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Ph.D. Stanley Ernest Bcacom I'Tutrition 

TI:IE :SFFECT OF GRINDING ON THE VCLillr.L'ARY CON3ill-1PTIOU 

AHD èmTRIE~·1T AVAILADILITY OF ;~ARLY VS. Lt-1TE CUT CLOVEI:. 

AUD TUIOTHY HAYS HT:IEU F~D TO Ii'J,!BS. 

ABSTI'.ACT 

Voluntary consumption, as a criterion of feeding value of t\·70 

forage species \·Jas further tested by detennining the 11\dthin species" 

effect of stage of maturity and of the physical fonn in \·7hich these 

forages uere fed. Chemical composition, digestibility coefficients, 

voluntary intal:::c and liveHeight gains Here determined. Various 

relationships between these factors and their relationship to forage 

species, stage of maturity and to the physical fonn in 't-1hich the 

forage \·Jas fed, \·Jere investigated. 

Voluntary intake of the forages (including the effect of species, 

stage of maturity and physical forra) was highly and significantly 

correlated to feeding value, ·Hhcther c:~pressed as digestible energy 

intalœ or as liveweight gain. 

Feeding forages in the ground, noist condition caused a 

significant increase in voluntary intake. The reduction in extent 

of digestibility >·Jas more than offset by the increased intal~e of 

digestible nutrients, with the result that liveweight gains \Jere 

markedly incrcased. 



Suggcsted abbcviated title for bound copy . 

Intal(e and utilization of chopped vs. ground forages 

fed to lambs. 



I. GENERAL INTRODUCTION. 

The production and utilization of forage crops is assuming an 

increasingly important role in the agricultural economy of Canada. 

This is particularly true of ~lestern Canada "t<lhere the shortcomings of 

a one crop economy are becoming more and more evident. In an attempt 

to bring stability to the agricultural cconomy and to advocate measures 

for the conservation of soil resources,agriculturalists are seeking to 

encourage the production of forage crops. This involves a three-way 

program. Firstly, varieties of forages must be developed \vhich are 

suitable for the areas involved and which will be consumed readily by 

ruminant livestock. Secondly, cultural practices have to be developed 

to ensure optimum production levels and thirdly, pasture management 

and forage utilization methods must be developed by the animal husband­

man and livestock nutritionist in arder to ensure efficient conversion 

of forage materials to marketable livestock products. In arder for 

this program to succeed the overall effect must be to increase the 

economie returns to the producer to the point \vhere it competes 

favorably with v1heat production. 

Research into the utilization of forage crops by livestock, 

presents a grea t field of endeavor and a worthwh ile challenge to t he 

animal nutritionist. In conjunction ~-rith the forage crop specialist 

he must devise methods of estimating the feeding value of new forage 

varieties gro\vn under a number of conditions and at various s t ages 

of maturity. He must also develop management practices (grazing 

procedures , har ves t ing, s toring and feeding methods , etc .) 'i·Jhich 

will enable a maximum utilization of a forage cro~potential feeding 

value without endangering subsequent production of the forage . 



Forage products (pasture, silage and hay) are relativcly cheap 

sources of nutrients and for this reason should be used to the maximum 

extent compatible with the production requirements of all classes of 

stock. Hhile it is true that the ruminant is designed primarily for 

the handling of who le plant materials, neve:ttheless forage crops, 

bath as pasturage and as dried, ground material have an important 

role to play in the feeding of S\·line and poultry. 

In the ruminant a large portion of the energy contained in the 

cellulose con~onent of the forages is made available to the aniQal 

through the action of cellulolytic bacteria. It is becoming increas­

ingly apparent that the activity of these microorganisms is related 

to their state of nutrition. Thus for efficient activity of these 

microorganisms it is important that their nutritional needs be 

adequately met, either by the forage itself or by various supplements 

fed •.Jith the forage. It has already been demonstrated that the 

efficiency of utilization of poor quality roughages can be increased 

by adding supplemental minerals, nitrogen and other compounds. 

Another means of improving the utilization of forage crops is 

to alter their physical condition. By grinding and, or pelleting, 

the density of the forage material can be increased, allowing a 

greatcr intake of fecd by the aninal. 

The basic purpose behind both the above approaches is to 

increase the intal~e of forage material so that the proportion of 

nutrients available for productive purposes is increased. It is 

believed that by remedying certain nutrient deficiencies and, or 

by grinding the f orage , the rate of digestion of the available 

2 



nutrients is speeded up, rate of disappearance of feed material from 

the digestive tract is increased, and recurrence of appetite is more 

rapid. Sorne uncertainty exists as to the influence of various factors 

on the rate of disappearance of food and food residues from the 

digestive tract of the animal, houever it has been demonstrated that 

voluntary intake of forage is related to the feeding value of a 

forage and to its rate of disappearance from the digestive tract. 

The finding that voluntary intake was related to the feeding 

value of a forage resulted from a search for a reliable index of 

forage feeding value. The lacl• of correlation of chemical analysis 

data or even of digestibility coefficients to the actual feeding 

value of a forage has been knmm for sorne time. It is of fundamental 

importance that sorne measurable character of forages be found Hhich 

is closely correlated to its feeding value. This characteristic, 

besicles being a reliable criterion of feeding value, should prefer­

ably be one ~11hich can be reliably and easily determined in view of 

the tremendous variation which exists in the feeding value of forages. 

This variation, of course, means that the predicting of the feeding 

value of a forage, on the basis of chemical and biological properties 

determined for a supposedly "similar" forage, is a very unreliable 

procedure. 

The first work in this department dealing with the relationship 

ben11een voluntary intake of forages and their feeding value v1as 

conducted by Lister (1957) who fed five "forages" harvested under 

average farm conditions to sheep. Smith (1958) conducted a someHhat 

similar experiment using "ideally cured" forages. In both experiments 

3 
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the extent of voluntary intake of the forages was found to be closely 

related to the ir feeding value as measured in terms of live,<Jeight gains. 

The first stage of the work reported here deals with the effect of 

stage of maturity on the voluntary intake and feeding value of t'<JO 

forage species to further test the validity of voluntary intake as an 

index of forage feeding value. TI1e second part of the work deals with 

the effect of grinding these same forages on their voluntary consumption 

and feeding value when fed to lambs. 
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II. REVIEW OF LITERATURE. 

A. Methods of Assessing Forage Feeding Value, and Related Considerations. 

1. INTRODUCTION. 

The problem of assessing the feeding value of whole plant forages 

is much more complex than that of assessing the feeding value of grains. 

The nutritional value of grains is subject to fe-v1er variables since only 

one part of the plant is involved and it is usually harvested within 

rouch narrower limits of maturity than is 'tvhole plant forage. Grains may 

also be mechanically 11purified" ta further narrow the variability in 

feeding value if so desired. The feeding value of grains is also less 

dependent on ruminai microflora thau is that of forages. Harrison 

(1956) presents only five classifications for wheat and four for cats. 

Hm,Jever there are sorne twenty-two separate classifications for whole 

plant alfalfa products. The factors causing variability between these 

products are,- stage of bloom, method of curing, fertility of the sail 

on which they >·lere produced, cutting (first, second or third), 

proportion of leaf ta stem, effect of '"eathering, form in vrhich fed 

(meal, pellets), processing method (dehydration) and purity of the 

stand. 

H'hen the need arises ta estimate the feeding value of any 

particular forage crop, the difficulty in applying published data on 

composi tion and digestibility is apparent. Hatson (1952) states, 

"The most noticeable feature of any consideration of the chemical 

composition of herbage is that no one s et of figures can possibly 

represent a particular plant or association of plants." It is 

thus of utmost importance ta devise sorne simple and reliable method 

for assessing forage feeding value. 
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Suift (1957) in discussing the various methods used to arrive at 

the nutritive evaluation of forages, points out the nced for sor.1e 

method v7hich can be 11as meaningful as possible11 and uhich can be 

carried out under conditions prevailing on most cxperiment stations. 

He emphasizes the necessity of testing forages under conditions where 

they constitute the entire ration in arder to eliminate "associative 

effects11 of concentrate supplementation on the utilization of the 

resulting ration. 

2. 11IZ IŒLATIOHSHIP OF CHEJ:.liCAL f•NALYS IS DATA TO FO!'-AGE FEEDIHG VALUE.* 

Chemical analysis of forages has been used in an effort to predict 

feeding value of forages. The most commonly reported data result 

fror.1 the method of proximate analysis uhereby the forage is partitioned 

into crude protein, crude fiber, nitrogen-free extract, ether extract, 

ash and lJater. On the \·lhole it has been found that such analytical 

data do not correlate with any reasonable degree of consistency v1ith 

the feeding value of the forage as measured in terms of liveueight 

gain, mill~ production, etc. 

Con-anan (1954) states that, "an obvious major defect of the 

proximate analysis from the standpoint of the agricultural chemist 

is its complete failure to provide any reasonably precise direct 

fractionation of the carbohydrates of roughages of the many forage 

crops into more or less digestible fractions as far as ruminant 

diges tian is concerned. 11 He further be lieves that it i s unlil~ely 

that any simple readily reproducible chemical method \-Jill ever 

provide an estimate of this kind. He points out that certain chemical 

*Throughout this thesis "Forage Feeding Value" refers to a forage's 
ability to produce live\veight gains, milk, etc. 



fractions (crude fiber, lignin) have been found by Lancaster (1944) 

to be highly correlated to the digestibility of organic matter of 

17 New Zealand forages but when the prediction equations Here applied 
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to a narrm-Jer range of materials the relationships ~..rere not statistically 

significant. Similarly he cites the ~·70rk of McMeekan (1944) in ~-Jhich 

an "r11 value of -.944 \·las found \·7hen crude fiber content \'las correlated 

to digestibility of a wide range of forages and feedstuffs. Common 

connnents 1 
1:0ne cau hardly avoid the suspicion that correlation between 

an analytical characteristic and digestibility calculated for a Hide 

range of different feedstuffs may include expressions of the operation 

of factors not operative within the more narroHly restricted population." 

\-lith reference to cellulose digestibility hm-Jever it is pointed out that 

it is far more likely ta be related to lignin content in populations of 

one species where the anatomical disposition of cell walls are probably 

similar. 

Crampton (1956) studying digestibility coefficients of dry and 

green roughages and silages fed ta ruminants (197 cases) found that in 

44 percent of these cases the crude fiber fraction was digested as 

completely as was the nitrogen-free extract. For this reason it is 

obvious that crude fiber content is a poor guide to the feeding value 

of forages as far as ruminants are concerned. Several attempts have 

been made to fractionate the carbohydrate portion of forages in an 

effort to isolate sorne constituent that was indicative of feeding 

value. Haksman and Stevens (1938), Hilliams and Olmstead (1935), 

Crampton and Haynard (1938), Crampton and Hhiting (1942) and Ely~ al 

(1953) have all devised schemes for fractionating the carbohydrate 



(including lignin) into more specifie entities. However no fraction 

>vas isolated which was found to be consistently related to feeding 

value of forages. 

Richards et al (1958) compared methoxyl, lignin, crude fiber 

and crude protein content of forages and feces as indirect indicators 

8 

of dry matter digestibility. They used alfalfa, sudan grass and orchard 

grass. They found protein content of the forages to be of no predictive 

value. Lignin Has likev7ise of little value. Crude fi ber compared 

favorably >vith methoxyl but >·ms discarded as it v1as harder to determine. 

The relationship between methoxyl content and digestibility of dry 

matter v7as r = -. 724 on 66 forages and r = -. 725 on 98 fecal observa­

tions. Because these "r" values indicate that only sorne 50 percent 

of the variability in dry matter digestibility can be related to the 

methoxyl content of the forages, these workers suggest that the methoxyl 

content of forages could be used only in a rough way to screen or tank 

forages as to quality. 

Crampton and Jackson (1944) state that protein level of 

pasturage is unlikely to limit its f eeding value since protein content 

is usually adequate to meet t he needs of the ruminant. They found a 

negative correlation between protein content of the forage and its 

digestibility. They also found that lignin content was not a r e liable 

index of f orage feedi ng value , (r = +.737). 

Forbes and Garrigus (1950) determined the relationship between 

chemica l composition, nutritive value and intake of forages grazed 

by steers and wet her s. They used organi c matter digestibility as the 

criterion of nutrit ive value to a llow for variability i n ash content 



between the forages studied. They found the greatest degree of cor­

relation bet\veen organic matter digestibility and lignin content and 

assumed this to be a logical finding since the development of ligni­

fication physically inhibits the digestion of nutrients included 

within the cells. They concluded that the fact that protein content 

was the next best measure v1as probably due more to the high degree of 

negative correlation bet\veen lignin and protein than to any specifie 

effect of protein itself. 

~'lalker and Hepburn (1956) fed 24 silages to sheep and noted that 

9 

a close relationship existed beb·1een the gross digestible energy 

contents of the silages and the lignin (method of Ellis, 1946) content. 

The most accurate prediction of gross digestible energy 'i·7as obtained 

by taking into account the content of lignin (Ellis), cellulose 

(crampton and Uaynard, 1938) and crude protein in the silage. Hith 

hays no increase in the accuracy of predicting gross digestible energy 

was obtained by estimating the lignin and cellulose content rather than 

crude fiber alone. They found that metabolizable energy values were 

closely related to digestible energy values . 

Meyer et al (1957) fed oat hay, harvested at seven different 

stages of maturity, to lambs. The lignin content of this forage 

gradually i ncreased from 3.8 to 9 percent while the protein content 

dropped gradually from 24 to 12 percent as the forage matured. The 

authors concluded that the lignin content was the best indication of 

the total digestible nutrient content of the forages (r =-. 98 ) and 

\vas also an indication of daily gain . 



3. IN VITRO STUDIES. 

Asplund ~ al (1958) studying dry matter loss and volatile fatty 

acid production in the artificial rumen as indices of forage quality 

found that coefficients bet~·1een both volatile fatty acid production 
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and dry matter loss in vitro and dry matter digestibility f!l vivo were 

of the arder of .7 to .8 and either significant or highly significant. 

However they also found that the volatile fatty acid yields and dry 

matter lasses ~·lere highly significantly correlated with the crude 

protein contents of the hays, and that values for crude protein content 

were as highly correlated with dry matter digestibility (r = .91) as 

were the artificial rumen assay data. They concluded that further 

investigation is obviously required to 11appraise in ~·1hat respects and 

to what extent, if any, assessments of the relative value of hays by 

artificial rumen assay may be superior or complementary ta estimates 

based simply on relative protein levels." It is important to point 

out that these 'twrkers used excellent alfalfa hay (18.9% crude protein), 

good mixed grass alfalfa hay (12.5% crude protein) and oat stravl 

(5.9% C.P.). As pointed out by Coromon (1954), such results may not 

be indicative of results obtained within narrower ranges of forages. 

In vitro studies on the cellulose digestibility of orchard grass, 

alfalfa and timothy, each harvested at three stages of maturity, ~~ere 

carried out by Kamstra et al (1958). It was found that lignin content 

was correlated with the digestion of cellulose within the whole plant 

materials. Isolating the cellulose from the lignin greatly improved 

the di ges tion indica ting the 11protective" effect of lignin on ce llulose 

during digestion. 
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4. LEAF TO STEH RATIO . 

Crampton and Jackson (1944) suggest that leaf to stem ratio is 

closely related to forage digestibility. Crampton (1956) points out 

that leafiness reflects the protein content of the hays, leaves 

containing about tHo to two and a half times the concentration of 

protein found in the stems regardless of the kind of plant. Leafiness 

is dependent upon the stage of maturity of the plant \\lhen harvested. 

Read et al (1958) also report on the use of leaf to stem ratio 

as an index of forage feeding value. They reported that with first 

growth forage, containing from 32 to 87 percent leaves, that leaf 

content Has highly correlated to digestible dry matter content 

(r = .95). I-Im·7ever with aftermath \-.7here the leaf content ranged 

from 55-92 percent, there \vas found to be little difference in t he 

content of digestible dry matter. 

5. DRY !-lATTER CONTENT AT TIME OF HAR~ST. 

Read ~al (1958) also report that the dry matter content of a 

forage at harvesting time is a good index of forage quality \·7hether 

first or second grov1th material is concerned. In 28 forages where 

the dry matter ranged from 15-40 percent the relationship of dry 

matter content to dieestibility was .8. The prediction equation 

y = 87. 4 - 1.042 x \\las found to have a standard error of 4 .18%. They 

suggest that this method requires further study. 

6. EVALUATING FORAGES ON THE BASIS OF ENERGY CONTENT. 

Suift (1957) considered employing net ene rgy values as an index 

of forage feeding value but, "after a careful appraisal of the many 

years of \\'Orle dedicated to the goal of making net energy det erminations 
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a satisfactory experimental procedure it is revealed that in spite of 

the most elaborate control of environrnental conditions, departing 

further and further from farm practice, the desired end cannot be 

accomplished." The measure of nutritive value as net energy, ideal 

from the theoretical standpoint, is sensitive to many factors including 

those quite apart from the nutritive composition of the feed. 

