
rumen, whereas apparent digestibility is
strongly associated with potential (a+b)
degradability of the food.

The factional outflow rate, from the
rumen was assumed at wide range from
0.01 to 0.12. The obtained possible ED
values are presented in Table (6). It was
clear that ED of DM of SBM was not
greatly affected by type of roughage at
any given factional outflow rate. On the
other hand, ED of CP of SBM was
markedly higher when fed with MS than
the other tow roughages with the

iendency for higher values when fed
with CS than RS. This would indicate
quite clearly that SBM protein is more
success stable for degradation when fed
with MS compared with the other tow
roughages.

Mehrez et af (2003) showed that the
CS was the lowest in NDF than MS and
RS, while MS was the fowest in ADF
and lignin thaa RS and CS. Beauchemin
and Roode (2001), showed that the
microbial activity is directly related to
the NDF content of a feed. As plants
mature, the proportion of lignin relative
to the totai fiber content increases. This
means that the runz=n bacteria are able to

_ digest less fiber and the host animal will
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have 1c spend more iime ruminating feed
to allow it to pass out of the rumen.

Nonstractural carbohydrates are
alraost completely digested in the runien
within 24 h post feeding (Nocek and
Russell, 1988). Stokes e al (1991)
reported increased microbial protein
yield in vitro when the proportion of
NSC was increased.

Implicaiions :

Protein supplements fed to ruminants
consuming low-quality forage can
simultaneously maximize the proportion
of nutrients obtained {rom the forage.
However, it has also been observed that
the response to protein supplementation
can be quite variable,

The crude protein (CP) is the most
common method for expressing protein
content. However, because of the
method by v..ich CP is determined, it
fails to make tmportamt distinctions of
the various cortributors to poor-quality
roughages. The simple measurements
such as the degradable fraction (a, b and
c) values are good indicators to
distinguish betwecen protein  which
degrades in the rumen (degradable
intake protein, DIF) and that which does
not degrade in the rumen ( undegradable



Table (6) : The effect of few quality ronghages ridions on cffective degradabiliiy +f dry maiter and crude protein of soybean meal
at diffzrent out flow rafes.

K values 9.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11 0.12

ED of dry matter

RS rations 60.83 5820 5098 54.10 5247 51.06 4¢.81 48,71 47.73 46.84 46.05 45.32
MS rations 6891 6545  062.47 59.86 57.57 55.54 53.72 52.09 50.61 49.27 48,05 46.93
CS vations 65,10 6212 59.66 537.58 55.81 54.28 52.95 51.77 50.72 49.78 48.93 48.16

ED of crude protein

RS rations 36,89 3369 31.09 28.92 27 09 25.51 24.14 2293 21.80 20.90 20.03 19.25
MS rations  67.89 60.46  54.53 49.68 45.66 42.25 39.34 36.82 34.61 32.67 30.94 29.40
CS rations 4345 4128 3944 37.84 30.45 35.23 34.15 33.18 32.31 31.53 30.82 30,17

(€C0z) Spaag pun wopany f uod(Sy
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intake protein, UIP). These different
components of CP ¢an be affected by the
type of low-quality roughage depending
mainly on its cell wall components.

A clear understanding of these
degradable fraction, are nceded to
optimize the use of protein supplements
with ruminants fed low-quality forages.
Further studies are needed to determine
the outflow rate of protein supplements
when fed with different roughages to
accurately assess and recommend
optimal level of other supplement.
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