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Digestibility of grass hay in the rumen, as affected by the
addition of various levels of certain enzyme preparations, was evalu-

ated by the nylon -bag technique. A pair of identical -twin Hereford

steers with rumen fistulas were used for the experiments. The

steers were maintained on grass hay similar

to that used as

substrate

in the bags.
The study was conducted in two phases.

Experiment

I

The objective of

was to establish optimum levels of each enzyme studied.

Levels determined in Experiment

Cellulase 4000,
Amylase and 3.

5. 0
5

I

as optimum were 2.5 grams for

grams Hemicellulase CE -100,

6.

5

grams Fungal

grams Fungal Protease. The criteria being dry

matter digestibility at the

48 and 72

hour fermentation times.

Experiment II consisted of testing each enzyme preparation at

the predetermined level on digestibility of dry matter, ether extract,

crude fiber, crude protein and cellulose at the 24, 48 and 72 hour

time periods.
The results of the

first trial with Cellulase

4000 showed an

increase in digestibility for all fractions of the ration tested at the
three time periods. The largest percent difference being at the

24

hour fermentation time period. The results from the second trial

There was a decrease in

with Cellulase 4000 were inconsistent.

digestibility of all fractions tested at the 24 hour time period, with
very little response noted at the 48 and

72

hour time periods. A

statistical analysis of the results from the

two

trials indicated there

was not a significant difference in digestibility of the various com.

ponents when comparing the three time periods. An analysis of the
48 and 72 hour

fermentation periods showed that small differences

in dry matter digestibility of 1.60 percent and .88 percent respectively were significant at the ten percent level.

Differences in digestibility when
CE -100 were added

5. 0

grams of Hemicellulase

were inconsistent. The 24 hour time period

showed a decrease in digestibility for all fractions. Differences in

digestibility at the

48 and 72

hour fermentation times were incon-

sistent, showing both increases and decreases for the enzyme treatment.

Results obtained when adding 6.

5

grams of Fungal Amylase

were inconsistent at the three fermentation times. An increase in

digestibility for cellulose and crude fiber was noted at

24

hours with

small differences in the other fractions. A general decrease in di-

gestibility occurred at the 48 and
The results from adding 3.

72
5

hour time periods.

grams of Fungal Protease to the

ration indicate essentially no response at the 48 and

72

hour time

periods with the exception of a decrease in digestibility for ether ex-

tract at the

48

hour time period. The results at the 24 hour fermen-

tation period were erratic with decreases in digestibility for ether

extract and crude protein and increases for dry matter, crude fiber
and cellulose. An average of the percent differences of the three

time periods indicated a slight increase in digestibility for dry mat-

ter, crude fiber and cellulose when the protease was added.
The pH readings observed in Experiment II indicate that the

enzyme preparations in these trials did not affect pH of the rumen.

After evaluating factors that effect digestibility coefficients

obtained with the nylon -bag procedure, it appears that the 48 hour

fermentation period using dry matter, crude fiber or cellulose
digestion would be the best measure to use. Using the 48 hour time

period as

a

measure there was

a

slight increase in digestibility for

the Cellulase 4000 additions with essentially no response for Hemi-

cellulase CE -100, Fungal Amylase or Fungal Protease.
The results obtained from the addition of the enzyme

preparations indicate that at the levels tested, Hemicellulase CE -100,
Fungal Amylase and Fungal Protease were of no value in this trial.

Cellulase 4000, although not consistent, shows some promise as an
additive to roughage rations.
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EFFECT OF VARYING LEVELS OF CERTAIN ENZYMES
ON DIGESTIBILITY OF ROUGHAGE IN THE RUMEN

INTRODUCTION

Livestock producers have continually searched for methods to

promote better growth and feed efficiency in livestock. During the

last

50

years much progress has been made in these areas with rumi-

nants, especially beef cattle. Nutritional research has indicated that
various feed additives such as vitamins, hormones, and trace miner-

als have influenced these increases in gain and feed efficiency.
Recently the feeding of enzyme - containing materials has attracted
wide attention in beef cattle research.

Enzymes are proteins. The biological functions of enzymes

are the catalyses of chemical reactions in living systems. They are
effective in small amounts and are specific as to what substrate they
will attack. Enzymes make it possible for a wide variety of essential reactions to occur at the temperatures of the organism itself.
Many of these same reactions would occur too slowly in the absence
of such

catalysts, or would require temperatures intolerably high for

most organisms (29, p. 379; 30, p. 211).
Enzymes were used as catalysts for various reactions for
hundreds of years before they were recognized as definite chemical

substances.

Enzymatic processes such as bread making, brewing,

2

alcohol manufacturing and wine- making have been known from antiquity.

The use of microbial enzymes in food, pharmaceutical, tex-

tile, paper, leather and other industries are numerous and are
increasing rapidly. Most of the industrially important microbial enzymes are hydrolases, which catalyze the hydrolysis of natural organic compounds (91, p. 212 -221).
The modern knowledge of enzymes dates back to 1926, when

Sumner isolated the enzyme urease in crystalline form and proved

these crystals to be protein (58, p. 25).

Tappeiner in 1884 appeared to be the first to show experimentally that the disappearance of cellulose in the digestive tract
was the result of a fermentation brought about by microorganisms

from the rumen of the ox. In 1912, Pringsheim postulated the existence of two hydrolytic enzyme systems, cellulase and cellobiase
(44, p. 639 -645).

While it was soon established that the fermentation process

occurred in vivo, most of the information on rumen activity has been
developed since the early 1940's. Although this fermentative micro-

bial digestion is quantitatively of the greatest importance in the ruminant, it also occurs in the digestive tracts of the horse, pig, rabbit
and rat (58, p. 44).

Interest in the use of supplementary enzymes for beef cattle
occurred when Burroughs et al. (16, p.

1

-8) reported that the

3

addition of an amylolytic- proteolytic enzyme preparation (Agrozyme,

product of Merck and Co.

,

Inc. ) was highly beneficial when added to

Little or no benefits

fattening rations containing low- moisture corn.

were obtained where high- moisture corn was fed.
This report of benefit from feeding an enzyme preparation to

beef cattle brought out many questions. Would enzyme additions

prove beneficial in rations containing grains other than dry corn?
Would enzyme additions be helpful in growing or wintering rations

composed chiefly of roughage with little or no grain? Also to be con-

sidered was whether a single enzyme or

a combination of enzymes

would be most effective, and at what levels would enzymes be most

effective?
Oregon annually produces large amounts of grass hays.
1962 U.S. D. A. Census

The

reports the production of 248, 000 tons of wild

hay and 165, 000 tons of grain hay (92, p. 75).

The combined anal-

ysis of some grass hays produced in Oregon resulted in the following

averages:

7. 4

percent crude protein, 2.4 percent ether extract, and

28.6 percent crude fiber. Average digestibility for these grass hays
was: crude protein 47 percent, ether extract 38 percent, and crude

fiber

63

percent (62, p. 1000 -1019).. If an enzyme or combination of

enzymes could be found that would increase digestibility and promote

more efficient feed utilization, this would be of great value to producers using grass hays in their wintering or growing rations.

.

4

Digestion trials were undertaken to evaluate certain enzyme

preparations when added to a grass hay ration. The objectives of the
study were to establish optimum levels for each enzyme and to test
the enzymes, at these levels, against a control (no enzyme) on the

digestibility of various fractions of the ration.

5

REVIEW OF LITERATURE

General
Most of the chemical changes occurring in the digestive pro-

cesses are brought about by action of enzymes. Each enzyme of digestion is specific as to which substrate it will act upon. It was be-

lieved that by adding supplementary enzymes, this added enzymatic

activity coupled with the enzyme activity present in the farm animal
would give a more complete breakdown of complicated foods, hence

an improved growth rate and better food utilization.

Experimental work with farm animals was not reported until
1925 when Clickner and Follwell (22, p. 241 -247)

reported that im-

proved growth in chickens was obtained by feeding a crude fungal enzyme product. Other work at Rutgers University with the same enzyme product demonstrated improved egg production (37, p. 16).

Hastings in 1946 (35, p. 584 -586) reported improved chick growth
and feed efficiency when a similar crude enzyme product was added
to a high

fiber mash. Ivy et al. (41, p.

59 -83),

in 1936, suggested

that malt enzymes could be administered orally to humans and dogs
without completely losing their effectiveness through gastric digestion, although McCay in 1944 (54, p.

9 &

104)

stated there was no

conclusive evidence that diastatic enzyme preparations were needed

6

by dogs on an average diet. Siu (81, p.

6 &

268) stated that com-

mercial enzyme preparations had been sold as digestive aids. According to Siu it is probable that the nutritional benefits to the ani-

mal are due both to conversion of cellulose into a readily available
carbon source and to the physical breakdown of the cellulose, thereby enabling the digestive juices to act more effectively on the non -

cellulose constituents.
Most of the more recent investigations in the field of enzymatic fortification of animal feeds originated at Iowa State and
Washington State, where enzymes of animal, plant and microbial

origin were investigated.
The Washington workers have tested the effectiveness of en-

zymes as a means of improving the utilization of the more fibrous

grains such as barley when used in high energy rations for chickens.
McGinnis in 1958 (55, p. 58) reported that the use of certain amylase

preparations improved the nutritive value of some barleys making
them equal to corn in poultry feeds. Jensen et al. in 1957 (42,
p. 919 -921) and Berg and Bearse in 1958 (13, p. 1184-1185) indi-

cated that chicks fed western barley would grow faster and more

efficiently if certain enzÿme products were added to their feeds.
Workers at Oregon (3, p.

38 -49)

and Wyoming (63, p. 1229) Experi-

ment Stations have reported improvements in egg production and
feed efficiency with enzymes used under their conditions.

7

Lewis et al. (49, p. 1047 -1050) at Iowa State demonstrated

that under certain conditions baby pigs would benefit by the addition
of pepsin to pig pre- starter rations.

This response in swine is ap-

parently due to a deficiency in peptic activity in the baby pigs digestive system. Catron et al. in 1957 (20, p. 23 -47) reported that the
baby pig under five weeks of age produces an inadequate amount of

certain enzymes especially when fed diets containing soybean protein
as the major source of protein. Catron later (19, p.

63 -81)

re-

ported results obtained with over 3, 000 baby pigs in which enzyme
supplements (animal, fungal, bacterial and plant sources) gave on the

average

5.

7

percent improvement in rate of gain and 3. 3 percent in

feed efficiency.
Oldfield (65, p. 78 -80) reviewed the use of enzymes in swine
feeding. The review included research concerned with use of prote-

ases and amylases in baby pig rations and the use of amylases in
growing and fattening rations. The responses noted have not been

generally as consistent nor as large as noted by many investigators
with poultry. Oldfield concluded that perhaps differences in the di-

gestive tracts of swine and poultry may account for some of this dif-

ference and that perhaps an enzyme that would tolerate high acidity,
or the pre- treatment of feed with enzymes, might enable the potential

benefits of the enzymes to be realized.
Other speculation on why an enzyme would work for poultry

8

and not for monogastric animals was brought out by research with

rats and chickens at the Montana Station (31, p.