Hetabolizable energy values were ruled out on the basis that the 

determination of the energy content of the methane and urine made it 

impractical as a routine procedure at most stations. 

Digestible energy, determined directly from the gross energy 

content of the feed and the feces derived therefrom was considered to 

be quite satisfactory from the standpoint of ease, speed, accuracy and 

reproducibility of results in the hands of various investigators. 

Like T.D.N. it represents a feed minus feces difference but is 

obviously more direct and accurate and free from empirical procedures 

and assumptions. It Has found that digestible energy and T.D.N. values 

1;11hen obtained on forages alone were highly correlated (r = .97) and 

that the calorie value of a pound of T.D.N. was about 2000 Calories 

(2018 Calories). The extent to ~vhich perfect correlation does not 

exist betv1een digestible energy and T .D.N. values "reflects the 

unavoidable errors and approximations 't·7hich characterize the experi­

mental procedure of determini ng T.D.N." 

A comparison beuveen digestible energy and metabol izable energy 

reveal ed an ev en higher corre lation (r =.98). The ratio of metaboliz­

able ener gy t o digestibl e energy Has . 79 to 1. Thus the high cor rela­

tion found betv1een digestible energy and metabolizable energy l ends 



further support to the use of digestible energy as a "simple and 

meaningful roeasure of nutritive value." S>>lift also recommends that 

digestible protein content of forages be used as a criterion of 

feeding value. 

Swift et al (1950) determined the metabolizable energy values --
of timothy, alfalfa, bromegrass, orchard grass and Kentucky bluegrass 

harvested at comparable stages of roaturity and artificially dried. 

Metabolizable energy values for these forages increased in the arder 

named. T.D.N.,digestible energy, and digestible dry matter ~\lere also 

determined. Bromegrass '"'as significantly higher in metabolizable 

energy content than alfalfa and timothy while orchard grass was equal 

to bromegrass. It is important to realize that these forages Here 

fed in equal quantities and that this method of forage evaluation 

places no importance on voluntary intake or on the nutrient balance 

of the forages. 

7. VOLU:NTARY INTAIŒ AS A HEASURE OF FORAGE FEEDING VALUE • 

The use of voluntary intake data as a mcasure of forage feeding 

value is a comparatively ne\·7 proposal. Huffman (1939) noted that 

cattle \·10uld consume more of better quality forages than of poorer 

quality forages and suggested that a hay of good quality uould be 

consumed at the rate of three pounds per 100 pounds of live Height. 

Crampton (1957) presented data from the literature to support 

the hypothesis that the protein, calcium and phosphorus content of 

most ediblc \'lholc plant forages is adequate in r e lation to the 

energy content of those forages and that the feeding value of a 



forage depends primarily on the nagnitude of its contribution to the 

daily energy need of the animal. This is reflected largely in the 

relative amounts in Hhich they are consumed. It is suggested that a 

practical ratinG of feeding value would be the expressing of voluntary 

consunption as a percentage of a normal or expected value of three 

pounds (dry 'deight) per lOO pounds live \·7eight. 

In support of the abovc-mentioned hypothesis data are presented 
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to shm1 the relative intakes of five VJidely differing forages (Birdsfoot 

trefoil, Red Claver, Bromegrass, Timothy and Oat Straw) together Hith 

composition and digestibility data. ~·lhile it is stated that there is 

little relationship beb:·7een any of the chenical entities of forage and 

its voluntary intake, examination of the data reveals a high degree 

of relationship bet~·1ecn protein content and daily intal~e (r = .889}:x 

Lister, 1957). Digestibility coefficients, with the exception of 

protein, shoHed no consistent relationship to voluntary intal~e. The 

author concludes that the data lend no support to the idea that complete­

ness (or extent) of digestion is necessarily related to the acceptability 

of a given forage as measured by its voluntary consumption, or by the 

gains of the aninals fed. It is suggested that rate, rather thun extent 

of cellulose digestion is the factor regulating voluntary intake and 

that the more quicl~ly inges ta maves out of the gastric structures , the 

sooner hunger recurs and thus the raore feed is consumed over a given 

period of tim8. 

Huffman e~:pressed a someuhat sirnilar point of vie\·7 in 1953 . He 

stat ed that, "It i s well l:noun that the fores tomachs of ruminants are 
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organized to e:~c1ude the passage of coarse fibrous partic1es into 

the abomasun. It must therefore follm-1 that a retardation of cellulose 

digestion \Jill necessitate a more protracted sojourn of the feed in the 

rumen and a corresponding decrease in the total bulk handled -.;..rithin a 

given time ." 

An experiment similar to that reported by Crampton (1957) \·las 

conducted by Smith (1958) using the same forage species e:x:cept that 

alfalfa was substituted for oat straw. All forages m~re artificially 

cured. Voluntary intal;:e was confirmed as a useful criterim of forage 

feeding value. The digestibility of the non-cellulose portion of the 

forages was found to be more closely related to voluntary intake than 

Has the digestibility of the dry matter, cellulose or any proxinate 

principlc. It is also of interest that undigested residues were found 

to move more quicl;:ly through the digestive tract under ad libitum 

conditions than v7hen the quantity of feed vJas restricted. There was 

no significant reduction in the digestibility of the dry matter. 

The effect of stage of maturity on the voluntary intake uithin 

one species of forage has been studied by several uorkers. 

Heyer et al ( 1957 ) found -.;-1l1en feeding oat hay to lambs that --
feed consuli1ption increased froli1 2.30 lb. per lamb when fed the earlicst 

cutting, to 2 . 72 lb. per lamb 't·7hen fed the most mature eut. There was 

a drop in T.D.N. content from 68 to 53 percent. Thus, in this case, 

it appears that voluntary intake did not serve as a measure of feeding 

value. 

Schneider et al (1953 ) fed shcep orchard grass at two stages of --
maturity,- bloom stage (1/2 full headed) and seed stage (all heads and 



secds forn2t1). T.he dry natter digestibility uas 61 and 5!~ percent 

respectively, uhile average daily fccd consur.1ption \ ·laS 937 and 773 

~as. rcspectively. 
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Smith et al (1958) fed alfalfa harvested at three different stages 

of n.aturity to clairy coHs during each of three years. The cuts Here, 

one-tenti.1 bud, full bud and one-half bloom and uere fed ad libitum. 

The average daily production of fat-corrected mille \·.ras 30.9, 28.5 and 

26.9 pounds respec tively. Average da il y fe cd consumption \-7as 38.9, 

38.1 and 36.1 pounds. Differences in production and in fecd intal~e 

Here highly significant for two of the three years. 

The cffect of stage of r.1aturity on the intake of forages is also 

reported by rreid et al (1953). In June, cows consumed 2.5 to 3.0 

pounds of hay equivalent per lOO lb. of liveueight, uhile in mid-July 

the intal:c decreased to 1.1 t0 1. 7 pounds of hay equivalent per lOO 

lb. of liveueir;ht. They found that, although the digestible dry 

matter content of forage harvested on June 10 •·;as markedly r educed 

by delibcrate \·Jeathering, the feedinr; value of the vJeathered forage 

Has still appreciably highcr than that of forage frre. the same source 

llhich \JélS al lm·Jed to continue grouth until July 8 at v1hich ti.rJe it 

v1as harvested and cured Hi th heated air. 

Forbes and Garrigus ( 1950) related feed :;onsur.lption to forage 

lignin content. They found that for e ach percentage unit increase 

in f orage lignin content there Has a decrease of 5.8 percent of 

the maxir.run intake in the intake of total organic matter and of 

8 .2 percent in the digestible organic matter intake of steers. 

Corresponding figures were 6.8 percent and 9-5 percent for vve thers. 
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8. FACTORS AFFECTE-l'G VOLUNTAP.Y INTAKE. 

The use of voluntary intake of forages as a measure of their 

relative feeding value involves sorne careful considerations of the 

factors influencing feed intake. Hather (1958) in discussing the 

possibilities of breeding cattle for greater forage consuming ability, 

outlines the following diagrammatic representation of the factors 

involved: 

Factors Affecting Total Roughage Intake 

Type and Quality of Roughage ........_ 

Frequency of Feeding --------~ 

Amount of Grain ~ 

Previous feeding history 

Rate of food passage ~ 
~ 

Effective 
Capacity 
'-----'~ 

Body size ~ 

Fetu9'Size,grm·7th ~ r----------J 

Grmvth 

:t-lilk pro duc ti on ~ 

Nutrients 
Used 

1

.-------. 

. FEED AND HANAGENE'NT 

1 

\ 
TOTAL ROUG"riAGE 

INTAKE 

1 

7:·rntensity factor.?' 1 Appetite / 

Body condition / 1 
Atmospheric condition 

*"Something inherent in the animal ·uhich may mal~e her satisfied ~-1ith 
the minimum or eat until she has to stop." 
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Forbes and Garrigus (1950) observed that the physical nature of 

the forage apart from its chemical composition is important in 

detemining its acceptability. This ~vas clearly shown by wether lambs 

on one of their tests. In two years, yearling wethers grazed on orchard 

grass or on Kentucky 31 fescue, apparently consumed equivalent amounts 

of the forages. Hether lambs, hoHever, placed on comparable stands 

of the tuo forages, consumed significantly more orchard grass than 

fescue. Thcse ~vorkers attribute this to the "relatively tender mouth" 

of the wether lamb in comparison 't·1ith that of the yearling and to the 

fact that mid-summer fescue (grazed by the lambs) is rouch coarser, 

stiffer and harsher than the orchard grass that had been similarly 

treated and had similar chemical composition. 

It is thus seen that "quality of forage••, according to Hather, 

is only one factor affecting voluntary intake and that for strictly 

comparable intake data, these other factors must be held constant or 

othervJise taken into account '·Jhen conducting tests or vJhen comparing 

results between tests. 

9. EFFECT OF SEASON AND STAGE OF HATUP.ITY ON FORAGE DIGESTIBILITY. 

Crampton and Jackson (1944) observed that from the first of June 

"digestibility of pasturage may rise, further decline or remain at the 

mid-summer level, apparently not depending on chemical changes, as 

indicated by standard feeding stuffs analysis or its modifications, 

but closely paralleling local climatic conditions of moisture and 

temperature." 

Reid (1957) reported a rapid decline in the dry matter digest­

ibility of first cutting forage Hith advancing maturity after a certain 
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base date (April 30). Dry matter digestibility declined from 

approximately 77 percent in early May to 55 percent by mid-July. 

A similar decline in digestibility w·ith advancing maturity ~-las 

reported for aftennath forages although the range Has narroHer. 

Hurdock et al (1958) observed a daily decline in digestibility --
during the pasturing of orchard grass (73.1% April 30 to 67.3% May 6) 

and attributed this to selective grazing, as the choicest portions of 

the plant ~-1ere consumed first. Consequently, on successive days the 

grazed forage became more stemmy and less digestible. They point out 

the importance of collecting fecal samples over the entire period when 

rotational grazing experiments are conductcd. These workers found no 

decline in digestibility from early spring to aftermath forage. It 

is important to note however that the pastures were fertilized 

regu1arly and irrigated. Thus these results are in accordance with 

the observations of Crampton and Jackson (1944) regarding the effect 

of growing conditions. 

Reid et al (1958 ) report that ~-1hile 99 percent of the maximum 

dry matter yield is obtained around Ju1y 15 that 91 percent of the 

maximum yie ld cf digestible energy is obtained ~11hen forage is harvested 

around June 1. Thus dry matter yield per ~ is not a good indication 

of productivity. They stress the value of early harvesting of forage 

crops indicating that the slight loss of digestible energy cou1d be 

recouped by grazing or harvesting the regrowth. 



10. CP,ITICISH OF T.D. N. AS A CRITERION OF FEEDING VALUE. 

An assumption made by many Horkers is that a forage's feeding 

value can be detennined by a lmouledge of its yield of digestible 

nutrients. This presumes that all digestible nutrients have the same 

ability to meet the animal's requirements for either maintenance or 

production. 
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Suift (1957_)_ states, 11There is no scientific method for apportion­

ing the value of a ration amon~ its constituents. This becomes obvious 

uhen it is realized that inorganic salts or vitamins \Jhich contribute 

little or no encrgy to rations nay profoundly affect the metabolism 

of encrgy." Cranpton (1956 ) points out that uith onmivora or carnivora 

the absence of an essential amino acid results in an incr2ase of specifie 

dynarnic action as does lacl~ of salt or phosphorus. In respect to amino 

acid metabolisn a lacl: of a required acid neans that t!1e nomal synthesis 

of protein is har.1pered and consequcntly a larger quota of amino acids 

must be deaminized. The disposal of such anino acids may be less 

efficient in tenns of energy e~~penditure than is protein synthesis, and 

since the body must remain at constant t emperature therc is an increase 

in the heat loss. : r~hus possib ly S .D.A. is a reflection of tl1e degree to 

Hhich the ration eaten fails cxactly to meet the nutricnt needs." 

Hatson (1952) states that a good deal more information is still 

needcd before a final assessment can be made of the feedin3 value of 

grassland and n:the animal itself is the only final and accurate yardstick." 

P..egarding nitro3en utilization, Hatson points out that to l~noH the net 

absorpt ion of nitrogen from the intestine provides no evidence that it 

has entered the animal as amgonia or as essential amino acids and 
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suggests that, uat this stage of the development of the subject, 

practical experiments on growth, milk yield and so forth, or else 

thorough-going nitrogen balance experiments in which urinary nitrogen 

is measured seem preferable to digestibility studies. " 

Maynard (1957) in a review of recent developments in ruminant 

nutrition points out that 50 percent of carbohydrate intake is broken 

down to fatty acids in the rumen and that the acids formed vary i n 

relative a~mounts according to conditions. There is limited evidence 

that these acids are not of equal value to the host. He points out 

that the T.D.N. system assumes that a pound of carbohydrates broken 

do~vn to fatty acids has the same available energy as a pound digested 

to glucose. It is also pointed out that, the biological value of the 

aroino acid mixture reaching the blood stream of the ruminant was at 

one tioe believed to be about 60 percent regardless of the biological 

value of the nitrogen f ed to ruminants (10-13 percent prote in level) 

(Johnson ~ al, 1942, 1944). However later studies by Lofgreen ~ al 

(1947) and Ellis et al (1956) show significant variation in the 

biological value of bacterial protein depending on the source,- urea 

53.7, gelatin 57.4, casein 72.7, soybean protein 82. 4 and blood fibrin 

83.1 percent. It would appear that, despite the role of rumen 

bacteria, the nature of the nitrogen compounds as fed, is of importance 

from the standpoint of biological value. 

Swift (1957) states that the net energy value of a ration for 

maintenance purposes must be definitely greater than for body increase. 

Experiments shmv that the net energy value of a ration was about 76 

percent as rouch for body increase as for e ither maintenance or milk 

production. 
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It is conceivable however that the degree of nutrient imbalance 

in a ration could be reflected in nutrient (or forage) intake , if the 

imbalance were sufficiently marked to affect the digestibility of the 

ration (Chappel et al 1955). 

Despite theoretical consideration there seems to be little 

difference in practice in the utilization of energy for productive 

purposes. Hardison (1958) states, "since with the usual rations fed, 

relatively constant proportions of metabolizable energy are put into 

such functions as milk production, maintenance and body increases, a 

measure of digestible energy is the best practical measure of the 

productive value of forages that can be obtained with the facilities 

in all laboratories." Reid (1958) echos, "the apparent constancy 

with which cattle utilize metabolizable energy for maintenance, body 

gain and milk secretion is remarkable at least with the usual rations 

fed.rr 

It is thus apparent that the assessment of the feeding value of 

forages is a complex matter. The markedly differing avenues by which 

the problem is being approached leads one to suspect that there is 

no simple ans\-7er to the problem. It \-7ould appear that the nutritive 

value of a roughage should depend upon its digestibility, the extent 

to which it can be eaten, and on the balance of the nutrients made 

available to the tissue of the animal. A measurement of the 

limiting factor(s) between several forages should provide a measure­

ment of their relative feeding values. 



B. rt1e Effect of Physical Form on the Intake and Utilization of 

Forages by Ruminants. 

Dry forages are usually fed in the long or uncut state. Hith 
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an increasing trend tm~ards mechanization of livestock feeding 

operations it is becoming increasingly apparent that forages in the 

chopped, ground or ground and pelleted form ~·7ould, from the physical 

standpoint, lend themselves readily to mechanical methods of feeding 

and to compact storage. Before this method can be recon~ended to the 

livestock feeder, it is necessary to determine by reviewing the 

literature and by further experimentation where necessary, the effect 

of alteration of physical form on the overall feeding value of forages. 

