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INTRODUCTION

The potency of cellulose utilization by the rumen micro population could be more
significantly important than both quality and quantity of feedstuffs for digestion of
low quality roughage or cellulose by ruminant animals, However, these two factors
are closely interelated each other. Pure cellulose was used in this experiment to eli-
minate the possible influences on the utilization of cellulose in the feedstuffs, thus
seasonal variations of cellulolytic potencies in CheJu Korean cattle, sheep and dairy
cattle could be measured accurately,

As Barnett and Reid (1961) mentioned, a simple incubation of rumon liquor technique
was contributable to predict seasonal acclimetization of rumen micropopulation to low
quality natural grass grown in CheJu Island.

The simple incubation of rur'nen liquor technique modified by the author was ado-

pted for the experiment 1, 2 and 3.

Digestibility Filter Paper

Low digestibilityof pure cellulose or filter paper could be due to its attack by a
minor component of the flora which gradually increases in numbers because of the
availability of its particular food, or it could be due to the plenty of existing food
particle available for Ruminococeus and Butyfivibrio stranis which produce a soluble
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cellulase and Bacteriodes succinogenes, King(1956) reported that rumen fluid did not
ordinarily contain much free cellulase, although soluble cellulose derivatives were
attacked. Much of the cellulase was presumably attacked to the cellulase. Hungate(19
66)reported that filter paper(Whatman No. 1)was not attacked to an appreciable extent
by many bacterial strains which will attack the same filter paper after it was pebble-
milled in water. Phillipson(1953) stated that under normal circumstances several fac-
tors can depress the digestion of cellulose but none canaincrease it. It is neccessary

to investigate what factor would depress cellulose digestibility,

Cellulose Determination

According to Stolk(1956), relative values refered to filter paper No, 292 as 100 for
the estimation of cellulose by different techniques show that 99.76%, 96.55%, 98.36%
and 100, 94% by the method of Norman and Jenkins(1933), Crampton and Maynard(19
38), Viles and Silveman(1948), and Weende(A.O, A, C. crude fiber) methods respectiv-
ely. In this experiment 98.5% in whatman No,1 filter paper and 98.8% in Toyo

filter paper No, 2 of cellulose were estimated by the Crampton and Maynard method

modified Barnett (1957).

Carbohybrates Digestion

Phillipson and McAnally(1942) reported that sugars, such as glucose, fructose and
sucrose, were teadily broken down in the rumen, and lactose, maltose galactose were
much less efficiently utilized. Starch and cellulose were attacked only slowly. Stewart
et al, (1958) found that molasses decreased acetic and .corn meal increased propionic
acid production. Chun-Akan (1963) found that molasses decreased pH of the rumen
content and increased lactic and propionic acid production. But it did not cause the
evolution of large quantities of acetic acid. Waldo and Schultz(1956) found that grain
tends to increase the level of lactic acid in the rumen over hay alone. Large quanti ties
of acetic acid are produced when fiber is digestied(vanSoest 1963). EI-Shazly et al,
(1952) reported that cellulose digestibility was Iowered in the presence of starch or

starchy feedstuff.
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Utilization of Nitrogenous Substances

Intensive studies on the rumen protein and non-protein nitrogen metabolism have
been done in the presence of carbohydrates in the ration. Belasco(1956) found that
the utilization of urea was greater with starch than with cellulose, In this study,
starch yielded more acetic, butyric and valeric acids and less propionic acid than
cellulose, High dexirose inhibited cellulose digestien while 1:1 ratios of starch:cellu-
lose increased cellulose digestion(Belasco et al, 1956, stewart et al, 1968). It has been
reported that the wasteful effect of the bacterial deamination of protein can be
considerably reduced when diets with a high content of readily fermentable carboh-
ydrate are given to ruminants(Annison 1954, Fontenot et al. 1955. Lewis 1957, Shaz
ley et al. 1952, Oh et al. 1969, Chicco et al. 1972). McDonad(1952) and Lewis and

McDonald(1958) indicated that the best utilizetion of protein supplement is probably
obtained when a carbohydrate is also present that can be fermented at a comparable

rate., Lewis(1960) reported that the presence of casein stimulates the formation of

volatile fatty acid from starch. He found that similar nitrogen-containing compounds
are less effective than casein. Salsbury and Haenlein(1962) reported that certain

simple mixture of amino acids increased cellulose digestion in vitro, particularly
when used with the B-vitamin mixture. Price etal. (1972) investigated that as level
of urea increased in the urea treatment diets, weight gains, feed comsumptions,

water intakes and terminal plasma urea leves increased linearly,

Effect of Protein and Carbohydrates on Cellulose Ulilization

A few studies on the effect of protein and starch or sugars on cellulose utilization
have been reported. Head(1953), Borroughs et al. (1950)and Lewis and McDonald(19
58) generally agree that adding starch depresses cellulose digestion and added protein
has no influence on cellulose digestion. Salsbury et al. (1963) have found that a
ration of cellulose, cornstarch and urea is capable of maintaining the cel]qu;e—diges-
ting ability of rumen ingesta. Loosli and McDonald(1969) have reported that molasses-
urea can be ben ificial as a supplement of low quality forage diets. Ho wever, the inter-

action between carbohydrates and protein substances on the digestibility of cellulose
has not been studied extensively.
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EXPERIMENTAL

Animals

From Korean native cattle in Jeju Island (Jeju Korean Cattle), shsep (American
Merino) at the experimzntal farm, Jeju Nation Colleze the rum:n liquior was

collected.

