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The Digestibility of Alfalfa Bay with Special

Reference to Rumen Digestion

“Q---

I Bumen Digestion in the Bovine.



INTRODUCTION

The rumen together with its associative organs and activities

has served to set the ruminant apart from.cther domestic animals.

Despite-the importance of the functions of this organ, less than too

decades ago there was an utter lack of dependable experimental evi-

dence pertaining to the physiology of rumen digestion.

Recent investigators, however, have made rapid progress in

illuminating the mechanical factors concerned in digestion within the

rumen. Determinations of the products of the fermentation of fiber,

the chief constituent of the feeds consumed by ruminants, have been

made for many years. These studies have primarily involved $9,!itgg

experiments, and the products formed may not necessarily be identical

in either quality or quantity to those produced in the rumen itself.

Attempts to explain the fattening value of digestible fiber to the

animal in terms of the ig,gitgg products of fiber fermentation have

failed.

Actual chemical studies of rumen digestion in yigg have pro-

greased more slowly, and it has been only within the past several

years that attempts have been made to follow the digestion of various

feed constituents in the rumen. Even these findings have been limited,

and the data obtained only indicated the comparative rate at vhich the

various constituents disappeared from the rumen.

This study was undertaken to further the knowledge of the chem»



ical factors involved in rumen digestion and to attempt to ascertain

the quantitative digestion occurring in the rumen, together with some

observations of the effect of the plane of nutrition and type of feed

on rumen fill and barrel size.
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REVIEW OF LITERATURE

The ruminant stands alone among the domestic animals as an

efficient converter of coarse roughages into products that are highly

palatable and nutritious human foods. Ruminants hurriedly consume

relatively large amounts of roughage, subject it to a softening and

fermentation process within their large rumen, and in ruminating re-

turn it to the mouth to be thoroughly remasticated. As a result of

this activity a fraction of the roughage that is of very little value

to many species of domestic animals serves to supply a large portion

of the energy requirements of the ruminant. Enumerable microorganisms

decompose enormous amounts of roughages to nutritive products within

an astonishingly short period of time. when one considers the high

place among domestic animals that is occupied by the ruminant and the

numerous rumen activities that make this place possible, one readily

realizes that the study of the various phases of rumen digestion is

exceedingly important.

Passage of Food Material Through the Rumgg

Course Followed by the Food

The physiology of the rumen has received considerable attention

from.investigatcrs. With the development of the rumen fistula

technique of making observations, the physiological studies were greatly

facilitated. In the latter part of the last century Colin (15) made

rumen fistulas into the or and performed extensive studies. Schalk

and Amadon (103), Magee (74), Bergman and Dukes (l7) and Mangold (75)
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have more recently contributed to this field.

The course followed by various food materials varies consider-

ably and is influenced mainly by the nature of the food material

itself. Passage of the food is primarily the result of the never

ceasing and rhythmical movements of the rumen and reticulum. Schalk

and Amadon (103) observed that I‘The general motility of the reticulum

and rumen is quite characteristic and definitely established for each

phase of activity.’ These investigators discussed the movements in

detail.

It is agreed by a number of observers (105) (74) that food

material swallowed in the normal manner goes to the anterior dorsal

sac of the rumen. The course followed from there depends upon the

character of the ingeeta. The light bouyant forage is carried

posteriorly into the rumen and the heavier concentrated food quickly

finds its way to the reticulum. As the rumen is an adaptation by

nature for the more complete utilization of roughage, the course of

this type of food material will be considered first. The forage after

being carried posteriorly moves through the entire reticulo-rumen

cavity at a rapid rate. In this process it becomes thoroughly mixed

with the ingesta of previous meals, is saturated with water, and is

subjected to softening, maceration, and fermentation. This processed

roughage is now ready for remastication during which the feed is more

thoroughly crushed and macerated than can be accomplished by a horse,

for example, in which there is no preliminary preparation. Schalk and

Amadon (103) pointed out that the space made available during the

processing of the roughage is filled on eating with a fresh supply of

material. Following this, rumination usually occurs. It must be
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remembered, however, that the bell formed at this period consist of

ingesta which was consumed twelve to twenty-four hours earlier and

which has been subjected to the activities of the rumen for that time.

The mechanism of rumination has been discussed in detail by several in-

westigators (103) (74) (17), and all agree to the importance of reticular

activity in this function. Remasticated food is deposited in the an-

terior dorsal sac and, with some little exception, readily passes into

the reticulum and on into the third and fourth stemach compartments.

All hay particles seem to follow this course with little variation.

Schalk and Amadon (105) observed that green forages rapidly

passed through the rumen and arrived at the reticulum to be rep

gurgitated. Fermentation of such material is very rapid, and the

residue may reach the reticulum in such a finely divided state as to

escape rumination. The findings of Columbus (23), that green feeds

accelerate passage through the digestive tract, bear out the above

observation.

’ In contrast to roughages, concentrated feed soon finds its way

into the reticulum and some portion of it may pass there directly. A

small amount of the concentrates may pass to the other stomachs during

the course of the meal (103) (89). Nevens (89) found corn was evenly

dispersed throughout the rumen of animals fed shortly before slaughter

and also observed that the preparation of such material, whether finely

ground or shelled, seemed to bear no relation to the path followed in

the stomach. He found that regardless of whether the corn was fed

mixsd with hay or separately, the course it took was essentially the

same. Kick and associates (56) reported that whole corn kernels might

remain in the rumen for six days. The age of the animal, the amount of



corn fed, or the corn-hay ratio had no effect on the time of retention.

Moore and associates \84} studied bulk as a factor in formulating dairy

rations and found bulk was unnecessary in the make up of the grain

mixture. The rumen had the ability to break up and dissolve boli even

of the most cohesive feeds. Grains are not remasticated except as they

are accidentally caught in the meshes of the roughage \103}. Therefore,

nearly 50 per cent of ingested corn kernels pass through the animal in-

tact, for Schalk and Amadon {103) have shown that only about 50 per

cent is crushed during eating. That concentrates take a short cut

through the first two stomach‘compartments was further illustrated by

the.work of doors and Winter \85) in which they found iron oxide,

which might represent a concentrate, appeared more rapidly in the feces

and more speedily reached its high point of excretion than did rubber

rings, which might represent roughage. hitchell and co-workers \80)

observed that heavy feeds, which supposedly do not enter the rumen,

passed through cattle at a relatively rapid rate.

The function of rumination seems to be dependent upon roughage.

Ihen concentrates are fed alone, rumination is not even a physiological

necessity to the animal. The feeding experiments of Schalk and Amadon

(103} quite conclusively demonstrated that a ration composed ex-

clusively of concentrates abolished rumination, though the animals

remained in good health. Ritzman and Benedict {100) reported that an-

imals were unable to form boli when deprived of coarse roughages. lick

and co-workers \56) observed that steers without roughage ruminated list-

lessly. Ritzman and Benedict 1100) found that the grinding of bay to

a meal stopped rumination as the animal was apparently unable to form

a bolus sufficiently cohesive for regurgitation. This was also ob-
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served by Powell (96) and to some extent by Kick and associates (56).

The general conclusion of Beach (9) that “digestible nutrients

incconcentrated feeds are more valuable pound for pound than digestible

nutrients in roughages, because less energy is required by the animal

in the former case to render them available“ is of importance. Ritzman

and Benedict (100) pointed out that Zunts showed that 11.3 per cent of

the energy of hay and only 2.8 per cent of the energy of oats was used

in mastication, and that 48 per cent of the digested energy from hay

and only 19.7 per cent of the digested energy from oats was used in

the work of mastication and digestion. Ritzman and Benedict observed

that fermentation losses in the form of methane remained about the

same when animals received a concentrate meal as the sole feed as when

the cows were fed hay only. The above difference in utilization was,

therefore, due to the extra energy required for preparation of the

' roughage and not to a greater loss through fermentation.

Liquids, and thus highly soluble feeds as molasses, may remain in

the rumen-reticular cavity for but a brief space of time or for several

hours depending upon conditions (103). When the ingesta has been

sufficiently divided into small particles it passes to the omasum. This

passage is probably due to an aspiratory act on the part of the omasum

(103) (74) and occurs at approximately 60 second intervals (103).

The possible function of the esophageal groove in the passage of

ingesta has attracted the attention of many investigators. Early

workers supposed that this structure conveyed liquid and semi-liquid

ingesta directly from the cardia to the reticulo-omasal orfice without

its having to traverse the rumen and reticulum. Recently Schalk and

Amadon (105) demonstrated that it performs an important function in



the calf during the nursing period and guides milk directly to the

. omasum. In the mature animal, however, the groove was not functional

except upon special occasions as in the administration of saline son

lutions. Lenkeit and Columbus (72) studied the esophageal groove re-

flex:and found the more effective the reflex (the coming together of

the edges of the groove) the quicker the rate of passage of food. In

young ruminants liquids and gruels caused the reflex, but dry food had

no effect. The reflex was rarely obtained in adult animals. These

workers (73) observed regurgitation of the fluid from the abomasum of

young animals into the rumen occurred less than an hour following its

ingestion. Wester (127) found certain chemical substances in solution

caused a.closing of the groove and he recommends the use of such sub-

stances in the administration of drugs intended for the abomasum.

Time Required for Passage

The significance of the rate of passage through the rumen and the

whole of the alimentary tract under normal conditions is its effect on

the degree of digestion and the absorption of the digested nutrients.

Swing and Wright (55) found the time that feed material remained in a

certain organ depended primarily upon the functional activity of the

organ. In organs least active functionally, the feed residue remained

for a considerable period. This explains the stagnation of roughage

in the rumen. These investigators found that feed residue remained in

the rumen and reticulum for an average of 61 hours, in the abomasum

for 2.8 hours. Columbus (23) studied the process of rumen evacuation

in detail in sheep and goats. He found the test meal to be uniformly

distributed throughout the rumen after one to two hours, and passage



I
I
l
i
l
l
l
'
!
l
l
a
l
l
.
i

I
,
I
t
.
"

\
k
‘

,
 

 



10

into the abomasum.began in two to five hours. most of the meal had

left the rumen in 24 hours and completely in eight to twelve days.

Withdrawing of roughage delayed emptying of the rumen to 17 to 20 days.

As Schalk and Amadon (103) observed the ingesta to remain in the rumen

in a process of preparation for 12 to 24 hours, the total time required

for evacuation was possibly between 24 to 30 hours.

Ewing and Smith (34) found the rate of passage through the di-

gestive tract varied from 2.9 to 5.2 days depending upon the nature of

the ration and quantity fed. floors and Iinter (85) found rubber rings

appeared in 11 to 20 hours, reached a maximum excretion in l to 3.5

days, and were completely excreted in six to nine days. As was ob-

served by Schald and Amadon (103) and Columbus (23) green forage

increases the rate of passage. Concentrates pass more rapidly than

roughages because of the short out they take through the rumen, and

thereby, they gain 12 to 24 hours on the roughage (103) (85). Mitchell

(13) observed a.more rapid passage of concentrated feeds as compared to

roughages

Mitchell and associates (80) are of the opinion that the level of

feeding is very important in determining the rate of passage. This is

in harmony with the conclusion of Ewing and Smith (34). These observers

also noticed that finer particles of feed and finer ground feed passed

more rapidly than coarse ones. Ewing and Smith reported that in general

a more complete digestion was associated with a more rapid rate of

passage; however, crude fiber digestion seemed to decrease with a more

rapid passage of the residue. it was suggested by witchell and co»

workers that a lower level of feeding, and hence a slower rate of
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ll

passage, resulted in greater digestion and absorption.

Comminution of Food Material that Occurs in Passage

The comminution of the feed residue of average rations containing

coarse feeds was thoroughly investigated by Ewing and Wright (35). They

found that more than half of the comminution that took place in the

average ration occurred as a result of mastication. When rations were

incompletely masticated, a higher percentage of the comminution was

found in the rumen and reticulum. The extent of comminution which oc-

curred before.the feed passed from.the rumen and reticulum amounted to

58.5 per cent to 70.9 per cent of the total comminution. The highest

percentage of breakhdownwas observed on the smaller rations. The

amount of comminution was not alone dependent upon the time feed

residue remained in the several organs but it also depended on the

functional activity of the several organs. The comminution of rations

of silage alone during the process of digestion was over 90 per cent

efficient, with 2 mm. as the dividing line.

Relation g; Rumeg Fill and Tgtgl £111 to Live weigh;

Knowledge regarding the weight and character of fill in the

ruminant at various planes of nutrition and during fast is of par-

ticular experimental importance not only to an estimation of live

weight but, in the case of fasting, also to show at what stage ab-

sorption ceases. Ewing anderight (35) found the rumen contents in

animals receiving fibrous rations varied from 46.3 Kgm. to 51.15 Kgm.

and constituted 12.8 per cent of the total live weight. Total fill

constituted 17.? per cent of the live weight. In 1862 Grouven (59)
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12

studied the weight and character of fill and observed that the relation

of total fill to live weight was 15.6 per cent in non-fasting cows and

12.7 per cent in oxen fasted for five to eight days. The animals were

fed rye straw. Nevens \89) found that 13, 14, and 10 per cent of the

live weight of nonefasting animals was fill. Trowbridge and co-workers

(118) determined the percentage of live weight represented by the fill

in five steers fed hay and grain and found the fill to be 12.0 per cent

and 12.8 per cent in animals on submaintenance, 9.5 per cent and 8.5

per cent on maintenance, and 8.0 per cent on supermaintenance. These

percentages are lower than most of the others reported.‘ Ritzman and

Benedict (100) concluded from.their results that true fill in lactating

dairy cows consuming large quantities of hay alone or a.mixed ration

would be in the neighborhood of 20 per cent of the live weight. Voit

was quoted by Ritzman and Benedict as stating that the fill of her-

bivora may amount to 20 per cent or more of the total live weight.

Ritzman and Benedict also referred to Seuffert and his co-workers who

reported that the intestinal fill of the sixteen cows and bulls they

studied represented from 10.96 per cent to as much as 31.0 per cent of

the live weight. Grouven.(59) concluded that there are about 60 Kgms.

of fill in a.500 Kgm. ox, which is about the average for all cattle re~

ported by different investigators.

Nevens {89} found the amount of dry matter in the digestive tract

of fasting animals to be roughly 20 per cent of the daily dry matter in

the feed when the animals were not fasting. He observed that about

70 per cent of this dry matter of the fill was found in the rumen. The

results of Ewing and Wright \35) indicated that in full fed animals

slightly over 72 per cent of the fill was in the rumen. in Grouven's
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animals 77.5 per cent of the fill was in.the stomach compartments of

non-fasting animals and 85.6 per cent in the fasting animals.

Ritzman and Benedict (100) drew attention to the fact that the two

main factors affecting the weight of fill are the character of the

ration and its volume. The character of the ration concerns the ratio

between hay and concentrates. In general the percentage of live weight

that the fill constituted was relatively high in those animals whose

feed was bulky. At maintenance feeding, when the ration comprised more

hay than grain, 11 to 15 per cent of the live weight was fill; when the

ration contained more.grain than hay, from 9 to 12 per cent; and on

grain alone, an even smaller percentage. Nevens (89) found that the

form in which.alfalfa hay was fed to the animal seemed to have little

or no effect upon the dry matter content of the rumen.

The results of Ewing and Wright (35) indicated a.lack of cor-

relation between dry matter intake and rumen fill as is observed in

the following table.

 

 
 

: z : : Z of dry

Steer :Wt. in : ave. daily dry matter-: Wt. of rumen : matter

: ggms, : intake in Eggs. : contents :gin rumen

52 z' 585 : 1.6565 : 49.124 : 9.2

49 z 580 : 2.6340 : 51.150 : 9.7

46 : 562 : 3.4750 : 46.255 : 11.9

45 : 385 : 3.8400 : 47.000 : 11.2

.
9

 

These figures readily demonstrate that although the dry matter in-

take varied considerably, the weight of both the rumen contents and dry
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matter of the rumen varied but little. The same results followed out

for total fill. This is not in agreement with the conclusion of Ritzman

and Benedict (100) to the effect that the volume of feed consumed is

important in determining the weight and character of fill.

Grouven (39) pointed out that the fill of his fasting oxen was

about 95 per cent water. This is in agreement with the observation of

Nevens (89) who noticed a large amount of free liquid in the rumen of

fasted animals and practically none in full fed animals. The dry matter

content of his fasted animals was one fourth to two thirds as much as

that of fullpfed animals.

Ritzman and Benedict (100) drew attention to the imperative need

of further study on the amount and character of fill in large domestic

ruminants, particularly after feeding at different nutritional levels.

Enzymatic Qigestion in thg Rgmgn

The rumen is not a secreting organ and the only digestive Juice

normally present is saliva.l That the saliva.of the ox does not contain

ptyalin was shown by Trautman and Albrechet (120). Antoniani (3) did

not find any evidence of cellobiase in the mucosa of the rumen; yet the

presence of this enzyme was readily demonstrated in the expressed fluid.

He concluded that cellobiase was not exclusively of bacterial origin

but that a part was of vegetative origin. All cellobiase found in the

rumen was of alimentary origin and the Optimum pH for the hydrolysis

of cellulose by it was pH 5.0 which is somewhat below the normal pH of

the rumen. Brown (19) advanced the idea that celluloses in the grains

were of importance in fiber digestion. That such cellulases do not

take part in the digestion of fiber was demonstrated by Scheunert and
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Grimmer (105). Woodman (138) found that even if conditions in the

animal body were favorable for the action of plant cytases they did

not take part in fiber digestion.

As the ruminant does not secrete any enzymes which might be

active in the rumen and as enzymes of plants do not find conditions

favorable for their activity, it is logical to conclude that the only

enzymes active in the rumen are those of bacterial origin.

Hydrogen-ion Concentration of the Rumen Contents

The earlier pH values that were reported represented the rumen

as always being alkaline in reaction. More recent data have not con-

firmed this, however, and the indication is that the reaction of the

rumen is slightly acid or neutral. Some of the pH values reported in

the literature are summarized in the following table.

pH‘Values for rumen contents of cattle

 

 

Investigators : pH‘Value : Reference

Schwarz and Gabriel : 8.89 : 109

Schwarz and Stremnitzer :, 8.28 z 110

Stalfors ' : always alkaline: 117

Kreipe : 7.5 - 8.0 : 66

Knoth : 6.95 : 59

Mangold and Usuelli : 7.5 - 7.8 : 78

Monroe and Perkins : 6.3 ~ 7.0 : 82

Koffman, : 6.0 ~ 8.1 : 63

Monroe and Perkins : 6.2 - 7.4 : 83

Kick and co-workers : 5.5 - 7.7 : 56

 

Schwarz and co-workers (109) (110), Stalfors (117), and Kreipe

(66) reported that the reaction of the rumen was always alkaline. is

is readily seen from the above table, however, most investigators give
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a value tending to be neutral or weakly acid. Knoth (59) was the first

investigator to make this observation. He also observed that when the

rumen contents were exposed to the air, carbonic acid escaped and the

reaction became alkaline (pH 7.82).

Monroe and Perkins (82) studied pH on different rations and found

the following values:

Grain and hay 7.00

Grain, hay and corn silage 6.92

Grain, hay and A. I. V. silage 6.98

Grain, A. I. V. silage, and corn silage 6.86

Grain, A. I. V. silage, corn silage and limestone 6.97

Grain and blue grass pasture 6.30

Attention is called to the fact that the feeding of acid silage had

little effect on the pH. Kick and co~workers (56) reported vari-

ations from pH 5.5 to 7.7, depending upon the ration. When alfalfa

hay alone was fed the ingesta was most alkaline. As the amount of

corn was increased, the reaction lowered. Stalfors (117) found the

reaction was alkaline on rations of hay, straw and oat bran and also

on hay alone. Koffman (63) observed an increase in pH when hay was

fed. Soya meal, linseed, males and crushed oats lowered the pH,and

silage acted as a buffer between the other foods. Mangold and

Usuelli (78), £2.Ei££2 experiments, added milk and its separate com-

ponents, as well as olive oil, butyric acid and lactic acid to rumen

contents and observed a drop in pH from 7.5 - 7.8 to 5.9 - 6.1 in

twenty-four to twenty-eight hours. This indicates acid formation in

the rumen when milk forms part of the ration, and that the pH of the
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a value tending to be neutral or weakly acid. Knoth (59) was the first

investigator to make this observation. He also observed that when the

rumen contents were exposed to the air, carbonic acid escaped and the

reaction became alkaline (pH 7.82).

Monroe and Perkins (82) studied pH on different rations and found

the following values:

Grain and hay 7.00

Grain, hay and corn silage 6.92

Grain, hay and A. I. V. silage 6.98

Grain, A. I. V. silage, and corn silage 6.86

Grain, A. I. V. silage, corn silage and limestone 6.97

Grain and blue grass pasture 6.30

Attention is called to the fact that the feeding of acid silage had

little effect on the pH. Kick and co-workers (56) reported vari-

ations from pH 5.5 to 7.7, depending upon the ration. When alfalfa

hay alone was fed the ingesta was most alkaline. As the amount of

corn was increased, the reaction lowered. Stalfors (117) found the

reaction was alkaline on rations of hay, straw and oat bran and also

on hay alone. Koffman (63) observed an increase in pH when hay was

fed. Soya meal, linseed, maise and crushed oats lowered the pH,and

silage acted as a buffer between the other foods. Mangold and

Usuelli (78), ig,gitgg experiments, added milk and its separate com-

ponents, as well as olive oil, butyric acid and lactic acid to rumen

contents and observed a drop in pH from 7.5 - 7.8 to 5.9 - 6.1 in

twenty-four to twenty-eight hours. This indicates acid formation in

the rumen when milk forms part of the ration, and that the pH of the
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rumen content of calves is probably distinctly acid.

Diurnal variations were recorded by Kick and co-workers (56) and

the results indicated that such variations were dependent upon the time

of feeding. After the animals were fed the pH fell for a period of

eight hours. Following the second feeding the pH again fell at a slower

rate for about eight hours. Then it began to rise and reached a peak

just before feeding in the morning. Monroe and Perkins (83) studied

variations during the day and found there was an acid trend after feed-

ing in the morning which reached a maximum in three to four hours.

There was then a turn toward alkalinity and the peak was reached just

before feeding in the evening. This trend held on all the rations

studied except when pasture was included in the ration.

Monroe and Perkins (83) also found the pH to be fairly uniform

throughout the rumen. The variability between samples was less than

pH 0.1. In general the posterior region was slightly more alkaline.

In experiments with sheep Ferber (36) observed the pH varied from only

7.6 to 7.7 in different parts of the rumen. The pH of the reticulum

was 7.9.

Joshland (50) observed that bloat may be associated with a de-

crease in the normal acidity of the rumen contents. Koffman (63)

found a low pH value in animals affected with ketosis and suggested a

relationship between pH and ketosis. Ferber (36) followed the rumen

pH of wethers during six days of starvation and a subsequent feeding

period of fifteen days. The way that the pH of the rumen of the two

wethers stayed together was remarkable. There was a slight increase

in pH during starvation, but on the sixth day of fasting the lowest

pH values were obtained. Following feeding the pH values gradually
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increased and at the end of the fifteenth day were 8.5 and 8.4. The

normal pH of the rumen of the wethers was 7.6 and 7.5 respectively.

The secretion of saliva is considered an important factor in

maintaining the pH of the rumen and counteracting the acidity of fer-

mentation. The saliva of the ox is decidedly alkaline. Schwarz and

Henmann (108) gave a pH value of 7.99 to 8.27, average 8.10 for the

saliva of the cow. Schwarte was quoted by Dukes (28) as finding the

saliva of oxen to have a pH value of 8.23. Workers at Ohio (56) also

found a high value, that is pH 8.4. Smith (115) estimated that the ox

secreted something like 56,000 gm. (about 13 gallons) of saliva in

twenty-four hours. One can readily see that with such a large amount

of highly alkaline solution entering the rumen in a twenty-four period,

the pH would tend to be fairly well maintained near a neutral reaction,

particularly when the additional buffer action of some feeds is con-

sidered. Kick and co-workers (56) also observed that grinding hay

causes more saliva to be mixed with it.

Rumen Microflgra

As ruminants do not secrete any enzymes which might be active in

the rumen and as plant enzymes are not active in this organ, one must

conclude that microorganisms are responsible for the chemical changes

which occur in this large compartment. The rumen with its many gal-

lons of water and saliva, a favorable temperature for bacterial growth,

a.reaction suitable for the action of numerous organisms, and a large

lupply of hay and grain to serve as a medium for such organisms, should

be teeming with enumerable bacteria and infusoria. That this is true

is illustrated by the findings of Mangold (74) who pointed out that of
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the latter type of organism alone, some thirty species were found in

the rumen to the extent of one million per cubic centimeter.