Altera tion of the physical form of forages is not a new idea. 

Forbes et al (1925) fed excellent quality alfalfa hay in the ground 

form and found that apparent dry matter digestibility vJas reduced 

by 2.2 percentage units. The difference in digestibility of whole and 

ground alfalfa is explained on the basis that the ground roughage 

is not subjected to the same degree of soaking and fermentation in 

the rumen as is the whole roughage since the course of food is 

determined largely by its fineness of grinding, the ground roughage 

passing by the paunch more rapidly. Olsen (1930) fed alfalfa, sweet 

claver, Hild hay and corn fodder and found either no difference or 

a definite decrease in the coefficients of apparent dry matter 

digestibility. These uorkers also observed that cm·7S required about 

half as much time to consume the eut roughage ration as they did to 

consume the Hhole roughage ration. Hilk and fat production v1as 

slightly increased ·but not enough to pay for the grinding . Head and 
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Goss (1935) found that grinding lm·1ered the digestibility of the 

crude fiber of hays. HoHever grinding has not ahvays been found to 

cause a reduction in the apparent digestibility of hays. Morrow and 

La Master (1929) found that grinding did not increase the digestibility 

of hays. They also noted that grinding reduced the percentage of feed 

refused as compared to long hays. They also pointed out that the dust 

associated with the grinding of the hays was a definite disadvantage. 

Swanson and Herman (1952) also found no significant differences in the 

digestibility coefficients of ground and unground hay. 

Heller et al (1941) found that grinding to a powdery state 

confers no additional nutritive value over coarse grinding as far as 

sheep are concerned and may decrease palatability of the feed 

sufficiently to "affect adversely the development of the animal, and 

is itself a relatively costly process.u 

In many experiments forages have been ground and then pelleted. 

Long ~ al (1955) fed a mixed ration including 50 percent hay to 

lambs at a fixed level of intake. They found that grinding reduced 

the digestibility of the feed by 3-l~ percentage units but that 

pelleting restored digestibility coefficients to the levels obtained 

when the ration \-las fed in the natural state. They noted that the 

ground ration vms eaten in 45 minutes \'lhereas the pelleted ration was 

eaten in 25 minutes . 

Gardner and Akers (1955) fed alfalfa hay to clairy calves. The 

hay was f ed in four physical forms,- long, chopped, ground, and 

ground and pel l eted. Calf starter was also fed ad lib. --- The intake 

of hay v1as 1.01, 1.13, 1.36 and 2.28 lbs. per day per calf respectively. 



Consumption of calf starter was reduced as hay intake increased. 

Grirlding thus increased intake by 36 percent while pelleting more 

than doubled intake as compared to feeding the hay in the "long" 

S:ate. 

Riggs (1958) camments that grinding or chopping of good quality 

hays is not necessary but may be economical in the case of fodders, 

stovers or poorer hays because such feeds in ground form can be mixed 

with the ration ingredients ta insure consumption \vithout v1aste. When 

steers were fed a timothy-alfalfa mixture (Hebb ~ al 1957) in the 

baled, chopped, and finely ground and pelleted forms average daily 

gains (lb.) and average da il y feed intakes (lb. ) v1ere . 63, 10.96; 

.62, 10.70; and 1.73, 15.69 respectively indicating a remarkab1e 

increase in feed efficiency due to grinding and pelleting combined. 

Pope (1958)cites the work of Neale (1955) \vho concluded that the 

feeding value of 1o~v grade a1falfa hay made into pellets was equal to 
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or better than that of good hay fed by the usua1 method. Cate et al 

(1955) found that pelleting timothy meal increased both feed consumption 

and rate of gain whi1e pelleting alfalfa resulted in no increase in 

gain or feed consumption. Lambs receiving pelleted timothy outgained 

lambs receiving alfalfa hay indicating the importance of feed intake. 

Very little information appears in the literature deal ing with 

the effect of moistening ground forages prior ta feeding. Forbes (1925) 

stated that due ta the dusty nature of the ground forages it v1as 

necessary to moisten the ground forage v7ith an equal quantity of water. 

He likewise moistened the alfalfa fed in the long state. Hibbs and 

Conrad (1958) while giving no data, mentioned that adding an equal 



weight of 'tvater to a mixture of ground forage and grain resulted in a 

greater dry matter intake and an increase in palatability -.;-1here dairy 

calves were concerned. 
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&ving and Smith (1917) studied the effect on rate of passage of 

food residues on digestion coefficients. They concluded that crude 

fiber digestion is decreased by a more rapid passage of feed residues, 

although the reverse was true for the ration as a whole. They found 

that coarse roughages retarded rate of passage and that more finely 

ground feeds passed through the animal more rapidly than coarser feeds. 

They therefore concluded that, 11 the rate of passage of feed residue 

is influenced largely by the nature of the ration and by the quantity, 

the importance of the two being in the or der named. r t 

The effect of grinding on the rate of passage of ingesta has a1so 

been studied by Balch (1951). He found that when ground hay was fed 

"t'lith long hay to cows that the ground material vJas excreted much more 

rapid1y than was the long material. Similar results Here reported by 

Rodrique and Allan (1956) working uith dairy cows and by Blaxter et & 

(1956) vorking v1ith sheep. Blaxter' s data sho"t.,r the effect of level 

of forage intake on the dry matter digestibility and rate of passage 

of forages fed in the long, medium ground and pelleted, and finely 

ground and pel1eted forms. A summary of these results are as follO't'lS: 
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Form in which Amount given Apparent D.M. Hean time spent D.H. 
fed daily (gros) Digestibility by the food in content 

the dig. tract of feces 
(%) (hours) (%) 

6oo 80.3 103 42.3 
Long 1200 79.1 72 38. 6 

1500 79. 4 68 37. 4 

Nedium ground 6oo 76.9 74 41. 6 
and cubed 1200 71.5 53 39-7 
(1/1~" screen) 1500 69.9 42 35. 4 

Finely ground 6oo 75- 9 53 41.5 
and cubed 1200 68 .8 39 33. 7 
(1/1611 screen) 1500 65.4 34 31.2 

Grinding and pelleting lm.;rered digestibility indicating that as 

particle size decreased digestibi1ity decreased and rate of passage 

increased. Incrcasing the level of forage intake reduced the extent of 

digestibility in the case of the ground and pelleted forages but not in 

the case of the long material. It also caused a decrease in the time 

spent by the forages in the digestive tract. Extent of digestibility 

was proportional to time spent in the digestive tract in the case of 

the ground and pelleted forage, but not in the case of the long forage. 

Feces dry matter content is re1ated to feed intal~e. 

Blaxter states, 11 analysis of the relation between digestibility 

of food and its passage through the gut indicat ed that the former 

could be predicted from the latter." It Has also concluded that the 

maximal appetite of animals for food is determined to a considerable 

ex t ent by the food residues present in their diges t ive tracts. Hethod 

of preparation modified the rate of passage of food through the gut 

and this rate \·JaS the determinant of its digestibility . 



These findings indicate sorne of the important relationships 

beb:-1een level of feeding, digestibility and rate of passage. It would 

appear that the level of intake of long hay, and not ease of digesti­

bility v1as the primary factor influencing the length of time the 
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forage spent in the digestive tract. Also it is apparent that 68 hours 

was adequate time for attaining of maximal digestion of the dry matter 

of long hay. 

In the case of the ground and pelleted forages it appears that 

particle size speeded up rate of passage as compared to the long hay. 

v1ithin the ground and pelleted forages hoHever, level of intake again 

appears to be the primary factor influencing time of passage. Since 

the inherent ease of digestibility of the forage can be assumed to 

be the same it is apparent that extent of digestibility depended on 

the leve~ of feed intake and not vice versa. The findings of Smith 

(1958) and Reid (1956) that the digestibility of all roughage rations 

is not influenced by the l evel of intake is not at variance vlith these 

findings since their conclusions are based on the results of feeding 

forages in the unground sta te. He can reconcile beth viewpoints if 

vle assume, on the basis of these findings, that rate of passage is 

dependent on particle size and that ~·7ith long or chopped forages 

the extent of digestibility is relatively complete by the time 

that particle size is reduced to the point "t<7here the digesta may leave 

the reticule rumen. In the case of the ground forages the physical 

breakdm-m in particle size is much more rapid with the result that 

passage out of the rumen is fas ter. Hhere increased intake occurs 

the "rumen pressure" is even greater, f urther increasing the rate of 

passage of the ingested material. As the time of passage is reduced 

below the limit required for maximum extent of digestibility, 



digestibility coefficients are reduced. The postulation of Cr~pton 

(1957) that forage quality affects rate of digestion and hence time 

of passage and thus also extent of voluntary intalce can also be 

reconciled Hith the above reasoning. He may attempt to reconcile the 

vie>·Js of raost investigators as follmvs: 

Suggestèd Relationships Between Factors 
Influencing Rate of Passage • 
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Chemical 
Factors ............._ 

1------J ':à 

.------.VGrinding of feed 
Physical 

LignificLion i 
Nutrient makeup 
(Forage Quality) 

Size of Particle ~ Factors ~ Ruraination 
Passing Reticulo~sal ~ 

Orifice Regurgitation 

1 
Rate of Passage 

Rumen 
Pressure 

Level of 
Feed Intake 

Blaxter found that with one of the grasses tested,the constant 

describing the time course of digestion shm-1ed that about 70 percent of 

the digestive process \-Jas completed in 10 hours. Hale et al (194o ) --
estimate that of t he cellulose in t he diet about 80 percent of the 

total digested disappears in the ruraen, the remainder being largely 

digested in the large intestine. According to Gray (1947) cited by 

Boyne ~ al (1956) 60 percent of the cellulose in the feed is digested 

in the teticulo-rumen and 30 percent in the large intestine . 



Hale ~ al (1947) studied the rate at Hhich alfalfa hay ~·Jas digested 

in the ru~en of fistulated cows and found that 79 percent of the 

cellulose ,.Jas broken dmm during the first 12 hours. During the 

following 12 hours very little digestion occurred. They suggest the 

concept of a "digestion ceilingrt for alfalfa whereby rumen digestion 

proceeds within 12 hours to a point where lignin limits further 

cellulose and hemicellulose digestion. This would indicate that long 

forages remain in the digestive tract for an unnecessarily long period 

of time and that for reasons of economy grinding of forages uould 

result in a greater return of digestible nutrients per unit of time 

since with the proper degree of grinding almost the same cxtent of 

digestibility can occur in the shorter time required for the passage 

of ground material through the digestive tract. 

Bla~~ter et al (1956) calculated that imnediately before they are 

given their ne:;:t meal, sheep fed long material carry in the ir digestive 

tracts food residues equivalent to 2.6 days food intah:e. Sheep given 

the pellets made fro~ the same material carried less than half this 

amount. Blaxter et al (1956) determined voluntary intake on the 

long and on the ground and pelleted hays. Appetite failed in shecp 

given the long material Hhen they vJere consuming 1800 grams daily. 

1-lith both types of cubes, rouch higher feed intake, up ta 2400 grams 

daily was obtained, (a 33% increase). These findings suggest that 

the space-filling attributes (density) of the ration determines 

appetite to a considerable extent. 
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It should be noted at this point that the data of Blaxter e t al 

(1956) offer an explanation as to Hhy different investigators have found 
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divergent results when comparing the digestibility of long and ground 

forages. Because of the effect of level of feed intake on digestibility 

different investigators using the same forage but feeding at different 

levels could obtain conflicting results. 

The effect of grinding and cubing on the utilization of the energy 

of dried grass has been determined by Blaxter and Graham (1956). Their 

results showed that fecal lasses of energy were considerably greater 

v7hen the sheep ~vere given cubes than when they were given chopped 

material. Chopped, medium ground and cubed, and finely ground and cubed 

grass was fed at each of two levels, 600 gms. daily and 1500 gms. daily. 

Fecal lasses of energy were also greater when the larger ration \vas 

given. However methane production was higher uhen the sheep \vere given 

chopped material than when they were givcn cubes and fell with the 

increase of feeding level. Thcre 't·Jere no statistically significant 

differences in energy retention betHeen the three materials within 

either the low or the high level of feeding. Uet energy per 100 Cals 

of food ingested showed that higher values occurred at the lm.Jer level 

of feeding. 

Heat lasses 1:vere greater at the higher nutritional level and were 

considerably less for cubes than for chopped material. Digcstibility 

studies shm-Jcd that the fall in the digestibility of the structural 

components of the cell was the major factor causing increased fecal 

loss. 

It is pointed out that the physica l f actors, "t-Jhich change the 

rate of passage of food through the gut change the rate and nature of 
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microbial fermentation and cause variation in the mechanical work 

involved in prehending, masticating and cudding food, are as important 

as the cheroical composition of the food in determining its nutritive 

value. 

Several investigators have studied factors affecting the 

digestibility of long and ground hays in the rumen. Balch and Kelly 

(1950) found that in the rumen of cm-1s fed hay the digesta separate 

into two layers, an upper layer of r e lative ly dry, fibrous roaterial 

and a lower layer of more fluid consistency. Balch (1950) showed that 

there \-Tas a difference in the dry matter content bet\·leen the dorsal 

and ventral regions of as rouch as 10 percent. Balch and Johnson (1950) 

found that the breakdm·m of cellulose in the reticulo rumen Has less 

rapid in the dorsal (drier) than in the ventral (moister) sections of 

the rumen. The time required for the breakdown of cellulose bore a 

·{x 
positive and highly significant corre lation (r = . 9~ ) to the dry 

matter content of the surrounding rumen. They found further that the 

feeding of ground hay produced a higher dry matter content of the 

digesta in a ll parts of the reticulo rumen than did the feeding of 

unground hay and suggest that this constitutes a major factor 

respons ible for the lm..rer digestibility of the crude fiber of ground 

hay as compared to tha t of unground hay. These findings confirmed 

t he ear l i er data of Ba lch (1950 ) sugges ting tha t a high r atio of 

water to dry matter in the total intake and hence perhaps in the 

reticulo rumina l diges t a favored the breakdown of crude fiber. 



From the revie~·J of literature it is clear that no "Vwrl~ has been 

carried out to determine the effect of grinding and moistening on the 

relative consumption and utilization of various forages (different 

species, and stages of maturity within species) as compared to their 

consumption and utilization in the chopped state. It would seem that 

this information should be acquired in order to further elucidate 

the factors influencing forage utilization. 
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III. OBJECT OF RESEAUCH 

The major objective of the research herein described is to 

further test the validity of the hypothesis that voluntary intake 

can be a criterion of forage feeding value. Specifically, the 

effects of stage of maturity and of the physical form in which the 

forages are fed, on voluntary intake, nutrient availability and 

livev7eight gains \·lill be investigated. 



IV. EXPERrnENTAL 

A. General. 

The experimental work reported here was conducted under two 

separate projects. The object of the first was to determine the 

effect of stage of maturity on the voluntary consumption and 

utilization of two different forage species when fed to lambs. As 

this experiment was in progress, a fifth {and smaller) lamb was 

paired with one of the test lambs and fed the same forages but in 

the ground and moistened form. It was discovered that this "spare" 

lamb consumed markedly greater amounts of the forages than did its 

larger partner. As a result, iromediately following completion of 

the first experimen~, it was repeated using the same plan, but 

feeding the forages in the ground and moistened form. For purposes 

of this thesis the above two phases will be considered as one 

experiment. 

The experiment may thus be considered as made up of two 

consecutive "4 x 4 Latin Squares" in which four lambs were each fed 

in different rotation four forages {viz. an early and a late eut 

of both Timothy and Red Clover) fed in the chopped form in 

Square I and in the ground, moistened form* in Square II. 

B. Design of the Experiment. 

The overall plan of the experiment is shown in Chart I. 

*Grinding, by means of a hammermill fitted with a 1/4" screen, 
resulted in a particle size varying up to maxi.nrum of 1/2" in 
length in the case of the Timothy and about 1/4" in the case of the 
Red Clover. 
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CHART I. Plan of Exper iraent 

Lamb No. Lamb No . 
Period Period 

1 . 2 . 3 . 4 1 . 2 . 3 . 4 
Red Red Timothy Timothy Red Red Timothy Timothy 

I Claver Claver (early) (late) 
(early) (late) 

v Claver Claver (early) (late) 
(early_} (late) 

Red Timothy Red Timothy 
Claver (la te) Claver (early) 

(late) (early) 

Red Timothy Red Timothy 
Claver (late) Claver (early) 
(late ) (early ) 

II VI 

Timothy Red Timothy Red 
(early) Clover (late) Claver 

Timothy Red Timothy Red 
(early) Claver (late) Claver III VII 

(early) (late) (early) ~(late' 
Timothy Timothy Red Red Timothy Timothy Red Red 

IV (late) (carly) Claver Claver VIII (la te) (early) Clover Clover 
(late) (early) (la te) (early' 

C. Animals. 

Five purebred Border Cheviot eHe lambs v1ere confined to digestion 

sta11s throughout the period of these tests. Four were used as test 

animals with the fifth being used as a spare f or purpose of prcliminary 

investigations (see special section under results). The four lambs 

used in the main project '·Jere born in Harch of 1957 and Heighed betHeen 

46-1/2 and 52 pounds at the time of going on test, November 13, 1957 . 