Materials

Ground filter papar (Whatman No.1 and Toyo filter paper No.2) was used for pure
cellulose, urea as source of nitrogen, and dextrose for carbshydrates source were

used in the experiment 1,2, aod 3.

In Vitro Techniques and Method of Cellulose Analysis

The inoculum used in this experiment was collected through eight layers of cheese
clothes into a thermoflask. A 0.2 gram of ground filterpaper were measured into a 50
ml, capacity-plastic flask which was equiped with the bunsen gas release system
(Lee 1971), To these flask 20 ml. of previously prepared rumen inoculum was added, |
Each flask was incubated in a water bath maintained temperature at 39-+1°C. After
the end of each fermentation, samples were filtered through Toyo filter paper No.2,

and dried them followed by cellulose analysis according to the method of Crampton
and Maynard modified by Barnett(1957).

RESULTS AND DISCSSIONS

Experiment 1, EFFECTS OF FERMENTATION PERIODS ON
INVITRO CELLULOSE DIGESTIBILITY,

The fermentation periods did effect on cellulose digestibilities with significant(P{®
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.05 regressicn ccefficient, L=0.217, fcr Jeju Korean cattle and non significant reg-
ression coefficient, t=0, 042, for sheep, Siriking discrerarcy was invetigated between
the degrees of cellulose digesticn coefficients. In the Jeju Korean cattle, the range
from the 12 hours-fermentaticn pericd to the €0 hours-fermentation period was 12%

differences, while the range for sheep was 2.2%

Table 1. Cellulose Digestibility at Varicus Time of Fermentation by JeJu Korean
Cattle and Sheep.

Fermentaticn Perieds, . Animals Cattle Sheep
12 hours, 2.5% 3.6%
18 9.2 3.8
24 9.7 4,2
30 12.1 - 4.5
36 13.1 4.6
48 13.8 4.8
& 14,5 5.8
Regression Ccefficient, (b)=0.217% (b)=0,042N. S.
M. S. Deviation Regression, Sy. x2=5.88 Sy. x2=24, 66
Regression Equation, Y=0.217X+3.29 Y =0.042X+3.07
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Fig. 1. In Vitro Cellulose Digestibility at Vatious Fermentation Priods using a Simple
Incubation of Rumen Liquor Technique,
O ......... Cattle' A.........Sheep
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There was no individual variation for both of
cattle and sheep. The reaction of cellulose di-
gestibility was followzd after 1st order reaction,
2 nd order reaction and zero order reaction.
The question was arose what factors would be
involved in the cause of such low cellulose
digestibilities for sheep. Protein and carbohy-
drates in the inoculum used might be the main
factors to depress fermentation as earlier wor-
kers reported(Hungate 1966. Blaxter 1957). The
following experiments 2and 3 were conducted

to investigate what levels of nitrogen and

carbohydratcs would effect on the digestibility

 the phato ;h;Ws the technique of 1ul
ose,
collection of ruSen liquid from a of cellulose

sheep using vaccum power,

Experiment 2. EFFECTS OF NITROGEN AND CARBOHYDRA-
THE ON CELLUIOSE DIGESTIBILITY BY JEJU

KOREAN CATTLE,

The urea and dextrose effected significantly (P<0,01) on cellulose digestibility. It
means the addition of urea and dextrose depressed cellulose digestibility at the level
of 50% sample dry matter as protein equivalent, 100%, and 150% for the cattle,
And the 0.5 ml,, 1.0ml. and 1.5 ml. of 10% dextrose solution in 20 ml. of rumen
liguid did depress the digestibility of cellulose, There was high significant effect (0
.01) in the interaction the urea and dextrose treatments, There also were high sign-
ificant linear, quadratic and cubic effects({0.01)in the urea treatments, and a linear
effect in the carbohydrates treatment(P{0.01).