Koffman (62) stated that the temperature of the rumen was 59°C.

By continuous thermo-electric measurements of the rumen contents of

sheep, Krzywanek (68) showed that the rumen temperature was normally

about 40.5°C. The consumption of fibrous feeds as hay led to a rise in

temperature while the feeding of watery feeds as roots caused a decided

lowering. This established the rumen temperature as near 40°C.

Cellulose Decomposition by Bacteria

That fiber may be digested by animals was first observed by

Sprengel (116) in 1832. Somewhat later Haubner (44) showed that cellu-

lose may be digested and utilized by the animal, particularly by

ruminants which digested 50 per cent of it. His results were quickly

confirmed by Henneberg and Stohmann (46) who made exact chemical studies.

Brushy (4) pointed out that Hidt's investigations upon the digestive

process in sheep showed that the solutions of cellulose occurred

chiefly in those portions of the alimentary canal where the feed stag-

nates --- that is in the rumen of ruminants and in the cecum and colon

of other animals. Popoff (95) demonstrated the formation of methane in

the rumen which was an indication of bacterial fermentation. However,

Armsby refers to Tappeiner as having been the first to demonstrate exp

perimentally that the disappearance of cellulose in the digestive tract

is effected by a fermentation brought about by microorganisms inhabit-

ing the digestive tract. These findings were confirmed by Kellner (52)

who found that the feeding of straw pulp to cattle resulted in a marked

increase in the amount of methane eliminated. These findings definitely
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established that the disappearance of cellulose was due to fermentation

by microorganisms.

The nature of the bacterial flora concerned was carefully in-

vestigated by Ankersmit (2) and Hopffe (47). Omeliansky (91) obtained

two cellulose splitting anaerobes from horse feces. Carbon dioxide and

various organic acids as acetic, butyric, valeric, and higher fatty

acids were formed, and in addition 2, fossicularum produced hydrogen,

and g, methanicus produced methane. Langwell and Lymn (70) found the

products of cellulose fermentation by thermophibic organisms were, in

addition to acetic and butyric acids, lactic acid, ethyl alcohol,

carbon dioxide, methane and hydrogen. Their organisms also attacked

hemicelluloses. Cowles and Rettger (24) observed an anaerobe from horse

feces digested cellulose and produced carbon dioxide and organic acids.

Veldhuis and associates (125) recently studied an anaerobic organism

with an optimum pH of fermentation of 7.2 for acid production and found

the products to be ethyl alcohol (26 per cent), acetic acid (24 per

cent), butyric acid, higher volatile acids, and some non-volatile acids.

Carbon dioxide, methane, and hydrogen were also present.

Kellerman and McBeth (51) demonstrated that cellulose may be de-

composed under aerobic conditions as well as anaerobic. They isolated

56 active species from various sources which rapidly decomposed

cellulose and other carbohydrates with the production of organic acids

but no gas. Scott and associates (111) found the end products of

cellulose fermentation to be acetic acid (45 to 65 per cent), carbon

dioxide and smaller amounts of alcohol, lactic acid, and residual

acids as succinic. Glucose was demonstrated as an end product and in
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one case was equivalent to 20 per cent of the fermented cellulose.

Purification of the culture increased the production of acetic acid

and non-volatile acids, decreased the production of alcohol and carbon

dioxide, and caused the production of glucose as an end product.

The thermophibio bacteria studied by Viljoen, Fred and Peterson

(124) produced acetic acid, representing up to 50 per cent of the

cellulose destroyed, and small amounts of butyric acid, ethyl alcohol,

carbon dioxide, hydrogen, and a fatty pigment. fermentation was at

pH 7.6 which approximates the pH of the rumen. Khouvine (54) studied

the digestion of cellulose by the bacteria flora of man. Among the

products of digestion were carbon dioxide, hydrogen, ethyl alcohol,

acetic and butyric acids, and a yellow pigment corresponding to about

60 per cent of the cellulose fermented. Lactic acid was formed in

traces, The digestion occurred at 35 to 51°C. This investigator re-

ported that cellulose fermenting organisms were more efficient when

in association with other bacteria. Cellulose digestion was five times

greater in a mixed than in a purified culture. Sanborn (102) demon-

strated that several species of bacteria, themselves not cellulose de-

stroyers, exerted a stimulating effect upon 9, fgli§_both in growth and

in cellulose-decomposing ability.

Larwynowicz (71) found that anerobic fermentation was very rapid

whereas anerobic fermentation proceeded more slowly. At 57°, the

temperature of the rumen, aerobic fermentation occurred in less than two

to three days, and anaerobic fermentation required more than two days.

In cattle he found cytophages to be the most important cellulose de-

stroyers. Simola (113) isolated from feces an anerobe that destrmyed

cellulose optimally between 30 and 42° and between pH 6.5 and 7.5 with
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the production of acid but not of gas. It should be noted that the

conditions of its optimal activity were the same as those found in

the rumen.

Pringsheim (97) recovered 45 per cent of fermented cellulose

as acetic acid, small amounts of formic acid and large amounts of car-

bon dioxide and hydrogen. By arresting growth of the organism with a

volatile antiseptic he proved that glucose and cellobiose were inter-

mediate products of cellulose fermentation. Kellner (52) found that

one pound of pure, finely divided cellulose would form as much body

fat as would one pound of starch or other forms of digestible poly-

saccharide. Woodman (128) attempted to explain this value of cellu-

lose in forming body fat by suggesting that glucose, instead of organic

acids and gaseous products, was the main product of cellulose fer-

mentation and based his theory upon Pringsheim's work (97). Later Wood—

man and Stewart (131) demonstrated the production of glucose from cel-

1ulose by stopping bacterial action at the head stage of fermentation,

and proposed the following theory of cellulose breakdown. Cellulose

—-p cellobiose ____;‘31ucose. This theory was prominent for a

number of years. In the light of subsequent investigations, however,

Woodman and Evans (130) abandoned this theory. Although support was

found that glucose was a primary breakdown product of cellulose fer-

mentation, they considered it unlikely that this product would escape

further breakdown before absorption could occur. These investigators

showed that glucose, pyruvic acid, lactic acid, and volatile fatty

acids (formic, acetic, and butyric) arise during the breakdown of cel-

lulose by fermentation ig_git£g by rumen bacteria. They also found

that fermentation occurred more quickly by organisms from sheep feces
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acting at 37°, which is near the rumen temperature, than by thermophibic

organisms. They did not attempt to purify the culture as such is not the

condition in the rumen.

Pochon.(93) isolated a cellulose splitting organism, Plectridium

ggllulolyticium, from the rumen of the ox.and sheep. He very convincingly

demonstrated by using this facultative anaerobic organism in ig,git§g ex»

periments that the major products of cellulose fermentation were the

lower fatty acids (94). 0f the products formed 75 per cent was formic

acid and 27 per cent acetic acid. At the end of the process 6 per cent

propionic acid and 5.4 per cent ethyl alcohol, but no reducing sugars,

were formed. There was not any gas formation, and fatty acids represented

80 per cent of the cellulose utilized. In order to follow digestion as

it would occur in passage from the rumen (neutral reaction) to the abomasum

(acid reaction) the medium was brought to a,pH of 4 to 5 by either spon-

taneous acidification or by the addition of hydrochloric acid. Under

these conditions glucose was produced in an optimum amount of 10 per cent.

This was explained on the basis that when the ingesta entered the ab—

omasum, cellulase of bacterial origin transformed cellulose to glucose.

The fatty acids seem to be the most important products formed from

cellulose fermentation, with acetic acid being most predominant and with

butyric, formic, propionic, lactic, pyruvic, valeric, and succinic acids

being formed in small amounts. .Inucose, ethyl alcohol, carbon dioxide,

methane, and hydrogen are also formed. Various inggitgg_findings also

tend to indicate the production of fatty acids in the rumen as a result

of cellulose breakdown. Nicholson and Shearer (90) observed on post

mortem examination of cows affected with lactation tetany that the rumen

contents contained much volatile fatty acids, the nature of which was not
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determined. Bruggemann and Buss (20) found that after allowance was

made for the lactic acid present in the abomasum of the sheep, indi-

cation of the presence of ether soluble organic acids was found. Bene-

dict and Ritzman (15) stated that their results suggested again the

early view of Grouven that not only cellulose but other carbohydrates

are absorbed through the fermentative processes, and this results in

flooding the body with a large number of the lower fatty acids, which

stimulate metabolism.

Other Food Constituents attacked by Rumen Microflora

Although cellulose is the major feed constituent that undergoes

fermentation in the rumen, it is not the only one affected by fermenta-

tiwe processes. The hemicellulosee which include primarily pentosans,

end.warioue hexnsans are also attacked. Armsby (4) reported Stone as

the first to show that pentosans were digestible. About 60 per cent was

digested in ordinary feeds by the rabbit. Since that time pentosans

have.been shown in some instances to be not only digested but highly dio

geetible. (Brahm (18) was the first to observe that pentosans were for-

mented by rumen bacteria. Baker and Martin (7) found hemicellulosee as

well as cellulose to be disentegrated by microorganism in the rabbit

oeacum. Iwata.(49) isolated.several species of xylan decomposing

bacteria from the oeacum and rumen. The products were xylose and a

email.amount of lactic, acetic, formic and carbonic acids. Growth and

activity were optimum at 35 to 40°C, and at pH 6.8 to 7.0. As there is

no evidence of animal enzymes which attack hemicellulosee and as these

substances not only are digestible in the animal but are fermented by

bacteria from the rumen, oeacum and manure, the conclusion that hemi-

cellulases undergo bacterial fermentation in the rumen to yield sub-
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stantually the same products as cellulose fermentation is warranted.

Schieblich (106) observed that pectins were also acted upon by

bacteria in the digestive tract. Such bacteria were shown by Anker-

smith (2) to occur in the digestive tract of the horse, and by means of

pectinase they separated the plant cells and rendered cellulose avail-

able for digestion. Baker and Martin (7) proved the disentegration of

pectin by microorganism in the rabbit oeacum. These results indicate

rumen fermentation of pectins.

Lignin is the most resistant part of the cell membrane and by

several investigators, including Rogozinski and Starzewska (101), it has

been found to be indigestible. That it may be attacked, however, was in-

dicated by the early work of Konig (61) who found the digestibility of

lignin by sheep was 16 to 23 per cent in hay, 4utou13 per cent in clover

hay, and 28 per cent in pea straw. Haberlandt (42) found lignified cell

walls were more highly digestible on passage through the digestive tract

than usually is supposed. Baker and Martin (7) observed that lignin was

sometimes digested by the activity of organisms in the rabbit oeacum.

Dignin, though it normally is highly inert, may be and often is attacked

to some extent by the rumen and intestinal flora.

Haberlandt (42) found cutinized cell walls to be wholly indigest-

ible. 0n the other hand, Konig (6) reported the digestibility of cutin

in roughage as varying from 7.27 to 20.93. per cent. As an animal en-

zyme.capable of digesting cutin has not been demonstrated, this plant

material probably is acted upon by rumen microflora.

At one time organisms producing methane fermentation were believed

to attack cellulose specifically and not to act upon other carbohydrates.

Armsby and Fries (6), however, found that the inclusion of starch in a
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ration resulted in increased methane fermentation. Kellner (52) observed

that 3.0? parts of methane were formed per 100 grams of digestible starch

which indicates destructive fermentation of starch and similar compounds.

Woodman (128) pointed out that about 10 per cent of the digested carbo-

hydrate is fermented to waste products. This parallels the destructive

fermentation of cellulose. In 1864 Grouven (39) suggested that carbo-

hydrates for the large part pass through the fatty acid stage of fermen-

tstion in the rumen. The results of Benedict.and Ritzman (15) tend to

confirm this theory. They observed a striking increase in the metabolism

of steers on a protein-poor and carbohydrate-rich maintenance ration.

This increases in.metabolism could be accounted for readily on the basis

that the path of absorption of carbohydrates in the ruminant is through

the fermentative processes, which would result in flooding the body with

lower fatty acids which stimulate metabolism. As it is well known that

carbohydrates are attacked by rumen bacteria, it is unlikely, sincere

considerable portion may remain in the rumen for several hours, that they

would escape fermentation and more likely that they would be fermented to

the fatty acid stage Just as is cellulose.

Gaseous By-products of Fermentation

In herbivorous animals, whose food contains large portions of car-

bohydrates, the production of gas from the fermentation of the carbo-

hydrate material reaches comparatively large proportions. The char-

acterisiic gaseous by-products of such fermentation are methane and

carbon dioxide, of which the former plays for the greater role -- so

much so that other waste products are generally disregarded. The value
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of fermentation from the viewpoint of the animal lies in the fact that

wholly indigestible foods, primarily cellulose, are converted into sub-

stances which can be absorbed and utilized. This gain, however, is ob-

tained only at the cost of a certain portion of the energy available in

the food material.

Popoff (95) was the first to demonstrate methane formation in the

rumen. Kellner (52) showed that the consumption of crude fiber (straw

pulp) by cattle caused a.marked increase in the production of methane.

The composition of the gases contained in the rumen was studied by

Markoff (79). He found.variations over the following ranges:

CH4 19.88% to 42.55Z

H2 005% to 4.07%

Ritzman and Benedict (100) stated that Armsby and Fries in 1902

showed convincingly that there-was no hydrogen in the gases of fermen-

tation. Krogh end Schmit-J’ensen (67) pointed out that Mollgaard and

Anderson did not find any hydrogen to result from rumen fermentation and

discredited Markoff's results to the effect the hydrogen was produced.

flora recently washburn and Brody (125) reported the following composition

of the rumen gases of cows fed alfalfa hay: 002 ~ 28.48% to 67.812,

011,. - 22.252 to 40.672, and [-12 ~ 0.00: to 2.607.. Similar results

'were obtained on other feeds and with goats. Hydrogen, though not

always, is often a product of rumen fermentation.

Harkoff (79) observed ratios between carbon dioxide and methane in

the rumen of goats to vary from .75 to 5.68. Krogh and Schmit-Jensen (67)

found a.ratio of 2.6 and used this value as a correction factor in study-
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ing the respiratory exchange. Klein (57) found the ratio to be 3.68

for the gases excreted by the ox.

Kellner (53) reported the formation of 3.17 grams of methane per

100 grams of starch digested, 4.5 grams per 100 grams of digested straw

pulp and 4.29 grams per 100 grams of a mixed ration. Armsby and Fries

(5) found 4.8 grams of methane to be produced from 100 grams of digested

roughage and 4.? grams for 100 grams of digested concentrates. Forbes

and associates (38) observed the following production of methane per

100 grams of digestible carbohydrates in an alfalfa and corn ration;

5.37 grams on half maintenance; 4.68 on maintenance; 4.32 on one and

cne~half’maintenance; and above this level there was little change in

methane production.

Armsby and Fries (5) observed that carbohydrates were attacked to

a greater extent on light than on heavy or medium rations. Markoff (79)

found that carbon dioxide was usually in excess of methane, but on feed-

ing hay alone and during starvation, methane was predominant. Feeding

cote.increased the carbon dioxide, and adding sugar or protein had no

influence on the ratio. Washburn.and Brody (125) concluded the kind of

feed and the time after feeding caused a.considerable but characteristic

‘variation in the losses of gas and in the carbon dioxide methane ratio.

Ritzman and Benedict (100) showed that, in general, methane losses were

somewhat 1... on highly nitrogenous feeds. Armsby and Fries (6) reported

an increase in methane production and a decrease in cellulose digestion

on adding starch to the ration.

According to Armeby (4) one gram.of methane contains 13.34 calories

or one liter contains 9.E£ calories. In addition Krogh and Schmit-

Jensen (6?) showed that for every liter of methane produced in the rumen
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3.97 Calories of heat were evolved, and this heat is usually regarded

as waste. Ritzman and Benedict (100) pointed out that the ruminant ex-

cretes a large portion of methane directly by way of the gullet.

Klein (57) showed that about one-third of the methane formed was re-

sorbed and then expired by the lungs. Armsby (4) gave the methane

losses for roughages as representing 7.29 per cent of the gross energy

content. The loss from concentrates varied greatly depending upon their

carbohydrate content. Ritzman and Benedict (100) found methane losses

in cattle to average 9.93 per cent of the digestible energy of roughages

and 8.00 per cent of that in the concentrates. Washburn and Brody (125)

reported total energy losses as gases as amounting to 12 to 16.5 per cent

of the feed energy intake or 25 to 402 of maintenance requirements.

Benedict.and Ritzman (15) concluded on the basis of numerous long

fasts in the large ruminant that digestive activity had essentially

ceased before the production of methane ceased. on the basis of decrease

in methane production in the fasting cow on various feeds, they later con-

cluded that the cow usually reached a post-absorptive state by the end of

the third day of fasting, irrespective of the type of feed, and that in

the case of concentrates this condition may be reached in two days (100).

function of Rumen infusoria

in 1843 Gruby and Delafond (40) discovered the protozoan fauna of

the rumen and reticulum of domestic ruminants, and since then numerous

investigations of the activities of these organisms have been made.

Becker and co-workers (14) found up to 2,000,000 infusoria per cc. of

rumen contents, and mangold (76) pointed out that upwards of thirty

species have been found in the rumen. Gruby and Delafond (40) es-
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timated the infusoria in the rumenwere equal to approximately one-fifth

of the total weight of the rumen contents. Movry and Becker (8?) re-

ported that in some instances infusoria accounted for well over 30 per

cent of the volume of the.rumen content.

Infusoria are transmitted from animal to animal by salivary in-

fection of the common food and water supply (76). Mowry and Becker (8?)

found that in fasting goats the number of infusoria fe11.rapid1y. On‘a

hay ration the numbers were comparatively low, and as grain was added to

the ration, there was a proportionate increase in infusoria. Adding

materials rich in animal protein also increased the numbers. Recently

Koffman (64) demonstrated that Neal had a toxic effect on the protozoa

of the abomasum of cows. The administration of 250 g. of salt daily for

thirty-three days reduced the number of fauna.in half and the number of

species by 25 per cent.

The question of the importance of infusoria in the digestion of

cellulose has long been debated. Cleveland (21) referred to Everlein who

observed the ingestion of plant.fiber by certain of the rumen infusoria.

‘He concluded, as did others who followed him, that infusoria.cou1d di-

gest cellulose. Cleveland's classic work (21) proved the importance of

the intestinal protozoa of termites in cellulose digestion.within their

best. He then concluded that the infusoria harbored in the ruminant

stomach may aid their host in the digestion of cellulose. Koffman (62)

Inns of the opinion that ciliates helped considerably in the digestion of

celluaose by ruminants. Weineck (126) recently studied cellulose di-

gsstdon by ciliates of the rumen and reported that they digested cellulose.

0n the other hand, however, Becker and associates (14) quoted in-

*eestigators who suggested that although infusoria.may ingest cellulose
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they did not necessarily disintegrate it. Becker and associates in

studies with animals with normal rumen flora and with infusoria-free

animals found that cellulose digestion in the host was neither due to,

nor assisted materially by infusoria. Usuelli (121) confirmed his own

previous work in finding that no appreciable amount of cellulose was di-

gested by infusoria. In feeding test with sheep Dyakov and cc-workers (29)

failed to find sufficient differences in digestibility in animals with

and without infusoria to indicate any favorable influence on digestion.

The results of Becker and associates (14) preclude the suggestion of

several workers that there may be a symbiosis between cellulose digesting

bacteria.and infusoria as cellulose was digested normally in animals

which had been free from infusoria for weeks. Although there is a.pos-

sibility that infusoria are capable of digesting cellulose, the evidence

that they actually do digest it in the rumen is lacking, and several

recent investigations of such an activity indicate it is absent.

Koffman (62) suggested that there is some definite relationship

between the numbers of protozoa.present in the rumen and the general

health of the cow, and that protozoan bodies are readily assimilated as

food. He noted a quick improvement in the condition of sick cows follow-

ing the introduction of protozoa.from healthy cows. The optimum toms

psrature and pH for their activity is within the range of rumen conditions.

Usuelli (122) incubated the contents of sheep's rumen and added starch

and.stsrch.containing foods. The starch was assimilated in four hours

and glycogen formation reached a maximum in six hours.

Becker and Everett (13) found that lambs grew as rapidly ( in fact

somewhat more rapidly) than did infusoria-harboring lambs. Mowry and

lsckmr (87) did not find a correlation between the infusoria numbers and
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the.weights of adult goats. They concluded that the reactions of in-

fusoris.to the conditions in the rumen connote-commensalism rather than

symbiosis.

. In studying the madcr controversial questions as to the value of in-

fusoria to their host, Becker and associates (14) found no reason for

regarding these organisms either as constituting a useful endofauna or a

true parasite. They concluded “we must consign them definitely, for the

present, to the status of mere commensals.‘ As the usefulenss of in-

fusoria seldom has been demonstrated in in_gigg experiments and as

infusoriapfree animals appear to be unaffected by their absence, this

conclusion of Becker and associates is justified.

Utilisation of Non-protein Nitrogen

The possible synthesis of protein from non-protein compounds by

rumen.becteria has been considered for many years. Armsby (4) con-

cluded the early work in this field indicated that ruminants converted

noneprctein netrogenous compounds into protein by the action of the micro-

organism of the digestive tract. Morris (86) reported that the work of

luller gsse considerable weight to this theory as he grew rumen bacteria

in s.medium with ammonium tartrate ss.the sole source of nitrogen. From

the results of feeding experiments with dogs he concluded that the

bacteria.protein that had been formed use of value. Morris (86) recently

resisted the subject and also presented the possibility of the function

of rumen flora in the utilisation of such material. That bacteria and

infhsoris.may constitute a large portion of the total rumen nitrogen was

indicated by the findings of Schwarz (107) who found that infusoria con-

tained 20 per cent and bacteria.ll.7 per cent of the rumen nitrogen.
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languid and Schmitt-Krahmer (77) demonstrated that 10 per cent of the

rumen nitrogen was constituted by bacterial nitrogen. No evidence was

found, however, that rumen infusoria contribute any appreciable amount

to the total nitrogen content. Forber and HinogradowapFedorowa (3?)

found the total infusorial mass amounted to from 10 to 20 per cent of

the nitrogen present in the rumen. Morris (86) pointed out that since

microorganisms multiply at a rapid rate with the formation of protein,

it is possible that non-protein nitrogen may be synthesized into pro-

tein. He also drew attention to the fact that a majority of the in-

‘westigations in feeding non.protein nitrogen.have dealt only with the

addition of_nonpprotein nitrogen to a ration or the partial substitution

of the protein in the ration with it. In such instances the protein

nitrogen might not have been reduced below the actual requirements of

the animal. In such experiments more care should also be exercised in

assuring that the non-protein nitrogen does not contain any of the

essential amino acids.

Recently Klein and associates (58) fed sheep a ration of straw,

mmlsssss and starch (a ration low in protein but high in nonpprotein

nitrogen). As the animals were maintained in good health and showed

normal fattening and wool growth, these investigators concluded the amides

of the feed must have been utilized as a result of bacterial action in

the rumen. Richter and Herbst (99) found the substitution of 50 per cent

of the crude protein in a basic feed ration by urea did not entirely

supply the necessary nitrogen compounds. Although glycocoll feeding re-

sulted in a decrease in milk production, the decrease was much less than

with ures.feeding. Ehrenberg and co-workere (33) supplied only half of

the maintenance requirements in the form of protein and the rest as
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selenium bicarbonate. Milk continued to be secreted in normal amounts

with the normal percentage of protein, and there was little less in weight.

Ehrenberg:and Prittwitz (22) later observed a 15 per cent decrease in milk

production when 100 grams of ammonium bicarbonate replaced oil cake meal.

Bartlett end Cotton (8) observed that urea.was a good substitute for pro-

tein in.meeting the nitrogen requirements of dairy heifers. Hart and

associates (43) obtained similar results with ammonium bicarbonate and

. urea» They explained the results on the basis of protein synthesis by

rumen bacteria. Nehring (88) found ammonium acetate, urea, and glycine

could be substituted for part of the nitrogen or proteins in the feeding

of ruminants.

woodman and Evans (129) were unable to show that rumen bacteria

form cystine. SJollema and Van der Zande (ll4) studied the ability of

bacteria from the ox rumen to synthesise tryptophane and tyrosine from

urea, and from ammonia plus asparagine. ;§.g;§;g_results were positive.

They stated “It is uncertain whether this synthesis is equally intense in

the panach.' Kotake (65) observed that certain bacteria are able to

synthesise tryptophane.while others are not. Although there is con-

siderable evidence indicating protein synthesis in the rumen, the proof

thsttmicroorganisms make essential.amino acids is lacking.