1

-7). They indicated

that the rat in its digestion process does not provide the time or en-

vironment for added enzymes to act. The chicken may afford the enzyme an opportunity to react while in the crop. The time factor and
pH in the crop look favorable for enzymatic action.

Reports of increased digestion by the addition of enzymes to

poultry and swine rations brought to the attention of research workers
the use of supplemental enzymes for ruminant animals.

Ruminant Digestion
Digestion in ruminants is quite different from that of mono -

gastric animals in that ruminants have a much more complicated
digestive tract. Monogastric animals have only a simple stomach,
containing only a single compartment, whereas the ruminant stomach

consists of four compartments: the rumen, reticulum, omasum and
abomasum.

Digestion in the abomasum is similar to that in the

stomach of monogastric animals, enzymes being secreted only in the

abomasal area (62, p. 21).
When the four compartments have attained their permanent

relative sizes, the rumen accounts for some 80 percent of the total
stomach volume. The capacity of the adult rumen varies greatly with
the age and size of the animal, but is usually in the range of four to

9

ten liters for sheep and 100 to 300 liters for cattle (1, p. 14).
Some monogastric herbivora such as the horse and rabbit

possess a greatly expanded caecum where some of the components
of the diet which have escaped digestion in the stomach and small

intestines are fermented and the products absorbed.
The digestion of dietary cellulose is one of the major functions
of the rumen.

Mammals

do not

secrete cellulases in their digestive

juices, but the degradation of cellulose in the rumen is achieved by
the cellulolytic activities of the symbiotic microorganisms in the

rumen. Ingested feed is retained in the rumen for some time and

subjected to microbial digestion. The breakdown of cellulose produces volatile fatty acids and these serve as a major source of

energy for the ruminant.
The microorganisms in the rumen have other functions in

addition to the digestion of cellulose. Other carbohydrates are fer-

mented and proteins are degraded to peptides, amino acids, and
ammonia. As the microorganisms grow and multiply they accomplish
a wide range of synthetic

reactions. The production of microbial

protein presents a different amino acid distribution from the food
initially consumed. The rumen in effect modifies the food of the
ruminant before further digestion proceeds later in the alimentary

tract. Cellulose and other polysaccharides are degraded, the amino
acid pattern of the protein is altered and certain B- vitamins are

10

synthesized (50, p. vii).
As stated, the rumen

secretes

no

enzymes and it is only

through the vast number of microorganisms present, that nutrients
in the rumen are transformed into compounds for use by the animal.

These microorganisms are usually specialized and secrete enzymes
which break down a particular type of nutrient.

For example, some

microorganisms primarily produce amylolytic enzymes which hydrolyze starch to sugars. Others may be cellulolytic, transforming

cellulose to simpler compounds. But, before these microorganisms
can do their job, they must compete for simpler nutrients.

It has

been theorized that supplementary enzymes aided in making more of
the simpler nutrients available, thus allowing various types of micro-

organisms to work effectively (79, p.

104 -111).

Dairy Calves
The young ruminant before its rumen starts to function has a

digestive system similar to the monogastric animal. There is con-

siderable evidence that the young calf is deficient in certain digestive enzymes known to be necessary for the utilization of rations or-

dinarily consumed by mature animals of the same species.
Most investigators have added the enzymes to milk replacers

or gruel mixtures which upon ingestion would be expected to pass

directly into the abomasum. The addition of pepsin, malt diastase,

11

papain, animal diastase or pancreatin powder to rations containing

various ingredients have been without benefit to calves (104, p. 322324). Some of the

earlier work

of adding enzyme

preparations to

calf rations was reported by Williams and Knodt in 1951 (99, p. 975980).

They found that the addition of papain or pancreatic powder to

the milk replacer used was deleterious in that growth was poor and

feed consumption was low. Ratcliff et al. (75, p. 1243) found no

significant difference in gain when calves were on a control ration or
one supplemented with pepsin and animal diastase.

Only a limited amount of work has been done to determine the

effects of adding supplementary enzymes to dry feed for young dairy

animals. Leatherwood et al. in 1960 (48, p. 1460 -1464) reported
that the growth of dairy calves, which were two months of age or

older at the start of the trials, was not increased by the addition of
fungal cellulase to the ration. The apparent digestibility was not af-

fected by the addition of the enzyme. Wing and Wilcox (100, p. 16551656)

reported that the growth of dairy heifers receiving a supple-

mental enzyme preparation containing protease, diastase, and a

gumasewas not significantly greater than that of a similar group of

heifers receiving

no

supplemental enzymes in the ration.

Yang et al.

(104, p. 322 -324) reported that the addition of Agrozyme to a calf

starter ration resulted in no significant difference with respect to
feed consumption or growth rate to either

8

or

16

weeks of age.
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Although calves have not responded favorably to supple-

mentary enzymes, certain enzymes at specific levels may prove
beneficial.
Feeding Trials with Fattening Rations

Research at Iowa State during 1958 to 1959 reported by
Burroughs et al. in 1959 (16, p.

1

-8; 18, p. 1524) brought about

interest in the use of enzymes in beef cattle rations. Burroughs and
co- workers added Agrozyme at levels of 3. 4 and 6.

per day

to

8

grams per head

rations containing ground ear corn. Best responses ap-

peared to be favored by use of low- moisture (14 percent or lower)
corn. In four trials, live- weight gains were improved by
and efficiency of gain by seven percent.

12

percent

The responses to high -

moisture corn were negative. Since these initial trials were reported, a considerable number of feeding tests with enzymes have been

conducted at numerous places with various enzyme products and
many types of rations.

Tests at the Ohio Experiment Station in 1959 (45, p.

13 -16)

using a low- moisture ground ear corn, averaging 12.3 percent mois-

ture, did not substantiate the earlier work reported by Burroughs
et al.

The Ohio workers reported no improvement in gain, feed ef-

ficiency, or carcass grade when feeding 3. 4 grams of Agrozyme
daily. Mieske et al. (59, p.

1

-4) compared the performance of

13

fattening yearling steers fed rations containing either ground ear
corn, shelled corn, or shelled corn plus fat with or without an enzyme addition of three grams of an amylase -protease -gumase pre-

paration. Steers fed ground ear corn or shelled corn and fat showed
an improvement in gain and used less feed per pound of gain, but not

the cattle on shelled corn.

Wise and Barrick in 1959 (101, p.

1

-4) reported on research

designed to evaluate several proteolytic and amylolytic enzyme pre-

parations for growing- finishing beef steers when added to rations
based on low- moisture ground ear corn (12 to

14

percent moisture).

The average daily gains, feed intake and feed efficiency were not

significantly influenced by the addition of any of the enzymes.
Mitchell et al. (60, p.

reported that adding Agrozyme

6 -7)

to a

ra-

tion consisting of ensiled shelled corn and alfalfa (40:60 mixture),
had no significant effect on gain or feed conversion when the enzyme
was fed singly or in combination with tapazole.

Montana tests (88, p.

1

-2) with barley showed increases in

gain and feed efficiency with the low (1. 135 grams per day) and medium (1.7 grams per day) levels of Agrozyme but not with the high

(3.4 grams per day) level.

A

report by Strong et al. (83, p.

1

-6)

covering seven California feedlot trials using various enzymes indi-

cated that under the conditions of the trials, the addition of enzymes
to the feedlot rations

resulted in

no effect on the

rate of gain or on

14

the efficiency of feed utilization.

Burroughs and co- workers in a later report (17, p. 458 -464)

summarized the results of

12

trials and reported that enzyme

supplementation increased gains by an average of seven percent on
four percent less feed when cattle were fed high concentrate rations
using corn containing

14

percent or less moisture.

These early reports of varied results that were obtained with
enzyme supplementation of beef cattle fattening rations had suggested

that perhaps under conditions of different types of grain, amount of

grain in the ration or moisture content of grain, enzymes may or may
not be beneficial.
It is known that if the rumen contains an excess of sugars or

starch, the digestibility of fiber or cellulose is lowered (26, p. 268273).

Head (36, p. 281 -293) previously had reported that the supple-

mentation of a roughage with starch decreased cellulose digestion.
The addition of a rich protein source to a ration of roughage has been
shown to lower cellulose digestion (39, p. 395 -409). This

earlier

research may explain why in some instances enzymes are not beneficial. An excess of certain enzyme materials in ruminant feeds may
be detrimental, whereas an optimum level could improve weight

gains and feed efficiency.
The work reported by Thomas and Doty (88, p.

1

-2) where

they used three levels of enzymes indicated that there may be

15

optimum levels and these levels could vary with the ration used.

Their high level (3.

4

grams), which gave

no

response, was the

same as the lower level of Burroughs et al. (16, p.

1

-8) which gave

positive responses.
The

earlier reports

of response or lack of response to en-

zyme additions for fattening rations indicated a need for further re-

search. Research has been conducted with various enzymes at different levels and on various types of rations.
In addition to the work reported

earlier, benefit from the

use of an amylolytic -proteolytic type preparation has been reported
in similar fattening rations containing corn by Nelson and Catron (64,
p. 1279), Smith and Kish (82, p. 197), Matsushima (57, p. 25),

Hall and Hobbs (33, p.

1

-3), and Perry et al. (70, p.

1

-3).

No

response or a decrease in gain and feed efficiency when using an
amylolytic -proteolytic enzyme preparation with rations containing
corn has been reported by Perry et al. (69, p.
(11, p.

1

1

-6), Beeson et al.

-7), Ward et al. (96, p. 1298), and Embry et al. (27,

p. 12 -18).

Positive responses with amylolytic -proteolytic enzymes added
to

p.

rations containing barley were reported by Thomas and Doty (88,
1

-2), Clark et al. (21, p. XLVIII 1 -6), and Dyer (25, p. 29).

Thomas et al. (89, p. L 1 -6) reported that Agrozyme did not in-

crease gains but decreased feed requirements, whereas Kercher
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(43, p. 966) reported no increase in gains or feed efficiency.

Dinnuson et al. (24, p. 4 -8) compared rations containing corn or

barley with and without Agrozyme and reported no significant difference in the gains as a result of the enzyme additions.

Amylolytic- proteolytic enzymes used with fattening rations
containing sorghum grain have also given varied responses.

Richardson et al. (78, p.

6 -8)

received a positive response when

adding a proteolytic -amylolytic enzyme preparation to a ration of

sorghum grain and silage to fattening steers. Richardson et al.
(77, p. 26 -28)

earlier had reported no response in other trials using

a fattening ration containing sorghum grain.

Tillman (90, p.

20 -23)

used sorghum grain as the principal ingredient in fattening rations
for cattle and lambs. The addition of Agrozyme neither increased

rate of gain nor reduced the units of feed required to produce a unit
of gain.

Pope et al. (71, p. 135 -139) compared various methods of

preparation of milo for fattening steer calves with and without the
addition of Agrozyme. They reported that the addition of the enzyme

preparations had

no

beneficial effect on gains or feed efficiency in

these comparisons.
The addition of one gram of protease or four grams of cellu-

lase per head per day to a fattening cattle ration improved weight
gains and feed efficiency ten percent each although, due to variation
of gain within

treatments, these gains were not statistically

17

significant (10, p.

