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Abstract

Maost feed proteins are extensively depraded by microorganisms in the rumen.
However, bypass protein, which can escape digestion in the rumen, can be
made available intact to the animal. There are many factors allecting protein
degradability in the rumen. This experimenl was conducted (o investigale the
effects of feed inlake on protein degradability in the rumen and rumen charaet
eristics during the feeding period.

Samples of untreated sevbean meal (USBM ) and soyvbean meal
treated with 0.3% formaldehvde (FSBM) were incubated for 1, 2, 8, 12 and 24
hours in nylon bags in the rumen of sheep receiving diel consisting of 60 %
rice straw treated with 4 % ammonia and 40 % commercial formula leed.
Two feeding levels, high intake ad fibitum (HI) and low inlake of appro-
ximately 60% ad libitum (1.1, were scl.

USEM incubation at T level caused reduction of rate of drv mater disapp-
earance (rom nylen bags and significant reduction of protein degradability
{p<Z0.05). I"SBM incubation at both levels of intake, however, produced no
changes in both rate of drv matter disappearance and protein degradability.
According lo the eguation to calculate the effective degradability [P =a+be.”
(c =k) ], the ealeulated values for P {(For HI-USBM), LIUSBM. HI-FSBM
and LI-FSBM were 76.6, 84.2, 457 and 47.3, respectively. Rumen pH, NHi-N
concentration and total VEFA concentration decreased, while acetate-propionale
ratio increased at HI.
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16 Feed intake and protein degradability in the rumen

Introduction

Protein ingesled by ruminants is exten-
sively degraded by microorganisms inhabiling
the rumen. Ruminants utilize Iwo types
of protein, microbial protein and bypass
protein. However, even in maximum feeding
levels, synthesized microbial protein can not
cover the requirements of high yvielding dairy
cows, so, the latter must be offered addi-
lional feed protein to satisfy their require-
ments‘”,:?]

Factors inlluencing protein degradability
in the rumen include composition and
solubility of protein in feed, physical or
chemical lrealment of feed, rate of passage
ol digesta through the forestomachs, feed
intake level. energy intake level, growth rate
of rumen microbes, particle size of feed, and
rumen pH."™*

Protein degradability has been evaluated
by measuring protein solubility in various
solvents (in vitro). by the use of rumen and
postrumen cannula method (n vitro ) or by
the nylen bag technique (in situ). Protein
in the feed treated with heat,™"™ aleohol,”™
(HCH(] )1\5‘ 20, M)
zine,” tannin,™ monensin® and masonex” is
HCHO

treatmenl 15 a popular practice in the world

acetic  acid,” formaldehyvde

protected from rumen degradation.

especially in Burepe, but it has been prohibited

in Japan. HCHO protection of protein is ach-
ieved through the hinding of aldehyde and free
amine groups to produce a methylene bond,
rendering the protein insoluble under neutral
rumen condition. The gastrie jiuce in the
abonosum. then, breaks up (his  bond
releasing the protein for digestion.  The level

of feed intake of ruminants also allect
protein degradation in the rumen”.

There are few studies on the ellect
of the level of feed intake on protein degrada

lion in the rumen.

This study was condueted to examine the
effect of the amount of feed intake on protein
degradability in soybean meal treated with 0.3
% TCIO in the rumen using the nylon bag

technique.
Materials and Methods

This experiment was conducted in Kon
Kuk University, KOREA and Obihire Univer-
sity of Agriculture and Veterinary Medicine,
JAPAN 1n 1987,

Four castrated and cannulated Corriedale
sheep, 28 9kg (19.0-33.5kg) average body weight,
were used.

Experimental plots consisted of two feed
intake levels, 1. ¢, high-intake group (I1) was
offered ad libitum and low intake group (LI)
was restricled 10 the equivalent of 60% intake
of T1I.
rice straw trealed with 1 % ammonia mixed
with 40 %

Basal diet, consisted of 60% chopped

commercial lormula feed on

a drv basis. This ration contained approxi-
mately 12.5% crude prolein. Two sheep each
woere assigned to HI and Ll in the first period
and woere replaced in the second period of
the experiment

To determine the degradability of feed
supplement, nylon bag technique™ was applied.
Incubation with cannula method was started
mmmediately belore [eeding in the morning
and bags were withdrawn at 1. 2, 8, 12 and
24 hours after [leeding. Feed supplement
consisted of untreated sovbean meal and
HCHO. The

concentraon of HCHO was 0.83w % ol crude

soybean meal treated with
protein contained in soybean meal.