Synthesis of the Vitamin B Complex:by Rumen Microflora

Although the vitamin B complex:has been shown to be an important

factor in the growth and general well being of many species of animals,

investigations into its value for dairy animals have yielded negative

results. Eckles and associates (30) found that the use of yeast to

supplement rations fed dairy calves did not increase the rate of growth



I
’
l
'
l
l

b
3
‘
w
i
l
l
!

i
n



35

or have any beneficial effect on health. Eckles and Williams (31) also

found the results with lactating animals to be negative. Bechdel and

associates (10) demonstrated that calves would grow normally to maturity

and produce normal offspring on a ration that contained an insufficient

amount of the vitamin B complex to support growth and health in rats.

In 1918 Pacini and Russel (92) showed certain bacteria as being

capable of synthesizing vitamin B. Later Heller and associates (45):found

evidence of bacteriological synthesis of vitamin B in the intestinal

tract of the rat. In view of this evidence of synthesis of b vitamins

by bacteria and the negative results obtained as to their value in dairy

animals, Bechdel and associates (10) proposed the theory of vitamin B

samples synthesis by microorganism in the rumen to account for their

results obtained with calves. That the vitamin B complex content of

milk is not dependent upon the presence of B vitamins in the ration of

the see sas demonstrated by Bechdel and Honeywell (ll). Bechdel and

associates (12) very convincingly demonstrated that the vitamin B com-

plex:sas produced in the rumen of cattle by bacterial fermentation.

They fed alcoholic extracts of fermented rumen contents to rats and

proved that the bacterial cells were highly potent in the vitamin B comp

plez.

Gusrrant and associates-(41) and Abdel-Salaam and Leong (l) were

more recent investigators to further ducnstrete synthesis of the B

‘vitslins by bacteria in the digestive tract of the rat.

It is a fairly definitely established fact that ruminants are able

to synthesise their needed vitamin 3 factors through bacterial synthesis

in the rumen. This offers a satisfactory explanation as to thy cattle,

unlike many species, have the ability to grow, reproduce normally and

produce milk on.rations deficient in the vitamin B complex.
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St as on the Com arative Di est b t

cf‘Various Feed Constituents in the Human

Methods of Study

Through the use of rumen fistula.animals investigations have been

made concerning the comparative digestibility of the various feed con—

stituents within the rumen.

This method of study was used by Silver (112) to determine the

effect of the preparation of alfalfa hay upon its digestibility and

absorption in cattle. In order to follow the digestion of the in-

gested feed, a sample was removed from the rumen Just prior to feeding

and it represented the residue from previous feeding. The second sample

wasltaken after feeding and represented a mixture of the hay eaten and

the residue in the rumen. Subsequent samples were taken at two hour in-

tervals. Results were compared on the percentage composition of the

rumen contents as the period of digestion progressed.

Quittek (98). in studies with sheep, employed the rumen fistula

technique to follow the digestion of hay. Rumen contents were removed

and.sampled at 3, 6 and 9 hours after feeding, and the results were in~

'terpreted in terms of the percentage composition of the contents as com-

pared with the composition of the hay fed. Krsywanek and Quittek (69)

used the same method of study and in addition compared the crude fiber to

fat ratio in following hay digestion in sheep.

Kick and Gerlaugh (55) recorded the chemical and physical composition

of the residual rumen ingesta in rumen fistula steers receiving alfalfa

hay. Rumen contents were removed in the morning at the beginning of the
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test and again at the end of a twenty-four period. The contents were

weighed, mixed, sampled, and returned as quickly as possible. Results

were compared on the basis of the percentage of daily intake that the

nutrients in the rumen represented.

Results of Studies on Human Digestion

Silver (112) observed that as the ingesta remained in the rumen for

a.lcnger time there was a rise in crude fiber content and a decrease in

protein content, and Just prior to feeding the percent of crude fiber

was3relatively high. The per cent of protein was relatively low com-

pared.with the analysis of the alfalfa hay fed. Quittek (98) found that

despite a decrease in dry matter content in the rumen, both fat and

nitrogen content of the dry matter increased proportionately to the

duration of digestion. He concluded that the increase in fat and nitro-

gen was related to the breakdown of the cellulose fraction of the hay by

rumen infusoria. In subsequent experiments, however, Krzywanek and

Quittek (69) revised this conclusion and ascribed the increase of fat

and nitrogen percentages as being due to the disappearance of carbo-

hydrates by rumen fermentation rather than to a new formation of fat.

They observed the percentage of nitrogen and crude fiber in the dry matter

to increase rapidly as the digestion period progressed. Also as di-

gestion progressed the ratio of crude fiber to fat decreased slightly as

.compared with the ratio in the feed. An increase in percentage moisture

was attributed to the constant secretion of saliva.

Kick and Gerlaugh (55) reported data that indicated proteins dis-

appeared from the rumen more quickly than crude fiber. The amount of
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'fiber retained in the rumen at the end of a twenty-four hour period de-

creased in passing from long hay to l/4 inch hay but rose again when

ground hay was fed. The protein retained also tended to diminish with

fineness of the hay but in the oldest of three animals there was not any

marked alteration. Dry matter passed from the rumen more rapidly as the

particle size of the hay decreased. They suggested that fineness of the

feed is probably associated with speed of the chemical reactions which

occur in the rumen and,thereby, may affect the rate of flow of nutrients

from this organ.

Scheunert (104) reported that 1,000 grams of rumen contents con-

tained only one gram of protein in a digested form which indicated pro-

tein materials were digested to only a very slight extent in the rumen.

Absorption from the Human

Trautman (119), on the basis of experiments involving the intro-

duction of solutions of water and of drugs into fistulas of the various

stomach compartments of ruminants, reached the conclusion that the rumen,

reticulum and omasum.are capable of rapid absorption of water and sub-

stances in solution. The abomasum was found to absorb more slowly. He

pointed out that this conclusion was contraty to current conception and

stated that the widely held view that protective mucosa are only permeable

with difficulty to water and aqueous solutions must be revised. More re-

cently Davey (27) compared the osmotic pressure of the blood of sheep

with that of the rumen, reticulum and abomasum by means of the freezing

point method. In one animal the values were identical in all four in~

stances and in another only the abomasal contents gave a slightly lower

‘valne. He concluded that the approximate identity of these two sets of

‘valuee (blood and stomach contents) was best explained on the basis that
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absorption takes place from the rumen and other stomach compartments.

Summggy of Review of Literature

Studies of the physiology of rumen digestion have demonstrated

the importance of the rumen and the functions associated with it is es-

tsblishing the ruminant as the most efficient converter of roughages

into human food.

Investigations of the mechanical processes of rumen digestion

have revealed the continuous and rhythmical movements which aid in the

mixing, softening, maceration and fermentation of roughages prior to

their being subjected to remastication. Concentrates escape rumination

and pass more rapidly from the rumen. The function of rumination has

been.demonstrated as being dependent upon roughage. The esophageal

groove is not normally functional in the adult ruminant. More than half

of the comminution of feed occurs as a.result of mastication, and about

58 to 71 per cent of the total.maceration occurs before the ingesta

leaves the rumen. The total fill of cattle constitutes about 12 per

cent of the live weight and even 20 per cent in lactating cows. Rumen

fill accounts for approximately 70 per cent of the total fill.

A review of the data concerning the chemical factors of rumen

digestion indicates that bacterial enzymes are the only enzymes active

in.the rumen. The reaction of rumen contents has been observed to be

neutral or slightly acid and is influenced slightly by the type of feed

and time after feeding. The saliva of} cattle which is distinctly

alkaline is secreted to the extent of about 13 gallons e.day. This

large amount of saliva is important in neutralizing the acid of fermen-

taticn. The rumen temperature is about 39 to 40°C. which is somewhat
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higher than the rectal temperature of approximately 58.200.

Numerous microorganisms of a bacterial and protozoan nature in-

habit the rumen. Cellulose-splitting organisms produce primarily acetic

acid with smaller amounts of glucose and butyric, propionic, formic,

lactic, pyruvic, valeric, and succinic acids and ethyl alcohol, carbon

dioxide, methane and hydrogen. In addition, bacteria attack hemi-

cellulosee, pectins, even lignin and cutin, and all carbohydrates to at

least some extent. 0f the gaseous products methane is the most impor-

tant, and losses from this source represent about 10 per cent of the

energy in the feeds.

Although numerous activities have been ascribed to rumen infusoria,

they must be classed, for the present, as mere commensals. The liter~

sture reveals that ruminants are capable of utilizing non-protein ni-

trogen as protein substitutes, and some data.indicate protein synthesis

in the rumen. However, the proof that microorganisms form essential

smdn0.scids is lacking. Data have been presented which prove the syn-

thesis of the vitamin B complex in the rumen.

lethods of studying the chemistry of rumen digestion have involved

the use of the rumen fistula.technique. The results have been inter~

preted in terms of the percentage composition of rumen contents as com-

pared with either the percentage composition of previous samples of

ingesta or the.composition of the hay consumed. Ales the percentage of

total daily intake that is represented by the rumen contents has been

used. Proteins disappear rapidly while fiber and fat leave the rumen

slowly. ascent investigations furnish-evidence of the possibility of ab-

sorption from the rumen.
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OBJECT

The purpose of this study was (1) to investigate possible methods

of evaluating the quantitative digestion which occurs in the rumen and

to observe the effect of the plane of nutrition upon such digestion,

(2) to observe the hydrogen-ion concentration and temperature of the

rumen contents in relation to the variations occurring during the day

at various levels of feeding and in different regions of the rumen,

and (3) to study the effect of the level of feeding and the character

of feed on rumen fill and barrel circumference.

EXPERIMENTAL PROCEDURE

Animals Used

Holstein cows in the nichigan State College experimental herd were

used in this investigation. one heifer (Fig. 5 in the Appendix) in which

a rumen fistula had been made was used for the direct observations of

rumen digestion. in addition,fhtet animals were used in metabolism trials

- to obtain data to supplement the studies with the rumen fistula animal.

Semeral animals which were being used on various other experiments were

utilised for obtaining information concerning barrel circumference and

fill as affected by the character and level of feed.

Feeding of Animals

The feed used in this study was alfalfa hey, the chemical cone

Position of which is given in Tables I, III,'V, VII, IX, XI and XIII.
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The rumen fistula animal and the otherjive cows were fed alfalfa hay

alone at levels of 10, 20 and 30 pounds a day. In one trial alfalfa»

brome hay was used instead of alfalfa. Some of the animals which were

used for barrel measurements and body weight studies received feeds

other than alfalfa and were not necessarily fed at the levels mentioned

above.

Collection of Human ang_feces Samplgg

During the investigations of rumen digestion the rumen fistula

animal was fed for a.preliminary period of at least 12 days on the

level of feeding to be studied. Samples were taken before feeding in

the morning and represented an elapse of 14 hours since the preceedp

ing feeding. The animal was weighed and the barrel circumference was

measured. The contents were removed, weighed, mixed, sampled and re-

turned as rapidly as possible. In order to obtain a more accurate

‘ weight of the rumen contents, the animal was weighed before and after

removal of the ingesta and the difference in weight recorded.

Fellowing removal of the contents a sample of feces was collected

but not on a quantitative basis except when the animal was on.metabolism

trials. Both rumen and feces samples were collected on two series of

the 10, 20 and 30 pound levels, and in one instance a sample was re-

saved 24 hours after feeding during a period when the animal was re-

ceiving 10 pounds of hay a day.

Metabolism,Trials

Three metabolism trials were conducted to supplement data collected

during the rumen studies. In the first trial one animal received 30

pounds and two received 20 pounds of hay a day; in the second, two re-
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ceived 30 pounds and two others 20 pounds of hay; and in the third two

received 20 pounds and two 10 pounds of hey a day. The rumen fistula

animal was used in all three trials.

Chemical Analyses

The chemical analyses which were made on the hay, rumen contents

and feces were moisture, protein, ash, ether extract, crude fiber, ni-

trogen free extract (by difference), cellulose, lignin, other carbohy-

drate (by difference), an enzymatic crude fiber determination, nitrogen

free extract (by difference), total fatty acids and iron. Of these

determinations moisture, protein, ash, ether extract, crude fiber,

nitrogen free extract and iron were determined by standard A.0.A.C.

methods (132).

Cellulose and lignin were determined by the methods of Crampton

and Maynard (26). In the cellulose determination, 1 gm. of an air-

dried sample was placed in a 200 m1. pyrex ignition test tube. The

original method called for a 150 ml. round-bottom flask, but the above

modification eliminated a.subsequent transfer of the material. The

test tube was fitted to a reflux condenser, and 15 ml. of 80 per cent

acetic acid and 1.5 ml. of concentrated PING:5 were added. The mixture was

boiled gently for 20 minutes. Twenty ml. of alcohol was then added and

the test tube was centrifuged for 10 minutes. The liquid was decanted

and the residue washed (in test tube) with alcohol. Then the residue

was transferred (with the aid of a stream of alcohol from a wash bottle)

into an alundum crucible and washed successively with hot benzene, hot

alcohol, and ether -.. using auction. The sample was dried at 110°C..

cooled in a dessicator and then weighed. Cellulose was calculated by
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determining the loss on ignition.

The procedure used for lignin follows: One gram of oven-dried,

alcohol-ether extracted material was placed in a 50 ml. glass stoppered

Erlenmeyer flask, and 40 ml. of a 2.0 per cent solution of pepsin in

N/lO H81 was added. This was digested for 12 hours at 59°C. with fre-

quent shaking during the first four or five hours. The original pro-

cedure called for 40°C. but the rumen temperature of the animal used

in this investigation was found to be approximately 59°C., therefore

this temperature was selected. The non-digested residue was recovered

by filtration through bolting silk and was washed successively with hot

water, hot alcohol, hot benzene, hot alcohol and ether. The washed

residue was transferred to a 100 m1. beaker and the last traces of

ether removed with mild heat. The residue was moistened with four ml.

of 40 per cent formaldehyde followed by the addition of 4 m1. of 72 per

cent 8230 which was allowed to penetrate the sample (two minutes). 811
4

‘ml. of concentrated H280 were added and stirred vigorously with a glass
4

rod to aid in solution of the sample which was complete in 10 to 15

minutes. 0n adding the $2 per cent and concentrated H2804, the beaker

was immersed in a cold water bath to prevent the temperature from

rising above 70°C. When the residue was dissolved, 35 ml. of a grasp

uleting reagent consisting of a 1:6 mixture (by volume) of chloroform

and acetic acid was stirred in and the whole was poured into 500 ml. of

distilled water in an 800 m1. beaker. The mixture was boiled gently

until the chloroform had been driven off (15 minutes), after which the

Iolution became clear and the lignin settled in granular form. The

material was filtered through an alundum crucible with suction and washed

in not less than 200 ml. of 5 per cent H01. The residue was dried at
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11000., cooled in a dessicator and weighed. The lignin was determined

by loss on ignition.

The crude fiber was determined by the enzymatic method of Horwitt

and cooworkers (48). Three grams of a dried sample were incubated with

0.5 gm. of pepsin in 500 ml. of N/lO hydrochloric acid at 39°C. (se~

1ection of temperature was discussed under lignin) for 48 hours. This

mixture was then neutralized to pH 7.0 with sodium hydroxide, brought

to pH 4.5 with hydrochloric acid, and treated with 0.1 gm. of take—

diastase for 48 hours. in neutralizing the solution and in reducing

the pH to 4.5, it was found that the amount of alkali or acid required

to bring about the desired pH could be readily determined by use of a

pH meter or paper indicators. Once the volume necessary was established

this part of the determination was greatly facilitated by adding the

desired amount without the need of checking the pH of the solution

afterwards. it the end of the 48 hours the digest was filtered on

bolting silk, the residue returned to the digestion flask and treated

with.500 cc. of faintly alkaline solution (0.2 gm. of sodium carbonate

and 4.25 gm. NaCl) containing 0.5 gm. of trypsin. Toluene was added

and the material was incubated for four days. The residue from this

digest was washed with distilled water until the filtrate no longer

gave a test for chloride, then with alcohol and ether. Bolting silk,

which had been previously weighed with a 500 ml. beaker, was used in

filtering. The residue was dried to constant weight at 11000., cooled

in a dessicator and weighed.

Total fatty acids were determined by a method developed by Horwitt

and associates (48). Ten grams of the dried material were placed in a

500 ml. round-bottom flask, fitted to a reflux:condenser, and boiled with

100 ml. of an alcohol-ether (4 t‘l) mixture for 10 to 20 minutes. The'
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blue-black supernatant fluid was decanted into a filter paper and the

filtrate was collected in a 250 m1. beaker. The residue was extracted

for 5 to 10 minutes with 75 ml. of boiling alcohol-ether mixture and

twice again with 25 m1. portions.

The total filtrate was evaporated to a volume of about 100 ml.

and to this solution 20 ml. of approximately 10 N potassium hydroxide

were added. During saponification the mixture was heated on the open

steam bath until the volume was reduced to about 30 ml. At this point

30 ml. of water was added and the saponification continued until the

total time elapsed on the bath was one to two hours.

The total saponified mixture, which should not contain more than

20 per cent alcohol, was acidified with H01. A large excess of HCl

should be avoided as it would cause formation of chlorophyll products

which are more soluble in petroleum ether. The acidified mixture was

transferred to a 125 ml. separatory funnel and extracted with petroleum

ether, twice with 50 ml. and twice with 30 ml. This extract was filtered

and evaporated to a volume of 50 ml.

The petroleum ether extract which was evaporated to 50 ml. was exs

tracted with 50 m1. of N/lO potassium hydroxide in 50 per cent alcohol.

This in turn was twice extracted with 25 ml. of petroleum ether. The

petroleum ether fractions were combined and extracted with 25 ml. of the

alcoholic potassium hydroxide solution.

The combined potassium hydroxide fractions were acidified with

hCl, using a trace of phenolphthalein, and extracted with 50 ml..

25 ml. and 20 ml. portions of warm petroleum ether. The petroleum

ether extract of the fatty acids was evaporated in a tared dish, dried

at 100°C. for 50 minutes and weighed.
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figtimation of Quantitative Digestion

Two methods were used to evaluate the quantitative digestion

occurring in the rumen. These were lignin ratios and iron ratios. lron

ratios as a method of evaluating digestion has been previously used with

humans and small animals with apparently satisfactory results (16).

Iron balances were determined to give some idea of its stability in the

hay material. Lignin was selected because of the comparatively large

amounts that occur in roughages and its relative inert character (25)

(26). Several lignin balances were also determined.

Calculations were made by comparing the ratio of the percentage

of lignin, or iron, to the percentage of the various constituents in

the hay, with the ratio of the percentage of lignin, or iron, to the

percentage of the constituents in the rumen. for example, if there

were 15 per cent lignin and 15 per cent protein in the hay while the

percentages in the rumen were 30 per cent lignin and 15 per cent pro-

tein, the digestibility would be calculated as follows:

115 per centJ-ls per cent

50 per cent+ 15 per cent a 2

lé-2 : 50 per cent of the protein was not used,

and thus 50 per cent was digested.

Rumen pH and Temperature Values

In this experiment pH values were followed from justbefore feed-

ing in the morning until two hours after feeding in the afternoon.

Samples for pH values were taken at two~hour intervals throughout this

period and were usually, though not always, accompanied by temperature

readings. Variations in different regions of the rumen and reticulum
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were recorded. Values were obtained for alfalfa hay alone on 10, 20

and 50 pound levels of hay feeding. In addition the pH was followed

during the day on a ration of alfalfa.hay, silage and soy bean oil meal.

All pH values were obtained by use of a Beckman pH meter.

Eggrgl Circumference and Body Weight

Barrel measurements and the weights of the animal were recorded

in order to obtain some idea of the effect on the level of feeding and

character of the ration on fill and.barrel size. These data were taken

in the afternoon Just prior to feeding. Although the body weight was

not included from the beginning, it was recorded after the study had

progressed. At first measurements were taken daily, but it was observed

that measurements taken every third day were Just as representative. In

some instances more extended periods passed from one measurement to an-

other.
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RESUUIS

Estimation of Quantitative Digestion

Analysis of the alfalfa hay, rumen contents and feces for the

first trial, during which the animal received 30 pounds of hay a day

are given in Table I.

Table I Chemical analyses on dry matter basis at the 30-pound level

 

  

gigalfgghay human contents Feces

2 1 1

Protein 17.8 13.9 12.8

Ash 6.7 10.0 11.6

Ether extract 2.3 2.8 4.3

Crude fiber 34.1 48.0 41.4

N-free extract 38.9 25.1 29.6

Cellulose 33.1 36.4 32.7

Lignin 14.9 31.1 28.9

Other carbohydrate 24.9 5.6 9.3

New crude fiber 50.7 73.6 72.3

N-efl'ee cmraat 22.2 .094 -101

Tr“. fiat .518 1.089 0628

IIronu .025 .033 .0638

 

The coefficients of rumen digestion and of total digestion on the

basis of both lignin and iron ratios are presented in Table II. In

addition, the percentage of the total digestion that occurred in the

rumen is shown.

Calculations on the basis of the lignin ratios indicate that

other carbohydrate and new nitrogen free extract disappeared from the

rumen at a very rapid rate and, in the latter instance, to the extent
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Table II Coefficients of digestion at the 30-pound level

 

In Per cent of In Per cent of

rumen, Total, the digest. rumen, Total the digest.

lignin lignin occurring iron iron occurring

ratio ratio in rumen ratio ratio in rumen
 

Protein 62.4 62.7 99.4 40.0 71.7 55.7

‘3h 27.? 10.0 275.3 -1505 3108 -3205

Ether mrB-Ct 43.1 6.2 695.3 9.1 28.8 31.7

Crude fiber 32.1 , 37.2 86.4 ~8.3 52.3 13.6

N-free extract 68.8 60.6 113.5 50.2 70.1 71.6

Cellulose 46.9 48.7 ‘96.2 15.3 61.1 25.0

Lignin 0.0 0.0 ~59.6 24.1 o7l.1

Other carbohydrate 89.0 80.6 110.4 82.5 77.2 100.0

New crude fiber 30.1 26.4 114.1 -11.5 44.2 ~20.7

New N-free extract 100.0 100.0 100.0 100.0 100.0 100.0

True fat 01.2 37.3 ~3.2 ~61.6 52.5 ~42.0

 

of 100 per cent. Nitrogen free extract and protein were digested to a

lesser extent, while crude fiber and new crude fiber were only slightly

over 30 per cent digestible. Almost half of the cellulose was digested

in the rumen. it should be noted that there was no disappearance of

true fat from the rumen, although a considerable portion of the ether

extract was digested.

The lignin ratios gave values for total digestion that were only

slightly above or considerably below those for rumen digestion. This

resulted in the rumen digestion accounting for up to 695 per cent of the

digestion of ether extract and slightly over 100 per cent of several

other constituents.

Calculations on the basis of iron ratios gave lower values for

rumen digestion and higher values for total digestion than did the lignin

ratios. However, the amount of digestion of the various nutrients fol-

Iron ratios resulted in several negative co-lowed the same sequence.

efficients of digestion in the rumen.
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Table III Chemical analyses on dry matter basis at the 20-pound level

 

   

Alfalfa hay human contents Feces

I 2 1

Protein. 17.8 14.4 12.2

Ash 7.5 -9.3 9.1

Ether extract 1.7 2.8 3.0

Crude fiber' 30.1 45.1 40.3

N-free extract 42.7 28.2 35.1

Cellulose 33.4 36.8 31.5

Ligninu 15.0 28.0 29.2

Other carbohydrate 24.3 8.4 14.8

New crude fiber 53.2 79.2 67.8

New N-free extract 19.? ~5.8 7.6

True fat .475 .730 .330

Iron .0155 .0375 .0503

 

The analyses of the alfalfa.hay used in the second trial which was

conducted at a 20-pound level of feeding is given in Table III, and it

is readily seen that the composition of this hay very closely approx-

imates that of the hay used on the 30-pound level. The lignin content

was practically identical.

Table IV Coefficients of digestion at the 20—pound level

 

 

1n Per cent of In Per cent of

rumen, Total, the digest. rumen, Total the digest.

lignin lignin occurring iron iron occuring

ratio ratio in rumen ratio ratio in zgggg

Protein 56.3 64.5 87.3 66.4 78.8 84.3

.Ash 33.4 37.4 89.4 48.9 62.5 78.1

Ether extract 10.3 8.8 117.9 31.1 45.4 68.5

Crude fiber 19.5 31.0 62.8 38.2 58.8 64.9

N—free extract 64.4 57.7 111.6 72.7 74.6 97.4

Cellulose 40.6» 51.4 79.0 54.4 71.0 76.6

Lignin 0.0 0.0 23.2 40.2 57.5

uther carbohydrate 81.2 68.7 118.2 85.6 81.9 104.4

New crude fiber 19.8 34.2 57.8 38.4 60.6 83.3

New N-free extract» 100.0 80.0 125.0 100.0 88.0 113.5

{True fat 17.2 64.1 26.9 36.4 88.5 41.1
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Lignin ratios gave coefficients of rumen digestion at the 20-pound

level, Table IV, lower than those observed at the 30-pound level except

in the ease of the new nitrogen free extract and true fat. it is of

interest to note that while only 64.5 per cent of the old nitrogen free

extract disappeared from the rumen, all of the new nitrogen free extract

did. Although total digestion coefficients indicated crude fiber,

other carbohydrates, and new nitrogen free extract as being slightly

more digestible and the enzymatic crude fiber less digestible than at

the higher level, the digestibility of the other constituents was

practically the same. True fat was considerably more digestible on the

lower level.