1

-4).

Watkins (97, p.

1

-3) reported that the addition of 4.

0

grams

of cellulase daily to steers on a sorghum grain, alfalfa hay, cotton-

seed meal and silage ration increased daily gains and reduced the

total digestible nutrients required per 100 pounds of gain. In the
same experiment, there was no significant change in gain or feed
efficiency by feeding an amylase -protease- gumase mixture. Watkins

later (98, p.

1

-2) reported no increase in gains by use of a cellulase,

with a slight improvement of gains and feed efficiency when using the

amylase -protease- gumase mixture. Perry et al. (70, p.
4. 54

1

-3) fed

grams of an amylase -protease- gumase preparation, four

grams of cellulase, and a combination of four grams cellulase and
one gram protease, per head daily. The addition of the enzymes to

rations for fattening calves resulted in increased daily gains of .2
pounds per day for the combinations of enzymes, but analysis of the

data indicated that these differences were not statistically significant.

Winter and Growing Rations
Although most of the work on enzyme supplementation has

been done with fattening rations, enzymes have also been used in
high roughage rations for wintering or growing cattle.
Woods et al. (102, p.

1

-3) undertook a study to determine the

value of certain enzyme additions to silage rations for wintering
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cattle. The steers were fed a full feed of oat silage plus alfalfa hay
and supplements. Adding a bacterial enzyme (Agrozyme) to the

ration increased live weight gains by 6. 8 percent and
two

23

percent in

separate trials. The addition of a fungal enzyme preparation

(amylolytic- proteolytic and others) or ficin increased gains
cent and
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17

per-

percent respectively and reduced feed required per

pounds gain. A later report by Woods et al. (103, p.

1

100

-2) indicated

that responses from Agrozyme additions to high roughage rations
were inconsistent. When corn, oat, or grass silages were fed in
seven different trials, liveweight gains and feed efficiency were im-

proved by enzyme supplementation in four of the trials, whereas no

improvements or slightly negative responses were obtained in the
other three trials. Averaging all seven trials, the response from enzyme additions amounted to six percent faster gains and four percent

greater feed efficiency. Consistent responses were not obtained with
any of the silages used.

Wintering tests were conducted by Hall and Hobbs (33,
p.

1

-3) where calves were fed all the good quality corn silage they

would eat plus an average of 3.2 pounds of ground corn and one
pound of cottonseed meal daily plus antibiotics.

The addition of Agro-

zyme (4. 54 grams per day) failed to improve the rate of gain or

feed efficiency.

Richardson et al. (78, p.

6 -8)

added various enzyme
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preparations (3.4 grams per day) to a calf wintering ration consisting
of sorghum silage, alfalfa hay, soybean oil meal, and sorghum grain.

The additions of an amylase -protease preparation or a combination

amylase -protease -cellulase preparation to the ration were of no
value. There was a tendency for all lots receiving enzyme prepara-

tions to consume less silage and gains were slightly, but not significantly, lower.
Raleigh and Wallace (73, p.

11

-12) investigated the influence

of adding a cellulolytic enzyme or Agrozyme to a meadow hay ration

fed to weaner calves when two levels of supplementation were used.

Calves receiving the cellulase (three grams per day) gained at a

faster rate than the control animals when fed the high level of supplementation (one pound cottonseed meal and two pounds barley),

whereas little difference was noted under the lower level of supplementation

(.

5

pounds cottonseed meal and one pound of barley).

feeding of Agrozyme (3.

4

The

grams per day) increased the rate of gain

of calves receiving both levels of supplementation when compared to

the control calves. A larger difference in gain attributed to Agrozyme was noted at the lower level of supplementation.

Protein Level of Rations
Various feeding trials, in addition to the trials by Raleigh and
Wallace (73, p.

11

-12) have indicated that the protein level of ration
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may be an important factor to consider when adding enzymes to

rations. Burroughs et al. (17, p. 458 -464) reported that lower protein rations (ten percent or less) benefited more from Agrozyme
supplementation than did the higher protein rations. Matsushima
(57, p. 25) found that an amylolytic -proteolytic enzyme preparation

increased rate of gain and improved feed efficiency when added to a
basal ration. However, the enzyme preparation had

no

benefit when

added to the same basal ration that was supplemented with 0. 65 of a
pound of soybean oil meal per day.

Nelson and Catron (64, p. 1279) reported that extra protein
had no effect on enzyme response in tests with fattening steers.

Similar tests with lambs (73, p. 1288; 87, p.
there was

no

150 -154)

indicated that

apparent response from enzyme supplementation on

performance of lambs fed varying levels of protein in the ration.

Theurer et al. (84, p. 1524) reported that the addition of Agrozyme

decreased protein digestibility in the nine percent protein rations but
not in the

12

percent protein rations, although nitrogen- retention was

similar in the control and enzyme treated steers.
When Agrozyme was added to rations containing alfalfa or

orchardgrass hay, the addition of the Agrozyme increased gains in
the ration containing orchardgrass but not when the ration included

alfalfa hay. Additional protein had been added to the orchardgrass

ration to make the total ration protein equal in both rations
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(33, p. 1-3).

Metabolism and Digestion Trials

These varied responses to enzyme additions brought about

tests

to

determine the mode of action of enzyme preparations.
Bowden and Church (14, p. 1523) attempted to determine the

effect of crude enzyme preparations on cellulose digestion in the arti.

ficial rumen.

A

response was obtained to enzyme additions even

after the enzyme preparations were boiled

5

to 20 minutes.

They in-

dicated that any response which may be obtained in digestion or
growth from addition of enzymic preparations to ruminant rations
was not due to the enzymes per se.

Theurer et al. (86, p.

146 -149)

also suggested that any benefits obtained from proteolytic enzyme

supplementation of ruminant rations was not due to their proteolytic

activity. In vitro studies reported by Theurer et al. (86, p. 146149;85, p. 1296) showed that Agrozyme and a plant protease

prepar-

ation (ficin) lost most of their activity when subjected to bacterial

fermentation for two to three hours.

A

decrease in proteolytic acti-

vity was not noticed when the enzyme preparations were maintained
in autoclaved rumen fluid.

These workers suggested that the enzyme

preparations were either being utilized (or destroyed) by the rumen
microorganisms or that some unrecognized factor(s) was present in
the rumen fluid which was inhibitory to the proteolytic enzymes.
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A fungal

cellulase added to rumen fluid greatly enhanced cel-

lulolytic activity. However, growth trials with calves or digestion

trials with sheep indicated there was

no effect on feed

utilization or

digestibility of the ration (48, p. 1460- 1464).

Theurer et al. (84, p. 1524) carried out a series of digestion

trials with steers and lambs

to determine the effect of Agrozyme on

digestion and nitrogen- retention. The addition of Agrozyme did not
affect digestibility of dry matter, organic matter or cellulose in

either the steer or lamb trials. Nitrogen- retention was similar in
control and treated steers. In the lamb trials, nitrogen- retention
was increased although digestibility of the ration components were

not significantly influenced by the enzyme supplementations. Results
of metabolism

trials with lambs

by Theurer et al. (87, p. 150 -154)

indicated that no consistent differences in digestibility of ration
components or in nitrogen- retention were evident that could be attributed to enzyme supplementation. In these trials, the addition of

Agrozyme to the basal ration had no significant effect on digestibility
of organic

matter or protein.

Digestion trials at Oklahoma (90, p. 20 -23) with yearling

steers showed that the addition

of an amylolytic -proteolytic enzyme

product did not increase digestibility or nitrogen- retention in a ration
containing 60 percent concentrates and 40 percent roughage.

Metabolism studies were conducted by Grainger and Stroud
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(32, p. 1263) with a semi -purified basal ration plus various enzymes.

The addition of a multiple enzyme preparation (amylase- protease-

gumase) improved digestion of dry matter, crude cellulose and

crude protein. The gumase or amylase improved dry matter and

crude cellulose digestibility.

The protease increased crude cellulose

digestibility. The combination of the three enzymes significantly

increased nitrogen balance.
In

metabolism trials designed to test two enzyme supple-

ments, Purkhiser et al. (72, p. 947) fed

a

basal ration of corn cobs

and protein supplement to steers and heifers.

The cellulase pre-

paration significantly increased digestibility of crude fiber, but had
no

significant effect on digestible energy or on apparent digestibility

of other nutrients.

A

protease preparation did not

significantly

affect the amount of nitrogen retained or apparent digestibility of
crude protein, likewise, the digestibility of other nutrients and

energy balance were not affected by the protease.
The nylon -bag technique was used by Ralston et al. (74,
p. 306 -308) to

test the effect various enzyme preparations might

have upon the digestibility of various fractions of a ration composed
of poor quality

grass hay. The enzymes were added at approximate-

ly 0. 05 percent of the diet.

Fungal protease significantly increased

dry matter, ether extract and cellulose digestion, whereas
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pectinase, fungal amylase, or a bacterial proteolytic -amylolytic

preparation did not have any consistent effects.

A

cellulase prepar-

ation significantly reduced digestion of dry matter, crude fiber and

cellulose.
Burroughs et al. (17, p. 458 -464) reported that increase in
gain and feed conversion noted in cattle was not associated with an

increase in total ration digestibility in separate digestion trials.
Dry matter, organic matter, protein or cellulose digestibility were

not influenced by enzyme supplementation. Burroughs et al. (17,
p. 458 -464) suggested that this lack of influence of the enzyme

supplement on total ration digestibility indicated that the physiolog-

ical action of the enzyme supplement in stimulating live weight gains
and improving feed conversion may be something other than the total

quantitative supplementation of body and bacterial enzymes normally

present in the digestive tract of cattle. Burroughs et al. (17,
p. 458 -464) also proposed that these supplementary enzymes may

have exerted their principal action in stimulating rumen fermentation
in the

first part of the digestive tract without improving total diges-

tion throughout the digestive canal.

The proposed stimulation of

rumen fermentation by supplementary enzymes might, therefore,

result in increased live weight gains in ruminants through such products produced and made available by rumen microorganisms as B-

vitamins, amino acids, short chain fatty acids or other unknown
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beneficial nutrients.
Ward et al. (96, p. 1298) reported that enzyme additions

(amylolytic and proteolytic) to rations for fattening heifers resulted
in no differences in level of rumen volatile fatty acids or in the

proportion of acetic, propionic or butyric acids. Yang et al. (104,
p. 322 -324) found no significant differences in volatile fatty acids in

the rumen fluid from calves receiving an enzyme supplement when

compared to fluid from calves not receiving enzymes. Brown and
Tucker (15, p. 690) included Agrozyme (1.

7

grams per day) in a ra-

tion for dairy cows and reported that the in vivo levels of total vola-

tile fatty acids were increased. The addition of Agrozyme (0.

3

mg/

ml of rumen fluid) had no effect on the in vitro production of total

acids.
pH Changes in the Rumen

The pH of rumen ingesta is subject to considerable variation.

Under normal conditions the pH of the rumen remains within the

range of 5.

5

to 7. 0.