Individual comparison by means of Duncans new multiple range test indicated that
there was no significant difference between the urea 0, 0—dextrose 0,5.ml, treatment
and the control group, As the level of dextrose were increased the digestiblities were
decreased (P<0. 01).
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Table 2, The Urea and DCextrose levels effected on Cellulese Digestibility in JeJu Korean

Cattle,
RePlication
1 2 3 Mean Individual Comperison
_Urea Dextrose
%! ml,

0.0 14,3 14,2 15.1 14,53 a
0 0.5 12,1 16.3 13.3 13.90 a
1.0 10.4 7.2 9.9 2.16 b
1.5 1.8 6.4 7.3 8.50 b
0.0 4.3 4,2 5.4 4,63 c
50 0.5 3.9 4, ¢ 4.7 4,50 c
1.0 3.9 4.0 4.4 4,10 [
.5 3.4 3.4 4.0 3.6 c
oo 3.8 4.1 4,9 4,26 c
100 0.5 3.7 3.8 4.5 4,00 c
1.0 3.5 3.2 4,2 3.63 c
1.5 3.2 3.1 3.7 3.33 c
0.0 3.5 3.5 4.3 3.76 c
150 0.5 3.4 3.1 4,0 3.5 c
1.0 3.1 3.1 3.7 3.3 c
1.5 2.6 3.1 3.5 3.10 c

Mean 5.68 5.48 6,05

Individual Comparison a a a

1 : % Sample dry matter as protein equivalent basis,
Individual compaison by Duncans new multiple range test indicates that there was no significant
di fference tetween similar symbols,

Statistical Analysis in 4 x4 Factorial Experiment.

Factors d.f. S.S. M.S. F

Total 47 669.29 -

Replications 2 2.72 1.36

Treatment (15) 631, 68 42,11 33,58
Nitrogen(N) 3 539,29 179.76 143,35 **
Carbohydrates(C) 3 40. 38 13.45 10,73 ##
N. C.Interaction(NC) 1% 52,02 5.78 4.6] **

Error 30 37.6) 1.254
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Regression in 4 x4 Factorial Experiment,

Factors d.f. S. S M.S.
Nitrogen (N) (3) (539.29)
R. Linear 1 366,89 **
N. Quadratic 1 143,86 **
N. Cubic 1 28, 64 **
Carbohydrates (C) (3) ( 40 38)
C. Linear 1 T 37.68 **
C. Quadratic 1 0.03
C. Cubic 2.67

In the experiment 2, the levels of urea were found to bz high concentration comp-
aring that of In Vitro trial of earlier workers. It was found that up to the 150% ©f

sample dry matter level the micro population had a cellulase activity,

Experiment 3. EFFECTS OF UREA AND DEXTROSE ON CE-
LLULOSE DIGESTIBILITY BY AMERICAN
MERINO SHEEP,

The concetration of urea in the experiment 3 was lowered than that of thexperi-

ment 2, The results of the 36 hours fermentation period effected on cellulose diges-

tion are shown in the table 3,

Table 3. Effects of Urea and Dextrose on Cellulose Digestibility by Sheep.

Dextrose

0.0ml, 0. 5m], 1.0m], 1. 5ml, Mean Indiv,

Urea Comp,
% %

00 * 4,6 % 3.8 3.1 1.8 3.3 a
25 10. 4 9.3 - 6,6 57 8.0 b
50 5.2 4.9 4,2 2.6 4.3 a
75 4.7 4.5 3.9 3.5 4,2 a
Mean 6.2 5.6 4.5 3.5
Individualuss ’ a ab ab b

Comp, |

* % of sample D, M, as protein equivalent,
*#* Mean value of 3 replications of fermentation flasks,
#*#% According to the Duncans new multiple range test,

— 242 —



AR Rl (3 FAES BAKT] WY B 9.

The 25% urea-treatment plot was found significant increase of cellurose digestib-
ilyty(P<0.01). This result has brought a fundamental support for further study in the

field of establishing the feeding standrd for ruminant animals and for the measure-
ment of what chemical ccmponent of feedstuffs could be effectively utilized,

In the 60 hours of fermentation period plot, there was only 5 8% of the cellulose

digestibility contrasting to 10, 4% of cellulose digestibility which was twice as mach as
control plot, The 25% urea treatment-0.5% dextrose plot also showed significant

increases, It was also interesting that the 0. 15 ml, and the 0.1 ml, dextrose without urea
tre-atment plots showed strikingly lower digestibility, These results were coincident
with those results done by Hatch et al. (1972), Chicco et al, (1972), and Shuliz et al,
(1970) in their InVivo trials. Consequently the question arose from the experiment
1 was partially solved in the experiment 3 as these series of studies had intended

to investigate at the start,
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SUMMARY

A simple incubation of rumen liquor InVitro technique was adopted to determine
the cellulose digestibility by the CheJu Native Korean cattle and sheep in the expe-
riments 1,2 and 3.

In the experiment 1, the fermentation periods increased cellulose digestibilities
with regression coefficeent of 0,017 (P{0.05)by CheJu Korean cattle, while slightly
increased regression coefficient of 0,040(N.S)was found in sheep. This descrepancy
wes solved by doing the exeriments 2 and 3.

Addjtion of urea asnd dextrose caused significant decrease(P<0,01) in cellulose di-
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gestibility .There were signifizant intzractions(P<0.01) bztween the two additives.
There were linear, quadratic and cubic effects(P€0.01) in the urea treatments, and
linear effect in carbohydrates(P{0, 01) by the CheJu Korean cattle in the experiment 2. |
The 0.25% of urea treatment plot in the sheep experiment 3, a high significant
increase of cellulose digestibility was found showing twice as much a3 the control

plot.
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