Results obtained by using iron ratios followed about the same

trend as did those with lignin, but the values were higher for both

A.

rumen and total digestion.

rTableMW Chemical analyses on dry matter basis at the 10-pound level

 

  

Aglfalfa.hayg Kumen contentgf Fece§__

Z 2 2

Protein 15.5 10.2 8.8

Ash 7.4 9.3 9.0

Ether extract 1.9 2.6 1.3

Crude fiber 34.4 51.0 50.5

unfree extract 40.4 26.6 30.1

Cellulose 36.9 41.1 39.5

{Lignin 17.7 31.5 32.0

0th.}! WDOMertQ 20.2 8.0 6.2

New'crude fiber 57.7 83.7 86.0

New Nofree extract 17.1 o3.0 ~8.2

True fat . .590 .836 .370

Iran .013 .0256 .038

The chemical composition of the hay, rumen contents, and feces

for that period during which the rumen fistula animal received 10 pounds
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of hey a day is given in Table v. The hay was slightly higher in

fibrous material than the previous samples. in general, lignin ratios

resulted in data.that indicate a lesser degree of digestion than on

either of the higher levels ... the exceptions being true fat, ether ex»

tract and protein, while new nitrogen free extract was 100 per cent

digested on all three levels. There was less difference between the 10

end 20~pound levels than between.the 20 and 30-pound levels. Several

total digestion coefficients were lower than those for rumen digestion.

The smallest percentage of total digestion that occurred in the rumen

was obtained with true fat. Rumen digestion on the basis of iron ratios

very closely approximated that found with the lignin ratios, but total

digestion values were considerably higher.

Table VI Coefficients of digestion at the lO-pound level

 

In Per cent of In Per cent of

rumen, Tetal, the digest. rumen, Total the digest.

 

lignin lignin occurring iron iron occurring

l ratio ratio in {amen ratio {gtig in Eugen

Protein. 62.3 68.5 91.5 66.5 80.6 82.4

Ash. 39.1 32.3 121.1 36.3 58.3 62.2

Ether extract 25.0 61.7 40.5 32.6 76.4 42.6

cmde fiber 16.3 18.5 88.]. 24.7 49.8 49.6

N-free extract» 62.8 58.5 107.2 66.5 74.5 89.3

Cellulose 37.1 40.5 91.4‘ 43.4 63.4 68.4

Lignin 0.0 0.0 10.0 38.4 26.1

Other carbohydrate 77.5 82.9 93.4 79.7 89.5 89.1

new crude fiber 18.1 17.2 105.2 26.3 49.0 53.7

New N-free extract 100.0 100.0 100.0 100.0 100.0 100.0

True fat 19.9 65.1 30.6 28.0 78.5 35.6

 

In Table VII the composition of the hay, rumen contents and

feces for the fourth trial are shown..

pommds of the hay.

The animal again received 30

This hay contained about 40 per cent cellulose.
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Table VII Chemical analyses on dry matter basis at the 30-pound level

 

 
 

gifalia hgy Rumen contents Fece§_

2 Z Z

Protein 14.5 13.0 10.5

Ash 6.8 8.9 10.1

Ether extract 2.7 3.0 4.3

Crude fiber 36.4 48.0 44.7

Nbfree extract 39.4 26.9 30.1

Cellulose 39.5 35.8 33.7

Lignin 16.4 28.6 33.1

Other carbohydrate 19.9 11.4 8.0

New crude fiber 55.6 73.6 74.8

N" N’fne mr&6t 20 e3 1.4 0e0

True fat .498 1.097 .307

Iron .017 .024 .0426

 

Calculations on the basis of lignin ratios are presented in

Table 7111 and these show a consistently lower digestibility than on

the first trial with 30 pounds of hay except in the case of cellulose

which remained about the same. The most important figure was that ob-

tained for true fat. True fat failed to show any digestibility and

remarkably increased 26.39 per cent over the amount originally con-

Table'YIII Coefficients of digestion at the 30-pound level

 

  

In Per cent of In Per cent of

rumen, Total, the digest. rumen, Total the digest.

lignin lignin occurring iron iron occurring

ggiio ratio in rumen ratio rgtio in rumgg

Protein 48.6 63.8 76.2 36.6 71.9 50.9

Ash 24.3 26.2 92.6 6.5 40.7 16.1

Ether extract 36.9 20.2 182.9 22.1 35.8 61.8

Crude fiber 24.2 39.0 62.2 6.5 50.9 12.7

N-free extract 60.9 62.1 98.0 51.7 69.5 74.4

Cellulose 47.9 57.6 83.0 35.6 65.9 54.1

Lignin 0.0 0.0 w .2 ~23.4 19.5 ~54.5

Other carbohydrate 67.0 79.9 83.8 59.2 83.8 70.6

New crude fiber 24.1 33.2 72.4 6.3 46.3 13.6

New N-free extract 96.0 97.8 98.1 95.1 98.2 96.8

True fat ~26.3 69.4 ~27.5 ~56.0 75.4 ~42.7
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Table VII Chemical.analyses on dry matter basis at the 30-pound level

 

  

gigalfa hay Eugen contents Fece§__

2 Z 76

Protein 14.5 13.0 10.5

Ash 6.8 8.9 10.1

Ether extract 2.7 3.0 4.3

crude fiber 36.4 48.0 44.7

N~free extract 39.4 26.9 30.1

Cellulose 39.5 35.8 33.7

Lignin 16.4 28.6 33.1

Other carbohydrate 19.9 11.4 8.0

New crude fiber 55.6 73.6 74.8

New N-free extract 20.3 1.4 0.0

True fat .498 1.097 .30?

Iron. .01? .024 e0426

 

Calculations on the basis of lignin ratios are presented in

Table‘YIII and these show a consistently lower digestibility than on

the first trial with 30 pounds of hay except in the case of cellulose

which remained about the same. The most important figure was that ob-

tained for true fat. True fat failed to show any digestibility and

remarkably increased 26.39 per cent over the amount originally con-

Table VIII Coefficients of digestion at the 30-pound level

 

 
 

In Per cent of In Per cent of

rumen, Total, the digest. rumen, Total the digest.

lignin lignin occurring iron iron occurring

ggiio ratio in rumen ratio ggtio in rumgn

Protein 48.6 63.8 76.2 36.6 71.9 50.9

Ash 24.3 26.2 92.6 6.5 40.7 16.1

2th.: .xtract 36.9 20.2 182e9 22.1 55.8 61.8

Crude fiber 24.2 39.0 62.2 6.5 50.9 12.7

N.fr.. extrECt 60.9 62.1 98.0 51.? 69.5 74.4

Cellulose 47.9 57.6 83.0 35.6 65.9 54.1

Lignin 0.0 0.0 ~ . ~23.4 19.5 ~54.5

Other carbohydrate 67.0 79.9 83.8 59.2 83.8 70.6

New crude fiber 24.1 33.2 72.4 6.3 46.3 13.6

New N-free extract 96.0 97.8 98.1 95.1 98.2 96.8

True fat o26.3 69.4 ~27.5 ~56.0 75.4 ~42.7
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tained in the feed. Figures for total digestion followed more as would

be expected than was true in any previous trials. With the exception of

ether extract and true fat, from 72.5 per cent to 98 per cent of the

total digestion occurred in the rumen. The iron ratios gave somewhat

lower values for rumen digestion and higher values for total digestion.

In the fifth trial alfalfapbrome hay was used instead of alfalfa

hay. As is seen in Table IX, this hay was considerably lower in cel-

‘lulose than the alfalfa and was higher in true fat, protein, other car-

bohydrate and new nitrogen free extract.

Table IX Chemical analyses on dry matter basis at the 20-pound level

 

gifgifanbrome hay Eugen contents Fgcgs
 

 

X z 2

Protein 18.4 15.1 12.7

Ash. 7.3 10.5 10.2

“1131' mrECt 2.5 2.1 5.].

Crude fiber 32.3 45.3 34.3

N-free extract 39.4 26.7 37.4

Cellulose 24.9 32.3 26.1

Lignin 16.5 33.5 29.5

Other carbohydrate 30.2 6.3 16.0

New crude fiber 42.8 64.3 67.9

New N-fre° “trad 28.7 7.8 3.8

True fat .908 .934 .351

Iron .0125 .0293 .053

 

The values for rumen digestion coefficients as determined by

lignin ratios, Table I, were higher than on the 30-pound level of

alfalfa hay except in the case of cellulose and new nitrogen free ex-

tract. This does not follow as did the results for the previous 30 and

20-pound levels when both hays were alfalfa. Also the disappearance of

true fat amounted to 49.1 per cent which is considerably higher than any

previous values. Although total digestion coefficients indicate a

negative digestibility for ether extract, true fat was very highly di-
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tained in the feed. Figures for total digestion followed more as would

be expected than was true in any previous trials. With the exception of

ether extract and true fat, from 72.5 per cent to 98 per cent of the

total digestion occurred in the rumen. The iron ratios gave somewhat

lower values for rumen digestion and higher values for total digestion.

In the fifth trial alfalfapbrome hay was used instead of alfalfa

hay. As is seen in Table IX, this hay was considerably lower in cel-

lulose than the alfalfa and was higher in true fat, protein, other car-

bohydrate and new nitrogen free extract.

Table IX Chemical analyses on dry matter basis at the 20-pound level

 

gifgifanbrome hay Eugen contents Fgcgs
 

z 2 z

PrOtain 18.4 1501 12m?

Ash 7.3 10.5 10.2

Ether extract 2.5 2.1 5.1

Crude fiber 32.3 45.3 34.3

N-free extract 39.4 26.7 37.4

Cellulose 24.9 32.3 26.1

Lignin 16.5 33.5 29.5

Other carbohydrate 30.2 6.3 16.0

New crude fiber 42.8 64.3 67.9

New Nofree extract 28.7 7.8 3.8

True fat .908 .934 .351

Iron .0125 .0293 .053

 

The values for rumen digestion coefficients as determined by

lignin ratios, Table I, were higher than on the 30-pound level of

alfalfa hay except in the case of cellulose and new nitrogen free exp

tract. This does not follow as did the results for the previous 30 and

ZO-pound levels when both hays were alfalfa. Also the disappearance of

true fat amounted to 49.1 per cent which is considerably higher than any

previous values. Although total digestion coefficients indicate a

negative digestibility for ether extract, true fat was very highly di-
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Coefficients for both rumen and total digestion were higher on

the basis of iron ratios than those with lignin.

Table X' Coefficients of digestion at the 20~pound level

 

In Per cent of In Per cent of

rumen, Total, the digest. rumen, Total the digest.

lignin lignin occurring iron iron occurring

ratio ratio in rumen £3119 zgtig in rumen
 

Protein

Ash

Ether extract

Crude fiber

N—free extract

Cellulose

Lignin

Other carbohydrate

New crude fiber

New N-free extract

True fat

59.2 61.1 96.9 64.8 83.5 77.8

28.7 21.6 133.3 38.5 67.0 57.4

59.7 012.3 65.2 52.7 123.7

30.5 40.3 75.6« 40.1 74.9 53.5

66.4 46.7 142.1 71.0 77.5 91.5

35.8 41.0 87.3 44.6 75.2 59.3

0.0 0.0 13.7 57.9 23.7

89.6 70.1 127.8 91.0 87.4 104.1

25.8 11.1 232.6 36.0 62.6 57.5

86.6 92.5 93.5 88.4 96.8 91.3

49.1 78.3 62.7 56.1 90.8 61.7

 

Alfalfa hay was fed at a lO-pound level in the sixth trial,

and its composition, along with that of the rumen contents and feces

is given in Table XI. Calculations on the basis of the lignin ratios,

Table II Chemical analyses on dry matter basis at the lO-pound level

 

 

Protein

Ash

Ether extract

Crude fiber

Refree extract

Cellulose

mania

Outer carbohydrate

Net crude fiber

New N-fme extract

{true fat

IIron

Alf‘ fa h e

Z I X

17.0 11.8 11.8

6.5 9.4 9.5

1.3 1.9 2.9

38.1 52.0 45.0

36.9 24.7 30.7

31.3 37.8 33.2

17.5 34.8 32.5

26.1 4.0 10.0

50.0 80.0 61.7

25.0 -3.3 13.9

.755 .753 .690

.011 .0205 .035
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Table XII. gave values that very closely approximated those on the

20-pound level of alfalfa-brome, with the exceptions of a lower die

geetibility of ether extract and crude fiber, and a greater digestibility

of new nitrogen free extract. Several of the total coefficients of di—

gestion were lower than the values obtained for rumen digestion. Again,

as in the fifth trial, a negative digestion coefficient was obtained for

ether extract, while the true fat was digested to a considerable extent.

Table XII Coefficients of digestion at the lO-pound level

 

In Per cent of in Per cent of

rumen, Total, the digest. rumen, Total the digest.

 

lignin lignin occurring iron iron occurring

ratio ratio in rumen ratio ratio in rumen

Protein 64.8 62.4 103.7 62.6 78.1 80.0

Ash 27.4 21.27 128.9 ‘ 22.9 54.2 42.2

Ether extract 23.8 ~20.lc 19.1 30.2 63.1

Crude fiber 31.1 36.1 86.2 26.8 62.9 42.7

N-free extract 66.1 55.0 120.2 64.0 73.8 86.7

Cellulose 38.9 42.6 91.4 35.1 66.6 52.7

Lignin 0.0 0.0 ~6.2 41.9 ~12.9

Other carbohydrate 92.1 79.2 116.2 91.6 87.9 104.2

New crude fiber 19.2 33.2 57.8 14.2 61.2 23.2

New N-free extract 100.0 69.7 143.3 100.0 82.4 121.3

True fat 49.6 50.5 98.2 46.5 71.2 65.2

 

LRumen digestion coefficients calculated on the basis of iron ratios

‘Iare very similar to those with lignin, but total digestion coefficients

‘were considerably higher.

The data presented in Tables XIII and XIV represent the same level

of feeding and the same feed as those in Table XI and XII, the dif-

ference being that the rumen contents were removed 24 hours after feed-

ing on the seventh trial rather than the usual 14 hours. There was only

a.relatively small difference between the digestion coefficients in this

trial and those in the previous one. Ether extract was more highly
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Table XIII Chemical analyses on dry matter basis

at the lO-pound level 24 hours after feeding

 

 

Alfalfa hay Human content Feces

1» l 1

Protein 17.0 11.0 11.8

Ash 6.5 11.2 9.5

ether extract 1.3 1.5 2.9

Crude fiber 38.1 51.5 45.0

N-free extract 36.9 24.6 30.7

Cellulose 31.3 34.6 33.2

Lignin 17.5 33.0 32.5

Other carbohydrate 26.1 8.5 10.0

New crude fiber 50.0 79.2 61.7

New N-free extract 25.0 ~2.9 13.9

True fat .755 1.167 .690

Iron .011 .0148 .035

 

Table XIV Coefficients of digestion at the lO-pound level

24 hours after feeding

 

In Per cent of In Per cent of

rumen, Total, the digest. rumen, Total the digest.

 

lignin lignin occurring iron iron occurring*

ratio ratio in rumen ratio ratio in rgmgn__

Proteins °65.4 62.4 104.8 51.8 78.1 66.2

Ash 8.6 21.2 40.6 -27.4 54.2 -55.5

Ether extract 38.5 ~20.1, 14.5 30.2 47.4

Crude fiber °27.9 36.1 77.2 -0.5 62.9 -.8

Nofree extract °64.4 55.0 117.1 50.4 73.8 68.2

Cellulose 040.9 42.6 96.1 17.7> 66.6 26.5

Lignin 0.0 0.0 -59.4 41.9 ~48.4

Other carbohydrate ~82.6 79.2 104.2 75.7 87.9 86.1

New crude fiber ~15.6 33.2 47.0 ~17.6 61.2 ~22.3

New N-free extract °100.0 69.7 145.5 100.0 82.4 121.5

True fat 17.6 50.5 34.8 ~14.9 71.2 ~17.5

 

digestible, but other carbohydrate, new crude fiber, and true fat

showed lower digestion coefficients. The most significant difference

was the drop of the digestibility of true fat from 49.7 per cent at 14

hours to 17.6 per cent at 24 hours. Total digestion coefficients in-

dicate a negative digestibility of ether extract, while true fat is over

50 per cent digestible. The iron ratios gave considerably lower results
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for rumen digestion than the lignin ratios. Several negative coefficients

of rumen digestion were obtained. Total digestion coefficients were con-

siderably higher on the basis of iron than on the basis of lignin.

The average coefficients of rumen digestion, on the basis of lignin

ratios, and of total digestion, as obtained by metabolism trials, are

given for each level of feeding in Table X7. in addition the percentage

of the digestion which occurred in the rumen is presented.

These data indicate that the plane of nutrition did not affect the

rumen digestion of all the constituents in the same manner. As the

level of feeding increased the digestibility of protein and true fat de-

creased. On the other hand, the digestibility of ether extract, crude

fiber and new crude fiber increased as the plane of nutrition increased.

Other carbohydrate was least digestible on the highest level of feeding

but was equally digested on the other two levels. Cellulose was di-

gested to about the same extent on the 20 and 30-pound levels but less

digestible at the lO-pound level. Nitrogen free extract was digested,

to the same extent on all three levels and new nitrogen free extract

was digested independently of the level of feeding.

Total digestion coefficients varied but little from the 20 to

30~pound levels of feeding. The differences were a slightly lower di-

gestibility of nitrogen free extract, new nitrogen free extract and

true fat on the higher level. On the other hand, cellulose was more

digestible at the 30-pound level. At the lO-pound level total digestion

coefficients were consistently lower for all constituents than those

observed at either of the two higher levels. Although the ether extract

gave a negative coefficient of digestion, the true fat was digested to

the extent of 48 per cent.
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Table XV Summary of rumen digestion and total digestion

at different levels of feeding

 

Coefficient of Percentage of

Coefficient of ru- total digestion the digestion

men digestion on as obtained from occurring in

basis of liggin metabolism trials the rumen

30enggnd levgl_

 
 

 

 

 
 

Protein 55.5 68.9 80.6

Ether extract 40.0 17.2 232.3

Crude fiber 28.2 45.6 62.0

N-free extract 64.9 60.0 108.0

Cellulose 47.4 50.9 93.3

Lignin 0.0 17.0

Other carbohydrate 78.0 85.0 91.8

New crude fiber 27.1 39.5 68.8

New N-free extract 98.0 86.6 113.2

True fat ~13.8 65.3 ~17.5

Iron 27.5 -2l.6

20~pognd,level

Protein 57.8 68.4 84.5

Ether extract 35.0 13.4 262.1

Crude fiber 25.1 44.9 55.8

N-free extract 65.5 66.6 98.4

Cellulose 38.3 51.4 74.4

Lignin 0.0 17.4

Other carbohydrate 85.4 84.7 100.9

New crude fiber 22.8 37.1 61.6

New N-free extract 93.9 90.0 103.7

True fat 33.2 72.5 45.8

Iron ~22.8 ~68.6

10-pound level

Protein 63.8 64.7 98.6

Ether extract 24.5 ~18.6 179.9

Crude fiber 23.7 36.2 65.7

N-free extract 64.5 56.9 113.4

Cellulose 38.1 44.1 86.2

Lignin 0.0 “0.6

Other carbohydrate 84.9 80.2 105.8

New crude fiber 18.7 32.9 56.9

New N-free extract 100.0 72.3 138.3

True fat 34.8 48.0 72.5

Iron -2.6 ~72.5

 

On all levels of feeding the more highly digestible materials as

nitrogen free extract, other carbohydrate and new nitrogen free extract
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showed over 100 per cent of the digestion as occurring in the rumen in

about tweathirds of the cases, and well over 90 per cent in the other in-

stances. At the lowest level of feeding over 98 per cent of the di-

gestible protein was digested in the rumen while at the higher levels

approximately 80 to 85 per cent was digested. About 93 per cent of the

total cellulose digestion occurred in the rumen at the 30~pound level

while lesser percentages of the total were digested on the lower levels.

Between 60 to 70 per cent of the digestible crude fiber and new crude

fiber were digested in the rumen. This contrast between cellulose and

lignin digestion is of interest. it should be observed that the per-

centage of the total digestion of cellulose that occurred in the rumen

was considerably higher than that of the new crude fiber, which in-

dicates that the additional digestion occurring after the fiber passed

from the rumen was the result of the digestion of the lignin content of

the new crude fiber. The data.indicate that the ether extract was much

more highly digested from the rumen contents than from the feces. The

rumen digestion of true fat accounted for a considerable amount of the

total digestion of this material at the lower levels, but at the 30-

pound level a negative digestion coefficient was observed in the rumen.

The average coefficients of digestion for lignin varied from ~O.6

to 17.4 per cent. individual variations were from ~5.l to 23.7 per

cent. Both of these extreme values were obtained with A19, the rumen

fistula cow. The lowest digestibility of lignin occurred at the

lO-pound level. iron balances indicated a highly variable retention of

from -8.9 per cent to ~99.8 per cent. 0n the basis of the lignin ratios

the iron retention in the rumen was highly variable, just as was true

with the feces.
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Hydrogen~ion Concentration and Temperature of the Rumen

The results obtained from studies of the variation of pH during

the day at different levels of feeding are given in Fig. 1. These data

indicate that the level of feeding alfalfa hay had no definite effect

upon rumen pH. After feeding in the morning, the pH fell for a period

of five to six hours. An alkaline trend then began which reached a max-

imum either two hours prior to feeding or just before feeding in the

afternoon.' Feeding in the afternoon was followed by a sharp drop in pH.

Variations in pH during the day did not exceed pH 0.5 at any of the

levels of nutrition.

The pH values on the ration of alfalfa hay, silage and soy bean oil

meal were distinctly lower than the values obtained with alfalfa hay alone.

There was less variation during the day on the mixed ration but the acid

trend and subsequent alkaline trend followed the same order.

The variations of pH in the different regions of the rumen are

shown in TableXVI. The variation between samples was less than pH 0.3 for

any one level, and for the average figures the maximum difference was

pH 1.7. Although any one region was not consistently more alkaline than

the others, generally the posterior dorsal region was most alkaline. The

reticulum was slightly more alkaline than the rumen.

H Table XVI Variations in pH values in different regions of the rumen

 

 

 

Alfalfa hay. Mixed

Region 30_poggds 20 pounds :10 pounds _vnation Average

Anterior dorsal 6.83 6.91 7.07 6.34 6.79

Anterior ventral 6.77 6.85 7.03 6.53 6.79

Center 6.81 6.88 6.94 6.37 6.75

Posterior dorsal 6.93 6.96 7.13 6.28 6.83

Posterior ventral 6.66 6.95 6.96 6.38 6.74

Reticulum 6.71 6.97 7.05 6.91

——_
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Variations in rumen temperature during the day and at different

levels of feeding are given in Table XVII. The temperature was little

affected by the time of day, although the highest readings were usually

observed in the morning just following feeding. on the 20~pound level

Table XVII Variations in rumen temperature during the day

at different levels of feeding and on a mixed ration

 

  

 

Alfalfa hay Algalfa hay

Hour 30 pounds afllpounds 10 pounds silage and S.B.Q,M.

5 AMA 39.2 38.7 38.7

7 AM 39.6 36.8“ 39.4 39.5

9 AM 38.8 38.2 38.4 38.8

11 AM 39.2 38.7 38.4 39.0

1 PM 39.0 39.0 38.7 39.1

3 PM 39.0 38.8 38.6 39.1

5 PM 38.8 36.0” 38.3 39.4

Average 39.1 38.0H 38.7 39.1

Rectal temp. 38.4 38.2 38.1 38.6

 

'Cow drank water just before temperature was taken

*'Exc1uding two low values, the average is 38.7

two low values were obtained as a result of the animal‘s having drunk

considerable water just prior to the taking of the temperature. The

average rumen temperatures for the 10 and 20-pound levels, excluding

the two low values, were identical, while at the 30~pound level and on

the mixed ration higher temperatures were observed. Human temperature

values varied from 36.0 to 39.600. with an average of 38.800. The

rectal temperature averaged about 0.500. below the rumen temperature

with an average value of 38.300.

gffect of the Level of Feeding_on humen and Total Fill

The data presented in Table XVill illustrates that the dry matter

intaken did not affect either the weight of the rumen contents or the



 



65

dry matter contained therein. Despite large variations in the level

of feeding, the weight and dry matter of the rumen contents varied only

slightly with one exception. This indicates the constancy of rumen

fill. When the contents were removed 24 hours after feeding, the

weight and dry matter content were about half the amount usually found.