A Hecl~ prior to going on test all lambs ,.1ere deHormed ,.lith pheno-

thiazine capsules and shorn. 

D. Forages. 

The forages us ed for this experiment comprised early and late cuts 

of bath Timothy and Red Claver. The Red Clovers were harvested at the 

Dominion Zxperioental Farm at L'Assomption, Quebec, while the Timothys 



\vere harvested at Hacdonald College. The Red Claver cuts were field 

cured for 24 hours, chopped and artificially dried under forced air 

at 140°F. The Timothy cuts \lere chopped and artificially dried the 

same day as eut. All forages vJere bagged for storage. For the second 

phase of the test these forages were coarsely ground in a hammermill 

fitted with a 1/l~tr screen, bagged and stored un til required. The 

forages may be described as follous: 

(1) Red Claver - eut on Ju1y 2, 1957 in the early bloom stage. Prior 

to feeding it \Wuld have graded lm·1er than first grade, due to its 

brownish-green color. 

(2) Red Claver - eut on July 25 \vhen fully mature (seed head dead). 

This hay vJould have graded lower than (l) because of its brmmer color 

and mustier odor. 

(3) Timothy - eut on July 9 in early bloom. It was fairly green and 

leafy and vJas ideally cu red. 

(4) Timothy - eut on July 31 at maturity. This hay \·Jas of lm·Jer grade 

than (3) because of its higher proportion of stem and its darl~er color. 

It was well cured. 

E. Feeding Practice. 

Forages Here fed to lambs once daily (about 9 : 30 a.m.) in amounts 

equal to the previous day's consumption plus 10 percent to ensure 

ad libitum conditions. For the second half of the experiment the 

ground forages \·Jere \·7eighed and then mb~ed by hand \vith an a:mount of 

\vater equal to the 'tleight of the forage . This practice vms adopted 

primarily to increase the palatability of the otherwise dusty feed. 

Pe lleting was not possible ~vith the facilities at h and and it \vas felt 
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that grinding and rnoistening would be the next best treatrnent as far 

as encouraging consurnption of forages was concerned. 

Because sorting was possible during Part I of this experirnent, 

all Heigh backs for each sheep during each period were cornposited 

and sarnpled for analysis. During Part II no sorting was possible 

but owing to the fact that the feed was fed in the rnoistened condition 

-v1eigh backs had to be dried and weighed in order to correct the 

consumption figures. The forages were fed for three-week periods 

since it had been shown by Lloyd et al (1956) that variability in 

digestion coefficients was of minor importance follm-Jing the 

nstandard" 10-day preliminary period. It had also been sho-vm by 

Lister (1957) that voluntary consumption of most of the forages 

he studied did not increase significantly after the tenth day. 

F. Salt and Water Consurnption. 

Cobalt iodized block salt was available ad lib in a special 

salt container designed to prevent losses due to chipping. The salt 

blocks ~-1ere ~11eighed each week and the daily water consumption records 

maintained for each lamb over the final two weeks of each feeding 

period. Ha ter was available ad lib. 

G. Live~.Jeight Gains. 

Each lamb -v;as individually tveighed once weekly prior to being 

fed. In order to rninimize errors due to "fil l", ~veight gains over 

the final two weeks of each period \\lere used for purposes of 

treatment comparisons. 
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H. Digestibility and Balance Studies. 

Following an 11-day preliminary period in each of the three-~-1eek 

periods, total feces and urine outputs were collected from each lamb 

daily. Aliquot samples of urine were stored under toluene in a 

refrigerator for subsequent nitrogen analysis, while aliquot samples 

of feces were taken, dried at 100°C for 24 hours, weighed to 

determine feces dry matter output, and composited. The 10-day 

composite v1as later ground and sub-sampled for subsequent chemical 

analysis. 

Because this trial was conducted under ad libitum feeding 

conditions, it was arbitrarily decided to allow for a two-day lag 

between forage intake and feces output. Thus for purposes of 

calculating digestibility coefficients, the feed fed from the tenth 

to the nineteenth day inclusive, llaS assumed to correspond to the 

feces collected from the twelfth to the twenty-first day inclusive. 

It is realized that the forages, of different species and physical 

forms, would probably not pass through the digestive tract at the 

same rates, ho>~ever the two-day lag should provide grea ter accuracy 

than failure to allow for any lag at all. Where feed consumption 

had levelled off during the period the error will, of course, be 

less than 'ilhere consumption is fluctuating. The fact that a four 

lamb average is used should also tend to minimize error. 

In order to correct feed composition data during Part I the 

feed vJeigh backs vJere sampled and analyzed. 

I. Chemical Analyses. 

Analyses for moisture, crude protein, crude fat, crude fiber and 



ash were carried out on all forage offered, chopped forages offered 

but uneaten, and on the feces excreted, according to the standard 

A.O.A.C. methods (1956) with sorne modifications in technique. 

Urine samples were analyzed for nitrogen only. Gross energy values 

v1ere detemined on all samples (except urine) using the Parr Oxygen 

Bomb caloriraeter (Parr 1948) fitted v1ith an au toma tic recording 

deviee, (described by Crampton 1956). Cellulose was deterrained on 

all samples (except urine) using the method of Crampton and 

Maynard (1938) 't~ith slight modifications (see appendix). Lignin 

determinations on all forage and weigh back samples were carried 

out using the method of Thacker (1954) slightly mQdified (see 

appendix). 

J. Calculations. 

1. Voluntary In talee. 

For purposes of calculating digestion coefficients the voluntary 

intake of forages 't'las determined by adding together the net daily 

feed consumption figures for the period from the tenth to the 

nineteenth day ihclusive. Ho\·1ever for purposes of determining the 

effect of grinding, species or stage of maturity on the extent of 

voluntary consumption the feed consumption during the final week 

of each period was used. This was done in arder to obtain a more 

accurate ~'maximum:' figure s ince in s evera! cases consumption 

increased considerably after the tenth day. 

2. Water Consumption. 

Water consumption was de t ermined daily by means of a measuring 

stick >·lhich had been calibrated for each water pail. By re-filling 
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the pail to a specified mark daily, and measuring the depth of the 

water remaining the following morning, it was possible, by means of 

a chart 1 to couvert the "depth reading'' to c. c. of o;vater consumed. 

During Part II the amount of ~vater added to the ground forage was 

considered as part of the water consumption and added to the amount 

consumed from the pail. Since the water was added to the feed at 
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the rate of 1 gram ( 1 c.e.) per gram of feed, the water consurned with 

the feed v1as assumed to be equal to the '"eight of the net air dry feed 

consumed. No corrections were made for evaporation los ses t·Jhich should 

have been relatively constant across the treatments lvithin each part 

of the test. It is obvious however that evaporation \o70uld be higher 

in Part II since the evaporation from the ground feed -.;vould be a 

loss not occurring in Part I. 

3. Salt Consumption. 

Salt consumption lvas determined each v1eek by weighing the 

individual salt licks at ~veekly intervals. For purposes of the 

experiment, only the consurnption during the final lveek was used. 

To insure more accurcite salt consumption data during the final two 

weeks, new or nearly nev1 salt licks were used, the eroded blacks 

being used for the first l·leek in each period. (Badly eroded licks 

>vere subject to chipping). 

4. Digestibility Coefficients. 

The napparent digestibility coefficients, 11 hereafter referred 

to as "digestibility coefficients•! for reasons of brevity, vJere 

calculated as follows: 



where 

- (Fr X Cx2) - (Fe ADH x Cx
3

] 

(Fo X Cx
1

] - [Fr - Cx2] 
x lOO 

= digestibility coefficient of constituent X (protein, 
crude fiber, cellulose, etc.) 

Fo = grams of forage offered (air dry) 

Cx1 = the percentage of constituent X in the forage offered. 
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Fo X Cx1 therefore equals the gross amount of constituent X 
offered (grams) 

Fr = ground forage refused (air dry) 

Cx2 = the percentage of constituent X in the refused forage 

Fr x Cx2 thus equals the grams of constituent X: offered 
but refused and Fo x Cx1 Fr - Cx2 = 
the grams of constituent X: actually consumed 

Fe ADH grams of air dry feces voided 

Cx3 = the percentage of constituent X: in the air dry feces 

Fe ADH x Cx
3 

= the grams of constituent X: voided (undigested) 

Th us Fo X Cxl Fr X Cx2 Fe ADH X CXs = the grams of X: 
absorbed or digested (i.e. assumed to have been absorbed). 

This quantity expressed as a percentage of the amount consumed 

(denominator ) r epresents the digestibility coefficient . 

For the forages fed in the ground fonn the >veigh backs >·Jere assumed 

to be identical in chemical composition to the feed offered hence the 

formula v10uld be similar to the above except that the term 

v10ûld be missing from nurnerator and denominator. 

It might >Vell be argued that the uneaten or 11refused feed" 

should be con~idered as undigestible \vhen calculating digestibility 

coefficients for chopped forages. However since we have no satis-

factory way of determining what proportion of the >veigh back was 



refused because of its unacceptability and \'lhat proportion uas 

s imply refused because it uas more than the lélr.lb ~vas capab:!.e of 

consuning, He uill arbitrarily e~~press the results as here outlined. 

The fact that performance data of l~Jbs fed ground f orages rcpresents 

the :'feeding value:: of the entire forage while that of lambs fed the 

chopped forages represents the feeding value of a slightly more 

acceptable portion of the forage should howcver be borne in mind 

in evaluating the results. 

5· Calculation of Haintenance Requirements. 

The energy requirement \·Jas dctermined using Brody' s (1945 ) 

equation 

Hhere X = calories 

a = activity factor 

b = regression of calories per unit of metabolic 
size (= 70) 

H = body weight in l:ilograms 

n = · 75 pmver. 

a is equal to 2 .0 for digestible calories or 1.8 for metabolizable 

calories ~vhere ruminants are concerncd . 

The formula used v1as thus 

Netabolizable Calories for Haintenancc = 1.8 

6 . Ca lculation of Hetabolizable Energy Values. 

·75 
X 70 X H1 ~g 

Hetabolizable energy is that portion of the f eed energy 

remaining after lasses in feces, gas and urine have been accounted for. 

s~vift et al (1948) showed that methane production in ruminants is 

proportional to the amount of carbohydrate digested and present the 



equation X = 2 .41Y + 9. 80 \vhere X = grams of methane produccd and 
lOO 

Y = grams of digestible carbohydrate. 

Brady (1945) stated that the volume of methane and carbon 
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dio:x:ide produced in the rumen Here approximately equal. He gives the 

equivalent energy loss due to co2 as 4 Cals per liter. The energy 

value of methane is 9.4 Cals/liter (Lange, 1934). 

Thus one gram of methane is equivalent to 1.4 liters of methane 

or 13 .16 Calories. Since the t\·Jo gases are produced in equa l 

volumes there is associated ~-lith this methane loss a co2 loss of 1.4 

liters having a calorie value of 5 . 6 calories. Thus for every gram 

of methane produced there is a combined loss of 18 . 76 calories . 

Ta express the above equation as calorie loss \·7e multiply by 18 . 76 . 

18 . 76 ( 2 .41Y + 9 .80 ) 
lOO 

= 45 . 2ll6Y -:- 183 .85 

or C = .452Y + 183 .85 \·7here C = total estimated 
calories lost in 
gas and 

Y = grams of digestible 
carbohydr ate . 

To correct for energy loss in the urine the factor 1.3 Cals/gram 

of digested protein (Brady 1945 ) \vas used. (See Appendi x Table 7,a and b). 

K. Statis t i cal Analyses of the Da t a . 

The analys is of variance \·7as carried out with all data obtained. 

The form used is illustrated on the follm-1ing page (Chart II). 0\ving 

to linited number of degrees of freedom for trea tments the effect of 

species and stage of maturity \7ere combined under f orage. 
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CHART II. Analysis of Variance Form 

Factor Ana1ysed 

Square I - Chopped Forages 
Lamb 

1 2 3 4 

Forage Totals 
R-a. ï. le 

Period §.S. 

Lamb S.S. 

"Grinding" s.s. 

"For. x Grind."S.S. 

Errer S.S. 

Square II - Ground Forages 
Lamb 

Period 1 2 3 
Totals 

v 
-

'g VI 
•r-I 
1-4 

·--ClJ -p.. 

VII 

·== 

VII 

:--== 

Total S.S. 

Forage S.S. 

Source b.F s.s. N.S. F .()5 .Il Results-

Forage 3 
Periods 6 

Lambs 6 

Grinding 1 

For.>< Gr. 3 

Errer 12 

Total 31 



In most cases differences due ta stage of maturity are determined by 

applying L.S.D's Hhere forage differences are found to be statist­

ically significant. 

In arder to determine the effect of time on the voluntary intake 

of forages the data of Table 1 were handled as a split-split plot. 

The methods of simple regression and of correlation and of 

partial regression were taken from 'Hallace and Snedecor (1931). 



V. GENERAL OBSERVATIONS. 

It may be of interest to present a few observations relative 

to the condition of the lambs while on this test. The lambs were 

brought in froo pasture and barn penned for about two weeks prier to 

going on test on November 13, 1957. They were placed in digestion 

stalls and remained there until 11ay 7, 1958. 

While the lambs were nervous at first they quietened dawn 

quickly and gave no trouble for the r emainder of the test. The fact 

that only one attendant (the author) looked after them and that they 

received kind treatment undoubtedly had a bearing on their calm 

behaviour and relatively good growth performance. Also the fact that 

they were fed ad libitum contributed to their contentment. 

During the period of the test the health of the lambs showed no 

signs of deteriorating, in fact the lambs appeared to be in better 

condition at the completion of the experiment than at the start. 

The cages were constructed in such a ~'lay that the front feet 

of the lambs rested on a sandpapered area v1hile the hind f eet rested 

on a wire mesh floor. As a result the front hooves remained well 

trimmed ~vhile the hind hooves required trimming before the end of 

the test. 

Duri ng the changeover from chopped to ground and moistened 

forages ,cons iderable variabi lit y between t he l ambs was encounter ed 

with respect to the time required to reach a reasonable level of 

forage intake. About 7 to 10 dayswere required f or this adj ustment 

peri od, f ollowing vlhich the intah:e of ground forages i ncreased 

fairly rapidly. 



In most cases feces were voided in the form of pellets; however, 

in one or two instances, especially when large amounts of ground Red 

Clover were fed, feces were voided in the form of soft masses. 
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VI. RESULTS AND DISCUSSION 

A. An analysis of the factors influencing voluntary intake of the 
forages. 

a. The effect of time on the extent of voluntary intake. 

In order that the voluntary intake of forages can be used as a 

criterion of forage feeding value it is necessary that these forages 

be fed for a period of time adequate to allov1 for the consumption of 

the forages to reach a relatively constant level. Lister (1957) fed 

five chopped forages for a period of eight weeks each and concluded 

from his analysis of the data on forage intake, that voluntary con-

sumption had reached a maximum and constant level in the case of his 

poorer quality forages (bromegrass, timothy and oat straw) within the 

first ten-day period. The consumption of Birdsfoot Trefoil increased 

significantly to about the thirtieth day while that of Red Claver 

increased gradually over the w·hole period of the test. 

In the Hork discussed here,the feeding periods ran for only 

three "t-Jeeks. A study of Figures I and II reveals that v1hile the 

average voluntary intake of the chopped forages appears to have 

reached a maxioum by the end of the third week, the intake of the 

ground forages does not appear to have reached a maximum, particularly 

in the case of the two Timothy cuts. 

In arder to analyse this situation statistically the feeding 

period Has arbitrarily subdivided into four periods viz 1-5 days, 

6-10 days,11-15 days and 16-21 days and the average consunption of 

each forage by each sheep determined for each of these periods. 

The data arc sunnarized in Table 1. Each entry r epresents an 

average consumption f i gure for four sheep. An analysis of variance 
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TABLE 1. Nean Voluntary Forage Intake as Influenced 

by Forages Species, Feeding Period and Grinding. 