The pH varies inversely with the concentration of total vola-

tile acids at hourly intervals after feeding. Hay and other feeds

reach peak values between two and six hours after feeding. For a
given diet the fluctuation in pH reflected the change in concentration
of volatile fatty acids (7, p. 288 -298).

When hay alone is fed there
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is little change in pH values of the rumen ingesta taken at various

time intervals.

Balch and Rowland (7, p. 288 -298) reported a

range in pH of 6.2 to 6.6. Archibald et al. (2, p. 2232 -2241) re-

ported an average pH value of 6.45 for alfalfa hay and

6. 07

for

timothy hay, three hours after feeding.
Yang et al. (104, p. 322 -324) observed that when additions of

supplementary enzymes were made to dairy calf rations there were
no

differences of consequence between treatment groups in the pH of

the rumen contents at any time of sampling. Likewise, no differ-

ences were noted in volatile fatty acid production.

Brown and

Tucker (15, p. 690) working with an artificial rumen, found a general increase in production of volatile fatty acids as the pH was raised

from 4.

5

to 6. 5.

There was no significant change in volatile fatty

acids when the pH was changed from

6.

5

to 7. 5.

It appears that differences in rate and extent of fermentation

results in different amounts

of volatile fatty acid produced.

Rate

and amount of production then have an effect on rumen pH.

Further work is needed

to

measure the effect enzymes have on

digestibility and the resulting change of pH in the rumen.
Enzyme Additions to Silage

Enzymes have been added to silages at time of ensiling in an

attempt to degrade the complex polysaccharides and improve feeding
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value of silages.

lent of 0. 0, 2.

Leatherwood et al. (47, p. 1539) added the equiva-

5, 5. 0

or 10.0 pounds of a cellulolytic enzyme prepar-

ation per ton of alfalfa or barley silage. The enzyme treatments

resulted in significantly lower cellulose content. Treatment of alfalfa silage with an enzyme preparation from Aspergillus oryzae and a

nutrient culture of lactic acid bacteria increased silage consumption
and gains when fed to heifers but did not affect butterfat production
of cows (67, p. 1204).

Owen (68, p. 934 -936) added cellulase,

hemicellulase and pectinase to sorghum at time of ensiling. When
the composition of the control and enzyme treated silages were com-

pared, there was

no

apparent degradation of the complex poly-

saccharides by any of the enzymes. Various cellulolytic preparations were added to ensiled forages by Leatherwood et al. (46,
p. 124 -127) resulting in apparent cellulose hydrolysis occurring

in the enzyme treated silages (maximum of 29 percent) compared to

the control silages.
It appears that cellulolytic enzymes added to ensiled forages

have a two fold purpose; as a predigester of the cellulose fiber, and

as an aid in preservation by releasing carbohydrates for fermentation.
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EXPERIMENTAL PROCEDURE

From information reported in the literature it was thought
that perhaps an enzyme used at the proper level would enhance digest-

ibility in the rumen. Digestion trials were undertaken to evaluate
the effect of four enzyme preparations on digestion in the rumen.
The study was conducted in two phases. The objective of the

first trials was an attempt

to

establish optimum levels for the en-

zyme preparations under study on a dry matter digestibility basis.
The second phase was to test each enzyme under study at the optimum

level, against a control (no enzyme), on the basis of digestibility of
dry matter, ether extract, crude fiber, cellulose and crude protein.
The nylon -bag in vivo technique was used to evaluate digestion.
A

comparison of the pH values of the rumen was made during

the second phase in an attempt to ascertain if the various enzymes

had any influence on pH values of the rumen.

Identical -twin Hereford steers (weighing approximately 825
pounds at start of trials) fitted with permanent plastic rumen fistulas

were used in the digestibility studies. The steers were fed liberal
amounts of a roughage consisting primarily of Meadow Fescue

(Festuca elatior L.) and Perennial ryegrass (Lolium perenne L.
A

).

salt- steamed bone meal mixture and water were available at all

times.
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An eight day

microflora

pre -trial period was used to adapt the rumen

to each enzyme

treatment. During the pre -trial and ex-

perimental periods a gelatin capsule containing the enzyme under
study was introduced daily into the rumen via the rumen fistula.

Empty capsules were used for the control treatment. The capsules

were placed in the rumen at the morning feeding. Following the eight
day pre -trial period the nylon -bag technique was used to evaluate the

effect of the various enzymes on digestion in the rumen.

Experiment I, Determining Optimum Level of Enzymes
The objective of the

first experiment was an attempt

to

deter-

mine the optimum level of each enzyme to use in the digestibility

studies. Amount of dry matter digestion (or loss) as measured by
the nylon -bag method was used as criteria to evaluate the various

levels of enzyme additions.
The enzyme under study was added daily at levels of 2.

grams to one steer and

5. 0

5

grams to the other steer. Following the

eight day adaption period four nylon bags were suspended in the rumen
of each steer and removed in pairs at 48 and 72 hours.

The bags

were then processed as described in the section on nylon -bag pro-

cedure.

,

The level of enzyme that indicated the most dry matter

digestion was then bracketed (i. e. 2.
1.

5

grams and

3.

5

grams,

5

5

grams would be bracketed by

grams by 3.

5

grams and 6.

5

grams).
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The level of enzyme that appeared to be optimum for dry matter

digestion as measured by the nylon -bag method was then used in

Experiment II. Between trials with the different enzymes there was
a four day period of no enzyme additions.

Experiment II, Digestibility at the Determined Level of Enzymes
The predetermined level of the enzyme under study was

placed in the rumen of the treatment steer at the morning feeding.
The control received an empty gelatin capsule. After the eight day

pre -trial period, eight nylon bags containing the grass hay were
placed in the rumen of each steer. Two bags were removed from
each steer at 24 hours, three at 48 hours and three at 72 hours.

Three bags were used at the 48 and

72

hour periods to insure suffici-

ent sample for laboratory analyses. The bags were removed,

washed and dried as outlined in the section on the nylon -bag technique.
A

switch -back experimental design was used where each steer

served both as a control and treatment animal for each enzyme tested.
These trials were continued until all four enzymes had been tested

at the level arrived at in Experiment I. The trials with Cellulase
4000 were then duplicated.
pH

Determinations
pH was

read during Experiment II to determine if the added
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enzymes had any influence on pH values of the rumen.
The pH readings were taken after the eight day pre -trial

period. The readings were made during one day for each trial and
were taken immediately before the morning feeding (8:00 A. M. ) and
at two, four, six and nine hours thereafter.
The readings for the

first six digestion trials were made in

the rumen with a portable pH meter. The pH readings were made
by placing a large

perforated plastic tube into the rumen through the

rumen fistula, then the probe was inserted into the rumen fluid that

filled the tube.
The pH readings for the last four digestion

trials were made

in the laboratory with a Beckman pH meter. Rumen fluid was col-

lected by placing a perforated plastic tube into the rumen via the
fistula, fluid was withdrawn with a suction pump and discharged into
a small

plastic container. The container was capped and placed into

a thermos of warm water and taken to the

laboratory where the

pH

readings were made.
Enzyme Preparations Studied
Enzyme preparations tested were products of Miles Chemical
Company: Cellulase 4000, Hemicellulase CE -100, Fungal Amylase
and Fungal Protease. These are all commercial microbial enzyme

products standardized and sold on the basis of their principal enzyme
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component. Minor amounts of other enzymes may be present but are

variable from batch to batch.
Cellulase 4000 is standardized on the basis of its cellulase

activity to contain 4000 cellulase units (CU) per gram. The assay

procedure is based on the reduction of viscosity of carboxymethyl
cellulose. In addition

to

cellulase, appreciable but variable and

usually undetermined amounts of pectinase and hemicellulase are
also present with negligible amounts of other enzymes.

Hemicellulase CE -100 is standardized on the basis of its
hemicellulase activity to contain

5, 000

hemicellulase units per gram.

The assay procedure is based on the reduction of viscosity of locust

bean gum. The hemicellulase product contains variable and usually

undetermined amounts of cellulase and pectinase.
Fungal Amylase is standardized on the basis of its amylase

activity to contain

5, 000 SKB

amylase units per gram. The Fungal

Amylase also contains appreciable protease activity which is variable
and not determined on most batches. A specific batch of Fungal

Amylase assayed

5, 300 SKB

amylase per gram and 6, 500 HU pro-

tease per gram.
Fungal Protease is standardized on the basis of its protease

activity to contain 31, 000 hemoglobin units

(HU)

per gram. The Fun-

gal Protease also contains appreciable amylase activity which will be

variable and not determined on most batches.

A

specific batch of
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Fungal Protease assayed 32, 000 HU protease per gram and 10, 000
SKB

amylase per gram.

Hay Used in the Trials
Hay similar to that fed the steers was used in the nylon bags.
A

representative sample of the hay used was subjected to a proximate

analysis and cellulose determination. Hay used during Experiment

I

and the first four trials of Experiment II had a composition as

follows: 1.71 percent ether extract, 29.95 percent crude fiber,
8. 98

percent crude protein,

5. 94

percent ash and 34.38 percent cel-

lulose on an oven -dry basis. Hay used in the nylon bags for the

last trial in Experiment

II was collected from a

similar type of grass

hay but laboratory analysis indicated a slight difference in composi-

tion. A sample of the hay was found to contain 1.59 percent ether

extract, 26.
6. 63

90

percent crude fiber,

7. 53

percent crude protein,

percent ash and 31.70 percent cellulose on an oven -dry basis.

Due to a difference in dry

cent first hay versus 88.

matter content of the two hays (90. 45 per-

15

percent second hay) the amount of hay

placed into the bags was based on an equal dry matter basis.
Nylon -Bag Procedure

Grass hay used in the bags was ground in an Abbe 000 mill
through a 1/16 inch screen, then ten gram samples were weighed
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into 3.

5

inch by three inch nylon bags made from nylon material with

approximately 96 threads per inch. The top of each bag was securely closed with a nylon cord drawstring. The bags were then attached
to loops in a single nylon cord 3.

5

feet long which was suspended into

the rumen by tying to an eyebolt in the fistula cap.

This allowed a

maximum of movement within the rumen. The bags were placed into
the rumen between 1 and

2

P. M.

After a period of digestion in the rumen, the nylon bags were

removed and individually washed in tap water to remove any adhering

ingesta. The bags were then taken to the laboratory where they were
thoroughly washed with lukewarm tap water until as much rumen
fluid as possible was removed.

Clearness of water coming from the

bags was used as an indication of lack of rumen fluid. The contents
of the bags were filtered, dried for 24 hours at 87.5° C, cooled in a

desiccator and weighed. Dry matter digestibility was calculated by
percent difference between original and digested sample.
The technique used was a modification of methods reported by

Belasco et al. (12, p. 209 -217), Erwin and Elliston (28, p. 1518),
and Lusk et al. (52, p. 69 -73) and was similar to the technique used
by Ralston et al. (74, p. 306 -308).