Outflow rate of solid [rom the rumen was
measured hy the amount of sovbean meal
marked with sodium dichromate that passed
through the nvlon bag. Protein treated with
sodium dichromate i1s insoluble and nondegr
adable in the

rumen. [mmedialely before

feeding 1n the morning, H0g sovbean meal
& 23 B
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Table 1. Chemical composition of basal diet fed to sheep

Ammoniated rice straw Formula feed
Dry matter % 80.6 84.5
Organic matter 88.3 93.2
Crude protein 11.5 14.1
Crude fat 2.3 5.1
NFE 39.6 68.7
Crude fiber 4.9 0.3
NDF % DM 5.3 10.6
ADF 52.8 8.9
[lem: cellulose 22.5 3.7
Cellulose 42.5 b.8
Caleium 0.3 i)
Phosphorus 0.1 0.6

Tahle 2. Chemical composition of soybean meal.

17

0 88.1 93.2 528
0.3 84.2 93.0 52.6

Level of TICHO (%) Dry matter (%) Organic matter (%DM)  Crude protein (%1DM)

Table 3. Diry matter intake

Level of feed intake Ad lihitum  Restricted

% of LW kg~ 2.7 1.6
g/ LW kgt 60.5 37.2
DM intake (g day) T17.6 431.1
CP intake (g day) 111.2 66.0

* LW Live weight.

"t Metabolic body size.
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Fig. 1. The disappearance of dry matter from nylon bags incubated in the rumen of

sheep.

_l?’_
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treated with sodium dichromate was added
to the feed in each nylon bag via a rumen
cannula. Outflow rate of protein from the
rumen was measured from the 18th and 19th
day of each period. Samples of rumen solid
were taken out by forceps at 1, 2, 4, 6, 9, 12,
24, 36 and 48 hours aflter the start of mcuba-
tion.

fluid was collected on the 12th
day ol each period av 0, 1, 2, 3, 4, 6, 8, 10

and 12 hours after feeding in the morning.

Rumen

Results and discusson

The chemical composition of the basal
Table 1,

is shown in Table 2.

diet 18 shown in while that of soy-

bean meal Untreated
and ammoniated rice straw contained 11.5%
and 19.4% crude protein, respectively., Dry
matter (DM) intake was 2.7% at 11l and 1.6
to about 60% of

3). The amount of erude

% at LI which correspond
that at HIl (Table
protein consumed was 111.2g a1 HI and 66.0g
at LI per day.

[rom

The disappedrance ol DM nylon

bags incubated in  the rumen  signifi-
cantly increased with HCHO treatment,

regardless of intake levels (p<20.01), (Fig. 1),
The differences 1 DM disappearance between

sovhean meals untreated (USBM) and treated

Jtlu.’_

fo18] - L

e

with HCHO (FSBM) increased gradually as

the time of Jincubation increased. The

difference in the disapearance of DM in
the rumen has been reported similarly by
Rate of DM disa-
USBM at HI was considerably

higher than that at Ll

many researchers™.
ppearance in
No difference was
detected between intake levels for the rate of
FSBM at any

This may be due lo protec-

DM disappearance 1n Lime
of 1ncubation.
tion of protein from degradation in the rumen.
The pattern of erude protein disapprearance
that of DM

conforms with the findings in investigations

was similar to

(Iig. 2) and

"and in situ®

carried out in vitro®

[t has been repored that protein degrada-
tion of SBM in the rumen could be reduced
substantiaily by HCHO treatment at concent-
rations at 0.8% and 0.4% erude protein. In
this experiment, the comparatively low HCHOQO
concentration (0.3% of crude protein) was
also effective.  The protein disappearance was
[1C110
(p<00.01)

incubated 1n the

reduced by treatment regardless of
USBM was
levels did
nol alfect the protein disappearance at | and
2 hours
rance al HI was significantly lower than that

at. LI after 8 hours (p<0.05). When FSBM

intake levels When

rumen, Intake

aller incubalion, but the disappea-

5 ./0 040
] / S0
@ Q
Q | 1A 03
1 Mn
& . mR 03
¥ @ .
& 20 ___——__'!éH
’}1 AU -l
Z

0 [ 1 [ 1 [ [l i ]

0 ! e 12 16 20 24

Time after feeding ' hr

Fig. 2.