Form in Feedin~ Period (da~s} Average Overa11 
Forage Species which fed (1) 2) (3) (4) Forage 

1-5 6-10 11-15 16-21 (tv) Average 
x 

Red Claver Chopped 872 938 1001 1022 958 1189 (Ear1y eut} Grou nd 118;2 1;262 122:2 1608 1412 

Red Claver Chopped 771 894 938 916 880 
1099 (Late eut} Grou nd 1022 1;266 1;226 1416 1;218 

Timothy Chopped 709 648 664 655 669 822 
(Ear1y eut} Ground 874 212 1011 1102 276 

Timothy Chopped 695 634 706 688 681 818 
(Late eut} Ground ~4~ 761 ~22 1112 ~~~ 

Totals Chopped(z) 762 779 827 820 
Grou nd 1024 1101 1231 1311 
Overa11 (Y) 893 940 1029 1066 

Least Significant Differences (gms) 

Between P=.05 P:;:.01 

a. Overall forage means (X) 69 92 

b. Overall feeding period means (Y)6o 75 

c. Forage treatment (species 
and form) means (w) 165 221 

d. Overa11 period mcans ·Hi thin 
form (Z) 138 177 



was carried out to determine the effect of time interval, forage 

(including species and stage of maturity), sheep and the effect of 

grinding on the voluntary intake of the forages (Table 2). 

The analysis of variance reveals that there were highly 

significant differences in mean voluntary forage intake bet~-1een 

periods. Reference to Table 1 shovlS that feed consumption was 

significantly less (P <.01) in period 1 than it was in periods 3 

and 4, and that consumption in period 2 was also significantly 

less than in periods 3 and 4 (P~.ol). The average difference be­

~leen voluntary intake during periods 3 and 4 of 37 grams is not 

statistically significant. If we examine the trend within the 

chopped forages 't·7e find that feed intake has levelled off during 
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the final 10 to 11 days of the feeding period. Hm·1ever the trend 

with the ground forages indicates that voluntary intake has increased 

during period 4 as compared to period 3. While analysis of variance 

indicates that the "Period x Grinding" interaction is not significant, 

the F value of 2.3 as compared to the P.05 F value of 2.80 cannat 

give one any real satisfaction that a maximum level of feed intake 

has been reached with the ground forages. He should therefore bear 

in mind that consumption figures dealing with ground forages are 

probably not representative of maximum possible intake levels. 

The statistical significance of the other sources of variation 

are similar to those found in the next section and to avoid 

duplication v7ill be discussed in the next section. 



TABLE 2. Ana1ysis of Variance of the Effect of Period, Sheep, 

Forages and Grinding on Vo1untary Intakes of Forages. 

Source D.F. s.s. H.S. F P.05 P. 01 

Period 3 607,017 202,339 17 . 9~;x 3.86 6.99 

Sheep 3 1,243,854 414,618 36 . E9CX 3.86 6 . 99 

Error (a) 9 101,901 11, 322 

Forages 3 3,483,431 ll61, 144 62.8Y.X 2. 86 4 .38 

Forages x Period 9 314,978 34, 998 1.9 2.15 2 . 94 

Error (b) 36 665,254 18,479 

Grinding 1 4, 378,210 4378,210 124.6xx 4.04 7 .19 

Period x Grinding 3 237,131 79,044 2.3 2.80 4. 22 

Forages x Grinding 3 210, 600 70,200 2 .0 2.80 4 . 22 

Forages X Grinding 
X Period 9 65,418 7,269 .2 2.08 2.80 

Err or ( c) 48 1,687,160 35,149 

Total 127 



b. The effect of forage species, stage of maturity and of grinding 
on the intake of forage during the final week of each period. 

If ~.;re no~v consider the average daily intake of forages during 

the final ~.;reek we will obtain a more accurate idea of the differences 

between forages since the effect of the conditioning period is 

eliminated. The basic data are to be found in Appendix Table i, and 

the analysis of variance in Appendix Table viii. 

A,"factorial" summary showing the average daily forage intalce 

per lamb (gms) is shO'tvn as follov1s: 
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TABLE 3. Average Daily Voluntary Forage Intake (gros) - (final \·Jeek). 

Form in Treatment 

t-1hich fed Red Claver Red Claver Timothy Timothy Form* 
( early) (la te) (early.) (la te) A ver ages 

Chopped 1024 919 651~ 693 822 

Grou nd 1607 1415 1095 1104 1305 

Treatment Average 1315 1167 874 898 

Species Average 1241 886 

Stage Average ** 1095 1033 

Ana1ysis of variance reveals that differences due to treatment, 

grinding and laQb are all highly significant (P <.01) while differences 

due ta period are significant (P<.05 ). 

* Hill be used to designate source of variation due to form in 't-lhich 
f ed (ground vs . chopped). 

**Will be used to designate stage of maturity (carly vs. late ) - in 
that order. 



The L.S.D's* are as follmvs: 

x = 16 8 4 

P.05 77 109 154 

P.Ol 108 153 217 

The average daily forage intake per lamb by periods is as follo\'lS: 

{ChoEEed {~s} Ground (S!!!s l 
I 879 v 1112 

II 815 VI 1286 

III 791 VII 1370 

IV 804 VIII 1451 

We may conclude from this analysis that 't'lhether ground or chopped 
the consumption of Timothy was significantly less than the 
consumption of Red Claver (average 30% less). This difference 
was highly significant statistically. 

*In arder to present L.S.D's in a compact form this method will 
be adopted throughout this thesis. In calculation of L.S.D's where 
only one error term appears in the analysis of variance the only 
variable is the denominator, which is numerically equal to the number 
of items entering into the calculation of each mean in the series of 
means being compared. In this experiment we have 32 individual datum 
for each comparison. If we are comparing any two means within the 
eight treatment means for example, this means that there are ~ = 4 
items in each mean. If we are comparing any two of the 8 
four forage averages we have ~ = 8 items entering into the determina-
tion of each mean. If we ~ compare the overall mean for chopped 
vs. ground, red claver vs. timothy or early vs. late eut forage, we 
have ~ = 16 items in each mean being compared. We will thus designate 
the 2 number of items entering into eaah mean as X and present the 
L.S.D. values at two levels of significance. Remembering, of course, 
that the application of these L.S.D's must be limited to comparison 
of a series of means in which the F t est has sho<;VU significant differ­
ences to occur. 

For calculation of L.S.D 1 s and for F tests see Appendix Tables 
viii to xxv. 



There was no significant difference betv1een the consumption of 

early and late eut Timothy, in fact the consumption of late eut 

Timothy slightly exceeded the consumption of early eut Timothy. 

However, it is apparent that the la te eut Red Clover ~>Jas consumed 

to a lesser extent than ~vas the early eut Red Claver. This 

difference is statistically significant when the forage is fed in 

57 

the ground form and when beth chopped and ground forages are averaged. 

There is a 10 percent reduction in the consumption of late eut 

chopped Red Clover as compared to the early eut material. This, 

while not statistically significant, is however probably of practical 

significance. 

Grinding of the forages significantly increased the extent of 

voluntary consumption of all forages (P C.Ol), the increases ranging 

from 54 percent in the case of the late eut Red Clover to 67 percent 

in the case of the early eut Timothy. An analysis of variance 

(Appendix Table ix) revealed that differences in the increases in 

voluntary consumption bet~>Jeen forages due to grinding were not 

significant. Thus vle may assume that the effect of grinding in 

increasing voluntary intake was reasonably uniform for a11 forages. 

It should be mentioned that the effect of "period" in this last 

analysis approached significance. The average increases due to 

grinding wer e 23, 59, 79 and 81 percent for periods V, VI, VII and 

VIII compared to the periods I, II, III and IV. This tren~ indicates 

that the lambs gradually became accustomed to the ground forages as 

time went on, increasing their consumption in each succeeding period. 

This trend is not only evident bet~veen periods but also within periods. 



(Figures I and II). If we look at the period averages following 

Table 3 this trend is also noticeable. The L.S.D. (P=.05) of 154 

grams reveals no differences beb:·1een average forage intake during 

periods I to IV inclusive. Hm-1ever from period V to VIII inclusive 

there is a graduai increase in consumption,some of the period 

differences being statistically significant. This indicates that 

it is highly probable that the average increases in voluntary intake 

of these forages due to grinding might have been even greater had 

they been fed for a longer period. This plus certain other aspects 

(for example, effect of increased intake on the relative size of the 

digestive tract) requires further investigation. 

B. A study of the factors affecting water consumption. 

(a) Effect of Forage Treatment on water intake. 

The average daily water consumption data for eacg lamb during 

the final v1eek on each forage are presented in Appendix Table i. 
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The analysis of variance is shown in Appendix Table xi. The factorial 

suromary of the~ data is in Table 4. 
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TABLE 4. A Sumrnary of the Effect of Forage and Grinding on Water 

Intake During the Final Week of Each Period (c.c/day/lamb). 

Treatment 
Form in Form 
which fed Red Claver Red Claver Timothy Timothy Average 

(early) 

Chopped 2720 

Grou nd 4850 

Treatment Av. 3785 

Species Av. 

Stage Av. 

x= 

P=.05 

P=.Ol 

(late) 

2528 

4380 

3454 

3620 

3004 

L.S.D's (c.e.) 

16 

288 

404 

8 

407 

571 

(early) 

1561 

2883 

2222 

4 

577 

809 

2291 

2907 

(la te) 

1707 2129 

3011 3781 

2359 

The effect of forage and of grinding on wate r intake 't'las highly 

significant. It is thus apparent that grinding (plus, of course, the 

effect of adding water to the forage) resulted in a marked increase 

in vmter intake. While the effect of stage of maturity within bath 

sfèci es v7as not significant, the difference bet\'leen the water 

consumption on Red Claver and on Timothy "t'las highly significant. 

Because v1ater intake is logically associated 't'lith dry matter intake , 

1;-1e might better express water consumption on the basis of a water 

to feed ratio . When t~se data are analysed statistically (Appendix 
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Table xii) only the effect of grinding is significant (P <.05). The 

average \~ater to feed ratio was 2.57 for chopped forages and 2.96 

for ground forages. It is possible that the greater moisture holding 

ability of the ground forages as compared to the chopped forages may 

have been responsible for this effect. Hm~ever, as previously 

mentioned, there \\las undoubtedly some loss of moisture due to 

evaporation from the ground forages prior to their consumption which 

Hould tend to cause an overestimation of the actual v7ater to feed 

ratio. The \·later to digestible calorie ratio (Appendix Table xiii) 

shoued a similar rclationship, averaging 1.18 c.e. per calorie for 

the choppcd forages and 1.49 c.e. for the ground forages. There 

was no statistically significant difference due to forages although 

the Red Clovers averaged sone.;.1hat higher than the Tinothys ( 1. 38 vs. 

1.29) possib~y because of the higher protein and mineral content. 

(b) Effect of Calorie, Protein and Mineral Intake on Water 
Consumption. 

It is a · generally accepted thumb rule that Hater requirements 

parallel calorie intakc (i.e. 1 c.e. of water is requircd for each 

digestible calorie of diet). It is also known that increasing the 

digestible protein and mineral intake can increase vlater requirement 

due to the increased water required to dispose of urea and minerals. 

In order to determine the relationship betv1een water intake and the 

intake of digestible calories, protein and minerais, an analysis 

of Partial Regression and Hultiple Correlation was carricd out. 

The corre lation coefficients between the variables involved are 

surnnarized as follows, Table 5. 



61 

TABLE 5. Summary of Correlation Coefficients (r) Involved in 

Determining Relationships of Factors Affecting l~ater Intake. 

Dig.Protcin 

Intake of 
Dig.Calories 

Total Salt 

Total Ash 

Total Salt 
+ Ash 

Dig. 
Cals 

.8443 

Total 
Salt 
Consume cl 

-.1293 

-.0052 

Total 
Ash 
Consume cl 

·9387 

.9646 

Total 
Ash + 
Salt 

.8443 

.9137 

Ha ter 
Intake 

. 74B2 

.8280 

.4096 

.8310 

The results of the statistical analysis are presented in 

Table 6. It 't-7ill be noticed from Table 5 shm.;ring the simple 

correlation coefficients that the relationship between salt intake 

and intake of feed ash is negative. It will also be noticed that 

when salt and ash intakes are combined the so-called 11 total mineral" 

correlates rouch more highly with the intake of \•7ater. Consequently 

another Partial Regression analysis 't·las conducted to determine the 

amount of variability in water intake uhich could be associated with 

variations in intake of digestible protein, digestible calories and 

total minerais. The results appear in Table 7. 
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TABLE 6. Partial Regression and Hultiple Correlation of Hater Intake, 

(Dependent Variable) on the Intake of Digestible Protein, 

Digestible Calories, Total Ash, and Total Salt. 

Variable Partial Regression Relative ~Iultiple Coeff. of 
(Intake of) Coefficient , Be ta Correlation Determin. 

Value Coeff. R (R2) % 
(%) 

Dig. Prote in .706(9Œ 19.6 

Dig. Calories 1.5032xx 41.6 .8024xx 64 

Total Feed Ash .0817 2.3 

Total Salt 1.3189XX 35·5 

xx Highly significant statistically (P < .01). 

TABLE 7. Partial Regression and Nultiple Corre lation of Hater Intake, 

(Dependent Variable) and the Intake of Digestible Protein, 

Digestible Calories, and Total Hineral (Feed Ash +Salt). 

Relative Nultiple Coeff. of Variable 
(Intake of) 

Partial Regression 
Coefficient p Be ta Correlation Determin. 

Value Coeff. R (R2 ) % 
( ~j ) 
8.4 Dig. Protein -.1183 

Dig. Calories -.1159 8.4 .94xx 89 
Total Nineral 83.0 

xxHighly significant statistically. 



It is rather surpris ins that by combining t't'lü variables (total 

ash intaR:e and total salt intake) v1e can not only account for a 

much greater amount of the variability in the water intake (89%) but 

we can completely alter the relative importance of the effect of the 

variables under study. This is undoubtedly due to the negative 

correlation bet't-1een feed ash intake and salt intake \.;rhich would tend 

to minimize the effect of bath, in the analysis of Table 6. 

It is surprising that the effect of digestible calories on water 

intake (Table 7) nmv becomes insignificant statistically. It \-Jould 

thùs appear that the high 11 r" value e}~pressing the relationship of 

digestible calorie intake and \.;rater intake is due to the high degree 

of correlation bet\·7een digestible calorie intake and total mineral 

consumed (r = . 91). 

C. Salt Consumption Data. 

The average daily salt intal~e of the individual lambs during the 

final week on cach of the forage5 is presented in Appendix Table i. 

A factorial summary of salt intake data by treatment is presented 

in Tab le 8 . 

Only differences due to grinding (and to sheep) uere found to be 

statistically significant. Because of considerable variation in the 

data it is impossible to show a significant difference between the 

chopped and ground fonm of all forages. Hmvever due to the non­

significant "forage x grinding!' interaction we can assume that 

grinding caused a significant increase in salt consumption uith all 

forages, averaging about a 350 percent increase. Forage differences 
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while not statistically significant are interesting. A higher salt 

consum.ption in the case of the Timothys than with the Red Clovers 

is indicated. 

TABLE 8. Mean Salt Consumption per Treatment (gms salt consumed/ 

lamb/final weelç). 

Form in Trcatoent 
which fed Form 

Red Claver Red Claver Timothy Timothy A ver ages 
(early) (late) (early) (la te) 

Chopped 21 )0 2) 1~2 29 

Ground 68 88 118 129 101 

Treat ment Av. 45 59 71 86 

Forage Av. 52 78 

Stage Av. 58 72 

L.S.D. (gros) 

" -Llo. - 16 8 4 

P=.05 38 72 

P= .Ol 22 lOJ: 

To cli minate the effect of forage intakc on salt consumption data, 

the r esults are e)~pressed as percent of feed consumption in Table 9. 

Analys is of variance (Appendb~ Table xiv) indicates that significant 

differences (P< . 05 ) in percentagc salt consumption \·7ere caused by 

grinding (and by sheep). Once again variability Has such that forage 

differences could not be proven significant. The fac t that lambs 



TABLE 9. Salt Consumption Ii:xpressed as Percentage of Forage 

Intal~e. 

--------------·----.. ·-----·-·-··--· 

Treatment Form in 
which fed 

Red Clover 
(earl y) 

Red Clover 
(late) 

Timothy 
(early) 

Timothy 
(late) 

Form 
A ver ages 

Chopped ·3 ·5 ·5 .9 ·5 

Grou nd .6 .9 1.9 1.8 1.3 

Treatment Av. ·5 ·7 1.2 1.4 

Forage Av. .6 1.3 

Stage Av. .8 1.0 

consumed more salt when fed Timothy than when fed Red Claver could 

possibly be explained by the fact that Red Clovers had a higher 

mineral content. The increased consumption due to grinding may be 

partially explained by an increased ~~ater consumption. Another factor 

contributing to increased salt intake when ground forages were fed 

could be that the lambs suffered more from boredom and hence consumed 

salt for something to do. No records were kept on the time spent in 

eating the different rations, but the ground-moistened forages Hould 

presumably be eaten with less difficulty than would the chopped 

forages thus allowing the lambs to 11fill up" in a shorter period of 

time thus increasing the amount of idle time. 