Laboratory Analyses
The dried residues from the digestibility studies were ground
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in a Wiley intermediate size mill through a number 20 screen (20

mesh per inch). The ground samples were placed in glass jars,
oven dried and then kept in a desiccator until the laboratory analyses

were made. Digested samples from each trial were pooled according
to

treatment and time of digestion for the laboratory analyses.
Laboratory analyses of the digested samples and hay samples

for ether extract, crude fiber, ash and crude protein determinations,

were made in accordance to the official methods of the Association of
Official Agricultural Chemists (4, p. 367 -373) with the exception of
the crude protein determinations, which were performed according
to the following changes

recommended by Oldfield (66): (a) the distil-

late was collected in four percent boric acid; (b) the indicator con-

sisted of

0.

1

percent bromcresol green in

95

percent alcohol

(2

ml).

Cellulose was determined by a modification of the procedure of
Crampton and Maynard (23, p. 383 -395). Tubes containing approxi-

mately

. 5

grams of sample were boiled in a water bath for 30 minutes

instead of refluxing. The final residue was collected by an asbestos
pad in the bottom of a Gooch crucible. Alcohol was used to rinse the

tubes and wash the residue.
All samples were run in duplicate and any determinations that
did not agree were rerun. All digestion coefficients were calculated
on a dry

matter basis.
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Statistical Analyses
Due to the design of the experiments no

available for Experiment
in Experiment II.

I

estimate of error was

or for separate trials with the enzymes

Therefore

no

statistical analysis of the data from

each enzyme could be made. Means and standard deviations were

calculated where possible. The differences between digestibility coefficients of the two Cellulase 4000 trials were subjected to a paired
t -test as described by Li (51, p. 96 -99).

The test for linear regression as outlined by Li (51, p. 244303) was used to

test linearity between pH of the rumen and dry

matter digestibility.

37

RESULTS AND DISCUSSION

Experiment

I

The purpose of Experiment I was to establish optimum levels

for each enzyme preparation studied on the basis of digestibility of
dry matter at the 48 and

72

hour time periods. The results of

Experiment I are presented in Table

1.

The various levels of each enzyme preparation added to the

ration and the resulting dry matter digestibility figures for each

trial are listed. The digestibility figures for the

2.

5

and 5.

0

gram

per day enzyme additions are listed first. The level that indicated
more dry matter digestibility was then bracketed, these levels and

digestibility figures are listed second. Levels of

2. 5

Cellulase 4000, 5.0 grams Hemicellulase CE -100, 6.
Amylase and 3.

5

grams
5

grams Fungal

grams Fungal Protease appeared to give the best

results of the various levels tested.
Values for dry matter digestibility were only compared within each trial due to the differences in dry matter digestibility between

trials. The differences in digestibility such as those found in the
Hemicellulase CE -100 trials may have been due to differences in hay
fed during these trials. The small within trial differences in digesti-

bility, between levels used with Hemicellulase CE -100 suggested that

38

Table

1.

Effect of varying levels of enzyme supplementation upon
dry matter digestibility.

Percent Digestibility

Level
(gm)

Cellulase 4000

Hemicellulase CE-100

Fungal Amylase

Fungal Protease

a

Steer

2. 5a

B

5.0

A

1.5
3.5

A

2.5

B

5. Oa

A

3.5
6.5

A

48 Hours

72.86
70.32

'

72

Hours

77. 17

77.52

71.26
70.87

75.90
76.12

67.33
67.72

75.52
76.78

B

73.52
73.36

77.45
77.89

2. 5
5. Oa

A
B

72.42
73.14

76.45
76.89

3.5
6.5

B

A

71.31
71.53

76.34
77.45

2.

A

71.03
71.75

75.90
76.67

72.36
70.48

76.73
76.84

5

B

5.Oa

B

3.5
6.5

B

level of enzyme bracketed

A
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Hemicellulase CE -100 would have a small affect on dry matter
digestibility in the rumen.
Response to the 3.

5

and 6.

5

gram levels of Fungal Amylase

showed a small difference between these two levels at the 48 hour

time period, the difference being greater at the 72 hour fermentation

period. This same small difference was noted with the 2.5 and

5. 0

grams of Hemicellulase CE -100 at the 48 hour time period with a

larger difference at the

72

hour fermentation period. These differ-

ences were not in agreement with work reported by Van Keuren and
Heinemann (94, p. 340 -345). They reported that the digestibility

values obtained with the nylon -bag technique tended to converge at
the longer fermentation time periods.

The digestibility figures for

Cellulase 4000 and the second trial with Fungal Protease follow this
tendency to converge at the longer fermentation time period. Perhaps the differences at the longer time period indicate that as the hay

becomes partially digested by enzymes present in the rumen, certain
added enzymes (if effective) would be able to breakdown the more

soluble components of the roughage.
The lower percent dry matter digestibility obtained when

using the higher level of Fungal Protease (6.
4000 (5.

0

5

grams) or Cellulase

grams) indicated that excessive amounts of added enzymes

may depress digestibility. This

5. 0

gram level of Cellulase 4000 is

approximately the same level used by Ralston et al. (74, p. 306 -308)
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in digestibility

trials with low quality grass hay. Their results

showed a significant reduction in digestibility when Cellulase 4000
was added to the ration.

Experiment II
The results of this experiment are presented in separate

tables for each enzyme study conducted. Digestibility coefficients

are listed for dry matter, ether extract, crude fiber, crude protein
and cellulose at the 24, 48 and 72 hour fermentation periods.

Cellulase 4000. The results of adding 2.5 grams of Cellulase
4000 per day to the diet
(I) and in

Table

4000 in the

3

are presented in Table

2

for the first trial

for the second trial (II). The addition of Cellulase

first trial

(I)

increased digestibility of all fractions of the

ration evaluated at the three fermentation periods. The largest dif-

ferences between enzyme and control treatments were noted in digestibility of cellulose at the

24 and 48 hour

time periods. These in-

creases in digestibility were encouraging and a replication of the first

trial was undertaken.
Results of the second trial (II) with Cellulase 4000 were in-

consistent. Differences between treatment and control at the

24 hour

time period showed a decrease in digestibility of all components of
the ration studied. Differences at the 48 hour fermentation period

were small, with decreases in digestibility evident for ether extract

Table

2.

Effect of adding

2.

5

(Trial I).

Steer --A

B

B

A

Enzyme

Control

Enzyme

Control

Ether Extract
Crude Fiber
Crude Protein

58.27
46.91
47.56
68.25

57.61
49.77
46.63

48.

Cellulose

49.44

48.81

54.56
58.90
40.83
66.95
44.87

Dry Matter

73.80
68.04
68.17
81.47
70.85

71.48

Treatment
Dry Matter
24

48

hours

hours

Ether Extract
Crude Fiber
Crude Protein
Cellulose
Dry Matter

72

hours

grams per day of Cellulase 4000 on digestibility of grass hay in the rumen

Ether Extract
Crude Fiber
Crude Protein
Cellulose

.

77.74
72.60
73.84
83.49
76.65

66. 56

64, 55
65. 11

78.71
68.09

75.68
68.49
72. 10

81.60
74.76

Averages
Enzyme Control

48.02
33.26

56.42
52.91
44.20

62. 14

67. 60

36.64

67.57
66.70
59.28
73.81
63.75

66.03

75.38
72.70
70.45
84.67
73.07

Difference
Enzyme - Control
%

53.21

6. 03
10. 64
5. 05

47.16

48.90
39.95
64.35
42.73

70.69

68.76

2.81

65. 50

67. 37

65. 03

3,60

58.03

61.57
76.11
64,77

3. 51

61.44

63.73
77.64
67.30

76.34
73.91
71.48
84.03
74.14

76.56
72.65
72.15
84.08
74.86

76.01
71.20
71.79
82.82
74.45

81

73. 51

Average of 24, 48 and
Dry Matter
Ether Extract
Crude Fiber
Crude Protein
Cellulose

72

hours
3. 19
4. 61
4. 88
2. 86
4. 94

8.20
10.37

2.01
3.91
.

72

2.04
.

50

1.52
.55

Table 3. Effect of adding 2.

(Trial II).

24

Ether Extract
hours Crude Fiber
Crude Protein
Cellulose
Dry Matter

72

grams per day of Cellulase 4000 on digestibility of grass hay in the rumen

Steer -- A
Treatment
Enzyme
Dry Matter
59.42
Ether Extract
59.99
hours Crude Fiber
45. 12
Crude Protein
66.21
Cellulose
49.26
Dry Matter

48

5

Ether Extract
hours Crude Fiber
Crude Protein
Cellulose

B

B

Averages
Enzyme Control
60.03
61.44
61. 58
62.94
46.61
49.30
64.78
67.41
50.26
52.84

A

Control

Enzyme

61.80
64.01
49.86
64.79
53.42

60.64

76. 08

75. 16

75. 60

75.97

75.35
69.20
78.22
72.43

76.24

75.93
78.23

69.42

69.60

78.42
72.23

81.59
72.27

79.69
81.63
74.74

81.09
83.26
76.40
85.94
78,83

80.98
83.28
75.91

81. 17

86.

11

86.16

78.58

79.00

70. 15

79.86
73.23

81.24
83.15
76. 17

86.37
79.16

83. 14

77.89

63. 16
48. 10

63.35
51.26

Control
61.08
61.87
48.73
70.02
52.25

75. 84
76. 11
69. 79
79. 14

72.73
83.21
76.29

Difference
Enzyme- Control
-2.30
-2. 16
-5.46
-3.90
-4.88
%

75. 55

76.78

.

-

69.40

79.91
72.35

80.34
82.46
75,33
84.63
78.24

.

.

-

.

38
87
56
96

.53
1.03
.

91

1.27
1.81
.97

Average of 24, 48 and 72 Hours
Dry Matter
- . 30

Ether Extract
Crude Fiber

Crude Prot ein
Cellulose

-

.

71

-1.21
-1.02
-1. 13
14-

N
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and crude protein. Increases in digestibility were noted at the 72

hour time period for all fractions tested. An average of the three

time periods show a decrease in digestibility for all fractions.
The differences between the treatments and controls for

Cellulase 4000 are presented in Table 4. These differences in diges-

tibility, of each component listed, when tested with the paired t -test
at all three fermentation periods were not significant. Testing at
the 48 and 72 hour time periods indicated a significant difference at
the ten percent level for dry matter digestibility.

Table 4. Differences in digestibility between treatment and control
for Cellulase 4000 (both trials).

Percent Difference - -- Enzyme- Control
24

Hours

48 Hours

Dry Matter

1.87

1.60*

Ether Extract

3.02

1.37

Crude Fiber

2.59

2.04

Crude Protein

Cellulose

.

57

2.75

.

53

2.22

*Significant at the ten percent level.

72

Hours

Average

88*

1.45

.

1.48

1.96

89

1.84

.

1.67
.

76

.

92

1.91
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The reasoning behind the use of supplementary cellulase for

ruminants is that the ruminant depends on symbiotic bacteria for
roughage utilization and that by the addition of a supplementary cel-

lulase to the rumen, this might be beneficial either by increasing

rate or completeness of cellulose degradation.