The per cent of dry matter was not altered.

Although the weight of the animal and the barrel circumference

were not affected by the changes in level of feeding for the first

series of the three levels, on the second series both the weight and

barrel circumference decreased as the level of feeding decreased.

Table XVIII Effect of the level of feeding on rumen fill,

live weight and barrel circumference

 

Weight Dry Weight of Per cent Total Rumen fill as Barrel

 

of matter rumen dry dry per cent of circum-

Animal intagg_ content matter matter* live weight ference

Hem. Kgmo “Sm. Kgmo cm.

367 11.9 61.7 14.3 8.8 16.8 197.6

377 8.2 62.1 15.6 9.7 16.5 198.3

376 ,4.1 63.1 16.0 10.1 16.8 196.7

406 12.2 62.1 13.7 8.5 15.3 208.4

404 7.7 51.3 12.9 6.6 12.7 204.0

383 4.0 59.9 14.2 8.5 15.6 193.3

368 4.0. 29.3’ 14.5 4.2 8.0 191.4

 

*Rumen contents removed 24 hours after feeding

With one exception, rumen fill accounted for about 16 per cent of

the live weight. The rumen contents removed 24 hours after feeding,

however, represented only 8.0 per cent of the live weight.

The effect of the level of feeding alfalfa hay on the barrel cir-

cumference is shown in Fig. 2. From the data presented, it is noted that

the barrel circumference increased and decreased as the level of feed-
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ing increased or decreased. An increase from nine pounds to 40 pounds

of hay a day with 810 was followed by an approximately 15 cm. increase

in barrel circumference. A 10 cm. change in barrel circumference fole

lowing a change in the feeding level was not uncommon. measurements

for A4 during the third and fourth periods are not representative as

she was approaching parturition and was normally increasing in barrel

size independently of the level of feeding.

The influence of the level of feeding on body weight as well as

on barrel circumference is shown in Fig. 3. With each successive in-

crease in the level of feeding Dll showed an increase in both barrel

circumference and body weight. An increase of almost 100 pounds in

weight occurred in five days after changing from a 20 to 30-pound

level. A.decrease in body weight and barrel size was observed with

264 following a decrease in the amount of hay.

The effect of changing from alfalfa hay to green alfalfa is

illustrated in Fig. 4. Although the dry matter intake was practically

unchanged, a distinct fall in both weight and barrel circumference oc-

curred immediately following the change to the green alfalfa. A

return to alfalfa hay was accompanied by an increase in both values.

DISCUSSION

In the studies carried out during this investigation one rumen

fistula animal and five normal animals were used. Alfalfa hay was the

only feed that they received and it was fed in amounts of 10, 20 and

30 pounds a day. The rumen fistula animal was used to determine di-

gestion in the rumen at the various levels and she was also used with
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the other animals on metabolism trials to determine the coefficients of

total digestion at different levels of feeding.

The rumen contents were removed in the morning before feeding,

weighed, and samples taken for analysis. in one instance the rumen

contents were removed 24 hours after feeding rather than at the usual

14 hour period. The digestibility of the feed in the rumen and total

digestion was calculated by using lignin and iron ratios. These data

were supplemented and checked by comparing them with the coefficients of

total digestion as determined by the metabolism trials. iron and lignin

balances were made to further substantiate the accuracy of the cal-

culated iron and lignin ratios.

Three different digestion coefficients are referred to in this dis-

cussion: (l) the coefficient of rumen digestion, calculated with either

lignin or iron ratios; (2) coefficient of total digestion, calculated

by lignin or iron ratios and referred to as such when mentioned, and

(3) coefficients of total digestion, as determined by the metabolism

trials.

The chemical analyses used in this study included the determina-

tion of crude fiber by an enzymatic method and the resulting fraction

is referred to as as! ggggg_gi§gg and the nitrogen free extract remain-

ing as ggg_nitrogen gagg_g;gggg1. Hydrogen-ion concentrations and

temperature readings were made and rumen fill as influenced by various

factors was studied.

Vglue of iron Ratios in Studyigg numen Digestigg

Although Bergeis (16) concluded from his studies that the iron

index was a satisfactory method of studying digestion in certain species,
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Knott end associates(60) recently reported that the iron ratio was

not suitable for digestion studies in the ruminant. The results of

this investigation confirm the findings of the latter investigators.

is shown in.Table XV, iron balances were highly variable and in most

cases more iron was secreted than consumed. Because of the extremely

variable excretion of iron in the feces, the application of the iron

index to the determination of total digestion coefficients gave un-

usually high values which indicates that the iron index is not a

reliable method for determining the coefficient of total digestion in

the ruminant.

Although the iron index was shown to be unsuited for the

estimation of total digestion, it was still.possible that it mighttm»use-

no.1n estimating rumen digestion. in this instance, however, the results

indicated otherwise. The numerous negative coefficients of rumen di-

gestion, (fables II and IN) which were obtained by the application of

the iron index.to rumen digestion studies suggest the passage of iron

from rumen ahead of the ingested material. In several instances, howb

ever, iron ratios gave slightly higher rumen digestion coefficients

than the lignin ratios, which may indicate a slight tendency for iron

to accumulate in the rumen. This variable and often considerable loss

or concentration of iron in the rumen renders the iron index an unsuit-

able measure of rumen digestion and food utilisation.

us 0 in Ratios n 8 ud n hum o

A review of the literature failed to reveal any previous attempts

to ascertain either rumen or total digestion by means of lignin ratios.

The lignin balances conducted in this study show that lignin is of
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vuriable digestibility ranging from slightly negative coefficients of

digestibility to over 20 per cent digestibility which is in agreement

with the findings of other investigators (25) (26). The lignin index

as a.measure of total digestion may not be dependable because of the

variable and often appreciable digestion of lignin. A comparison of

Tables XII, XIV, and IV shows that the coefficients of digestion ob-

tained by using the lignin index at the lO-pound level are almost

identical to those found by actual metabolism trials. on the other

levels, however, calculations with lignin ratios resulted in slightly

lower total digestion coefficients than were actually found in the di-

gestion trials.

The digestibility of lignin and the resulting error which is

sometimes obtained in estimating total digestion by the use of lignin

ratios suggest a possible similar error in rumen digestion calcula-

tions. The data obtained in these studies indicate a much smaller

error in the results of determining rumen digestion than in total di-

gestion evaluations. A comparison of the lignin and cellulose content

of the alfalfa hay with the new crude fiber content reveals that the

sum of the first two closely approximates the amount of the new crude

fiber in the hay. Further observations (Table XV) show that a much

larger portion of the digestible cellulose is digested in the rumen

than of the new crude fiber. is the new crude fiber apparently consists

of the cellulose and lignin fractions of the hay, the above observation

indicates the additional digestion of new crude fiber after passing from

the rumen is only slightly due to cellulose digestion and largely due to

the digestion of lignin. it would seem that most of the lignin dis-

‘Ppearing from the digestive tract was digested after the sample of rumen



 

I
“
(
i
t

.
»
e
 fl
a
f
r
d
e

m
4
.
.
.
.

 



73

contents had been removed. Because of this, any error which might

occur in estimating rumen digestion would be much less than that ob-

tained in the calculation of total digestion.

Any error resulting from the use of the lignin index would al-

ways be in the same direction, that is, rumen digestion would be

underestimated and not overestimated. on the basis of the difference

in the digestion of new crude fiber and of cellulose after leaving the

rumen, the possible error resulting from the application of the lignin

index was calculated for the ZO-pound level. Similar calculations at

other levels of feeding were not satisfactory. The figures obtained,

however, showed that even with 10 per cent digestibility of lignin in

the rumen and over 23 per cent in the feces, the coefficients of rumen

digestion of the highly digestible materials as nitrogen free extract,

other carbohydrate and new nitrogen free extract would not be in error.

The percentage error in rumen digestion coefficients of ether extract,

protein, and true fat was not appreciable. The largest error was in

calculating the digestibility of fibrous materials and of these cel-

lulose coefficients were more nearly correct. Differences would

probably be even less for the other levels as more lignin was digested

on the 20-pound level used in calculating the possible error than at any

other.

These facts illustrate that the lignin index is a useful tool in

ascertaining the utilization of food materials in the rumen. Any errors

that might occur would be slight and negligible with the possible exp

ception of fibrous materials, and in this instance, the error would

always be in the same direction and could be allowed for.
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Qigestion of Various Nutrients in the Human

The coefficients of rumen digestion as calculated by using the

lignin index reveal a disparity in the speed at which the various

nutrients disappear from the rumen. The carbohydrate materials in-

cluded in the nitrogen free extract, other carbohydrate, and new

nitrogen free extract fractions rapidly enter solution and pass from

the rumen. in most instances, the new nitrogen free extract disappeared

to the extent of 100 per cent. The difference in the character of the

new nitrogen free extract and the old nitrogen free extract is shown

by the fact that the former almost completely disappeared from the

rumen while less than 70 per cent of the latter disappeared. As

shown in Table IV, more than 100 per cent of the digestible nitrogen

free extract and related materials disappeared from the rumen in most

cases. This indicates the rapid solution of these materials and their

passage to the other stomach compartments. However, the rapidity with

which such readily available material could be fermented by rumen bac-

teria should also be considered of possible importance in causing the

speedy disappearance of these materials.

From 80 to 100 per cent of the digestible protein went into

solution before leaving the rumen. The findings of Scheunert \104)

indicated that this material was not digested in the rumen and, in view

of the absence of protein splitting enzymes in the rumen, one would not

suspect protein digestion there. The protein material which is di-

gestible, however, is readily separated from the other food material

and rapidly passed to the true stomach and intestine to be acted upon

by proteolytic enzymes. Apparently that protein material which is not

separated from the ingested hay while in the rumen is not digested to
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any particular extent in subsequent passage through the remainder of the

digestive tract.

1 negative digestion coefficient of the ether extract (Table XV)

has been recorded from time to time in the literature (4), and has fre-

quently been referred to as being the result of the excretion of

metabolic fat in the feces. The determinations of true fat which were

made along with those of the ether extract, indicate that the so»

called metabolic fat is of a non~fat character. Despite the increase in

ether extract in the feces, the fat content was relatively low, and

true fat was often digested to a high degree even though there waste

negative digestibility of ether extract. The considerable excretion of

ether soluble materials was thus not due to true fat materials but may

have been due in part, at least, to the presence of unresorbed bile con-

stituents.

Because of the inaccuracy of the methods that have been used in

studying rumen digestion in the past, varying conclusions have been

drawn from the same data. This is particularly true in regard to

possible fat synthesis in the rumen (98) (69). By the use of lignin

ratios a distinct increase was observed in the fat content of the rumen

in one instance and a slight increase in another (Tables II and VIII).

0! the seven samples taken in these studies, only two showed more than

20 per cent digestibility of true fat in the rumen and this is as would

be expected, since fat is only removed from food material with difficulty.

Krsywanek and Quittek (69) observed that fat disappeared from the rumen

more slowly than did crude fiber. when the rumen contents were removed

24 hours after feeding, an increase in the fat in the rumen over that

observed 14 hours after feeding was noted. These facts indicate that
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the conclusion of Quittek (98) to the effect that fat is synthesized

in rumen by microorganisms may be correct. it was also observed that

the largest increase in fat in the rumen was noted on the highest level

of feeding when the digestive processes would be progressing at the

most rapid rate. The increase in fat brings up the consideration that

all of the true fat in the feed may have been digested and that the fat

which occurred in the feces was other fat material which possibly was

synthesized by rumen bacteria.

0f the digestible fibrous materials, digestible cellulose was di-

gested to a greater extent in the rumen than other materials. in some

instances (Table IV) practically all of the digestible cellulose was

digested in the rumen. This.was to be expected in view of the special

adaptation of the rumen for digesting such material and of the large

number of cellulose splitting bacteria present. As any error in the

calculation of the rumen digestion coefficient of cellulose would

underestimate its digestibility, it is probable that an even larger

amount was digested in the rumen than was indicated by the lignin ratios.

In contrast to cellulose, only about 60 per cent of the digestible

crude fiber and new crude fiber was usually digested in the rumen. Here

again, as the digestibility of these two fractions would be under-

estimated more than those of any other constituents, they were probably

somewhat more digestible in the rumen than indicated. Also it must be

remembered that these rumen contents samples would have been subjected

to further digestion in the rumen before passage to the other stomach

compartments. Even considering these possibilities, a portion of the

crude fiber fractions (probably lignin) is probably digested after pass-

ing from the rumen. This would lend weight to the conclusion of Csonka
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anc cedworkers (135) to the effect that the degradation of lignin occurs

in the stomach of the cow and is not brought about by bacteria but

possibly some enzyme of the gastric juice.

In Tables XII and XIV data'¥§ presented which show that the delay

in the removal of rumen contents resulted in a slightly increased di-

gestibility of the nutrients in the hay. This fact together with the

relatively high percentages of total digestion which occurs in the rumen

indicate that only a small portion of the digestible nutrients pass from

the rumen without having been either completely digested or at least

having entered into solution.

An increase in the plane of nutrition (Table XV) resulted in a

decrease in the rumen digestion of protein and true fat. on the other

hand, however, crude fiber, new crude fiber and ether extract were di-

gested to a greater extent as the level of feeding increased. Cellulose

digestion in the rumen was not affected except on the lD-pound level at

which less was digested. uther carbohydrate was least digestible at

the 30-pound level but was not variable on the other levels. New ni-

trogen free extract was most digestible in the rumen at the 20-pound

level while the rumen digestion of nitrogen free extract was not affected

by the plans of nutrition.

Total digestion coefficients at the 20 and SO-pound level were

affected to a lesser degree than the rumen coefficients, but at the

lD-pcund level there was a decreased digestibility of all nutrients.

The effect of the plane of nutrition on total digestion is discussed in

detail in Part II of this thesis.
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Humen 2H and Temperature Readiggs

The pH values obtained during this investigation tend to be

neutral or slightly acid which is in agreement with most recent find-

ings (56) (64) (82). The level of feeding did not seem to have any

definite effect upon rumen pH.

Considerably higher pH values were observed on alfalfa hay alone

than on the mixed ration. This difference has been previously observed

by several investigators (56) (51). Since Koffman (62) observed that

say meal and several other concentrates lowered rumen pH, and as uonroe

and Perkins (82) found acid silage only slightly affected pH, it is

probable that the soy bean oil meal was of more influence in lowering

the pH than the silage. The greater ease with which concentrate

materials are fermented may be a factor in the lowered pH.

The maximum acidity during the day was reached about five to six

hours after feeding as compared with eight hours as observed by Kick

and associates (56) and three or four hours as observed by Monroe and

Perkins (83). It would seem that on the average the lowest pH reading

is found about six.hours after feeding which suggests a.decrease in

fermentation activity near this time.

The variations between samples from different regions of the rumen

was greater than those observed by other investigators and, as was also

noted by Monroe and Perkins (83), the posterior region was generally a

little more alkaline than the other regions. Data were obtained.which

indicate that the reticulum is slightly more alkaline than the rumen,

which is in agreement with the reports of rerber (36).

Bumen temperature readings varied independently of the time of
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feeding and averaged 38.8°c. The consumption of water caused a con-

siderable drop in temperature but the readings.rapidly returned to

normal. The temperature was higher at the 80~pound level and on the

mixed ration than at the 10 and BO-pound levels. This was also true in

the case of rectal temperature which indicates that the variations might

not have been entirely due to the feeding. The average temperature is

about the same as the value of 39°C. reported by Koffman (62). Rumen

temperature was 0.5°c. higher than rectal temperature, a difference

which probably is due to the more active fermentation process of the

rumen.

Effect of the Level 9; Feeding

and Chargcter of the Feeg_9n Rumgn gill
 

The data.found in connection with rumen fill indicate that neither

the amount of total content nor the dry matter content of the rumen is

affected by the level of feeding (Table XVIII). is great a.variaticn

as from 10 to 50 pounds of hay a day did not alter rumen fill. These

findings are supported by data reported by Ewing and wright (35).

Ihen the rumen contents were removed 24 hours after feeding rather than

14 hours the weight was reduced one-half. The percentage, however,

remained the same.

Rumen fill accounted for about 16 per cent of the live weight.

The results of Ewing and Wright (55) and Nevens (89) indicate that about

70 per cent of the total fill is rumen fill. On the basis of this

value the total fill.in.this animal would be almost 23 per cent of the

live weight. This value is much higher than the average of 12 per cent

usually found in the literature. Ritzman and Benedict (100) suggested

that the fill in lactating dairy cows would probably account for 20 per
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cent of the body weight, and quoted some instances where it accounted

for about 30 per cent. The above results indicate that even for non-

lactating dairy animals the fill may be well over 20 per cent of the

live weight.

This fairly constant weight of the rumen contents was not in—

dicated, however, by the changes in body weight and barrel measurements.

In experiments with the normal cows an increase in the level of feeding

alfalfa hay resulted in a progressive increase in body weight and

barrel size, and as the feed was decreased both of these values de-

clined \Figs. 2 and 5). Similar variations were usually observed with

the rumen fistula cow.

When the dry matter in alfalfa hay was replaced with the dry

matter in green alfalfa a distinct drop in both body weight and barrel

size occurred which is as would be expected with green feeds.

These data show that changing to rations where less water is

consumed results in decreased barrel size and body weight. The mois-

ture content of the rumen, however, remained the same on different

levels of feed.

SUMMARY AND CONCLUSIUNS

l. Une rumen fistula cow and five normal cows were used to study

rumen digestion. they received alfalfa hay as the only feed,

and the hay was fed at 10, 20 and SO-pound levels.

2. human contents were removed 14 hours after feeding, weighed, and

samples taken for analyses on six occasions. the chemical anal~

yses whiCh were made were moisture, ash, protein, ether extract,
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crude fiber, nitrogen free extract \by difference), cellulose,

lignin, other carbohydrate \by difference), new crude fiber

\enzymatic) and new nitrogen-free extract (by difference).

Rumen digestion coefficients were determined by means of iron and

lignin ratios. These calculated coefficients were sUpplemented

and checked by the total digestion coefficients and iron and

lignin balances which were determined by metabolism trials.

The iron index is not a reliable method for determining either the

coefficient of rumen digestion or of total digestion.

The lignin index is a useful and relatively accurate tool in as-

certaining the coefficients of rumen digestion.

Digestible nitrogen-free extract, other carbonydrate and new ni»

trogen-free extract disappear very rapidly and in most cases com-

pletely from the rumen.

From 80 to 100 per cent of the digestible protein entered solution

while in the rumen.

True fat ordinarily left the rumen slowly and in one instance a

26.4 per cent increase in true fat was observed. This seems to in-

dicate the possible synthesis of fat in the rumen.

Cellulose was approximately 50 per cent digestible and as would be

expected practically all of the digestion occurred in the rumen.

The digestible portions of the crude fiber and new crude fiber

were only slightly over 60 per cent removed by rumen digestion.

This indicates that the digestible lignin may be only partially

digested in the rumen and largely digested after pas31ng on to the

other parts of the digestive tract.

As the plane of nutrition increased, the rumen digestion of protein

and true fat decreased, while that of crude fiber, new crude fiber
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and ether extract increased. Cellulose was least digested at the

lowest level of feeding and<xher carbohydrate at the highest

level. The rumen digestion of nitrogen-free extract did not vary

with the plane of nutrition and new nitrogen-free extract was

most digestible on the medium level.

The pH of the rumen contents is neutral or slightly acid and does

not‘seem to be affected by the level of hay feeding. Alfalfa hay

causes a more alkaline reaction than a ration of hay, silage and

concentrate. During the day pH values decrease for about six

hours after feeding and then rise until a maximum is reached

Just before feeding in the afternoon.

Rumen temperature readings averaged 38.800. which was 0.500.

higher than the rectal temperature.

human fill, which accounted for 16 per cent of the live weight,

was unaffected by the amount or nay consumed. However, an in-

crease in nay consumption resulted in an increased body weight and

barrel circumference. Green feeds cause a decrease in body weight

and barrel size when replacing the dry matter of hay.
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lNTRODUCTIUN

Alfalfa hay and other roughages consist predominately of fibrous

materials and contain a very small amount of ether extract. The crude

fiber may contain non-lignified cellulose which is highly digestible or

it may consist of lignified cellulose which is of low digestibility.

Also by the present method, some of the crude fiber fraction is found

in the nitrogen-free extract. A further division of the carbohydrates

into lignin, a practically inert material, and cellulose and nitrogen-

free extract, more highly digestible fractions, has been suggested.

The data supporting such a separation, however, is limited.

The ether extract of roughages is made up largely of chlorOphyll

and waxes with a small amount of true fat. Since chlorophyll and

waxes are of little biological value, it is apparent that the deter-

mination of true fat would be more significant from the standpoint of

nutrition.

it has been generally assumed that the various nutrients are less

digestible at the higher planes of nutrition. However, the data sup-

porting this are conflicting and indicate some nutritents may be affected

while others are not. Also recent reports indicate that the level of

feeding may affect rations of roughage alone differently then mixed

rations. more studies along this line are needed.
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REVlEW OF LITERATURE

Ego Composition and Digestibility of Alfalfa Hay
 

In 1912 Fraps (18) summarized the data on the composition and di-

  

 

gestibility of alfalfa as reported by various experiment stations. The

average data follows:

Crude. N-free

Protein_. th fiber extract water Ash

Composition of alfalfa hay

Alfalfa hay, average 14.42 1.97 29.98 35.81 9.61 8.41

Alfalfa hay, 1/10 bloom 16.88 1.42 29.38 34.01 8.77 9.54

Alfalfa hay. 1/2 bloom 15.88 1.25 31.41 34.23 7.71 9.49

Alfalfa hay, full bloom 13.23 1.30* 33.11 36.34 8.29 7.75

Di estib lit of a f fa ha

Alfalfa hay, average 75.27 40.57 46.37 68.43

Alfalfa hay, 1/10 bloom 78.52 60.00 46.10 75.31

Alfalfa hay. 1/2 bloom 75.14 30.30 50.44 71.99

Alfalfa hay, full bloom 76.78 51.65 50.63 75.24

 

Mbrrison (37) gave the following composition and digestibility of

alfalfa hay:

 

 

Crude N-free

_£rotein th fiber extract Water 882

Alfalfa hay, average 14.7 2.0 29.0 36.4 9.6 8.3

Alfalfa hay, before bloom 19.0 2.7 22.3 36.6 9.8 9.7

Alfalfa hay, l/lO-i bloom 14.9 1.7 30.1 35.0 8.9 8.9

Alfalfa hay, i-full bloom 14.0 2.0 30.3 35.8 8.3 8.3

Alfalfa hay digestion

coefficients 72.0 32.0 43.0 71.0

 

These data not only show the average composition and digestibility

of alfalfa but also show that as it approaches full bloom, there is a

decrease in protein content and an increase in crude fiber.

constituents followed no definite trend.

The other.





bay of the first, second, and third cuttings.
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Sctola (59) compared the composition and digestibility of alfalfa

The following data were

obtained:

a. e; ' m- .. . . e-. C up: ..ber N-. :e .5. Fa

Composition

.lst 87.81 11.96 34.54 35.64 1.46

and 86.08 14.05 36.37’ 29.60 2.02

3rd 81.46 15081 23053 40002 2.85

Coefficients of Digestion

let 52.8 62.5 43.3 65.2 14.4

2nd 55.5 69.8 34.3 70.5 39.5

3rd. 60.5 74.0 42.3 77.2 28.2

5vg, 56,3 62,7 49‘9. 11.9_ 25.9
 

Headden (24) determined the chemical composition of alfalfa hay in

the early bloom stage. A rather complete chemical study was made, and

the composition was as follows:

Pg; cent

Invert sugar' None

Sugar Trace

Dextrin Trace

Starch 11.1

Xylan, inverted by dilute alkali 3.76

Xylan, soluble in alkaline solution 0.15

Lignine, rendered soluble by chlorine 6.66

Cellulose 25.59

noisture 7.21

Ash 8.81

Ether extract 1.15

Proteids 15.16

Soluble in alcohol . 13.87

Soluble in eater \starch, etc. deducted) 11.88

Not determined 3.65

Preps and Rather \21} studied the components of the ether extract

of alfalfa hay and other roughages. He found the following percentage

of the ether extract of alfalfa.
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Total ether extract 1.26

Unsaponifiable 67.00

Saponifiable 33.00

Free fatty acids 33.00

The unsaponifiable material was composed mainly of wax alcohols,

and the saponifiable contained fatty acids, chlorophyll products and

perhaps other substances. The average digestibility of the con-

stituents of the ether extract were:

Total ether extract 4.9 per cent

Saponifiable 59.1 per cent

Unsaponifiable Indigestible

These investigators attributed the low digestibility of the ether ex»

tract of hays and fodders to the presence of wax alcohols, waxes,

chlorophyll, and other substances not as easily digested as the free

fatty acids.