Nelson et al (1955) found that a high salt intake did not affect 

the digestibility of a ration when fed to bullocks. ~.Ji th wethers, 

however, the digestibility of organic matter and nitrogen-free 

extract '~as reduced by a high salt intake. However the salt 



consumption 1-ms 6 percent of the diet, at least three times that 

consuoed by any of the lanilis on this test. Cardon (1953) fed steers 

one pound of salt per day 't.Jith no adverse affect on cellulose 

(alfalfa) digestion. 

This increase in salt consumption indicated in Table 9 might 

possibly be explained on the basis of the increased water consumption 

occurring when the forages were fed in the ground and moistened state. 

On the other hand, perhaps the increased 't·7ater consumption -vms due 

to the increased salt consumption. To better clarify the relationships 

bet\oleen feed, >·1ater and salt intake the follm.Jing partial regression 

and multiple correlation analyses were conducted using the individual 

intake data obtaincd during the final wcek of each period. 

Inde pendent Standard Relative Hultiple Hultiple 
Variables Partial Be ta Correlation Coeff. of 

Reg.Coeff. Values Coefficient Determination 
Be ta (~~ (R} (R2}~ 

a. The relationship of "t·Tater and salt intakc to forage intake (Y) 

t.Jater intake(;{r) 
Salt intake (X2) 

.9681 
-.3065 

b. The relationshiE of forage 

Forage intake (X1) .8122 
Salt intakc (X2) .3365 

c. The relationshiE of forage 

Forage intake(Xl) -.8797 
Hater intal~e(X2) 1.1510 

.8877 79 

and salt intake to "tvatcr intake (Y) 

71 .9067 82 29 

and water intake to salt intake {Y} 

43 .6262 39 
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As expected, a large proportion of the variability in water intalce 

(82 percent) can be related to variations in feed and salt intake, feed 

intake bcing the most important factor. \·le can assume, on the basis 

of the analysis of variance in Appendix Table xii, that the effect of 
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grinding accounts for a ~ajor portion of the remaining variability 

in v1atcr intake. 

Only 39 percent of the variation in salt intalŒ can be related 

to variations in feed and water intake. Thus v7e can reasonably assume 

that the doubling of salt intal~e (expressed as a percentage of the feed) 

duc to the cffec t of grinding (Appendb~ Table xiv) ~·Tas not related to 

any appreciable extent to the increased uater consuoption. 

D. Livev1eight Increases and ':Lheir Relation to Voluntary Forage Intake. 

In any e:x:periment dealing with the "feeding value" of forages, 

especially involving livestock of agricultural importance, it is 

desirable that feeding value be expressed in terms of sorne criterion 

having economie significance. In the final analysis it is pounds of 

meat, mill~ or \mol, etc., produced which is the ultimate criterion of 

a forage' s feeding value. There are theoretical reasons \Jhy \'le cannot 

consider all total digestible nutrients (hereafter referred to as T.D. N.) 

as being of equal productive value ( see Ilevie\·7 of Literature). 

Since s laughter data could not be obtained in this e~~periment· 

the ne:~t most practical measure of feeding value Has that of liveweight 

gain. The weight gain data arc presented in detail in Appendb~ Table i. 

A factorial sumnary of the data is presented in Table 10. 

TABLE 10. Factorial Summary of Average THo-Heek Gain (lb) per Lamb. 

Treatoent 
Form in Red Clover Red Clover Timothy Timothy Form 
Hhich fed (early) (late) (early ) (late) Ave rages 

Choppe cl 3.6 2.1 1.9 1.3 2.2 

Ground 6.9 4.0 3.5 3-9 4.6 

Treatment Av. 5·3 3.1 2.7 2.6 
Species Av. 4.2 2.6 
Stage Av. 4.0 2.8 



The analysis of variance (Appendix Table x) reveals that grinding 

had a highly significant effect on liveweight gains and that the 

effect of forage treatment (species + stage of maturity) approached 

significance at the 5 percent lev el of significance. The appropriate 

L.S.D. values may be obtained from the follm.;ring: 

x= 16 8 4 

P=.05 1.4 2.1 3.0 

P=.Ol 2.0 2 ·0 4.2 

llhile the variability of the data is such that the high significance 

(P=.Ol) of the effect of grinding in increasing weight gains cannot be 

illustrated by applying the appropriate L.S.D. (4.2 lb) to the 

individual forages, nevertheless the overall effect of grinding is 

significant at the 1 percent level (L.S.D. 2.0 lb). The interaction 

expressing the effect of "Grinding )( Forages" i s negligible indicating 

that the effect of grinding in increasing weight gain was not 

influenced by forage. 

The significant effect due to forages is shown in the superiority 

of the gains made by the lambs fed the early eut Red Clover. The 

gains made by the lambs fed Timothy were not affected by stage of 

maturity. The differences between the gains made on the Timothy and 

those made by the lambs f ed the late cutting of Red Clover were not 

statistically significant. Lambs fed late eut Red Clover gained 

significantly less, on the average, than did those fed the early eut 

Red Clover. 



Figure III shows the relative voluntary intake of the forages 

together with the gains made on these forages. From this graphical 

representation it can be seen that a 60 percent increase (approxim­

ately) in forage intake due to grinding has resulted in an increase 

of approximately lOO per cent in the liveweight gains, indicating 

an apparent increase in the efficiency of forage utilization. 

The relationship between voluntary forage intake and weight 

gains was determined. If individual lamb data are used in the 

calculation of the simple correlation coefficient the r value is 

.72xx. However if average weight gains and feed consumption 
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figures are used for each of the eight treatments the r value is 

. 92xx . Both these values are highly significant (P <.01). It is 

more reasonable to assume that the latter value is more truly 

indicative of the actual relationship between voluntary intake and 

weight gain because the effect of individual variation is eliminated. 

It does, however, indicate that when evaluating forage quality by 

this method it is desirable to use adequate replication. It is also 

obvious that in periods as short as were used in this experiment 

voluntary intake of any individual lamb cannot be used to predict 

weight gain as accurately as can corresponding data for a group of 

lambs. 

vfuen using treatment averages the effect of body weight and of 

voluntary intake together account for 88 percent of the variability 

in l i vewei ght gain. If X equa l s livewei ght gain, A equals vo l untary 
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intake and B equals body weight rAX = .9200, r = -7384 and 
BX 

rAB= .8192. fly~= .9580 and ~XB = -.0047. Ris thus .937 and 

R2 = 88'{o. 

In view of the fact that Lister (1957) fed forages for a longer 

period of time (8 ~veeks) it may be of interest to determine how his 

results compared with those of this test. He fed five forages for 

a period of eight ~veeks on each of five sheep. He concluded tha t 

11 there appears to be little doubt that voluntary intake is directly 

related to gain in weight. It can be noted that as voluntary intake 

doubled, gain doubled •••••••• 11 It should, however, be noted that 

his five forages were always fed in the cyclic arder Red Claver, 

Bromegrass, Oat Straw, Birdsfoot Trefoil and Timothy , i.e. the good 

quality forages were preceded and followed by the poorer quality 

forages. In addition the gains were calculated from the beginning 

of the eight ~veek period to the end of the period. Thus the weight 

11off11 Red Claver was taken as the weight "on" Bromegrass and the 

weight off Oat Straw was taken as the initial weight onto Birdsfoot 

Trefoil. Because of differences due to fill this would exaggerate 

gains made on the good forages and minirnize gains on the poor 

forages (or exaggerate lasses). Table 11 shows the relationship 

between voluntary intake and liveweight gain of Lister's sheep 

as reported, and if we allow a v1eek1 s adjustrnent period. 

70 
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TABLE 11. Relationship Between Voluntary Forage Intake and 

Livev1eight Gain (Lister 1957). 

Forage Overall 8 week period Allowing 1 week adjustment 

Av. da il y Change in Av. daily Change in 
intake weight intake weight 

(gros) (lbs) (gros) (lbs) 

Birdsfoot 
Trefoil 1071 19.3 1137 14.8 

Red Claver 971 12.5 1014 10.2 

Brome grass 651 .9 653 .5 

Timothy 497 -3.2 496 -4.0 

Oat Straw 253 -15.4 257 -8.6 

r = .994 r = .996 

While it is interesting to note that the r values are in bath 

instances indicative of almost perfect correlation the regression 

coefficients are quite different. For the eight week data Y = .040X -

24.72 and for the seven week data y = .027X - 16.62 (t-lhere y = the 

expected total gain (lbs) per lamb during the period of the test 

(8 and 7 weeks respectively) and X = the daily voluntary intake 

per lamb in grams). It is thus obvious that while voluntary intake 

is remarkably well correlated with liveweight gain the relationship 

deduced by Lister is not in accordance with his facts. From the 

purely biological standpoint one would expect a doubling of intake 

to result in a greater than double increase in live~veight gains 

at the near maintenance levels of this test. 
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The graphical representation of the regression of 1ive,o7eight 

gain on vo1untary intake is given in Figure IV. The prediction 

equation Y= .005X - 1.87 is compared to that derived from Lister's 

7 week data as follmvs: 

(a) Lister (1957) 

y = .027X - 16.62 
(7 week gain) 

Av.weekly gain 

Daily Forage Intake (grams) 
500 700 900 1100 1300 1500 

-3.12 2.28 7.68 13.08 18.48 23.88 
-.45 ·33 1.10 1.87 2.64 3.41 

gains = (b) Current Test 
lb/lamb 

Y = .005X - 1.87 
(2 week gain) 

Av.weekly gain 
.63 
.32 

1. 63 
.82 

2.63 
1.32 

3.63 4.63 5.63 
1.82 2.32 2.82 

The equations yield comparable estimates of weight gain only at 

the 1100 gram intake level. Hm·rever since Lister was working not only 

with different forages but over a different consumption range (253 -

1071 gros daily) than obtained in this experiment (654 to 1603) it is 

not 1egimate to extrapo1ate his data beyond the upper limit of his 

intake figures. When it is considered that the second equation also 

includes the effect of feeding ground forages (which were utilized 

different1y as compared to the chopped forages) the comparison is 

even less legitimate. Considering a11 these facts however the 

agreement is reasonably good. 

One cannot he1p but comment that it is extremely hazardous to 

set up a prediction equation of this nature, on the basis of resu1ts 

obtained under any given set of conditions and expect that it will 

apply to another set of conditions. The numerous factors contributing 
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to the variability not only of the forages themselves but of the animals 

used nrust be tal~en into consideration uhere such predictions are 

attempted. It \10uld appear that at best, a test of this nature 

'Hould give us a fairly accurate estimate of the relative feeding 

value of the forages used 't·7hen fed undcr similar conditions to 

similar animals. This does not mean to imply that extent of voluntary 

intake is not a better measure of forage feeding value than is chemical 

analysis data or digestibility data to uhich these sources of 

variabi~ity plus other more serious shortcomings apply. 

The data of this e;~periment indicate that voluntary intal:;:e of 

forages "t-7as a reliable index of the feeding value of the forar;es fed. 

This Has true ~lhether the forages Here fed in the chopped or in the 

ground form and uas as true ~lithin forage species as bet"t·Jeen forage 

species. (Uinor discrepancies are of course to be e~~pected since 

the >·Jeight gain data fran such a short period are subject to 

considerable variation). 

Having e stablished that voluntary intake is a rcliable index 

of feeding va l ue, within the limits of statistical variability, the 

ne~~t step is to study the chemical composition of these forages to 

determine the relationships between composition data and voluntary 

forage intake . 



E. Chemical Analyses Data and Their Relationship to Voluntary Intake. 

(a) Chenical Composition of Forages. 

A complete summary of the chemical analyses of the forages, and 

of the ·ueighbacks of the chopped forages, is presented in Appendix 

Table ii. All figures Hith the exception of energy values are rounded 

ta one decimal place. ~·lhere marked differences in the composition of 

the weighbacks, as compared ta the offered forage, occurred1 the 

composition of the forage as eaten is calculated. All figures are 
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the averages of at least four duplicate analyses and the average 

deviation from the mean is given ta provide a measure of the variability. 

A study of Appendix Table iii r eveals that, in general, the chopped 

forages were sorted to sorne extent as indicated by the differences in 

chemical composition bet,~een offered forages and thcir ·1:-1eighbacks. 

Heighbacks 1;1ere usually lm-;rer in protein and higher in crude fiber 1 

cellulose and lignin than was the forage "as ôffered", indicating that 

sterrnny portions of the forage -v1ere being refused. The greater 

variability associated Hith the analytical data of the w-eighbacks 

reflects the differences in the sorting ability of the individual 

lambs. In most cases the corrected figures are within .5 percentage 

units of the composition of the offered forage . Hhile these differences 

are slight, nevertheless the composition of the forages as eaten 

(Appendix Table ii) is used in the study of the effect of chemical 

composition on the voluntary intakc of forages. 



Hhi1e there are one or two unexp1ainab1e (and consistent) differences 

in the composition of the chopped and ground forages (probab1y due to 

heterogenity of the forage) we can for practica1 purposes su~arize the 

cheroica1 composition of the forages as fol1ows (Table 12). 

TABLE 12. Summary of Composition Data of Forages as Offered. 

(Data to nearest vrhole number except Calories). 

Constituent Timothy Red C1over 

Crude protein (%) 

Crude fiber (9~) 

N-free extract (%) 

Cellulose (%) 

Ash (%) 

Lignin (~ ) 

Gross Cals/gm. 

Ear1y 

7 

31 

48 

33 

6 

9 

4.10 

eut La te 

6 

29 

51 

31 

5 

10 

4.11 

eut Early eut La te 

15 15 

25 27 

43 42 

30 31 

8 7 

10 11 

4 . 00 4.07 

Thcse ana1ytical data do not indicate the marked differences in 

chemical composition betVJeen the early and late cuts that one might 

expect. Huffman (1953 ) cites numerous references showing the effect 

of stage of maturity on the chemical composition of various forage 

eut 

species including Timothy and Red Claver. In all instances, increasing 

maturity resulted in increases in crude cellulose, lignin and crude 

fiber contents. 

Crude fiber as determined by the usual method of proximate analysis 

was originally intended to represent the undigestible portion of the 
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feed. It is believed to contain all the original ce llulose, variable 

portions of the hemicellulose and a small and variable proportion of the 

lignin (Crampton 1956 ). It is also stated that crude fiber is 95 percent 

cellulose. 

The fact that the cellulose values obtained in this experiment 

(and also by Smith 1958) were higher than those of crude fiber may be 

at least partially explained by Nordfeld et al cited by Huffman (1953) 

who detennined the composition of crude fi ber of hay as follm-1s,­

cellulose 80.1, lignin 11.5, pentosansl0 . 9 percent and a small amount 

of crude protein and ash. The N.F.E. fraction contained cellulose 

20.5, lignin 9.7, pentosans 29.4 percent and sugars, hexosans, organic 

acids, etc., 40.3 percent. Cellulose was found to be distributed as 

follows,- 69.3 percent in the crude fiber and 30.7 percent in the N.F.E. 

Another factor, possibly explaining the discrepancy bet~veen the 

crude fiber and cellulose cont ents of the forages, is that of the 

method of detennination. Crude fiber must survive three filtration 

steps, cellulose only one. It is thus possible that crude fiber is 

subject ta gr eater l oss than is cellulose during the detennination . 

(b) Correlation of Individual Chemical Constituents to Voluntary 

Forage Intake . 

Simp l e correlation coefficients (r) were calcula t ed t o shaH t he 

relationship beb~een each of the chemical components and the ext ent 

of voluntary forage i ntake . Because grinding had a s i gnificant effec t 

on the ext ent of voluntary forage i ntake this source of variation 

was removed by calculating separate r values for chopped and for ground 

forages . Thus each r va lue i s cal cula t ed on the basis of 16 pair s of 

observat ions. These are presented i n Table 13 . 
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TABLE 13. Simple Correlation Coefficients (r), and Coefficients 

of Determination (r2
) Sho'Yving Relationship Betv1een 

Voluntary Intake and Forage Composition. 