We need to know

whether these supplementary enzymes are effective on the cellulose

present in the ingesta and if they are able

to

perform within the

rumen.
The enzyme preparation used in these trials has a cellulolytic

activity based on reduction of carboxymethyl cellulose. However,

there are some non - cellulolytic microorganisms that are capable of
hydrolyzing modified cellulose such as carboxymethyl cellulose but
not "native" cellulose (81, p. 290 -291). Cellulolytic preparations

that were shown to have the ability to degrade carboxymethyl cellulose in the laboratory exhibited no effect in growth or digestion trials
(48, p. 1460- 1464).

Halliwell (34, p. 119 -126) reports the existence

in non - cellulolytic organisms of enzymes that attack carboxymethyl

cellulose and similar cellulose derivatives but will not attack cellulose such as cotton fiber.
Many workers have stated that the ruminant possesses no free

cellulases and that the cellulolytic bacteria act on insoluble plant

material only by direct contact with the fibers. Kitts and Underkofler
(44, p. 639 -645) reported that cellulolytic enzymes

are not liberated

45

as such into the external media but are tightly adsorbed on the outer

surface of the cell membrane.
The instability of a cellulolytic enzyme in the rumen may be

explained by work with certain fungal enzyme filtrates. The enzyme

appears to be tightly adsorbed by the insoluble substrate and is only

partly released as the substrate itself is destroyed, but the enzyme
is not completely stable in solution in the absence of its substrate
(34, p. 119 -126).

Barnett and Reid (8, p.

29)

present views that the

present situation concerning rumen cellulases appears to be one of
rumen cellulases acting as surface enzymes with possibly some

degree of activity as a free, extra - cellular enzyme system.
Since enzymes are proteins, this brings up the problem of the

supplemental cellulases being hydrolyzed by proteolytic organisms

present in the rumen before the exogenous enzymes are able to act on
.

the cellulose.

Hemicellulase CE -100.

The results of the addition of 5.

0

grams per day of Hemicellulase CE -100 to the rumen are given in
Table 5. These results show a decrease in digestibility for the 24
hour fermentation period and inconsistent responses, both negative
and positive, at the 48 and 72 hour time periods. The decrease in

digestibility of dry matter at the

48

hour time period was not reflected

in digestibility of ether extract, crude fiber or cellulose.

fractions were essentially unaffected by the addition of the

These

Table

5.

Effect of adding 5.0 grams per day of Hemicellulase CE -100 on digestibility of grass hay in
the rumen.
.

Dry Matter

24

48

72

Steer -- A
Enzyme

Ether Extract
hours Crude Fiber
Crude Protein
Cellulose
Dry Matter
Ether Extract
hours Crude Fiber
Crude Protein
Cellulose
Dry Matter
Ether Extract
hours Crude Fiber
Crude Protein
Cellulose

59. 20

51.20
49.75
63.78
52.35

B

Control
57.16
51.00
47.06
63.92
49.97

71.99
65.85
66.34
79.44
69.16

71.03
60.62
63.34

76,82
67.26
72.34
84.38
75,61

75.64
69.02

79. 16

66.58

69. 50

82.39
73.16

B

Enzyme
50.86
38. 63

36.16
59.38
39.70
69.45
62. 39

63.08
75.36
65.99
75.31
70.75
70.70
82. 18

73.35

A

Control
55.78
48,90
42.12
65. 52

45.95

72.06
66.74
65,23
80.02
68.25
76.31
72.21
71.13
83.37
74.10

Average
Percent Difference
Enzyme Control Enzyme - Control
55. 03
56.47
-2. 55
44.92
-10: 07
49.95
42.96
44.59
-3.66
61. 58
64.72
-4.85
46.03
47.96
-4.02
70.72
64.12
64.71
77.40
67.58
76.07
69.01
71.52
83.28
74.48

71.55
63.68
64.29
79.29
67.42
75,98
70.62
70.32
82.88
73.63

-1.16
.
.

-2.

69
65
75

.24
.

12

-2. 28
1.71
.

48

1.11

Average of 24, 48 and 72 Hours
Dry Matter
-1.20
Ether Extract
-3. 89
Crude Fiber
- .43
Crude Protein
-2. 37
Cellulose
- .89
rn
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hemicellulase. Crude protein digestibility was apparently decreased
at the 48 hour time period but not the

ferences at the

72 hour

72

hour time period. The dif-

time period show less digestion of ether ex-

tract with a slight increase in crude fiber and cellulose digestion in
favor of the added hemicellulase. The average of the three time

periods show a general decrease in digestibility.
Hemicellulose content of a forage is mostly included in the

nitrogen- free - extract portion of the proximate analysis. Nitrogen -

free- extract is represented by the figure obtained when the sum of
the water, ash, protein, fat and crude fiber of a feed is subtracted

from 100. Ash was not determined in the analysis of the digested

samples because of the quantity of ash present in the saliva of the

ruminants. The increase in hemicellulose digestibility in these

trials would be reflected in an increased dry matter digestibility. It
is interesting that in the 48 hour fermentation period dry matter

digestibility was decreased whereas crude fiber and cellulose diges-

tibility was increased.
Hemicellulose makes up roughly

15 to 20

percent of the dry

matter of young grasses. Wheat straw contains approximately
percent and corn cobs

up to 40

25

percent hemicellulose (56, p. 184).

These hemicellulases, if they are active in the rumen, would perhaps
be of more value in a ration containing a large amount of hemicellu-

lose material.

48

Perhaps the rumen contains sufficient amounts of a hemicellulase to degrade hemicellulose present in normal feed -stuffs. The

presence of hemicellulases in the rumen has been shown by Walker
and Hopgood

(95, p.

651 -660)

and by Salsbury et al. (80, p.

1190).

The limiting factor of hemicellulose digestion may be the presence
of a complex involving hemicellulose and the more insoluble cellulose

and lignin materials, thus preventing a supplementary hemicellulase
to act.

Fungal Amylase. A summary of the results obtained when
6.

5

grams per day of Fungal Amylase were added to the diet is pre-

sented in Table

6.

The results at the 24 hour time period indicated

an increase in digestibility of crude fiber and cellulose with little or
no

difference in digestibility of dry matter, ether extract or crude

protein. Differences in digestibility at the 48 and

72

hour time peri-

ods showed a general decrease when amylase was added.

creases

in

The de-

digestibility for ether extract and crude protein were sub-

stantial at the

48 hour time

period but not at

72

hours. Differences

at the 72 hour fermentation period were small for all components of
the ration. An average of the three time periods show small differ-

ences in digestibility with the exception of ether extract.

Starches would be included in the nitrogen- free -extract along
with the hemicelluloses, sugars and a small amount of complex poly-

saccharides, some of which are by

no

means completely digestible.

Table 6. Effect of adding 6.

Steer

5

grams per day of Fungal Amylase on digestibility of grass hay in the rumen.
A

Enzyme

Dry Matter

24

Ether Extract
hours Crude Fiber
Crude Protein

48

Cellulose
Dry Matter
Ether Extract
hours Crude Fiber
Crude Protein
Cellulose
Dry Matter

72

Ether Extract
hours Crude Fiber
Crude Protein
Cellulose

B

Control

Enzyme

Control

56.12

57.99

58.04

55.45

38. 53
44. 09

40. 18
47. 94
63. 17

38. 06

36. 56
40. 69
63. 17

63.67
47.55
71.66
61.64
65.24
77.47
68.19
76.48
69.81
71.52
84.44
73.92

50.54
72.14
60.82
65.38
80.45
68.38
76.48
70.36
71.33
84.60
73.78

Averages
Percent Difference
Enzyme Control Enzyme - Control

A

B

46.68
63.69
49.92

57.08
38.30
45.39
63.68
48.74

44.63
73.21
64.05
66.20
80.16
69.40

71.92
58.38
64.89
78.89
68.51
75.86
65.07
71.51
83.09
74.52

71.79
60.01
65.07

67.44
71.52
83.77
74.22

68.02
71.89
84.00
74.51

.

27
70

.

42

.

-

2.42

76. 17

-

.

47.59
72.68
62.44
65.79

11

-1.64

-

63
18

2.41

65.68
72.45
83.40
75.24

77.

68.35

.

44. 32
63. 17

80.31
68.89
76.80

78. 18

Average of 24, 48 and 72 Hours
Dry Matter
- . 47

Ether Extract
Crude Fiber
Crude Protein
Cellulose

56.72
38.37

.

81

-1.22
-3.89
-1.09
-2.65
-

.78

-

.

-

.

-

.

-

.

-

.39

82
85
51
27
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Hays and other roughages are much lower in nitrogen- free - extract

than the grains and a considerable portion of nitrogen- free - extract

consists of hemicelluloses and the more soluble portions of cellulose
and pentosans. The starch content of grass hay would be low and

less available to the animal. The inclusion of a supplementary amylase (if they are active) should be of more value in a high starch ration containing a large amount of grain.
One theory concerning the addition of amylolytic enzymes is

that the breakdown products of starch would be utilized by bacteria
that digest the cellulose and other components of the ration, thus in-

creasing overall digestion in the rumen.
Although the ruminant possesses its own intestinal starch -

hydrolyzing enzymes it appears that this polysaccharide is mainly

attacked in the rumen by a variety of microorganisms. A microbial
0<- amylase has been found free in sheep rumen fluid (34, p. 119 -126).
The presence of the

amylases in rumen fluid might indicate that

the rumen microorganisms furnish an adequate amount of
to degrade

(amylase

starch. Under the conditions of this experiment, where

hay low in starch was fed, the supplemental amylases would probably
be of little value.

Fungal Protease. The effect of adding 3.

5

grams per day of

Fungal Protease is summarized in Table 7. Differences in digesti-

bilities at the

24

hour time period indicate a decrease in ether extract

Table 7.

Effect of adding

3.

5

Steer

grams per day of Fungal Protease on digestibility of grass hay in the rumen.
A

Enzyme

Dry Matter

24

48

Ether Extract
hours Crude Fiber
Crude Protein
Cellulose
Dry Matter
Ether Extract
hours Crude Fiber
Crude Protein

Cellulose
Dry Matter

72

Ether Extract
hours Crude Fiber
Crude Protein
Cellulose

54.06
42.37

B

Control
56.88

A

B

Enzyme

Control
53.57
58.81
39.29
61.26
44.06

42.89
66.96
47.87

57.49
59.07
45.89
53.97
50.25

70.89
65.86
64.01
77.76
67.85

71.88

72.

64. 89

69.84

65.30
80.21
69.02

66. 14
78. 13

69.93

69.45

76.48
68.85
71.91

77. 15

77. 78

70.93
72.75
83.48
76.34

78.47
72.58

76. 71
74. 58

39. 54

61.72
44.58

82. 50

75.47

46. 15

Averages
Enzyme Control
55.78
50.72

Percent Difference
Enzyme- Control

55. 23

1.00

57.85
47.42

52.48
41.09
64.11
45.97

-3.35
3.97
-9.76

72.07
76.85
65.29

71.70
67.85

71.98

-

70. 87

-4.26
.

77.95
68.89

65.30
78.22
69.24

-

76. 22

-

.35

77. 13

76. 93

71.99

73.66
72.25

84. 55

82. 20

83. 53

76.32

75.33

75.90

72.76
72.37
82.84
75.84
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42. 72

65. 08

3.15
.

39

34

- .51
.

26

1.24
-

.
.