=zheep.
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The disappearance ol crude protein [rom nylon bags

incubated in the rumen of
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was incubated, inlake levels did affect the

protein  disappearance at any incubation,
Firkins et al.” reported that the increased
DM itake resulted in the increased gquantity
of feed protein escaping from degradation in
the rumen, probably because of faster passage

ol digesta in vivo, bul Ganev el al”. reporled

that rate of degradation was only slightly
lower at high intake level than at low intake
level.

¢rskov et al.” showed that the percent-
age of protein disappearance from samples
incubated for time t can be deseribed by the
equation, p () =a+b (l-e). where, a is a

prolein  fraction which disappears rapidly
in the rumen and b 1s ancther fraction that is
depraded &t a constant fractional rate ¢ per
unit time.  Table 4 represents the values ol
parameters a, b and ¢ which were assumed
in this experiment. HCHO treatment raised the
value of & but 1t reduced that of b and ¢ reg-
ardless of imake levels. DParticularly, the
value of ¢ was greatly reduced by the treat-
ment indicating that FSBM reguired longer
period for breakdown by rumen microor-
ganisms than USBM. Therelore, the rate of
degradamlity of 5BM was exiremely reduced

with  TICITO treatment.  When FSBEM  was

J. Maexa, Norihito Yoskma 19

incubated in the rumen, values ol each para-

meter  were  constant  at both  levels  of
intake, but when USBM was exposed to the
rumen enviroment, the value ol a was higher
at 111 than at LI (14.8 vs. 8.4) suggesting that
protein disappearance from nvlon bags at |
hour aflter incubalion was shghily grealer
at 111, Conversely, values b and ¢ were lower
at Hl than at LI reflecting the decreased
degradabilily at Hl as meobation time in-
creased.,
Several  reports  published  previcusly
suggested that the rate ol passage of particu-
late matter was increased by an increage in

¥ 7,19 an

feed intake. In this study, it was shown
that the rate of passage was faster at HI than
al LI bul the difference was nol signilicant.
It is postulated that time of exposure of feed
particles to the digestive cnvironment was
reduced with the reduction of degradability.
Turnover rawe of dielary components in
lhe rumen 1s an important delerminant for
the efficiency of microbial growth and for the
partitioning of digesta 10 the rumen and
postrumen tracts. |t was demonslrated that
an increase in the flow of both bacterial and
nonbacterial, and non-ammonia nilrogen in

the duodenum resulled 1n higher flow of non-

Table 4. Values of parameters a. b, and ¢ oulllow rate (K) of solid-phase
IPeed intake Ad libitum Restricted
Level of [ICIO (%) 0 0.3 0 03
a (%) 14.8 17.1 8.4 17.5
b (%) f0.2 82.9 81.6 82.5
¢ 0.095 0.019 0.014 0n.017
k 0.036 0.036 0.030 0.030
Parameter a, b and ¢ were estimated from the exponential equalion P (t) alhb

(I-¢™"), where the constanl a represents a verv rapidly degradable component of the

protein and b represents another (raclion which is decomposed at a constant frac-

uonel rate ¢ per unit time.

IK: the fractional rate of passage from the rumen.
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ammonia nitrogen to the small intestine at
level,™ This was probably
which

occurred in association with high intake level.

high intake

due to increased nitrogen inlake
In this experiment, it is also postulated that
the degradability was reduced at high intake
level due in part to higher flow of non-
ammonia nitrogen to the postrumen tracts
caused by faster dilution rate and greater
efficiency of microbial protein synthesis, in
addition to greater nilrogen intake,

¢irskov et al.™ proposed that the effective
degradability which 1s expressed as the
cumulative percentage ol protein degradation

to time | can be obtained by the equation,
P (t)=a+hbec [l-¢™™™] (c+k),

In the above equation, the fractional rate of
passage from the rumen (k) was applied to
make il more accurate. The final estimate of
the percentage of protein degradalion approa-
ched closer towards P =a +bc / (¢ k),
because the fraction of prolein remaining in
the rumen declines to zero as the time of
incubation increases.

The effective degradahility of each incuba-

tion time and the final estimated protein

‘Table 5.