Constituent Correlation Coefficient 
(r) 

Coefficient of Determination 
(r2cp) 

Chopped Ground Chopped Grou nd 

Cru de protein • 79~0{ . 73}~{ 

Cru de fi ber - . 8l}~X 6 X..'{ -. 9 

Cru de fat -.24 .07 

N-free extract -.63XX -. 63XX 

Cellulose -.46 - . 6lx 

Lignin .46 . 28 

Ash • 76XX . 71XX 

Gross energy -. 67xx -. 6ox 

Xsignificantly different from zer o P c. 05 

xxHighly significantly different from zero P~. 01 

62 

66 

40 

58 

41 

The high correlation of ash content to voluntary intake is probably 

53 

45 

40 

37 

50 

45 

due to the fact that ash content is highly correlated to protein content 

(r = . 92 ). Protein content has often been regarded as being indicative 

of the feeding value of a forage . Hhether the protein per ~ is the 

factor responsib l e for the feeding value or 't·lhether high protein content 

is associated v7ith l eafy , non- lignified, "palatable" forage is a matter 

of inter est. In this t est, protein content i s found to be significantly 

correlated with voluntary forage intake. Crude fiber content is also 

significantly correlated, negatively, to extent of forage intake, more 

so that either cellulose or lignin content. 
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The fact that lignin is positively correlated is due to the higher 

lignin content of the Red Clovers as compared to the Timothys. This 

further emphasizes the limitation of lignin data as an index of forage 

feeding value >-lhen comparing different forage species. The limited 

data of this test indicates that within forage species lignin content 

per ~ is more closely associated with feeding value in the Red Clovers 

than in the Tlirtothys. 

(c) Partial Regression and Multiple Correlation Technique. 

In order to more accurately ascertain the relative effects of 

various composition data on voluntary intake, a series of partial 

regression analyses · Has undertaken. These findings are summarized 

in Tables 14 to 16 inclusive. 



80 

TABLE 14. Partial Regression and Hultiple Correlation of Voluntary 

Intake (Dependent Variable) on the Content of Six Forage 

Fractions (Indepèndent Variables). 

Independent 
Variables 

Standard 
Partial 
Reg.Coeff. 

fl 

Relative 
Be ta 
Values 

Hultiple 
Correlation 
Coefficient 

Hultiple 
Coeff. of 
Determination 

a. Chopped Forages 

Crude protein 
Crude fiber 
Cellulose 
N-free extract 
Ash 
Lignin 

b. Ground Forages 

Crude protein 
Crude fiber 
Cellulose 
N-free extract 
Ash 
Lignin 

2.6 
.8 

-.4 
1.4 

.2 
-.2 

13.0xx 
4.1xx 

.9 
lO.lxx 
1.6XX 
-.1 

(~0 

45.7 
14.5 
7.3 

24.6 
4.1 
3.8 

1~3.8 
13.8 
3.0 

31~.0 
5.4 

xxHighly significant statistically (P <.01). 

(R) (R2%) 

.88XX 78 
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It is thus apparent that a fairly large proportion of the variability 

in feed intake is associated with the makeup of the forage, particu1arly 

in the case of the ground forages. It is also apparent that three of 

these factors, protein content, crude fiber content and nitrogen-free 

extract content are associated ·Hith a large portion of the variability 

in voluntary intake. He will now proceed to conduct further statistical 

analyses, eliminating sorne of the less important factors to determine 

the change in the R values. 
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TABLE 15. Partial Regression and I:Iultiple Correlation of Voluntary 

Intake and Crude Protein, Crude Fiber, Nitrogen-free 

Extract and Ash Contents of the Forages. 

Independent Standard Relative 'Hultiple Hultiple 
Variables Partial Be ta Correlation Coeff. of 

Reg. Coeff. Values Coefficient Determination 
p (~} (R) (R21a} 

a. Chopped Forages 

Crude protein 
Crude fiber 
N-free extract 
Ash 

b. Ground Forages 

Crude protein 
Crude fiber 
N-free extract 
Ash 

2.19 
.23 

1.44 
.16 

xxsignificant at the 1% level. 

54.4 
5.8 

35-9 
3-9 

42.7 
13.3 
32.7 
7-3 

.86Xx 

.95xx 91 

These results show that cellulose and lignin could be eliminated 

~·7ith only a slight reduction in the amount of variability accounted 

for. \~ile both R values are highly significant statistically, ' the 

standard partial regression coefficients are significant only in the 

case of the ground forages. Ash and crude fiber content of ground 

forages appear to be more closely aseociated with extent of voluntary 

intake than in the case of the chopped forages. 

Table 16 sho"t·7S the effect of removing ash data. There is no 

change in the R value as far as chopped forages are concerned. However 

there is a considerable lowering of the R value in the case of the 

ground forages. It may or may not be coincidental that the R values 



82 

for chopped and ground forages are practically identical. In any 

case approximately 73 percent of the variability in the extent of 

voluntary forage intake is associated significantly (P <.01) with 

the crude protein, crude fiber and nitrogen-free extract content 

of the forages, whether fed in the chopped or in the ground form. 

TABLE 16. Partial Regression and Multiple Correlation of Voluntary 

Intake and Crude Protein, Crude Fiber and Nitrogen-free 

Extract Content of the Forages. 

Inde pendent 
Variables 

Standard 
Partial 
Reg.Coeff. 

Relative 
Be ta 
Values 

Multiple 
Correlation 
Coefficient 

Multiple 
Coeff. of 
Determination 

p (%) (R) (R2%) 

a. Chopped Forages 

Crude protein 
Crude fiber 
N-free extract 

b. Ground Forages 

Crude protein 
Crude fiber 
N-free extract 

2.19 
.17 

1.35 

5.4BX 
1.61 
3.52x 

x Significant at the 5% level 
xxsignificant at the 1% l evel. 

59 
5 

36 

51.6 
15.2 
33.2 

Other analyses were conducted, including one in which the 
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relationship of crude protein, crude fiber and gross calorie content 

to voluntary intake was determined. It was found that none of these 

could account for as great a portion of the variability in the 

voluntary intake of the forages as could be accounted for by the var-

iables shown in Tables 14, 15 and 16. In v iew of the similarity 

of the gross calorie contents of the various forages studied, it is 
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not surprising that calorie content per ~ was of little help in 

accounting for variability infurage intake. 

It is also possible that the weight of the lambs may have had 

an influence on the amount of feed consumed. The simple correlation 

coefficient (r) was determined for both chopped and ground forages. 

It was found to be .61 and .20 respectively. Incorporating this 

information into a further partial regression analysis indicated 

that a considerable increase in the variability of forage consumption 

was accounted for. The results appear in Table 17. 

TABLE 17. Partial Regression and Multiple Correlation of Voluntary 

Intake and the Crude Protein, Crude Fiber and Nitrogen-free 

Extract Content of the Forages together with the Effect of 

Lamb Weight. 

Independent 
Variable 

a. Chopped Forages 

Crude protein 
Crude fiber 
N-free extract 
Lamb weight 

b. Ground Forages 

Crude protein 
Crude fiber 
N-free extract 
Lamb weight 

Standard 
Partial 
Reg.Coeff. 

p 

1.42 
-.10 

.69 

.)0 

2.22 
.)4 

1.29 
.51 

Relative 
Be ta 
Values 

(%) 

56.5 
4.0 

27.5 
12.0 

51.0 
29.6 
7·7 

11.7 

xxHighly significant statistically (P< .01) 

Multiple 
Correlation 
Coefficient 

R 

Multiple 
Coeff. of 
Determination 

(R2%) 



None of the partial regression coefficients was found to be 

statistically significant. However together they accounted for a 

highly significant portion of the variability in voluntary intake. 

Differences in weight were responsible for about 10 percent of the 

overall variability in forage intake. This effect of weight on 

84 

intake should not be misunderstood as influencing the overall extent 

of forage consomption within either the "ground" or "chopped" portions 

of the experiment since the average weight of the lambs v1hile on any 

one forage was approximately the same as on any of the other forages, 

(range in weight 57.6 - 59.2 on all the chopped forages and from 

68.1 - 69.9 lb. on the ground forages). It is of course reasonable 

to assume that the heavier weights of the lambs on the "ground" 

test could account for sorne of the increased feed consomption. 

However since this is a legitimate expression of the effect of 

grinding, the above statistical analyses were conducted separately 

for each of the forage forms. 

These fiadings indicate that a highly significant portion of 

the variability in voluntary forage intake could be associated •·1ith 

variations in the "chemical" constituents of those forages, 

particularly in the case of crude protein, nitrogen-free extract 

and crude fiber contents. vlhether these fractions per ~ affect 

the voluntary intake or whether they are merely indices of the 

general acceptability or digastibility of the forages remains to 

be proven. 



Estimation of Voluntary Intake from Chemical Analysis and 
Liveweight Data. 

Using the data of Table 17 and the data on which the table is 

based we can derive equations with which we can attempt to predict 

voluntary intake of a forage on the basis of its crude protein, 

crude fiber and N.F.E. content and on the basis of the liveweight 

of the lambs consuming it. These equations are: 

1. for chopped forages: 

2. for ground forages: 

Where 
Y = estimated daily intake of forage per lamb in grams 

(air dry forage) 
X1 = crude protein content of the forage (% air dry basis) 

X2= crude fiber content of the forage (% air dry basis) 

X3 = N.F.E. content of the forage (% air dry basis) 

}4= Average live"t>7eight of the lamb (lbs). 

Using these equations, the average daily consumption of each 

of the forages per lamb (gros. of air dry forage) is as follo~V"S: 

Chopped Forages 
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Estimated ConsumEtion(Y) Actual ConsumEtion 

Red Claver (early) 987 1003 

Red Clover (late) 945 929 

Timothy (early) 657 658 

Timothy (late) 673 692 
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Ground Forages 
Estimated Consumption Actual Consumption 

Red Claver (early) 

Red Claver (1ate) 

Timothy (ear1y) 

Timothy ( 1ate) 

1519 

1431 

963 

1089 

1548 

1406 

1035 

1026 

It should be understood however that these equations yield 

a fair1y reliable estimate of voluntary intake under the conditions 

of this experiment only, and do not necessarily apply to any other 

set of conditions. 

F. A Study of Forage Digestibility and Utilization. 

1. Extent of Apparent Digestibility. 

One of the most commonly used criteria of a forage's feeding 

value is its apparent digestibility coefficient. It should be realized 

that the extent to which a given forage is digested is only one of the 

factors affecting the amount of digestible nutrients made available 

to the animal. The quantity of forage ~>Fhich can be consumed daily 

must als o be considered.in the fina l analys i s it is the forage ' s 

ability to provide the animal with an excess of digestible nutrients 

over that r equired for maintenance which Hill determine its feeding 

value f rom the economical point of view. Because it has been shawn 

(Blaxter et al, 1956) that l evel of forage intake affects the extent 

of dry matter digestibilit y, particularly in t he case of ground 

f orages , it would seem of questionable value to a ttempt to relate 

digestibility coefficients t o f orage feeding va l ue when forages 

are f ed under ad libitum conditions. 



The apparent digestibility coefficients of the forages used in 

this study are summarized in Table 18. Due to the experimental 

precision attainable in a digestibility study of this nature the 

data are presented, rounded to the nearest whole number. (The 

individual digestibility coefficients for each lamb in each period 

are to be found in Appendix Table iv. 

(a) Dry matter and (b) energy digestibility. 

The analysis of variance for each of these factors appears in 

Appendix Tables xvi and xvii respectively. Due to the close 

relationship between these two criteria they ~-1ill be considered 

together (r = .92xx). A factorial summary of the apparent digest­

ibility coefficients is presented in Table 19. 
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Analyses of variance reveal that both energy and dry matter 

digestibility ~.;rere influenced to a highly significant degree (P ~ .01) 

by forage treatment (including effect of species and stage of 

maturity) and by the effect of grinding the forages. The "grinding x 

treatment" interaction was not significant, indicating that within 

the range of statistical variability grinding caused a reduction in 

digestibility \\lith all forages as far as dry matter and energy is 

concerned. This reduction in digestibility averaged 3 percent in 

the case of energy and 4 percent in the case of dry matter. 

The overall species averag~ indicate that the energy and dry 

matter of Timothy was digested to about the same extent as in the 

case of the Red Clovers. The overall effect of stage of maturity 

indicates a highly significant decrease in dry matter and energy 

digestibility due to increasing maturity. A study of the individual 



TABLE 18. The Apparent Digestibility of Forages (%) - (all figures rounded to nearest percent) 

ChoEEed Forages Ground Forases Significant Sources 
Constituent Timoth:z: Red Clover Timoth:z: Red Claver of Variation L.S.D. 

Earl y La te Earl y La te Earl y La te Early La te Forage Form p = .05 

Dry matter 61 53 55 55 53 51 54 51 P=.Ol p.c,ol 4 

Crude protein 57 45 58 55 47 46 57 54 P<.Ol P<.05 5 

Crude fiber 62 49 46 52 55 46 45 46 P<.Ol P<.Ol 5 

Ether extract 31 17 34 42 20 34 32 51 

N-free extract 64 60 64 60 58 57 62 57 P<.05 P<.Ol 4 

Cellulose 65 53 60 62 56 48 54 54 P<-.05 p.:.,ol 4 

Energy (Cals) 58 50 55 53 52 49 54 50 P<. .05 P<.Ol 4 
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TABLE 19. A Factorial Summary of the Average Apparent Digestibility Coefficients of Dry Matter and Energy. 

Form in 
vlhich fed 

Chopped 

Grou nd 

Treatment Av. 

Species Av. 

Stage Av. 

a.Dry Hatter Digestibility 
Treatment 

Red Claver Red Claver Timothy 
(early) (late) {early) 

55 55 61 

54 51 53 

55 53 57 

54 

56 

54 

52 

Timothy 
(la te) 

53 

51 

52 

Form 
Av. 

56 

52 

b. Energy Digestibility 
Treatment 

Red Claver Red Claver Timothy 
(early) (late) (early) 

55 53 58 

54 50 52 

55 52 55 

53 

55 
0 

L.S.D. values (%) 

x~- = 16 8 4 

P.05 2 3 4 
P.Ol 2 4 6 

Timothy 
(late) 

50 

49 

50 

52 

51 

0 Error mean squares practically identical in bath analyses. 

*As previously explained X = nurnber of items entering into the calculation of each mean being compared. 

Form 
Av. 

54 

51 

Since n = 32, X would = 2S or 8 when comparing a1o means in a set of 4 comparable means (Treatment averages). 
4 

()) 
\0 
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treatment averages, in general, bears out this finding. The fact 

that the extent of energy and dry matter digestibility is similar 

for both forage species, in spite of the differences in the feeding 

value of the tHo forages, indicates the importance of the quantitative 

aspects of feed intake. 

(c) Crude protein digestibility. 

The analysis of variance of the factors affecting protein 

digestibility is to be found in Appendix Table xviii. The factorial 

sununary of the main effects is as follows (Table 20). 

TABLE 20. A Factorial Summary of the Average Apparent Digestibility 

Coefficients of Crude Protein (%). 

Form in 
which fed 

Chopped 

Ground 

Traatment Av. 

Species Av. 

Stage Av. 

Treatment 

Red Claver 
( early) 

58 

57 

58 

56 

55 

Red Claver 
(la te) 

55 

54 

55 

Timothy 
(early) 

57 

47 

52 

49 

50 

Timothy 
(late) 

45 

1~6 

46 

Form 
average 

54 

51 

The analysis of variance reveals that forage treatment, and 

grinding had a significant effect on protein digestibility. The 

"forage treatr.1ent x grinding" interaction hm-1ever Has significant 

at the 5~ leve l indicating that grinding affected the digestibility 

of protein differently ~~ith the different forages. Inspection of 



the data indicates that grinding caused a significant reduction in 

the digestibility of the early eut Timothy but that its effect in 

the case of the other furages was negligible. By inspection of the 

data (if we exem!_Jt the early eut chopped Timothy) it is seen that 

the crude protein of Red Clover is digested to a markedly greater 

extent than is the crude protcin of Timothy. There is also a fairly 

definite indication that the earlier eut forages of both species are 

more digestible with respect to crude protein content than are the 

more mature forages. This is probably due to the increase in the 

amount of lignin present in the plant or to a change in the nature 

or extent of the lignification with maturation. 

The digestibility coefficients for crude protein appear to be 

more closely associated with forage feeding value thau was either 

dry matter or energy digestibility data. UoHever there are notable 

exceptions. Early eut, chopp_ed Timothy was almost as digestible 

as was the early eut Red Clovcr. This same trend holds for most of 

the constituents whose digestibility was studied. This could 

possibly be cxplained on the basis of the combined effect of "ease 

of digestibility" and postulated ideas about the effect of l evel 

of forage intake on the rate of disappearance of forage materials 

from the digestive tract. 

(d) Digestibility of crude f iber and (e) of ce llulose. 

Due to the similarity of these a~o constituents and to the fact 

tha t analyses of vari ance (Appendix Tab les xix and }Œa) reveal 

identical error mean squares, they Hill be considered together. 