Iilson and Webb (67) observed that the water soluble carbohydrate

content of alfalfa at the silage stage was 4.32 per cent and when bee

ginning to bloom, 4.26 per cent. Preps (19) made detailed studies of

the composition and digestibility of the constituents of the nitrogen-

free—extract of alfalfa hay.

Panto. Ponto-

Be- sans in Resid. Total sans in

ducing Polysac- N-free N-free pento~ crude

a su are charoses Starch extract ext a t ans ber

Percentage

composition 1.92 1.65 1.90 9.21 22.44 14.00 4.91

Coefficients

of digestion 97. 98. 86. 56. 69. 53. 41.
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He pointed out that the nitrogen-free extract contained some

chlorophyll, organic acids, and ligno-cellulose as well as sugars,

starch, pentosans and other carbohydrates. Roughages in general contain

about 20 per cent pentosans and, as a.ru1e, those pentosans in the ni-

trogen—free extract are digested to a greater extent than those in the

crude fiber. The lowered digestibility of the nitrogen free extract

was accounted for in part by its pentosan content.

Guanzon and Sandstrom (22) recently determined the composition of

the nitrogen-free extract of alfalfa and presented the following results:

§ug§£§ and §targh

Pentosans Nitrogen Re» ’

Grudc- in . -free Uronic acid :ducing

fiber crude fiber extract angyggiges sugar Sucrose Starch Total

30.31 5.03 40.37 10.40 1.76 1.65 1.44 4.85

Composition of_gitrogeng§ree extract

Residual

Uronic acid Sugars and Pentosans nitrogen-free

anhydrides starches total extract

25.76 12.01. 25.51 62.50

These investigators suggested that the lowered digestibility of

the nitrogen-free extract in roughages may be due to their high content

of uronic acids.

Headden \24) found the cellulose content of alfalfa hay to be

25.59 per cent and the lignin (rendered soluble by chlorine) content

6.66 per cent. Williams and Olmstead (66) studied the composition of

alfalfa leaf meal and found it to be as follows:
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Per cent

Cellulose 32.5

Lignin p 15 .0

Hemicelluloses (S) 15.5

Hemicelluloses (L) 3.?

Starch 6.8

Protein 6.6

Ash 4.4

Soluble in alcohol benzene 3.5

moisture 8.9

(L) Soluble in solutions of pH 8

(S) insoluble in solutions of pH 8

The composition of alfalfa varies considerably with the stage of

maturity. fiecently Hunt and co~workers (27) reported that with an ad-

vance in the stage of maturity the protein decreased from 22.31 to

12.94 per cent; the ether extract fell intermittently from 3.01 to 1.63

per cent; the crude fiber increased steadily from 18.58 to 34.76 per

cent; and the nitrogen-free extract varied only slightly. Other in-

vestigators have observed similar changes (60).

Although the growth of the alfalfa plant has not been followed

with separate determinations for cellulose and lignin, the above in-

creases in crude fiber indicate a considerable increase of these con-

stituente as Headden (24) found the crude fiber of alfalfa contained

79 per cent cellulose and 21 per cent lignin. .Norman \40) observed

97 per cent of the crude fiber of hay was constituted by cellulose and

lignin to the extent of 85.7 and 10.9 per cent, respectively.

The cellulose, lignin, and hemicellulose contents of other plants

have been followed as the plant matured, however, and such results

probably indicate a somewhat similar process of development in alfalfa.

Norman \39) followed the cell wall constituents of barley from one to

fifteen weeks of growth. Cellulose increased from 26.0 to 39.8 per cent

and lignin had increased from 14.4 to 19.7 per cent by the end of thirteen

Ieeke following_which it fell to 17.6 per cent. Xylan, the chief hemi-
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cellulose of many feeds, increased from 3.3 to 11.3 per cent. More

recently Norman (41) made similar studies with rye grass and found the

same general trends in composition. rhillips and Goes (44) observed the

pentosans of barley increased from 9.04 to 23.87 per cent from the

seventh to the eighty-sixth day of growth. During the same period cel-

lulose rose from 19.0 to 31.6 per cent and lignin from 1.48 to 7.74

per cent. The methoxyl content of the lignin increased with age. Lig-

nin in the young plant differed from that in the old plant in that the

latter contained a much higher percentage of methoxyl. in mature plants

75 to 80 per cent of the firmly bound methoxyl groups are found in lig-

nin.

Nutritive Value of Crude Fiber
 

Limitations of the rresent Crude Fiber Determination

That the inadequacy of the Weende method has long been recognised

was pointed out by Williams and olmstead (65). These investigators drew

attention to the fact that the crude fiber obtained by this method has

an inconstant chemical composition; that is, it determines a variable

amount of cellulose, hemicellulose, and lignin. Remy (49) demonstrated

that a considerable portion of the fiber in the Weende and Koenig methods

was decomposed and hence escaped reckoning in the biological evaluation

of the material, and, thereby, was likely to render the calculation of

the energy value foodstuffs erroneous. Norman (40) pointed out that

the crude fiber fraction does not bear a definite relationship to any

particular plant constituent or group of constituents, or to the crude

fiber of any other plant material. He found that 97 per cent of the

crude fiber fraction was accounted for by lignin and cellulose in the
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amounts of 85.7 per cent cellulose and 10.9 per cent lignin. headden

(24) reported that crude fiber contains 79 per cent cellulose and 21 per

cent lignin. Norman (40) observed that there was a highly variable

lignin content in crude fiber, and a crude fiber high in lignin was not

necessarily from a highly lignified material. He studied the recovery

of cellulose and lignin in the crude fiber of several plant materials

_ss compared with the amount in the original material. Cellulose, with

one exception, represented a recovery of 60 to 80 per cent, and the

lignin showed a much greater variability of from 4 to 67 per cent re-

covery of that present in the original material. This illustrated that

the cellulose was partially attacked and the lignin was extensively re-

moved by the present crude fiber method. In hay only 72 per cent of

the cellulose and 35 per cent of the lignin was recovered in the crude

fiber. Norman also pointed out that in view of the inert character of

lignin and its influence on the digestibility of other plant constit-

uents, the essential requisite of any method for evaluating the more re-

sistant cell wall material is that a fraction should be given which

includes all lignin and not a small and variable portion as does the

present crude-fiber determination. The weende method also results in

the extensive but variable removal of hemicellulosee (9) (49) (65).

Although crude fiber is supposedly the poorly digested portion of

rations and feeds and the nitrogen-free.extract the highly digested

fraction. Fraps (19) observed that the crude fiber of roughages often

was more digestible than the nitrogen-free extract. Fraps (20) pre-

sented data to show that there was no correlation between the amount of

crude fiber in a feed and the extent of its digestibility. He—also ob-

served a species difference in the ability of animals to utilize crude

fiber.
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N-fres Digestibility

Eggg, riber extract _§pecies fiber N-free gxtract

2 1 Z 1

pigs 33 93

Corn 3 72 ruminants 31 92

poultry 13 90

pigs 11 79

Cats 11 60 ruminants 42 82

poultry 7 69

pigs 21 66

Alfalfa 33 35 ruminants 46 69

poultry 1 34

Brampton and Naynard (9) summarized the digestion coefficients of

crude fiber and nitrogen-free extract found in Morrison's standards.

Relative digestibility of weende crude fiber

and nitrogen-free extract

 

 

Num- Average Per cent of cases with

her Coefficient of digestibility crude fiber showing as

Avere Crude N-free complete digestion as

d o e d ed fiber extract _§:free gxtzact

Dry roughages 110 52.4 59.5 39

Green roughages 61 63.5 76.3 20

Pasture herbage“ 12 75.5 71.4 67

Silages 25 58.2 64.6 28

Concentrates 88 53.3 78.5 10

All feed 284 55.6 69.5 25

 

'Crampton (35)

It should be noted that dry roughages, the major feed of ruminants,

showed as complete a digestion of crude fiber as nitrogen-free extract

in over one-third of the cases and that of pasture in two-thirds of the

cases. The attempt to divide roughages into highly digestible and

poorly digestible portions by use of the present crude fiber method is

of questionable value.
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In order to overcome the faults and limitations of the present

method, Remy (49) developed an enzymatic method. williams and 01m~

stead (65) discussed the methods intended as improvements on the old

Neende technique and pointed out that all of these methods, except Remy's,

depended upon the incomplete solubility in certain reagent of one or

more constituents of indigestible residue. Remy‘s determinations gave

values about 100 per cent higher than the Weende or noenig method,

although the materials obtained by the three methods were practically

identical in composition. Williams and Ulmstead (65) modified Remy's

method and separated the components of the indigestible residue into

three fractions. more recently Horwitt and co-workers (26) slightly

modified Remy's determination, and, with determinations of the crude

fiber in the spinach leaf, found that the enzymatic method gave results

which were more than three times as large as those obtained by the

present official method. The following table from Williams and 01m-

stead (65) illustrates the greatly increased effectiveness of the

enzymatic method in recovering the components of crude fiber.

  

Enzyme Weende Difference

Material Analysed method (1) method (2) 2(1

mg. mg. per cent

25 ml. stool suspension 1 212.5 118.0 55.5

25 ' ' ' 2 249.0 121.0 48.5

25 ' ' ‘ 6 181.0 117.7 64.7

25 ' ' ' 10 226.3 88.0 39.0

0.5 gm. (80 mesh) wheat bran 273.7 94.6 34.6

0.5 ' ' " cellu flour 490.0 276.2 56.4

0.5 “ ' ' filter paper 490.0 499.5 100.0

Crampton and Maynard (9) proposed the partition of the carbo-

hydrate fraction of feed into cellulose, lignin, and other carbohydrates.

The greater biological significance of this method over the Weende method
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is well illustrated in the following table from Crampton (8).

Comparison of schemes of carbohydrate partition

in feed analysis

 

Digestion of Carbohydratgg
 

  

 

Preppeeg_§cheme Standgrg analysis

uther Crude Nitrogen-free

ggimgls Lignin Cellulose carbohydrate giper gxtract

4 steers 34 68 92 66 67

6 rabbits 18 33 62 24 45

60 rabbits 3 25 67 22 44

 

This method separated (1) a highly digested fraction, other carbo-

hydrate, (2) a poorly digested fraction, lignin, and (3) cellulose, the

digestibility of which may be expected to vary inversely with the lignin.

The crude fiber determination, on the other hand, did not indicate a

sharp biological division of the carbohydrate, particularly in the case

of steers.

Mangold (34) presented the results of Kosnig which showed the

variable digestibility of the various materials present in the crude

fiber which further illustrates the advantage of separating at least the

most predominant of such materials.

Comparative digestibility of various fractions

of crude fiber

 

  

Crude

Animal Feed fibgz Cellulose Pentosan 1 Cut

Meadow hay 70.27 83.40 82.06 16.69 7.27

Sheep Clover hay 56.96 56.72 76.41 23.73 ----

Pea.straw* 42.45 51.09 44.02 28.36 20.93
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Digestibility of Cellulose

The chemical and physical prOperties of cellulose were recently

reviewed by Norman (42). Normal cellulose belongs to that class of

carbohydrates known as polysaccharides and has a chemical formula of

(C631005)n."uiller (35) discussed the various types of cellulose found

in plants. Cellulose makes up from.40 to 60 per cent of mature plants

and woods. In young green plants the cellulose content is rather low,

but even in these cellulose is the chief structural constituent.

In 1855 Haubner (23) found that cellulose was digested and

utilized by several species, particularly by ruminants which digested

50 per cent of it. The importance of the rumen microflcra in cellulose

digestion has been discussed in detail in Part I of the thesis. The ex-

tent to which cellulose is digested may vary from almost zero to over

90 per cent, depending upon the character of the plant material, which

in the sans plant is materially affected by the stage of maturity.

killer (35) pointed out that as the plant grows the tissue consists of

cells with cell walls of protein and cellulose, filled largely with

protein; adjacent cells are cemented with pectins and hemicellulose

material. As the plant matures, protein of the walls disappears and is

replaced by a deposit of hemicellulose and later by lignin, and all cell

contents tend to disappear. in the ultimate condition, as reached in

wood, the cell wall consists almost entirely of lignin and enorusting

hemicellulose.

This process of lignification as the plant matures was demonstrated

by Norman (39) who observed an increase in lignin from 14.4 to 19.7 per

cent followed by a drop to 17.6 per cent. Cellulose rose from 26.0 to
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29.8 per cent, and xylan, the chief hemicellulose of many plants, from

3.3 to 11.3 per cant. Phillips and Goes (44) not only found an in-

crease in lignin of barley from 1.48 to 7.74 per cent but also observed

that the nature of the lignin changed as the plant matured. That is,

the methoxyl content of lignin increased with age. That the lignin and

content of plants increases rapidly with approaching maturity has been

demonstrated by many other investigators (41) (60) (27).

Because of the low digestibility of lignin, the process of

lignification results in the_lowering of the digestibility of the crude

fiber of plant materials. Ioodman (68) pointed out that lignification

has more far reaching consequences than this. As the cell wall will be

less readily broken down in the lignified plant, the cell contents may

not be readily accessible for digestion and, for this reason, the pro-

tein and carbohydrate in lignified fodders as hay and straw are poorly

utilized. His results which are shown in the following table, demon-

strate the effect of lignin on the digestibility of all plant con-

stituents.

Digestion coefficients of constituents of grass in

its young, leafy stage of growth

and at the hay stage of maturity

 

Young, leafy grass Grass at hay stage of maturity

  

Constituent per gent pgr cent

Fiber 84.2 52.4

Carbohydrate 87.4 53.0

Protein 85.4 50.0

uils 60.0 30.0

 

Crampton (8) presented data illustrating the effect of lignin on

cellulose digestion in rabbits. These data are shown in the following

table.
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Effect of lignin on the digestibility of cellulose

 

Ave. Per cent Coefficignts of Diggstipility

 

28-day lignin Ether other

Date of gain of in Dry exp hig- carbo-

clipping ggbbitg diet matter Protein tract Cellulose nin hydrgtg

May 12 214 11.1 44 64 35 27 2 66

June 3 230 10.6 44 7O 39 3O 5 53

June 20 173 11.9 44 60 10 25 7 69

July 9 104 13.0 38 60 16 14 0 66

July 24 205 11.2 45 62 18 28 3 70

Aug. 20 239 11.5 44 53 18 27 3 76

 

Prjanischnikov and Tomme (46) found that the digestion coefficient

of the fiber of rye straw after treatment with Cl 02 was increased from

15 to 79 per cent. As there was a marked fall in lignin content fol-

lowing treatment, the increase in digestibility of the fiber was at-

tributed to partial removal of the lignin. Kellner (so) removed the

incrusta of straw (silica and lignocellulose) by treating it with

alkaline reagents and observed the digestibility of cellulose in the

residual product was extremely high -- that is, 95.8 per cent by

cattle. Ustyantzev (61) reported that by freeing cellulose of wheat

straw, low in nutritional value, from its incrusting substances the

value of the straw became equal to the isodynamic qualities of starch

and sugar as a protector of protein and fat. Fingerling and as-

sociates (14) showed that pigs digested crude fiber of treated straw

better than sheep, but the fiber of untreated grass and wheat chaff

was digested much better by the sheep. He ascribed the difference to

the inability of the pigs to disintegrate the lignified coating of cel-

lulose.

These results indicate that the digestibility of cellulose and

crude fiber is inversely proportional to the lignin content of the plant
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material consumed. This is further borne out by the data of Woodman (68)

which shows the digestibility of cellulose in certain lignified and non-

lignified feeding stuffs.

Digestion coefficients of cellulose in non-lignified

and lignified feeding stuffs (trials with sheep).

 

Digestion coefficient

91 cellulose

Non-lignified feeding stuffs

Wet sugar beet pulp 89.8

Dried sugar beet pulp 89.7

mangolds 78.0

Cabbage 74.0

Sugar beet tops 71.0

Lignified feeding stuffs

Oat straw 54.0

Wheat straw- 50.0

Uhdecort. cotton cake 37.0

Linseed cake 32.0

Wheat bran 26.0

Palm kernel cake 21.0

 

Woodman and Stewart (70) observed that the digestibility of fiber

did not vary directly with the lignin content of the plant and con-

cluded that it is not necessarily the amount of lignin but the manner

of its deposition that determines the digestibility of fiber.

Norman (40), however, pointed out that the results of Woodman and

Stewart were more than likely due to the faults of the crude fiber de-

termination rather than to the deposition of lignin. Williams and

Olmstead (65) stated native cellulose and hemicellulose in the absence

of lignin vary greatly in their resistance to chemical treatment, and

variable results might be due to this rather than to the protective

effect of lignin.
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Woodman and Stewart (70) observed that the process whereby green

crepe become lignified and of reduced digestibility is associated with

the production of relatively small amounts of lignin. This fact to»

gather with the observation of Phillips and Goss (44) that the lignin

of mature plants contains a much higher percentage of methoxyl groups

than does that of young plants suggested the possibility that the

nature of the lignin as well as the amount present may be a factor in

its lowering the digestibility of other constituents. More recently

Crampton and maynard (9) have suggested the antiseptic action of

lignin, resulting from its phenolic nucleus, as being a factor in

preventing lignified plant material from being attacked by alimentary

bacteria.

Nutritive Value of Cellulose

The value of cellulose to the animal was demonstrated by

Kellner (29) in 1900 by means of a respiration chamber. He found that

one pound of pure, finely divided cellulose added to the maintenance

ration of a bullock formed as much fat in the body of the animal as

was produced by feeding one pound of starch or other forms of di~

gestible polysaccharide. The results of Kellner's work are summarized

in the following table.
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Fatnproducing capacities of digestible food nutrients

 

Lbs. fat produced Starch equivalent

per 1b. digest» of 1 lb. of di-

 

Digestible nutrient ible nutrient gestible nutrient

Starch 0.240 1

Fiber 0.253 1

Cane sugar > 0.188 0.76

Glucose 0.188 0.76

Protein 0.235 0.94

011 from seeds and oil cake 0.598 2.41

011 from cereal grains and

by-products 0.526 2.12

011 from coarse fodders and roots 0.474 1.91

 

Ustyantzev (61) reported that freeing the cellulose of straw

from the incrusting substances caused its value to become equal to the

iso»dynamic qualities of starch as a protector of fat and protein.

Irate (28) reported xylan, the predominant hemicellulose of many plants,

caused as much fat formation in rabbits as did starch. nellner (29)

also reported the fattening effect of pentosans.

Although one pound of cellulose freed from incrusting substances

is equal to starch for fattening, Kellner (29) found that the value of

digested cellulose as it occurs in the natural plant was of widely

varying magnitude in different feeding stuffs. in the case of linseed

meal, for example, the starch equivalent was 0.97, for barley meal

0.98, for bran 0.77, good meadow hay 0.67, and for cat straw 0.43. The

difference between these values is roughly proportionate to the fiber

content of the feeds. This indicated that under ordinary feeding con-

ditions, when cellulose is incrueted in lignin, the net starch equiv»

is less than one, as a deduction must be made for the energy used by the

anima1.during mastication to free the cellulose from the incrusta.

In a previous section of this thesis the predominant products of
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cellulose fermentation from.ig,zi£§g_experiments were shown to be pre~

dominantly acetic acid with small amounts of glucose, butyric acid,

propionic acid, formic acid, lactic acid, pyruvic acid, valeric acid,

succinic acid, ethyl alcohol, and the gases carbon dioxide, methane,

and hydrogen. The gaseous byoproducts are excreted as waste products

and are to be regarded as valueless (54) (68). The significance of

the remaining products of cellulose fermentation as fat precursors

does not appear great enough to account for the high value of digest-

ible cellulose.

Glucose, if a major product, would account for the value of

cellulose. This sugar has been found to be produced in small quantities

by several investigators, and woodman and Evans (69) found it to be an

important intermediate product. woodman (68) proposed the theory that

glucose was the main and product in the animal body. Baker and

Martin (3) recently suggested that in nature the bacterial cleavage

products of cellulose fermentation did not stop at the carbohydrate

stage, but that in the intestinal tract the further resolution of car-

bohydrates was held in check -~ thus making them available for

nutrition. Woodman and Evans (69) concluded that, although glucose was

an important intermediated product of cellulose fermentation, it was

unlikely that it would escape further breakdown before being absorbed

by the animal. The experiments of Pochon (45) demonstrated that the

cellulose entering the abomasum was there converted to glucose by en-

symee. However, only relatively small amounts would be washed thru the

rumen to be acted upon in this way.

Acetic acid, the predominant product of cellulose fermentation is

of doubtful value from the standpoint of fat production. Deuel and
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Milhorat (12) reported acetic acid as being ineffective as a glucose

former and suggested that it was practically completely oxidized in

the animal body. Deuel and hilhorat discussed the results of

Geelmuyden‘s experiments on phlorhizinized dogs which he believed proof

of the formation of glucose from acetic acid. His results were very

convincing, however, as the animals received a carbohydrate contain-

ing diet, and the increased sugar resulting from sodium acetate was

not greater than on some other days. The question of glycogen formation

from the liver from acetic acid was recently re—examined by Deuel and

associates (11). They reached the conclusion that the even carbon-

chained fatty acids, including acetic acid, did not produce glycogen.

Rittenberg and co-workers (53) found evidence that butyric acid

I was not deposited in fat tissues either as such or as higher fatty

acids, but was probably rapidly burned. other investigations have in-

dicated butyric acid as valueless as a fat or glucose former (52) (11).

Ringer and Jonas (52) pbservsd.formic acid was not a glucose precursor.

Ringer (50) proved that propionic acid was completely converted

into glucose. This work is of additional interest as it was the first

proof that fatty acids may be converted into glucose. The value of

propionic acid as a glucose precursor has been repeatedly confirmed (52)

(11). Ringer and Jonas (52) concluded that the fatty acids with an

uneven number of carbon atoms gave rise to glucose while those with an

even number did not. Valerie acid was demonstrated as a glucose former,

and this has been confirmed. Lactic and pyruvic acids have long been

recognized and accepted as fat and glucose precursors (ll) (51).

Woodman (68) contended that, although the major organic acids

arising from bacterial fermentation of cellulose may, by virtue of their



 
2
7
.
1

.
w

v

i
t

F
t
}
.

v
.
5
1
.
I
n
;
l
e
a
fl
‘



11?

Milhorat (12) reported acetic acid as being ineffective as a glucose

former and suggested that it was practically completely oxidized in

the animal body. Deuel and hilhorat discussed the results of

Geelmuyden‘s experiments on phlorhizinized dogs which he believed proof

of the formation of glucose from acetic acid. Hie results were very

convincing, however, as the animals received a carbohydrate contain~

ing diet, and the increased sugar resulting from sodium acetate was

not greater than on some other days. The question of glycogen formation

from the liver from acetic acid was recently re-examined by Deuel and

associates (11). They reached the conclusion that the even carbon-

chained fatty acids, including acetic acid, did not produce glycogen.

Rittenberg and co-workers (53) found evidence that butyric acid

0 was not deposited in fat tissues either as such or as higher fatty

acids, but was probably rapidly burned. other investigations have in-

dicated butyric acid as valueless as a fat or glucose former (52) (ll).

Ringer and Jonas (52) observed.formic.acid was not a glucose precursor.

Ringer (50) proved that propionic acid was completely converted

into glucose. This work is of additional interest as it was the first

proof that fatty acids may be converted into glucose. The value of

propionic acid as a glucose precursor has been repeatedly confirmed (52)

(11). Ringer and Jonas (52) concluded that the fatty acids with an

uneven number of carbon atoms gave rise to glucose while those with an

even number did not. Valerie acid was demonstrated as a glucose former,

and this has been confirmed. Lactic and pyruvic acids have long been

recognized and accepted as fat and glucose precursors (11) (51).