17
83

.08

Average of 24, 48 and 72 Hours
Dry Matter
. 29
Ether Extract
-2. 12
Crude Fiber
1. 15
Crude Protein
-3. 09
Cellulose
. 91
LT1
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and crude protein digestibilities with an increase in the other com-

ponents. The results at the 48 and 72 hour time periods indicate es-

sentially no response to the protease addition with the exception of
the reduced digestibility of ether extract at 48 hours and a small

increase at the

72

hour fermentation period. An average of the three

time periods show a decrease in ether extract and crude protein

digestibility with slight increases for dry matter, crude fiber and
cellulose.
The failure of the supplemental protease to consistently

stimulate an increase in digestibility of the ration was not in accord
with work reported by Ralston et al. (74, p. 306 -308).

The differ-

ence in crude protein of the hay used in the two studies may explain
the difference in results.

Grass hay fed and used as the substrate in

the bags by Ralston et al. (74, p. 306 -308) analyzed 4. 64 percent

crude protein. The hay used as the substrate in the current trials

tested

8. 98

tested 7.

13

percent and hay fed during the two protease trials

percent and

7. 14

percent crude protein respectively.

Research with sheep reported by Moir and Harris (61, p.

285 -298)

may help to explain the increase obtained with the low crude protein
hay.

They found that digestibility of dry matter and crude fiber de-

creased markedly when nitrogen intake fell below
percent crude protein) of feed intake.
above . 96 percent (6.

0

.

74

percent (4.

62

Additional nitrogen added

percent crude protein) of feed intake did not
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appreciably increase digestion of crude fiber or dry matter. If we

assume that the Fungal Protease used in the digestibility studies
was capable of degrading protein in the rumen, then this additional

nitrogen made available to the microorganisms would be of more
value in the low- protein hay than in the higher protein hay, thus the

difference in results obtained in these separate studies.
It has been established that bacteria and protozoa both pos-

sess proteolytic activity and that a considerable proportion of the
ingested protein is subjected to attack by these rumen microorgan-

isms. This brings out the possibility that these supplementary pro -

teases, being proteins themselves, might be hydrolyzed by ruminal
proteases and not be effective when added

to feed for ruminants.

Theurer et al. (85, p. 1296) observed that proteases when added

to

rumen fluid in vitro lost their activity within two to three hours.
The availability of the protein may be more of a deciding

factor in the amount of digestion that will take place rather than the
amount of proteases present. Protein digestibility appears to be

partially restricted by small amounts of protein found in some mature hays and the encrusting fibers that protect it from bacterial
breakdown.

Perhaps a small amount of added protein would be more

effective in increasing digestibility of low protein roughage than the
addition of supplementary proteases.
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Figure

Summary of Experiment II.

1

presents a graphic

summary of Experiment II. With the exception of the Hemicellulase
CE -100

trials; digestibility

of dry

matter, crude fiber and cellulose

appears to follow a similar trend at the 48 hour time period. The
addition of the enzyme preparations appeared to have a small influence on digestibility of dry matter, crude fiber or cellulose in the

trials except for the first trial

(I) with

Cellulase 4000.

The digestibility of ether extract and crude protein were in-

consistent throughout the trials. The low ether extract content of the

forages used (1.71 percent and

1. 59

percent) would make it possible

for a small error in ether extract determination to influence the di-

gestibility coefficients obtained. The variability in crude protein

digestibility throughout the trials could be attributed to the method
used to rinse the substrate in the bags. Since turbidity of water was

used as a measure of removal of rumen fluid from the samples, it is

possible that varying amounts of microorganisms may have remained
and influenced the protein digestibility figures.
To

illustrate the variability found in the digestion of ether

extract, the means and standard deviations for digestibility of the
various components obtained from a 48 hour time period digestibility
study are listed:

Dry matter 72.22+. 72 percent, ether extract

63.89+3.41 percent, crude fiber 65. 94 +.
77. 08 +. 89

percent and cellulose 68.

33

62 +. 80

percent, crude protein
percent. The dry matter

48 liars
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0

I

Average of 24, j]'
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values are for ten samples, the others represent values obtained
when two samples were pooled for laboratory analysis. Although

crude protein digestibility did not have a large standard deviation in

this trial, large differences were found in many trials.
Evaluation of the results obtained from the enzyme additions
in Experiment II indicate that at the levels used there was no consistent increase in digestibility. The increase in digestibility obtained
in the

first trial with Cellulase 4000, although it was not repeated in

the second trial, suggests that further investigation should be made
with this enzyme preparation.

Factors Affecting Results Obtained with the Nylon -Bag Technique
There are various factors that may influence results obtained when using the nylon -bag technique to evaluate digestion in the
rumen.
The size of bags used have varied from two inches by four

inches to six inches by twelve inches and have contained from one up
to 50

grams of sample. The size of bag regulates the amount of

sample that can be used.

Also, if the sample fills the bag too full,

this could decrease digestion because the rumen fluid would not have

immediate access to substrate in the center of the bags. Sample size
affects the digestibility of the sample. A decrease in digestion as the
sample size was increased has been reported by Erwin and Elliston
(28, p. 1518), Van Dyen (93, p. 303 -314) and Van Keuren and
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Heinemann (94, p. 340 -345).
It has been reported that composition of sample has an influ-

ence on rate and amount of digestion. McAnally (53, p. 392 -399)
found that pure cellulose was slowly but completely digested - -while

with straw -- digestion proceeds first at a rapid rate and then slows
down leaving a substantial portion undigested during the same time

period. Other investigators (2, p. 2232 -2241; 52, p. 69-73; 94,
p. 340 -345), have found that when different substrates were used this

influenced rate and /or amount of digestion. An increase in digesti-

bility was found when hay containing slightly less crude fiber and

cellulose was used in the bags in the last digestibility trials.
Diet fed to the ruminant has been shown to affect percent di-

gestibility in the rumen as measured by the nylon -bag method (2,
p. 2232 -2241; 26, p. 268 -273; 40, p. 960; 93, p. 303 -314; 94,

p. 340 -345).

Observations made during the digestibility studies indicate
that protein level of hay fed had an affect on digestibility of dry

matter (Table

8).

In two

trials where hay testing lower crude pro-

tein was fed, the percent dry matter digestibility was less.
Animal variation may influence digestibility coefficients ob-

tained.

Van Dyne (93, p. 303 -314) reported that variations

are

found between animals of the same species, also between species

such as sheep and cattle. Weight differences of the twin steers used
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Table 8. Crude protein content of hay fed and digestibility of dry
matter (48 hours).

Percent
Enzyme

Cellulase 4000

(I)

Hemicellulase CE-100
Fungal Amylase

Fungal Protease

Cellulase 4000 (II)a

Cellulase 4000a
(additional trial)
a

Crude

Dry Matter

Steer

Protein

Digestibility

B

A

7. 83
6. 93

66. 03

B

7.26

71.03

A

7. 87

72. 06

B

A

7. 53
7. 95

72. 14
73. 21

B
A

7. 13
7. 14

71.88

B

A

7. 59
7. 78

75. 16
75. 93

A

6.41

70. 99

Hay used in bags different from that used in previous

71.48

72. 07

trials.

°
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in the digestibility studies amounted to five pounds over a 220 day

period. The averages of their dry matter digestibility for the control
periods were very similar. Dry matter digestibility figures for a
digestion trial are given in Table
72

9

for both steers at the 24, 48 and

hour fermentation periods on a grass hay diet without enzymes.

There was little difference between the two steers at the 48 and

72

hour time periods, a slightly larger difference was noted both between and within steers at the 24 hour time period.

Placement of bags has differed with researchers. Balch and
Johnson (6, p. 389 -394) found that cotton threads were digested
much faster in the ventral than in the dorsal area of the rumen. Re-

searchers have used metal washers (52, p.

69 -73),

weights (2,

p. 2232 -2241; 5, p. 49 -54), weighted chains (28, p. 1518), and

marbles (93, p.

303 -314) in an

attempt to position bags in the rumen.

Others (74, p. 306 -308) have allowed the bags a maximum of movement within the rumen.

Fermentation time in the rumen has been shown to influence
digestion coefficients of samples placed in the rumen. The graph in

Figure

2

shows the average digestibility for the controls in Exper-

iment II. The rate of digestion differed with the various components
of the ration.

The procedure used in rinsing the bags has an influence on

percent digestibility obtained. Since the literature concerning
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Table 9. Dry matter digestibility for various fermentation periods.

Percent Dry Matter Digestibility
Steer A

24

hours

58. 20
57. 43

72

hours

hours

57. 43

59.31
58. 98

56. 77

57. 21

48

B

74.
74.
73.
74.

02
90
68
24

57. 40 +. 60

56.77

58. 12 +1.20

73. 02

74.35
74. 21 +. 51

78. 88
79. 12
78. 66

74. 13
74. 79

74. 07 +. 75

79. 21
79. 99
78. 55

78.55

78.80 +.27

Average

70.14

79.77

79.38 +.64
70.53
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Dry Matter

Ether Extract
Crude Fiber
Crude Protein
Cellulose

100

X

o
A

o

90

Percent Digestibility

80
70

Á

Ca

60
50

I--

40
30
20
10
1

24

Figure

2.

1

48

J

72

Percent digestibility -- Average of controls -- Experiment II.
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digestibility trials using the nylon -bag technique presents different
digestibility values, a comparison of two methods of washing was

carried out. Eight bags were removed from the rumen after

48

hours. Four bags were rinsed twice after removal from the rumen
and then filtered, dried and weighed. The other four were rinsed

thoroughly as was done during the trials. A mean value of 59. 03+
1.48 percent digestibility was calculated for the twice rinsed bags
and a mean of 73.44 +. 38 percent for the thoroughly rinsed bags.
Although all of the bags during Experiments I and II were handled

similarly, it is difficult to say that each had an equal amount of
rinsing.
Dry matter digestibility values include losses of small un-

digested forage particles which might pass through the weave of the
bag. Losses also may include soluble components lost from the bag

during washings that may not have been digested. If washings are

uniform for all bags the losses should be equal and would not invalidate the nylon -bag method.

The effect of rinsing on crude protein

digestibility was discussed earlier in the summary of Experiment II.
A

test was carried out

to

determine how much of the loss in

weight of the forage samples was due to bacterial action and how much

loss was of material that was either water soluble or fine enough to

pass through the weave of the bags. Six bags were suspended from
a

reciprocating bar into a constant temperature water bath at

39

0

C.
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The water contained thymol to inhibit bacterial action. Percent dry

matter loss at
29. 02.

24

hours was 27. 92, 48 hours 30. 46 and

72

hours

This indicates that somewhere between 24 and 48 hours the

majority of the soluble and /or fine material had been removed from
the sample. It appeared that bacterial action in the trials accounted

for approximately 29 percent, 42 percent and 48 percent dry matter

loss at 24, 48 and

72

hour fermentation times, respectively. Calcu-

lating differences between treatment and control on the digestibility

attributed to bacterial action only, would increase the percent difference substantially.
The approximately 50 percent loss of "digestible" dry matter
due to non -bacterial action along with the variations observed be-

tween bags removed at the 24 hour time period indicates that the 24

hour time period would not be a good measure of digestibility to use.