All the

values of effective degradability at each incu-

degradability are shown in Table 5.

bation time were smaller than direct

estimate using the nylon bag techmque.
When USBM was incubated, the final esti-
mated caleulated values were 75.5 and 82.9 at
HI and LI, respectively. Both values were
lower than actual values at 24 hours afller
incubation in nyvlon bags, because the effective
degradability took the time ol retention into
account. But when FSBM was incubated, final
estimates were 45.7 and 47.3 at HI and LI,
respeetively. Both of these values were higher
than actual values at 24 hours incubation.
Changes in ruminal characteristies aller
feeding were observed, lLower pH was con-
stantly observedd at HI than at LI. AT HI
level pll was below 6.0 at any time except
for 0

pH was kept above 6.0.

hour On the contrary, at LI,

These results agree

5518 )
"W Tsuaes et al™

with earlier observations.”
in his experiment with pH from 6.0 to 7.0,
SBM  was

relatively more soluble at higher pH in vitro.

demonstrated that prolein  of
NIl-N concentration increased immedia-
tely after teeding and reached the highesl levol

aller | hour and then declined to the initial

Estimates of P (1), the effective degradability (%) at time t after

incubation, and P, the final estimated effective degradability.

Level of HCHO (%) 0

Incubation time (hr) 1 22.5
2 282
8 544
12 62.8
24 72.5
¥ 6.6

Restricted
0.3 0 0.3
18.6 20.8 18.8
20,1 100 20.1
292 685.6 26.6
30.8 4.8 30.0
37.8 82.9 a2
45,7 81.2 47,3

P = a+ [(be (ctk)1U-e). P= a+tbe/ {ctk)
“t . Values with different superseripts on the same line differ (p<0.08).

Lo Values with dilferont superseripts on the same line differ (p<<0.01).

Disappearance of DM (%)
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level. NHe-N concentralion was lower at HI

than at LI.  Higher NIL-N concenlration at

These results

LI reflected faster degradability.
agree with some investigations,” ™ excepl [or
some reporis that the levels of intake had no
effect on NIL-N i o
creased intake resulted in greater NHs:-N con-
Mehrez ot al.” that
the

coneenlration and 1n-

centration.™ described
the

maximal rate of fermentation was 23.5mg .~
100m1,

NHi-N concentration required for the maximal

minimal NII-N concentration  for

while Owens et al." suggested that
microhial protein synthesis was [rom 0.35 o

29mg  100m]l.

this experiment was gquite low.

The concentration observed in

Erfle et al."
reported thal the cause of decrcased NIL-N

concentration at low pH the loss of

WS
proteolytic bacteria in wvitre and Abe el al.”’
NH-N  accumulated
concentration with high dilulion rate in vitro.

il

reported  1hat in low

There fore, 15 possible to consider that

low pll at HI disturbes the activity of pro-

teolvtic bacteria leading to reduced protemn

degradation, additionally, high dilution rate

at HI reduces the rate of feed protein degra-

dation by faster rate of f(low of digesta
from the rumen.
The lolal VFEA  concentration reached

the highest level at 1 or 2 hours after feed-
ing and then gradually declined. VFA concent
1.1 HI.

manyv rescarchers demonstrated

ration was at than at

higher
Nevertheless.

that VFA concentration increased lincarly with

1 i3

an Increase in oantake levels. This was
probably  due to  increased guantily ol
substrates available for fermentation n the

rumen. Abeel al.” reported that VFA accumu-
lated in low concentration with high dilution
rate in vitro fermentation corresponding to the
observation of this experiment. Therelore,
there is a possibility that high dilulion rale
HT reduced VITA Molar

proportion of acetate tended to be higher and

at concentration.

21

that of propionale and butyrate tended to be
lower at HI. The ratio of acelale 1o proplonate
fedd at HI than at LI

the relationship

was higher when

Many 1nvestigators showed
hetween the levels of feed intake and concent-

rations of VITA, but these data were quiie

5,10, 23

inconsistent. Low pll, particularly below
6.0, is unfavorable for the existence of rumen
As

decreased population of protozoa

microorganisms, particularly protozoa.
4 rule,

increases  acetate-propionale  ralio  hecause

prolozoa hardly produces propionate. But in
this il likely

harmful influence by low pl was greater for

experiment, was that  the

bacleria rather than for protozoa. Thercfore

acetate-prapionale ralio was higher at HL

Moreover, protozoa hasa significant effect on

nitrogen utilization. The absence of rumen

protozoa reduced the utilization ol dietary

protein by animals. In this experiment, it

could be postulated that the faster rate of

passage at [ reduced the availability of

substrates lor fermentation and then decreased

total VFA concentration. Lower pll at HI

reduced the population of rumen microor

ganisms, parlicularly  proleolytic  bacleria,

thus roducing protein  degradation in  the
rumen.
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