Woodman (68) contended that, although the major organic acids

arising from bacterial fermentation of cellulose may, by virtue of their
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heat value, be useful in the maintenance of body warmth, and indeed, in

the case of the under-fed animal, may spare the oxidation of body fat

for the production of heat, yet they will have no value for fat pro-

duction in the body of the productively fed animal. Thus, of the lower

fatty acids, only the uneven number carbon atom acids (propionic,

caloric, lactic, and pyruvic) are able to function as fat or glucose

precursors. These glucose forming fatty acids, however, constitute

only a small percentage of the total end products of ig.1iggg cellulose

fermentation as compared to the amount of the non~glucose precursors,

and, therefore, would not be sufficient to account for the fat forming

value of digestible cellulose in the animal body.

woodman and Evans (69) called attention to the fact that too

much importance has been attached to the end-products of fermentation

and that since absorption from the digestive tract is a continuous

process it is of primary importance that the nature and behavior of all

intermediate products that arise be investigated. These investigators

observed that glucose was fermented by rumen bacteria at 37.000. to

pyruvic acid which gradually disappeared from the medium by reduction

to lactic acid and / or by breakdown to volatile fatty acids and gaseous

products. Cellulose fermentation followed a similar course, the main dif-

ference being a much smaller accumulation of lactic acid. This was exh

plained by the difference in the rate of its production from its

precursor and its further breakdown into gases and volatile fatty acids.

They pointed out that a conclusion as to whether the pyruvic and lactic

acids produced from cellulose in the rumen are absorbed from the digestive

tract promptly enough to preclude their further breakdown into volatile

fatty acids was a question that must await further investigations. This
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heat value, be useful in the maintenance of body warmth, and indeed, in

the case of the under-fed animal, may spare the oxidation of body fat

for the production of heat, yet they will have no value for fat pro-

duction in the body of the productively fed animal. Thus, of the lower

fatty acids, only the uneven number carbon atom acids (propionic,

caleric, lactic, and pyruvic) are able to function as fat or glucose

precursors. These glucose forming fatty acids, however, constitute

only a small percentage of the total and products of ig_git§g cellulose

fermentation as compared to the amount of the non-glucose precursors,

and, therefore, would not be sufficient to account for the fat forming

value of digestible cellulose in the animal body.

woodman and Evans (69) called attention to the fact that too

much importance has been attached to the end-products of fermentation

and that since absorption from the digestive tract is a continuous

process it is of primary importance that the nature and behavior of all

intermediate products that arise be investigated. These investigators

observed that glucose was fermented by rumen bacteria at 37.000. to

pyruvic acid which gradually disappeared from the medium by reduction

to lactic acid and / or by breakdown to volatile fatty acids and gaseous

products. Cellulose fermentation followed a similar course, the main dif-

ference being a much smaller accumulation of lactic acid. This was ex—

plained by the difference in the rate of its production from its

precursor and its further breakdown into gases and volatile fatty acids.

They pointed out that a conclusion as to whether the pyruvic and lactic

acids produced from cellulose in the rumen are absorbed from the digestive

tract promptly enough to preclude their further breakdown into volatile

fatty acids was a question that must await further investigations. This
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idea might offer a possible explanation of the fattening value of cel-

lulose. As yet, however, there is no plausible explanation that 18

compatible with nellner's finding that digestible cellulose and di-

gestible starch possess equal values for fattening.

A review of the literature suggests a possible relationship be-

tween the products of rumen digestion and the common occurrence of

ketosis in cattle. heiliy and associates \48) observed that in carbon

hydrate fermentation acetic and butyric acids were intermediate products

in the formation of acetone and in butyl alconol. aoffman ‘55) con-

cluded from his experiments that acetone may be formed in the rumen as

a result of carbohydrate metabolism. Brouwer and uijkstra ‘9) produced

alimentary ketosis in cows by feeding butyric acid silage. it is

generally accepted that fatty acids with an even number of carbon atoms

are ketogenic in nature while those with an odd number are antiketOgenic.

On this basis brentano and markees \4) recently demonstrated in ex-

perimental rabbits and dogs that immediately after the feeding of fatty

acids haVing an even number of carbon atoms \UB to 018), a considerable

increase in blood ketone tOLlowed; whereas with acids of odd number

carbon atoms ‘01,89) and With unsaturated acids \oleic and linoleic)

such ketogenesis did not occur. ig_!i;gg studies indicate that the

fatty acids of cellulose fermentation are primarily even number carbon

atom acids \45) \68) (69) which are ketogenic in nature. These results

indicate the poSSibility of an alimentary ketosis in cattle resulting

from the normal products of rumen digestion and the additional possible

formation of acetone from carbohydrate fermentation in the rumen.





120

Digestibility of Lignin

Lignin is one of the most inert plant tissues and plays no role

other than that of adding stiffness to the plant. The combination in

which it exists in the plant is a subject of controversy (42) (38).

The structure of lignin is complex and difficult to determine.

Hibbert (25), Phillips (43) and Norman (42) discussed the chemical

nature of lignin.

Studies concerning the behavior of lignin in animal nutrition

have yeilded conflicting results. However, Koenig and Becker (32)

observed that although free lignin was digested by rabbits to the ex-

tent of 12.8 per cent, the lignin of wheat bran was not digested by

these animals. in digestion experiments with sheep Keenig (31) found

the digestibility of lignin to be 16 to 23 per cent in hay, 4 to 15

per cent in clover hay, and 28 per cent in pea straw. hogozinski and

Starzewska (55) found in experiments with sheep that the lignin of oat

straw was excreted quantitatively in the feces. Iilliams and Olmstead

(65) observed lignin was indigestible by humans, and Crampton and

Maynard (9) reported lignin was found indigestible by steers and rab-

bits. Crampton (8), however, presented values of 20 to 34 per cent

digestibility in steers and 0 to l? per cent in rabbits. Csonka and

associates (10) reported a measurable digestion of lignin by cattle and

concluded it caused an increased elimination of hippuric acid in the

urine. Bogozinski and Starzewska (55), on the other hand, contended

that lignin plays no part in the formation of hippuric acid.

Phillips (43) concluded that lignin was, at least in part, broken

down by the digestive process of the animal body -- a conclusion that

is in agreement with a large portion of the literature. Csonka and
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associates (10) suggest that some enzyme of the gastric juice digested

lignin. Crampton and Maynard (9) pointed out, however, that proof for

or against its utilization by the animal is difficult to establish,

for until its molecular structure is known, no criterion of the ac-

curacy of a quantitative test for lignin is possible. The influence

of lignin on the digestibility of the other constituents of the plant

was discussed in relation to the digestibility of cellulose.

Nutritive Value of the Ether Extract

That the ether extract of roughages may contain substances other

than fat has long been recognized. Rather (47) referred to Stellwaag '

who determined the unsaponifiable constituents of the ether extract of

several feeding stuffs and found the ether extract of hay to contain

30.8 per cent unsaponifiable material. Schulze (56) reported the ether

extract of hays to be rich in wax like substances, free fatty acids,

cholesterin and related compounds. He concluded the nutritive value

of the ether extract of roughages and roots must be considered as low.

traps and Rather (21) further attempted to separate fat and the non~

fatty substances of hays and fodders. They found the saponifiable

material contained fatty acids, chlorophyll products and perhaps other

substances. The unsaponifiable matter of roughages was composed mainly

of wax:alcohols, waxes and other substances. This material accounted

for 36 to 72 per cent of the ether extract, with an average of 58 per

cent.

Rather (4?) developed improved methods for the determination of

the total fatty acids and other constituents of the ether extract. He

also reviewed the earlier attempts to separate the various fractions

in the ether extract. The ether extracts of concentrates contained
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saponifiable material which did not appear to be fatty acid and which

averaged about 8 per cent of the extract, and with 6 per cent unsaponi-

fiable matter, the total non-fat of the ether extract was l4_per cent.

The total nonefat in the roughage extract was approximately 68 per cent

which meant only 32 per cent of the ether extract was fat.

Horwitt and associates (26) pointed out that the ether extract

contains not only true fat, but also lecithins, waxes, alkaloids,

sterols, chlorOphyll, xanthophyll and carotene. They observed the

fatty acids accounted for only 41 per cent of the ether extract of the

spinach leaf. Chibnall and Shannon (7) reported only 27 per cent of

the ether extract of leaf protoplasm as fatty acids. The fatty acid

content of several roughages analysed by traps and Rather (21) varied

from 13 to 44 per cent and averaged 25.5 per cent. stellwaag was

quoted by Rather (47) as finding fatty acids of hay to make up 37.3

per cent of the ether extract.

Preps and Rather (21) found the digestibility of the unsaponifiable

material varied from 0 to 86.6 per cent with an average of 29.1 per

cent. The digestibility of the saponifiable matter, however, varied from

8.6 to 92.3 per cent with an average of 66.4 per cent. These investi-

gators attributed the low digestibility of ether extract to the presence

of wax alcohols, waxes, chlorophylls and other substances. Nether (47)

reported that the fatty acids of the ether extract were digested to the

extent of 60.5 per cent by sheep. Fatty acids extracted by alcoholic

soda, but not by ether, had an average digestibility of 11.2 per cent

-~ the digestibility in four cases being zero. Horwitt and co-workers

(26) found less than 45 per cent of the ether extract materials to be
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digested. Seshan (57) reported the fatty acids to be highly digestible

(78 to 84 per cent), but the unsaponifiable matter was poorly digested.

Unsaturated acids were digested to a greater extent than the saturated

ones.

Horwitt and associates (26) reviewed the value of the components

of ether extract as possible sources of energy. They concluded that

the only parts of the ether soluble fraction which were available as food

were the fatty acids or compounds of the fatty acids. The usefulness of

separating the fatty compounds from the other acid components of ether

extract in evaluating the biological value of feeding stuffs is in-

dicated by the low digestibility of the.non-fats and by the fact that

they are not sources of energy to the animal body.

Smith and Chibnall°(58) made fairly complete studies of the com-

position of the fatty acid content of cocksfoot and ryegrass. They

found the mixed acids were highly unsaturated and contained a relatively

low portion of saturated acids. The saturated acids of ryegrass con-

sisted of 70 per cent palmitic, 20 per cent stearic, and 10 per cent

'cerotic acid.‘ The composition of the fatty acids of cocksfoot is

presented in the following table.'

Composition of the glyceride fatty acids

of cocksfoot as suggested by bromation experiments

 

Unsaturated Original mixed

fraction fattz_ggid§_______

per cent per cent

Saturated acids (Bertram) 12 15

Uleic acid - -

Alpha linoleic acid 38.5 29.5

Beta linoleic acid 21.0 16.

Alpha linolenic acid 21.0 16.

Beta linolenic acid 7,5 6,

100.0 82.5*

*there was a loss of 1? per cent in the initial fractionation

into saturated and unsaturated acids.
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By means of the thiocyanometric analysis, the presence of oleic

acid up to 16.5 per cent was suggested. These data illustrate that the

fatty acids of roughages are high in the unsaturated fatty acids linoleic,

linolenic and oleic. This may be important in the nutrition of cattle

as these fatty acids have been shown to be essential to the animal

body (6’s

st’b ' as Inf uenced b the Plane of Nutrition

The influence of the plane of nutrition on the digestibility of

both productive rations and rations of roughage alone has received the

attention of investigators working with cattle. Eckles (l3) fed two

animals mixed rations on full-feed and on maintenance levels. with one

animal the digestibility was 7.52 per cent higher on maintenance than

on full-feed, and the other showed a 5.24 per cent higher digestibility

on the maintenance level.

Mumford and associates (38) studied the effect of the level of

feeding on the digestibility of productive rations with varying ratios

of roughage to concentrates. When clover hay and ground corn were fed

in the ratio of 1:1, the digestion coefficients of the dry substance

and carbohydrates varied inversely to the amount of feed consumed.

With the ratio of hay to corn 1:3 or 1:5 the digestion coefficients of

the dry substance and carbohydrates showed no difference on 1/3, 2/3

or fullpfeed but was slightly greater on maintenance. The digestibility

of the protein and the fat of the ration did not vary with the level

of feeding in any of the above instances. The digestibility of the

nutrients was not affected by the level of feeding a ration of hay, corn

and oil meal in the ratio of 1:4:1. Armsby and Fries (1) reported
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mixed rations of hay and hominy feed decreased only slightly in di-

gestibility as the level of feeding increased, while a considerable

decrease was observed with a mixture of hay and maize meal. With

rations of alfalfa hay and starch Armsby and Fries (2) found the di-

gestibility of the rations, the losses in the urine, and the extent of

methane fermentation, showed an increase as the amount of the ration

was reduced.

Forbes and co—workers (16) reported that as the plane of

nutrition increased there was a slight decrease in the digestibility

of dry matter, protein, nitrogen-free extract, and energy. The crude

fiber increased in digestibility as the level of feeding increased but

drOpped somewhat at the higher levels. The ether extract varied in-

dependently of the plane of nutrition.

Mitchell and Hamilton \36) fed a mixed ration of alfalfa, corn,

linseed meal, and molasses and observed the lowest level of feeding was

associated with the most complete digestibility of all nutrients. How-

ever, there was a progressive decrease in digestibility from the lowest

to the.highest only in the case of the nitrogen-free extract, ether ex»

tract, and dry substance. Very recently Watson and associates \64) fed

productive rations of equal parts of hay and ground barley at five

levels of feeding varying from 1.0 to 5.0 kgms. of each feed a day. The

digestibility of the nitrogen decreased as the plane of nutrition was

increased. The digestibility of nitrogen-free extract showed a slight

but insignificant lowering as the level of feeding increased and the

digestibility of the dry matter, organic matter, ether extract and crude

fiber were not significantly affected by the plane of nutrition.

Forbes and associates (1?) reported that with steers the digest-

ibility of protein, total energy-producing units, dry matter, organic
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matter, and carbon was highest at the plane of maintenance, was lower

at half maintenance, and also diminished at each point of observation

above maintenance when six different planes were used. The digest-

ibility of the same ration \one-half corn meal and one-half alfalfa

hay) by cows diminished with a rise in the plane of nutrition above

maintenance.

These data are not in agreement. as the plane of nutrition in~

creased there was, in some cases, a marked and progressive decrease in

digestibility. in many instances only a slight drOp occurred at the

higher levels, and, on some occasions, the decrease was intermittent

rather than progressive. All of the nutrients were decreased in some

instances and in others only a few were affected by the level of feed-

ing. Watson and associates (64; concluded that generally in the case

of productive rations at the higher levels of feeding, the digest-

ibility of some, at least, of the nutrients is decreased. The question

remains, however, as to the amount of the reduction, at what level it

develops, and what nutrients are most affected.

watson and associates \62) pointed out that results with roughages

alone should not be confused with experimental results on mixed rations

consisting of both roughage and concentrates. hrmsby and Fries \1)

observed that on smaller rations of hay, the loss in the feces was less,

and the losses in the urine and methane were decidedly greater than with

larger rations. Watson and associates \63) refer to the work of Hon-

camp and his collaborators who in 1920 found roughages fed to sheep

showed a slight decrease at the higher levels of feeding. it was not

possible, however, to estimate the significance of this. The authors

concluded that, except in the case of crude fiber, the Changes were not

signigicant.
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Forbes and associates (15} studied the digestibility of alfalfa

hay and observed a higher apparent digestibility of the hay on the low

levels of feeding in the case of dry matter, organic matter, crude

fiber, ether extract, and energy. The protein and nitrogen-free exe

tract varied independently of the level of feeding. Recently Watson

and his collaborators (62) reported that for roughage alone (mixed

clover and grass hay) the plane of nutrition did not influence markedly

the coefficients of digestibility. Four levels of feeding varying from

10 pounds to 19 pounds were used. Watson and co—workers(63) further

studied the digestibility of mixed clover and grass hay at five levels

of feeding varying from 2.5 kgm. to 9.0 kgm. a day. For the range of

4.5 to 9.0 kgms. a day the plane of nutrition did not significantly

affect the coefficients of digestibility. At the 2.5 kgm. level the

average coefficients of digestibility were slightly lower than at other

levels. This was suggested as being due to the low state of nutrition

rather than to the plane of nutrition, per se. Watson (63) concluded on

the basis of his work and the data in the literature that generally the

plane of nutrition had no very marked effect upon the digestibility of

dried roughages.

Summary of heview of:;iterature

Numerous data are available in the literature regarding the com-

position and digestibility of the constituents of alfalfa hay. These

data, however, are primarily limited to the standard feed analyses

usually determined. The nitrogen-free extract has been separated into

various components and its low digestibility in hays has been attributed

to its pentosan and uronic acid content.
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Present methods of determining crude fiber are chemically

inaccurate and the attempt to divide the carbohydrates of roughages

into highly digestible and poorly digestible portions by use of this

method is questionable as crude fiber is often more digestible than

nitrogen-free extract. The partition of the carbohydrate fraction

into cellulose, lignin and other carbohydrate gives a sharper distinc-

tion of the digestibility of the various portions of this fraction.

Enzymatic methods of determining crude fiber more completely remove

the fibrous materials and are thereby of greater bibloglcal value

than present methods.

The digestibility of cellulose seems to be inversely related

to the lignin content of the plant. Lignification occurs as the

plant matures and causes the decreased digestibility of practically

all plant constituents. because of this, any satisfactory crude

fiber determination should include all of the lignin.

nellner \29) found one pound of cellulose was equal to one pound

of starch for fat formation in the animal body. The 1g.gi§gg products

of cellulose fermentation would fail to account for this value as the

gases are waste products and the even number carbon atom fatty acids

which are not glucose or fat formers are the major products. The

possible absorption of pyruvic and lactic acids before their further

breakdown to volalite fatty ac1ds might offer an explanation. a

relationship between the products of cellulose digestion and the

common occurrence of ketosis in cattle has been suggested.

although studies concerning the behavior of lignin in animal

nutrition have yielded negative results, it seems the lignin is, at

least in part, broken down by the digestive processes of the animal

bOdYe
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The usefulness of separating the fatty acid compounds from the

other constituents of ether extract in evaluating the biological value

of feeding stuffs is indicated by the low digestibility of non-fats

and by the fact that they are not sources of energy to the animal body.

The fatty acids of roughages are high in the unsaturated and essential

fatty acids.

At the higher levels of feeding, the digestibility of some, at

least, of the nutritents of productive rations is decreased. ine

question remains, however as to the amount of reduction, at what level

it develops, and what nutrients are most affected. a reView of the

literature indicates that generally the plane of nutrition had no

marked effect upon the digestibility of dried roughages.

OBJECT

ln View of the unsatisfactory methods being used for the de-

termination of crude fiber and ether extract, it is planned to apply

methods which offer poSSibilities of having more biological value to

studies with alfalfa hay. an enzymatic method of determining crude

fiber, the further partition of crude fiber to lignin and cellulose;

and a determination for true fat will be investigated. The effect of

the plane of nutrition upon the digestibility of a ration of alfalfa

hay alone will also be studied.

MXBERlMBNTAL BRUCEDURE

Animals Used and feeding of the Animalg

 

Six Holstein cows of the Michigan state college herd were used
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in this investigation. one of these animals was a rumen fistula cow.

Alfalfa or alfalfa-brome hay was the only feed that the cow re-

ceived and it was fed in amounts of 10, 20 and 60 pounds a;day. The

hay was fed twice daily and its chemical composition is given in

Table l.

Qggestion Trials

The experiment was diVided into three trials, each of which con-

sisted of a preliminary period of lo days followed by a lU-day col-

lection period. samples of hay for chemical analyses were taxen at

the beginning of the experiment. ihe feces was collected by means of

metabolism stalls. uuring the first trial one cow received 50 pounds

of hay and two received 20 pounds. a fourth cow was started on this

trial but as she refused a considerable portion of the 50 pounds of

hay fed a day she was removed. The cow which remained on the SU-pound

level refused about one pound of hay a day. Two cows on the second

trial received 30 pounds of hay and two 20 pounds. Uuring the third

trial two animals received 20 pounds.of hay and two lU pounds. with

the exceptions mentioned, all animals exhibited a good appetite for

the full amount of hay given them.

Chemical Analyses

The chemical analyses which were made on the hay and feces were

moisture, ash, protein, crude fiber, nitrogen-free extract (by dif-

ference) cellulose, lignin, other carbohydrate (by difference) new

crude fiber, new nitrogen-free extract \by difference) and true fat.

Moisture, ash, protein, crude fiber and nitrogen-free extract were de-
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termined by standard A.0.A.C. methods (71). Cellulose and lignin

were determined by the method of Crampton and Maynard \9). The en»

zymatic method of norwitt and associates ‘26) was used to determine

crude fiber and this fraction is referred to as new crude fiber and

that material determined by difference as new nitrogen-frag extract.

True fat was determined by a method developed by horwitt and co-

workers \26}. All of these determinations except the standard a.0.A.C.

methods are given in detail in rart l of this thesis.

RESULTS

Composition of the Alfalfa Egg

The chemical analyses of the hay used during this investigation

is given in Table l. it is seen that the alfalfa hay contained a

Table I Composition of the alfalfa hay on dry matter basis

 

Trial 1 Trial 2* . Trial 3

PrOtein 16.99 18.42 17.02

ash 1.80 7.32 6.55

Ether extract 3.14 2.58 1.32

Crude fiber 32.50 32.33 38.16

N-free extract 39.57 39.55 26.94

Lignin 16.18 16.57 17.59

Cellulose 28.38 24.91 31.33

Other Carbohydrate 27.51 30.20 26.l9

New crude fiber 46.03 42.89 50.08

New N-free extract 26.04 28.79 25.03

True fat 0.768 0.908 0.755

 

*This hay contained about one-third brome grass

considerable amount \16.18 to l7.59 per cent) of lignin.

content was variable and ranged from 24.91 to 31.33 per cent.

The cellulose
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Table ll a lot of hay, which was not used in the digestion trials,

contained almost 40 per cent cellulose. both the new crude fiber and

the lignin plus cellulose content were considerably higher than the

value obtained by the standard crude fiber method. about 10 to 14 per

cent more fiber was obtained by the enzymatic determination of crude

fiber than by the standard method, and the sum of cellulose and lignin

was about two per cent lower than the new crude fiber content. The

highest value obtained for the true fat in alfalfa hay was 0.908 per

cent and the lowest was 0.475 per cent. The high value was found in

hay with a low crude fiber and cellulose content and a high protein

content. There did not appear to be any direct correlation between

the true fat and ether extract content of the hay.

The cellulose and lignin content of alfalfa hay and feces is

compared with the new crude fiber in Table if and the per cent dif-

ference is calculated. As a rule in both hay and feces the enzymatic

method for crude fiber removes a little higher percentage of fibrous

material. The percentage difference was considerably larger in the

.feces than in the hay. from data on the analyses of the rumen contents

which were presented in rart l of this thesis it was noted that the

difference was greater for the rumen contents than for the hay.

Table ll Comparison of the cellulose and lignin content of hay

and feces with the crude fiber determined by enzymatic methods

 

Feed Feces

Cellu» big~ Crude rer cent Cellu~ big- Crude rer cent

lose nin fiber Difference lose nin fiber Difference

fiample \l) (21 L31 13111114121, L11 ll2l i3l .l3llllleizl

 

1 33.10 14.98 50.78 5.62 32.79 28.99 72.32 17.06

2 33.47 15.07 53.20 9.51 31.51 29.23 67.89 11.77

3 36.97 17.79 57.77 5.50 39.51 32.01 86.01 4.60

4 39.52 16.44 55.62 ~0.61 33.71 33.13 74.81 11.92

5 24.91 16.57 42.89 3.40 26.19 29.55 67.99 21.97

6 31.33 17.59 50.08 2.37 33.20 32.50 61.74 ~6.u3
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Compazison of the various methods 9f analyses

The digestion coefficients of the various crude fiber fractions

as found by different methods of analysis are presented in Table ill.

The digestibility of the materials obtained by difference is also given.

The standard method divides the carbohydrate fraction of the hay into

crude fiber and nitrogen-free extract. lhe nitrogen-free extract

averaged about 20 per cent more digestible than the crude fiber. The

digestibility of crude fiber varied from 32.88 per centto 51.16 per

cent while that of nitrogen-free extract varied from 47.56 per cent

to 70.94 per cent.

Table ill Digestibility of alfalfa hay at various levels

of feeding and by different methods of analyses

 

Level of feedingl
 

Average

 

 

 

Ezggedure and nutrients 10 pgunds 20 pounds 30 pounds {11 88m9188)

Standard .

yrotein 64.71 68.38 68.92 67.86

Ether extract «18.59 13.36 17.23 8.61

Crude fiber 36.15 44.92 45.56 43.50

N-free extract 56.94 66.55 60.06 .63.03

True fat' 48.01 72.52 65.25 66.08

modified 5"

irotein 64.71 68.38 68.92 67.86

Ether extract ~18.59 13.36 17.23 8.61

Cellulose 44.14 51.44 50.87 49.96

Lignin ~0.16 17.35 16.98 12.39

uther carbohydrate 80.22 84.66 85.02 83.95

modified 11*'*

trotein 64.71 68.38 68.92 67.86

Ether extract ~18.59 13.36 17.23 8.61

New crude fiber 32.87 37.09 39.47 36.97

New N-free extract 72.79 89.97 86.60 85.84

 

*True fat is included under the standard procedure for convenience.