Differences in digestibility tend to converge at the longer fermentation periods. This would make the 72 hour time period less desirable when attempting to evaluate differences between treatments. It

appears that of the three fermentation time periods used the

48

hour

time period would be the one to use in evaluating digestibility. The
dry matter digestibility coefficients for the 48 hour time period were

higher than those for a conventional digestion trial. Preliminary
work at Oregon State University using a grass hay similar to that

used in the enzyme studies compared the nylon -bag technique with
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conventional trials using sheep. Dry matter digestibility for the
nylon -bag technique at the 48 hour time period was 72. 43 +. 48 per-

cent and for the conventional trial 62.62+1.4 percent.
The higher digestibility of crude protein obtained with the

nylon -bag technique as compared to conventional methods is probably
due to the presence of metabolic nitrogen in the feces.

The higher

digestibility values for ether extract with the nylon -bag method could
be attributed to the formation of calcium soaps in the intestine,

which appear as ether extract in the feces when conventional digestion

trials are made.
Lusk et al. (52, p. 69 -73) reported that significant positive

correlations between cellulose digestion measured by the two methods
indicate that the nylon -bag technique used with a regression equation
might provide a valid estimate of actual cellulose digestion.
As with in vitro techniques, the nylon -bag procedure can be

used as a relative measure of digestibility.
Effect of Addition of Enzymes on pH in the Rumen
Table
9

10

lists the average

pH of both

steers at

0, 2, 4, 6 and

hours after feeding for both the treatment and control. The pH

readings at the various time periods were summarized and the means
and standard deviations for each steer and for each time are also

Table 10. pH values- -different times after feeding.

Cellulase 4000

Hemicellulase
CE -100

(I)
Hrs.

Enzyme Control

Enzyme Control

Fungal Amylase
Enzyme Control

Fungal Protease
Enzyme Control

Cellulase 4000
(II)

Enzyme Control

0

6.79

6.81

6.65

6.56

6.65

6.71

6.74

6.80

6.55

2

6.59

6.58

6.46

6.41

6.41

6.45

6.71

6.69

6.48

4

6.45

6.26

6.28

6.28

6.30

6.18

6.45

6.56

6.43

6.54

6

6.52

6.48

6.32

6.36

6.44

6.23

6.56

6.51

6.47

6.49

9

6.59

6.62

6.51

6.55

6.45

6.46

6.75

6.65

6.63

6.62

Hrs.
Mean Steer A 6.53 +.
Mean Steer B

6. 51

18

6.68 +.12

6.72 +.11

6.70 +.11

2

6.53 +.13

6.55 +.13

6.54 +.12

4

6.38 +.12

6.36 +.19

6.37 +.16

6

6.46 +.15

6.41 +.15

6.44 +.15

9

6.59 +.17

6.58 +.11

6.58 +.14

6.53+. 17

6.52 +.

6.52 +.
_ 18

Mean --

.

6.60

Average of All Trials (Both Steers)
Enzyme & Control
Enzyme
Control
Average

0

+. 17

6.70

19

v.
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given in Table 10. The values obtained are in agreement with pH

values reported in the literature for cattle fed grass hay. The differences between the treatment and control steer were small and incon-

sistent. The general pattern of a higher pH in the morning before
feeding with a decline to the lowest pH either four or six hours after
feeding was observed in all trials. Although the steers were fed on
an --r
ad libitum basis, they usually followed the routine of eating from
two to two and one half hours in the morning

after feeding and then

ruminating.
Table

11

presents the dry matter digestibility figure at the

48

hour fermentation time and pH value four hours after feeding obtained

for each trial. A test for linear regression indicated that the pH of
the rumen four hours after feeding did not vary linearly with dry

matter digestibility at the

48 hour

time period. The fact that the

steers were fed ad libitum might rule out any possibility

of

estab-

lishing this relationship.
The small difference, or no difference, observed in pH be-

tween the two steers or between treatment or control indicates that

very little difference in fermentation occurred and these differences

were not large enough to reflect a change in pH. Brown and Tucker
(15, p. 690) using an

artificial rumen indicated that changes in fer-

mentation rates were not affected by a change of pH of

6.

5

- 7. 5,

but

Table 11. Comparisons of dry matter digestibility (48 hour fermentation period)
and pH of rumen fluid four hours after feeding.

Digestibility a/
Dry Matter
pH b/

%

Cellulase 4000

Hemicellulase

(I)

CE -100

Fungal Amylase
Fungal Protease

Cellulase 4000 (II)

%

Digestibility a/
Dry Matter
pH b/

Enzyme
Control

73.80
71.48

6.40
6.20

67.57
66.03

6. 50

Enzyme
Control

71.99
71.03

6.15
6.35

69.45
72.06

6.40
6.20

Enzyme
Control

71.66
72. 14

6.40
6.10

71.92
73.21

6. 20
6. 25

Enzyme
Control

70. 89

6. 34

72. 51

71.88

6.42

72.07

6. 55
6. 70

Enzyme
Control

76. 08
75. 16

6.40

75.60

6. 50

75. 93

a/ Values given are digestibility coefficients for dry matter from each steer.
b/ Values given are pH values obtained from each steer.

6.31

6.46
6.57

68

were affected by a change of 4.

5

to 6. 5 in pH.

It appears that en-

zymes did not affect amount or rate of fermentation and therefore
did not affect pH in these

trials.

General Discussion
On the

basis of results obtained from the experiments con-

ducted and described, it seems that a general discussion concerning
the addition of supplementary enzymes to ruminant rations should be

undertaken. Supplementary enzymes have given inconsistent results
when added to beef cattle rations.

The results obtained in these di-

gestibility studies reflect the inconsistency obtained in other experiments with enzymes. The results indicate that the enzymes at the
levels used were not effective in increasing digestibility of a grass
hay diet.

Perhaps these levels used were not "optimum" and more

work is needed in this area. The results obtained with the cellu-

lase did indicate it may be of value in stimulating digestion in the
rumen.
A

reason for lack of response to added enzymes could be that

the presence of proteolytic organisms in the rumen may result in a

denaturing of the supplementary enzymes before their action can be

initiated in the rumen.
An

increase in digestion when enzymes are added to the ra-

tion may be due to other factors present in the enzyme preparation
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besides enzymic action. The added enzymes may contain some
"unidentified growth factors" or provide certain "micronutrients"
needed by the rumen microorganisms.
It would be reasonable to assume that this huge fermentation

vat with large numbers of microorganisms present, approximately
106

protozoa and 1010 bacteria per gram of rumen contents (1, p. 22-

23), would not benefit from added enzymes. Heuter (38, p. 25 -29)

and Beeson (9, p. 14 -19) questioned the value of a live rumen culture

as a feed additive to ruminant rations. They both expressed views

that the reproductive capacity of the billions of microorganisms in
the rumen far exceeds the comparatively small amounts that could
be added.

They stated that the microorganisms in the rumen can be

most favorably stimulated by proper balance of essential nutrients.

Perhaps this would also apply to the addition of supplementary enzymes to the ruminant ration. In other words, proper nutrition
would do more to improve digestion than the addition of enzymes.

The purpose of digestion is to break down complex food com-

pounds into their simplest building units.

The place for enzymes

may be in breakdown of feeds before being fed to animals. Pre-

treatment of feed has been shown

to be effective for swine and chick-

ens. Possibly the answer in ruminant nutrition is in enzyme treatment of silage. Enzymes require a relatively high moisture content

before they act and silo conditions are reasonably suitable for the
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action of most enzymes. Enzyme work to date with silage has shown
some possibilities.
The possibility of increasing digestion of feeds would be

greatly enhanced if a ligninase could be found. Material that survives the digestive processes in a ruminant is closely associated
with lignin.

Lignin is not only practically indigestible itself but it

also lowers the digestibility of other nutrients. Thus, treating feed
with a lignin attacking enzyme should considerably improve digesti-

bility.
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SUMMARY

The nylon -bag technique was used to evaluate the effect of

adding various levels of certain enzyme preparations on digestibility
of

grass hay in the rumen. Fistulated twin Hereford steers were

used in the digestibility studies.
The objective of Experiment I was to determine optimum

levels of the enzyme preparations on digestibility of dry matter at
the 48 and 72 hour fermentation periods.

The best results were ob-

tained with the following levels of enzymes:
4000, 5.

and 3.

5

0

grams Hemicellulase CE -100, 6.

2.
5

5

grams Cellulase

grams Fungal Amylase

grams for Fungal Protease.

Experiment II consisted of testing each enzyme preparation,
at the level determined as optimum, on digestibility of dry matter,

ether extract, crude fiber, crude protein and cellulose at the 24, 48
and 72 hour fermentation periods. Each steer was used both as

control and treatment in a switchback design.
The results of the

first trial with

2.

5

grams per day of

Cellulase 4000 showed an increase in digestibility for all fractions of
the diet tested at all three time periods. The largest increase in

digestibility was for cellulose.
The results of the second

trial with Cellulase

4000 were in-

consistent. A decrease in digestibility of all fractions was noticed
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at the 24 hour time period with very little differences observed at
The results of the two

the 48 and 72 hour time periods.

trials were

subjected to statistical analyses. The differences in digestibility of
the various fractions at all three time periods were not significant.

Differences in dry matter digestibility between treatment and controls
at 48 and

72

hours were significant at the ten percent level.

Hemicellulase CE -100 when added at the rate of

per day showed a decrease in digestibility at the

24

5. 0

grams

hour fermenta-

tion period and gave inconsistent responses of both decreases and

increases of digestibility at the

48 and 72

hour time periods.

Results when Fungal Amylase was added at the rate of 6.
grams were inconsistent at the

24

5

hour period, increasing digesti-

bility of crude fiber and cellulose with little or no effect on the other
components. A general decrease in digestibility was noted at the 48
and 72 hour fermentation periods.
The results from the addition of 3.

5

grams per day of Fungal

Protease showed a decrease in digestibility for ether extract and
crude protein with an increase in the other fractions at the 24 hour
time period. The results at the 48 and 72 hour time periods indicate

essentially
a

no

response to the protease addition with the exception of

reduced digestibility of ether extract at 48 hours and a small in-

crease at the

72

hour time period.

An evaluation of the

results obtained from the enzyme
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additions in Experiment II indicate that at the levels tested there was
no

consistent response. The increases obtained in the first trial

with Cellulase 4000 indicate that this enzyme may be useful in rumi-

nant rations.

From the pH readings observed in Experiment II it appears
that the enzyme preparations did not substantially affect amount or

rate of fermentation and therefore did not affect pH of the rumen in
these trials.
Digestion of crude protein proceeded at a faster rate than
the other fractions tested. Crude protein and ether extract digesti-

bility coefficients were inconsistent in these experiments. It appears
that either dry matter, crude fiber or cellulose digestibility at the
48

hour fermentation period would be the best measure of digesti-

bility to use with the nylon -bag technique.
Various factors may influence results obtained with the
nylon -bag technique. As with in vitro techniques, the nylon -bag

procedure can be used as a relative measure of digestibility.
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