‘*Partition of carbonydrates by the method of urampton and maynard \9).

'**Enzymatic determination of crude fiber by the method of norwitt and

associates \26;.
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The separation of the carbohydrate of the hay into lignin,

cellulose and other carbohydrate made a sharper distinction in the

digestibility of the various fractions. Lignin was digested to a

slight extent, cellulose averaged practically 50 per cent digestibility

and other carbohydrate 84 per cent. the digestibility of lignin varied

from ~5.l2 per cent to 23.71 per cent While cellulose varied from 39.68

to 57.23 per cent and other carbohydrate from 78.l9 to 87.27 per cent.

it should be noted that the digestibility of the three fractions did

not overlap as was true for the two fractions determined by the stan-

dard method. The other carbonydrate averaged almost 21 per cent more

digestibility than the nitrogen-free extract.

The determination of crude fiber by an enzymatic method resulted

in the separation of the carbohydrates into two substances of more

distinct biological difference than the standard method. while the

average digestibility of crude fiber and nitrogen-free extract only

differed about 20 per cent, the new nitrOgen-free extract was almost

49 per cent more digestible than new crude fiber. New crude fiber '

varied from 29.83 to 43.3 per cent digestible and the new nitrogen-

free extract from 68.2l to 93.12 per cent with an average of 85.84

per cent.

True fat averaged 66.08 per cent digestible as compared with a

value of 8.6l for ether extract. The digestion of true fat varied

from 47.99 to 82.93 per cent while ether extract varied from ~26.00

to 34.50 per cent.

Effect of the rlane of nutrition on uigestibility

The summary of 11 coefficients of digestibility obtained at

levels of 10, 20 and 30 pounds of hay a day are given for each
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nutrient in Table ill. Uigestion coefficients varied but little at

levels of 20 to 30 pounds a day but the digestibility at the lO-pound

level was lower for each nutrient than on either of the higher levels.

The only differences which occurred in changing from 20 to 30 pounds

of hay a day were a decrease in the digestibility of nitrogen-free

extract, new nitrogen-free extract and true fat and an increased

digestibilityfbr ether extract. new crude-fiber was slightly more

digestible at the highest level. A negative digestion coefficient

of ether extract was obtained at the lU-pound level.

013008810“

Analyses of the alfalfa nay used in this investigation and also

that used in studies with rumen digestion snow that alfalfa contains

an average of about 32 per cent cellulose and about 16 per cent

lignin on the dry basis. The cellulose content was highly variable

while lignin only varied slightly over two per cent. other carbohy-

drate and new nitrogen-free extract usually accounted for 20 to 25 per

cent of the hay.

The partition of the carbonydrates of alfalfa hay into lignin,

cellulose and other carbohydrate by the method of urampton and

maynard i9} confirms preVious results With this method. although the

crude fiber of the hay studied was usually less digestible than the

nitrogen-free extract when the standard method was, the distinction

between the various components was much greater by the modified pro-

cedure. a poorly digestible fraction, lignin; a highly digestible

portion, other carbohydrate; and a fraction of medium digestibility,
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cellulose, were obtained. uther carbonydrate averaged 21 per cent

more digestible than nitrogen-free extract. The cellulose of the hay

averaged about 50 per cent digestible and lignin was from o5.l to 23.7

per cent digested. These data together with that in the literature in-

dicate that lignin is usually digested to some extent in the animal

body. The digestibility is highly variable and the conflicting values

reported in the literature \8) \43) are not surpriSing.

The enzymatic method of determining crude fiber also gives a

sharper distinction between the carbonydrate fractions than the stan-

dard method. an average difference of only 20 per cent was observed

in the digestibility of crude fiber and nitrogen—free extract while the

new nitrogen-free extract and new crude fiber, determined by the enzy-

matic method, showed a difference of 49 per cent. New crude fiber

averaged 6 per cent less digestible than the old crude fiber and new

nitrogen-free extract was about 23 per cent more digestible than old

nitrogen-free extract. nesults with rumen digestion studies which were

presented in Bart l of this thesis also indicate the difference in the

character of the two nitrogen-free extractive fractions as 100 per cent

of the new nitrogen-free extract was usually removed and only 60 to

70 per cent of the old nitrogen-free extract. There was a difference

of about 25 per cent between the highest digestion coefficient of new

crude fiber and the lowest coefficient for new nitrogen-free extract

while with the standard method the two fractions which were determined

overlapped. The greater biological value of this method is indicated.

That this method meets the requirements suggested by horman \40)

that any crude fiber determination should include all of the lignin is

indicated by the data presented in Table ii. The new crude fiber con-
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tent of the hay was usually slightly more than the combined cellulose

and lignin content. nemy \49) found crude fiber determined by the

method he developed, and from which norwitt and associates ‘26) adapted

their determination, was of about the same chemical composition as that

of the standard methods which usually contains 97 to l00 per cent lignin

and cellulose \24) \40). These facts would indicate that the new crude

fiber consists largely of cellulose and lignin and that practically all

of both constituents are included. in the feces the variation between

the cellulose plus lignin and the new crude fiber is greater which

indicates the latter material may contain some poorly digestible

material or materials other than cellulose andlignin. uixewise, the

new nitrogensfree extract obtained differs somewhat fnbm the other

carbohydrate fraction. although new nitrogen-free extract varied more

in digestibility, it averaged five per cent more digestible in over

half of the cases. The difference was even better illustrated by the

results in rart 1 of this thesis as an average of 14.5 per cent more

of the new nitrogen-free extract disappeared from the rumen than other

carbohydrate. The new nitrogen-free extract was often 100 per cent

removed.

of these two methods, the enzymatic determination of new crude

fiber requires less labor for the determination, but the time required

to obtain the results is much longer as a total 01 eight days of in-

cubation are necessary as compared to 12 hours incubation for lignin.

Both of these methods are of greater value in predicting the feeding

values of roughage than the present d1V1Slon of carbohydrates into an

imperical crude fiber and nitrogen-free extract.

The various samples of analyzed material contained from 0.475 to

0.908 per cent true fat by the method of Horwitt and associates \26).
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There was no correlation between the amount of ether extract present

and the amount of true fat. The greater biological significance of

separating the fats and non-fats was illustrated by the metabolism

trials which closely agreed with the results of other inves-

tigators \47) \57). True fat averaged 66.08 per cent digestibility

as compared with 8.61 per cent for the ether extract. at the 10-

pound level even though ether extract was ~18.59 per cent digested,

true fat was digested to the extent of 48.01 per cent which indicated

that the so-called metabolic fat was of a non—fatty nature. This

method seems to give a fraction of more biological value than the

ether extract determination.

Although this method shows the biological value of true fat

attention should be brought to the fact that the present methods of

fat extraction used for feed materials do not completely remove all

of the fat and related substances. in View of the low values for

true fat obtained in these studies it is suggested that methods of

extraction which are more complete in extracting fatty substances be

studied in connection with feed analyses.

as the level of feeding increased from 20 to 30 pounds of hay

a day the digestibility of protein, crude fiber, cellulose, lignin,

and other carbonydrate was not affected and new crude fiber showed a

slight increased digestion at the higher level. only the more

digestible carbonydrates, represented by nitrogen—free extract and

new nitrogen-free extract, and the true fat decreased in digestibility

with an increase in the level of feeding. These results indicate that

the general reduction of digestibility often Observed at the higher

levels of feeding pxductive rations \17) \36) may not follow for
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rations of roughage alone. This is in agreement with the findings

of Watson and co-worKers ‘62) (63) but conflicts with the reports of

rorbes and associates \15;.

ht the 10~pouhd level the digestibility of each nutrient was

lower than at either of the higher levels. it should be pointed out,

however, that this was a sub-maintenance and the influence of the low

state of nutrition may have been a factor. forbes and associates \17)

and Watson and co-workers \63) also observed a lowered digestibility §

on sub-maintenance rations.

SUMMARY AND CUNCLUSluNS

l. Digestion trials were conducted in which the cows received 10,

 
20 and 30 pounds of alfalfa hay a day.

2. Alfalfa hay contained an average of about 32 per cent cellulose

and 16 per cent lignin. The cellulose averaged 50 per cent

digestible and the lignin was of highly variable digestibility

.
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1
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l
a
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.
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m
.
-
7
W
1

up to 23.7 per cent.

3. The separation of the carbonydrate fraction into cellulose,

lignin and other carbonydrate is a better index to the biological

value of feeding stuffs than the present diviSion into crude fiber

and nitrogen-free extract.

4. The enzymatic determination of crude fiber gives a much sharper

distinction between the two carbohydrate fractions than the stan-

dard method and its usefulness in estimating the biological value

of feeding stuffs is thereby indicated.

5. The coefficient of digestibility of the true fat averaged 66.1 per
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7.
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cent, while the ether extract averaged only 8.6 per cent. it

is apparent, therefore, that a true fat determination is

biologically significant.

increasing the level of feeding from 20 to 30 pounds of hey a day

caused a decreased digestibility of the nitrogen-free extract,

new nitrogen-free extract and true fat, While ether extract

increased in digestibility. The other fractions were not

affected.

Digestibility at the lU-pound level was lower than at either

of the higher levels. This lowered digestibility was attributed

to the subomaintenance level of nutrition.



(1)

(2)

(3)

(4)

«5)

(6)

m _

\8)

(9)

(10)

141

LITERATURE CITED

Armsby, H. P. and Fries, I. A.

1917 Energy values of hominy feed and maiss meal for cattle.

Jour. Agr. ROI. 10: 599.513.

Armsby, H. P. and Fries, J. A.

1918 Net energy values of alfalfa hay and of starch.

Jour. Agr. RC‘Q 153 259-286.

BQRCr’ F. and Martin, R.

1937 Some observations on the iodophile microflcra of the

oeacum of the rabbit with special regard to disin-

tegration of cell wall substances.

Zentr. Bakt.,Parasitenk, 11 Abt., 96: 18-35.

Chem. Abst. 31: 4363, 1937.

Bretane, C. and Markees, s.

1936 Exogenous or alimentary kstone production from fatty acids.

Ztschr. gee. exp. sed. 99: 498-517.

“at. Abito ‘nd RC7“. G: 1028’ 1937s

Browser, 3. and Dijkstra. N. D.

1938 an alimentary acetonuria and ketcnuria in dairy cattle

induced by feeding grass silage of the butyric acid type.

Jour. Agr. $61. 28: 695.700.

Burr, G. 0. and Burr, N. M.

1929 A new deficiency disease produced by the rigid exclusion

of fat from the diet.

Jour. Biol. Chem. 82: 345-367.

Chibnall, a. C. and Channon, H. J.

1927 The ether-soluble substances of cabbage leaf cytoplasm.

III. The fatty acids.

Biochem. Jour. 21: 479-483.

crampton, K. I.

1939 The nutritional significance of crude fiber in feeds.

Feedstuffs, 11: 20-25.

Crampton, l. W. and maynsrd. L. A.

1938 The relation of cellulose and lignin content to the

nutritive value of animal feeds.

Jour. Nut. 15: 383-395.

Csonka, F. A. Phillips, I. and BrsessoJones, D.

1929 Studies on lignin metabolism.

(tour. 3101. Ch”. 85: 65-75.



.
V
i
l
l

 
I
.
I
E
s
l
l
n
s
l
fl
V



(11)

(13)

113)

(14)

\15)

(16)

(17)

(18)

(19)

(20)

(21)

142

Deuel, H. J., Butts, J. S., Hellman, L. F. and Cutler, C. H.

1935 Studies on ketosis. VII Quantitative studies on Beta

oxidation. Glycogen formation from various fatty acids.

Jour. Biol. Chem. 112: 15-23.

Deuel, H. J. and Milhorat, A. T.

1928 On the alleged conversion of fat to carbohydrate. 1.

The metabolism of acetic acid.

Jour. Biol. Chem. 78: 299-309.

Ibklos, C. H.

1911 Digestion trial with two Jerseys on full ration

and on maintenance.

Ho. Agr. Exp. Sta. Bull. 4: 22 pp.

Fingerling, 6., Bretech, 3., Losche, A. and Arndt, G.

1913 The digestion of crude fiber by sheep and pigs.

L‘nd'} VCrS. Stat. 83: 180-210.

Exp. Sta. sec. 31: 667, 1914.

Forbes, K. B., Fries, A. J. and Bremen, W. H.

1925 Net energy values of alfalfa hay and alfalfa meal.

Jour. “Ere R33. 31: 987-995e

Forbes, E. 8., Bremen, W. W. and arise, M.

1930 Further studies on the energy metabolism of cattle

in relation to the plane of nutrition.

Jour. Agr. Res. 40: 37—78.

Forbes, s. B. Bratzler, J. w., Black, a. and Bremen, w. w.'

1937 Digestibility of rations by cattle and sheep.

Penna. Agra EXP. Sta. Balls 3393 3’30.

traps, G. S.

1912 Digestion experiments with Texas hays and fodders.

Tex. Agr. Exp. Sta. Bull. 147: 28 pp.

Fraps, Ge so

1930 Digestibility by sheep of the constituents of the

nitrogen-free extract of feeds.

Tax. Agr. EXP. Sta. BUIIQ 418: 15 pp.

Prtpt, Ge Se

1932 Digestibility and production coefficients of hog feeds.

Tex. Agr. Exp. Sta. Bull. 454: 24 pp.

Prapt, G. S. and Rather. J. B.

1912 Composition and digestibility of the ether extract of

bays and fodders.

Tex. Agr. Exp. Sta. Bull. 150: 29 pp.



 
\
“
I
I
-
I
i
l



(22)

«23)

(24)

(25)

126)

\27)

(28)

(29)

(30)

(51)

143

Chanson, G. A. and Sandstrom, W. N.

1937 The uronic acid content of the nitrogen free extract

of feeding stuffs.

Jour. Agr. Res. 55: 581-586.

Haubner, It

1855 Experiments on the digestibility of cellulose

by Minutfls

Z. deutsch Landvirts. N. F. 6: 177.

Cited by Woodman, Biol. Recs. 5: 273-295, 1930.

Headden, I. P.

1896 Alfalfa.

601°. 831‘. m. Sta-s Bull. 35: 92 pp.

Hibbert, H.

1938 The structure of lignin.

cu. Jour. a“. 15’ B: 69-77.

Bouitt. ll. K. CO'gillg G. R. and “endelg L. B.

1936 The availability of the carbohydrates and fats of the

green leaf together with some observations on crude fiber.

Jour. Nut. 12: 255-273.

Hunt, Ce He. 8.330“. P. Re and BflhkC. Re Me

1936 The influence of the stage of maturity on the chemical

‘ composition and the vitamin B (31) and C content of

bays and pasture grasses.

Ohio Agra up. Sta. Ball. 576: 18 pp.

1"“, He

1937 Nutritive value of pentosan 7111 action of xylen-

decomposing bacteria.

Jour. Agr. Chem. Soc. Japan, 13: 978-988.

Chm. Ab“. 32: 1739’ 19380

Kalil”. Co

1900 Uhtersuchugen uber den Staff-und Energie-Umsats des

ereachssnen Rindes bei Erhaltungsund Productionsfutter.

Land. V”.ucho Stat. 53:1e

Cited by loodman, Biol. Revs. 5: 273-295, 1930.

K.m.r. 00

1905 anahr. lands. Nutztiere.

Cited by woodman, Biol. Bees. 5: 273-295, 1930.

Koenig, J.

1907 Die Zellmembran u. ihre Bestandteile in chemischer u.

physiologischer hinsicht.

Lands. Versuchs. Stat. 65: 55.

Cited by Iangcld, Nut. Abst. and News. 3: 647-656, 1934.



 

‘
v
-
a

.

I
4

l
-

.
.

.
o

.
.

.
o
n

,
y
,
.

.
.
\
.
V
‘
_
.
C

.
4

v
s

.
,
,
.
.
I

.
.

*
.
b
‘



(32)

(33)

(34)

(55)

(35)

(57)

(38)

(39)

(40}

(41)

(42}

144

Kosnig, J. and Becker, E.

1918 Die Bestandteile des Holses und ihre virtsohaftliche

Yereertung.

Veroffenttichungen d. Lande.-Krammer f.d.

Prov. Nestfalen, B. 26.

Cited by Phillips, Chem. Rev. 14: 103-170, 1934.

Koffman, Me

1937 Contribution to our knowledge of acetonemia in cattle.

Skand. Vet - tidskr. 27: 413-446.

“amald . “O

1937 L'utilisation alimentaire de la cellulose.

Herman and Cie, Paris, 38 pp. illus.

“1110?, Re Ce

1938 Plant Physiology.

Kc Cree-H111 Book Co.. N. Y. and id. 1201 pp. illus.

Nitchell, H. H. and Hamilton, T. S.

1952 The effect of the amount of feed consumed by

cattle on the utilization of its energy content.

Jour. Agr. Res. 45: 163-191.

“Quinn, Fe B.

1936 Feeds and feeding.

Horrison Publishing 00., 1thaca, N. Y. 20th Ed. 1050 pp.

ilIUIe

mud. He “.9 GrinuCy, Ee Se. H511, T. D. ”1d Emmett. he 0.

1914

Norman,

1933

Norman,

1935

Norman,

1936

Herman,

1937

A study of the digestibility of rations for steers with

special reference to the influence of the character and

emount of feed.

111. Agr. Exp. Sta. Bull. 172: 235-286.

A. G.

a preliminary investigation of the development of

structural constituents in the barley plant.

Jour. Agr. $31. 23: 216’227e

A. G.

The composition of crude fiber.

Jour. igr. Res. 23: 529-540.

A. G.

The composition of forage crops. I..Kye grass.

Jour. Biol. Chem. 30: 1354-1362

A. G.

The biochemistry of cellulose the polyuronide lignin etc.

oxford university Press. Oxford, 232 pp. illus.

A
.
f
.
_
.
.
.

 

_
_
_
.
-
_
.
—
_
—
-
_
-
_
m
\
“

.
-

.





(43)

(44)

(45}

\46}

(47)

(48)

(49)

(50)

(51)

(52)

145

Phillips, M.

1934 The chemistry of lignin.

Chem. Revs. 14: 103-170.

Phillips. “0 8nd G088, Me J.

1935

Pochon,

1934

Cbmposition of the leaves and stalks of barley successive

stages of growth, with special reference to the formation

of lignin.

Jour. Agr. Res. 51: 301-319.

Je

The role of cellulolytic bacterium of the rumen in the

transformation of cellulose into glucose in the di-

gestive tract of ruminants.

Compt. “and. 119: 983.985.

Prjanischnikow, N. D. and Tomme, I. I.

1936 Effect of lignin on the digestibility of rye straw.

Biedermanns Zentr. B. Tiererflhung, 8: 104-112.

Nut. Abst. and nevs. 6: 231, 1936.

Rather, Je Be

1914 The total fatty acids and other ether-soluble con-

stituents of foodstuffs.

Tex. Agr. Exp. Stae Enlle 169: 50 pp.

Reillyg Jo, HickenbOttom, we Jo, Henl.y’ f. B. and Thayscn, ‘0 C.

1920 The products of the “acetone: g>- butyl alcohol’ fer-

mentation of carbohydrate material with special reference

to some of the intermediate substances produced.

Jour. Biol. Chem. 14: 228-251.

RON}, E.

1931 Experimental studies in the biochemistry and

biology of crude fiber.

Biochem. Z. 236: 1-18.

Nut. Abst. and nevs. 1: 53, 1931

Ringer, A. I.

1912 The chemistry of gluccneogenesis. I. The quantitative

conversion of propionic acid into glucose.

Jon’s 8101e ChCme 12: 511'515e

Ringer, A. I.

1913, The chemistry of gluconsogenesis.‘7. The role of pyruvic

acid in the intermediary metabolism of alanine.

Jour. Biol. Chem. 15: 145-152.

Ringer, A. I. and Jonas, L.

1913' The chemistry of gluconeogenesis. II. The formation

of glucose from valerianic and heptylic acids.

Joure BiOle Chflne 14; 43.520





(53)

(54}

(55)

(55)

«57)

(58)

(59)

(60)

(61)

(62)

146

Bittenberg, 0., Schoenheimer, n. and evens, s. A.

1937 The metabolism of butyric acid and caproic acids.

dour. Biol. Chem. 120: 503-510.

Bitzman, E. G. and Benedict, r. G.

1938 Nutritional physiology of the adult ruminant.

Carnegie lnst. Wash. Pub. No. 494: 200 pp. illus.

Rogosinski, P. and Starzewska, I.

1927 The digestion of lignin by ruminants.

mtm. a". £81.. 18: 413.

Schulze, E.

1892 Concerning the fatty substances in feeding stuffs and

their importance for animal nutrition.

mnd'. Jahrb. SCh'Biae 6: 72.800

Exp. Sta. Res. 5: 337-341, 1894.

398118.11. Pe ‘e

1932 A preliminary experiment on the digestion of fats

by bullocks.

1nd. Jour. Vet. Sci. and An. Husb. 2: 333-337.

Smith, J. A. B. ”d. Chihnall, A. C.

1932 The glyceride fatty acids of forage grasses. I.

Cocksfoot and perennial rye grass.

Jour. Biol. Chem. 26: 218-234.

Sotola, J.

1933 The nutritive value of alfalfa.leaves and stems.

Jour. “81‘. Res. 47: 9199945.

Sotola, J.

1937 The chemical composition and nutritive value of

certain cereal hays.

Jour. Agr. Res. 54: 399-415.

Ustyantsev. V. P.

1906 feeding cellulose and coarse fodders to herbivorous

animals.

0 Pitanii Travoyadnuikh z hivotnuckh [lyetchalkoi i

flirubuimi Kormmi. Kiev: PP. VII 4 174.

hp. Sta. Race 18: 863’ 1907.

Watson, 0. J., “111’. G. 3., “Vida“, W. II. and Dore, Je I.

1933 Studies on vim.cat feed. I. Thsldigestibility of

V1“ Oat {c.d.

Sci. Agr. 13: 382-394.

(63) Watson, C. J., Muir, G. W., and Davidson, B. H.

1935 Digestibility studies with rwminants. 1. Plans of

nutrition and digestibility of hay.

Sci. Agr. 15: 476-487.





14?

(64) Watson, C. J., Woodward, J. 0., Davidson, W. M. and Nuir, G. W.

1936 Digestibility studies with ruminants. z.

Plane of nutrition and digestibility of a hay

barley ration.

Sci. Agr. 17: 11-21.

(65) Williams, a. D. and Ginstead, n. H.

1935 A biological method for determining indigestible

residue (crude fiber) in feces: lignin cellulose, and

non-eater-soluble hemicelluloses.

Jour. Biol. Chem. 108: 653-666.

(66) Williams, R. D. and Olmstead, W. H.

1936 The effect of cellulose, hemicellulose and lignin on

the stool; a contribution to the study of laxation

in mane

Jour. Nut. 11: 439, 1936.

(67) Wilson, J. K. and Webb, H. J.

1937 Water soluble carbohydrates in forage crepe and their

relation to silage production.

Jour. Dairy Sci. 20: 247-263.

(68) Woodman, H. E.

1930 The role of cellulose in nutrition.

Biol. Revs. 5: 273-295.

(69) Headman, H. E. and Evans, R. E.

1938 The mechanism of cellulose digestion in

the ruminant organism. TV.

Joure Agr. $31. 28: 43.63.

(70) Headman, He Es and Ste'art' Je

1932 The mechanism of cellulose digestion in the

ruminant organism. III.

Jour. Agr. Sci. 22: 527-547.

\71) AeOeAOCO

1935 official and tentative methods of analyses of

the Assoc. of Ufficial Agr. Chemist.

4th ed., 701 pp. illus.



_
4
4
,
4
1

1
5
‘
.





3 r .4 v .4. --.-"

QOSJGNEU,‘

W29“

412-. 4 II

x e ’82

lb 2 7 ‘43

Viv-3' '

M2347

“tramw-
£95132»?

%W%’/
J M

,= ‘ o 1348

‘APR—ts—ssl r/

my 6~ 1961 (is

,

.(x-

 



 



MICHIGAN STATE UN

II I" fill Will

 

Winn
31293007025ml“

‘
.
A

.
.

H
.
6
0
-
‘
J
a
.

«
s
‘

-
‘

L
A
W
.
.
.
“

“

a
n
.
.
.
"

-
:e
.

.
5
‘
‘
M
'

p
t
w
e
e
-
u
s
,

‘
A