The factorial summary is presented in Table 21. 
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TABLE 21. A Factorial Summary of the Average Apparent Digestibility Coefficients of Crude Fiber and Cellulose(%) 

a. Crude Fiber Digestibility b. Cellulose Digestibility 
Form in Treatment Form Treatment 
'tvhich fed Red Clover Red Clover Timothy Timothy Av. Red Clover Red Clover Timothy Timothy 

(early) (late) (early) (late) (early) (late) (early) (late) 

Chopped 46 52 62 49 52 60 62 65 53 

Grou nd 45 46 55 46 48 51~ 53 56 48 

Treatment Av. 46 49 59 48 57 58 61 51 

Species Av. 47 53 58 56 

Stage Av. 52 48 59 54 

xo = 
L.S.D.Values (%) 

16 8 4 

P.05 3 4 5 
P.Ol 4 2 1 
OFor explanation see page 89 

(r = .72xx = relationship between crude fiber and cellulose 
digestibilities). 

Form 

\0 
[\) 

Av. 

6o 

54 



The analyses of variance in bath instances reveal that forage 

treatment, and grinding bath had a highly significant influence on 

digestibility (P <.01). The "forage treatment x grinding" inter­

action w-as insignificant in bath cases. He thus assume that 

grinding caused a significant reduction in the digestibility of 

bath crude fiber (average 4 percentage units) and of cellulose 

(average 6 percentage units). The overall averages of early versus 

late eut forages, reveal a reduction in the digestibility of 

crude fi ber and of cellulose due to advancing maturity. Hmvever 

inspection of the four treatment means reveals a consistent 

"interaction" of "stage of maturity >( forage species". It is clear 

that the crude fiber and cellulose of late eut Red Claver in this 

test ~ms as ~-1ell digested (or even slightly better digested) as 

\vas the crude fiber of the early eut Red Claver. The reduction 
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in digestibility of the Timothy duc to stage of maturity was very 

marked, averaging around 10 percentage units for bath cellulose and 

crude fiber digestibility. This finding may be of sorne significance 

in view of the fact that artificial rumen 'tvork frequently uses 

cellulose digestibility (extent of) as a criterion of forage feeding 

value. Admittedly the fact that late eut Red Claver ':vas consumed 

in some\·7hat smaller amounts than was the early eut Red Claver 

could conceivably influence the extent of cellulose digestion. 

If we refer back to the figures on energy digestibility hm.;rever, 

\ve sec that energy digestibility 't·Jas lmi1er in the s econd eut Red 

Clave~ than in the early eut Red Clovers. It is thus obvious that 

the trends in crude f iber and cellulose digestibility do not 



correspond Hith the trends in energy digestibility. This casts 

further doubt upon the reliability of any procedure aimed at 

predicting forage feeding value by measuring the extent of cellulose 

digestion. 

Ta test the significance of the "stage of maturity x forage" 

interaction the results (cellulose digestibility) were re-analysed 

(Appendix Table xxb). As expected the interaction \vas highly 

significant statistically. The effect of species \vas not significant. 

It is interesting ta note that the cellulose was digested to 

a somewhat greater extent than was the crude fiber (56 vs. 50%). 

The amount of lignin included in "crude fiber" could be in part 

responsible for this finding. The arbitrary nature of the crude 

fiber determination may also be partially responsible for the 

differences in apparent digestibility of the t\vo fractions. 

It should be noted that owing ta the nature of the chemical 

analysis procedures for bath crude fiber and cellulose (i.e. only 

the undigested fractions are isolated from the feces as contrasted 

ta nitrogen analysis 'tvhere 1m2, \vhether in amino acids or as 

undigested protein, is all included as undigestible) any factor 

interfering with the absorption of the digestion products of these 

tua components "t..:rill lead ta a discrepancy betwecn digestibility 

figures and the amount absorbed and will also cause a reduction 

in the apparent digestibility of N .F .E. 



(e1 Digestibility of Cellulose In Vitro* 

A limited amount of information ,.,as obtained on the extent of 

cellulose digestibility in vitro. This appears in Table 22. Data 

are also included on an earlier eut of Timothy (harvested June 27). 

On the basis of theœdata several interesting observations may be 

made. The artificial rumen technique employed was that of 

Bentley et al (1955) as adapted by Kamstra et al (1958). 

TABLE 22. In Vitro Cellulose Digestibility (%) 

Forage 

Timothy (June 27) 

Timothy (July 8 ) 

Timothy (July 31) 

Red Claver (July 2) 

Red Claver (July 25) 

Grou nd 
4ô mesh 

30 hours 48 hours 

6).2 69.4 

52.1 57-3 

40.2 4).1 

55-8 58.4 

51.4 54.9 

*"* · Finely Chopped 

30 hours 48 hours 

46.4 56.4 

41.8 46 .9 

44. 7 50.2 

**Average of t-v10 experiments, each sample run in duplicate in each 
experiment. All other figures are average values from three 
experiments v1ith duplicate samples run in each. 

To facilitate comparisons between in vivo and in vitro data 

the follov1ing summary is presented. 
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In vitro digestibility In vivo digestibility 

Red Claver 

Timothy 

(July 2) 
(July 25 ) 
(July 8) 
(July 31) 

30 hr. 
56 
51 
52 
40 

48 hr. 
58 
55 
57 
43 

Grou nd 
54 
53 
56 
48 

* The data presented in this section ware obtained through the courtesy 
of Dr. O.G.Bentley of the Ohio Agricu l tural Experiment Station,Hooster. 
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Hhile in vitro data indicate the relative digestibilities of 

the Timothys in vivo this does not apply in the case of the Red 

Clovers. Quantitatively speaking the 48 hour in vitro data 

provided a fairly accurate estimate of the extent of forage 

digestibility ~·1hen the forages were fed in the ground state in vivo. 

It must be rer:~embered that the in vivo data wer.e obtained under ---
ad libitum conditions and it is perhaps expecting too rouch that 

in vitro data of this type will be comparable. It is important to 

note that voluntary intake data Hithin forage species can..1ot be 

explained on the basis of extent of cellulose digestibility, nor 

can the voluntary intake differences between early eut lled Claver 

and early eut Timothy be explained on this basis. 

The in vitro results shmv the effect of certain variables 

on the activity of the cellulolytic microorganisms. Œ1en other 

factors are constant, increasing surface arca of the forage by 

finer grinding resulted in an increase in cellulose digestibility 

as might be expected. This effect is apparently offset in in vivo 

trials by the increased intake and greater rate of disappearance 

from the digestive tract. It is apparent from these results that 

incrcasing naturity of both forage species results in a reduction 

in the cellulose digestibility . This may be due to increased 

lignification, a change in the nature of the cellulose itself or 

due to a decreased availability of nutritional factors required 

by the cel!ulolytic bacteria. It is difficult to assess the rate 

of cellulose digestibility from the meagre data available although 

this aspect is probably of utrnost significance in de terrnining forage 
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feeding value. If it is assumed that the 48 hour data represents 

maximum cellulose digestibility then it is seen that Red Clovers 

attained 94-96% of this by 30 hours "t-1hile the Timothys attained 

91-93%· This difference seems insignificant and points to the need 

for further data covering the initial period in more detail before 

the relationship between the rate of cellulose digestibility and 

forage feeding value can be properly assessed. 

(f) Digestibility of Crude Fat. 

The lot-r ether extract content of the forages (Appendix Table ii) 

coup led >·Ii th the great variability, particularly in the amount of 

ether extractable material in the feces combined to render 

digestibility data of no practical or statistical value. The 

digestibility coefficients appear in Appendix Table iv. 

(g) Digestibility of Nitrogen-Free Extract. 

The detailed data on the diges tibility of N.F.E. appear in 

Appendix Table iv. The factorial summary of the treatment averages 

appears in Table 23. 

TABLE 23. A Factorial Summary of the Average Apparent Digestibility 

Coefficients of N.F.E. 

Treatment 
Form in Red Claver Red Claver Timothy Timothy Form 
~11hich fed ( early) (la t e ) ( early) (la te) Averages 

Chopped 64 60 64 60 62 
Ground 62 56 58 57 58 

Treatment Av. 63 58 61 59 
Species A. 61 60 
Stage Av. 62 59 
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L.S.D. Values ( ?i) 

" A = 16 8 4 

P.05 2 3 4 

P.01 2 4 6 

Analysis of variance (Appendix Table x=d) revea1s that forage 

"treatment:' and grinding were significant sources of variation in 

N.F.E. digestibility, (P< .05 and P< .01 respectively). The inter-

action of these t\·70 sources \vas not significant. Thus we may assume 

that grinding caused an average reduction of around 4 percentage 

units in the digestibility of the forages fed. The overa11 difference 

between forage species was not significant \·Jhi1e there was an average 

reduction of 3 percentage units due to increasing maturity when bath 

species are averaged. 

In this experiment the digestibility (apparent) of the tT .F .E. 

averaged about 10 percentage units higher than did that of the crude 

fiber. 

(h) Summary and Discussion. 

Under the conditions of this test, feeding of forages in the 

ground and moistened condition resulted in a r eduction in the extent 

of digestibility averaging bet\veen 3 and 6 percentage units. 

Digestibility of protein and energy >·ms r educed to a l esser extent 

than \·las the digestibility of crude fiber and cellulose. This cou1d 

be explained on the basis of an increased rate of passage of feed and 

feed residues through the digestive tract which wou1d have a greater 

adverse effect on the digestibility of the l ess easily digested 

nutrients. 



Differences in the overall digestibility of the t't·lü forage 

species 'tolere slight. Dry matter, energy, cellulose and N.F.E. 

digestibilities being almost identical for bath species. The protein 

of Red Claver was digested to a greater extent (7 percentage units) 

than vms the protein of Timothy 'to7hile the crude fiber of Timothy was 

digested to a greater extent (6 percentage units) than was that of 

Red Claver. The similarity in extent of dry matter and energy 

digestibility bet'toJeen the overall averages of the two forage species 

may be at least partially explained by the difference in level of 

forage intake. Norrison (1956) reports that for comparable stages 

of maturity the T.D.N. content of Red Claver is usually about 2 to 3 

percentage units higher than that of Timothy. (It is assumed that 

these values were obtained under conditions of approximately equal 

feed intake). 

In any case it is clearly evident that a forage's feeding value 

bears little or no relationship to the extent of dry matter or 

energy digestibility \vhen fed under ad libitum conditions. 

The effect of stage of maturity is shawn in Table 24. It is 

clear t hat stage of maturity markedly r educed t he extent of 

digestibility of chopped Timothy and also to a lesser extent 

that of ground Timothy. VJith Red Claver the picture i s less clear 

eut , but the overall effect of stage of maturity i s markedly less 

than in the case of the Timothy. 
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TABLE 24. Summary of Reduction (in units of percent) in Digestibility 

Due to Increased Haturity. 

Dry matter 

Energy 

Protein 

Crude fiber 

Cellulose 

N-free extract 

Average change 

Timothy 
Chopped Ground 

-8 -2 

-8 -3 

-12 -1 

-13 -9 

-12 -8 

- 4 -1 

-8 -4 

Red Claver 
Chopped Ground 

0 -3 

-2 -4 

-3 -3 

+6 +1 

+2 0 

-4 -5 

0 -2 

This explains why, despite equal intakes of early and late eut 

chopped Timothy, gains were less on the 1ate eut material. This 

appears to be the one exception to the generally good agreement 

bet~·Jeen voluntary intake data and feeding value (gains) and points 

to the need for further testing of the effect of stage of maturity 

on voluntary intake and feeding value of Timothy. 
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G. Quantitative Aspects of Digestible Nutrient Intake. 

(a) Intake of Digestible Nutrients as Affected by Forage and Grinding. 

It seems logical nmJ to consider together the data on voluntary 

intake and on the digestibility coefficients in order to determine 

the amount of apparently digestible nutrients consumed by the lambs. 

Theoretically, at least, it would seem that the amount of digestible 

nutrients consumed in a given period of time should correlate more 

closely \·7ith the forage' s feeding value than either its extent of 

digestibility or its voluntary intake. 

The individual data showing the average daily intake of digestible 

nutrients per lamb are presented in Appendix Table vi. The data are 

summarized in Table 25. 

It is obvious that the reduction in the extent of digestibility 

of nutrients due to the effect of feeding in the ground state is more 

than compensated for by the increase in forage intake. Grinding 

caused increases ranging from 54 to 67 percent in the voluntary intake 

of the forages tested while the digestible energy intake was increased 

by 40 to 50 percent. This resulted in a doubling of live\·Jeight gains 

indicating an increase in the efficiency of utilization of the forages 

for production purposes (when efficiency is expressed as pounds of 

feed per pound of live\Jeight). 

A study of Table 25 reveals that the trend toward increased 

intake of digestible nutrients is reasonably consistent across all 

nutrients (omitting ether extract). 



TABLE 25. Average Daily Intake of Apparent Digestible Nutrients per Lamb (grams, except as noted) 

Cho12Eed Forages Ground Forages 
Constituent Timo th~ Red Claver Timo th~ Red Claver 

Earl y La te Earl y La te Earl y La te Earl y La te 

Dry Matter 376 341 512 469 510 483 762 660 

Drude Protein 28 20 84 82 32 30 136 115 

Crude Fiber 123 96 113 125 176 138 170 176 

Ether Extract 4 2 6 8 3 7 11 15 

N-free Extract 205 213 288 230 286 297 408 320 

Cellulose 140 111 183 181 185 149 242 232 

Energy (Cals) 1574 1427 2205 2021 2183 2057 3318 2851 

1-' 
0 
[\) 



In arder ta check these results statistically, analyses of 

variance v1ere conducted using the digestible energy intake data 

(Appendix Table xxii) and the digestible protein intake data 

(Appendb~ Table xxiii). The factorial summary of the treatment 

means representing digestible energy intake is presented in 

Table 26. Analysis of variance revealed that intake of digestible 
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energy was significantly affected by for.age and by grinding (bath P < .01). 

The "forage >C grinding" interaction was not significant. Hhen the 

effect of maturity of individual species is considered there is 

found to be a decrease of 7 percent and of 12 percent in the intake 

of digestible calories due to the increasing maturity of the Timothy 

and Red Clover respectively. The reduction in digestibility of the 

Red Claver was statistically significant. Hhen the overall effect 

of maturity, combining both species, is tested it is found to be 

s.ignificant (P < .05). Red Clovers provided 44 percent more 

digestible energy than did the Timothys. The difference was 

highly significant. 

A supplementary analysis of variance in which the three degrees 

of freedom for forage were sub-divided into one for species, one 

for stage of maturity and one for 11species x maturiti' revealed 

that the effect of stage ~f maturity and of species ~·1ere bath 

significant (P < .05 and P"'.Ol respectively). The interaction v1as 

not significant. 



TABLE 26. A Factorial Summary of Digestible Energy Intake. 

(Cals /Lamb /Day). 

Form in 
which fed 

Chopped 

Ground 

Treatment Av. 

Speci es Av. 

Stage Av. 

Red Clover 
(early) 

2205 

3318 

2762 

Treatment 
Red Clover 

(la te) 

2021 

2851 

2436 

2599 

2320 

Timothy 
(early) 

1574 

2183 

1879 

Timothy 
(la te) 

11~27 

2057 

1742 

1810 

2089 

L.S.D's (Cals) 

x= 

P.05 
P.Ol 

16 

200 
280 

8 4 

290 4oo 
4oo 570 

Form 
Average 

1807 

2602 

It will be rccalled that grinding reduced t he di gestibility of 
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protein in the case of the ear ly eut Timothy but not (signif icantly ) 

in the case of the other forages. Table 27 reveals that this 

affected the net increase in the digestible protein intake . An 

analysis of variance (Appendix Table xxiii) was carried out to 

study this effect statistically . The factoria l sumn1ar y of the 

data is present ed in Tab l e 27. 



TABLS 27. A Factorial Surnmary of Digestible Prote in Intalçe 

(gms/Lamb/Day). 

Form in 
~1hich f ed 

Chopped 

Grou nd 

Treatment Av. 

Species Av. 

Stage Av. 

Red Claver 
(earl y) 

84 

136 

110 

Treatment 
Red Claver 

(la te) 

82 

115 

99 

98 

70 

'I'imothy 
(early) 

28 

32 

30 

28 

62 

Timothy 
(late) 

20 

30 

25 

Form 
Average 

54 

78 

Interpretation of this data is complicated by the significant 
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interaction betwean grinding and forage. This is due to the reduction 

in protein digestibility of the early eut Timothy duc to grinding 

"t·Jhich 't·las just barely compensated for by increased feed in talee. 

Apart from this instance, grinding r esul ted in an increase of 

approximately 50 percent in the intake of digestible protein. The 

overall difference between species is just significant at the 5 

percent level (L.S.D. = 69 gm) according to the revised analysis 

necessitated by the significant interaction. The overall effect of 

maturity is not significant although t here is a slight reduction 

due to increased maturity. 

(b) Relationship of Digestible Nutrient Intake to Voluntary 

Forage Intake . 

Because vJe have no other measure of rate of digestibility we will 

consider that the amount of nutrient digested daily, by the lamb, 
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is a measure of this rate. The relationship bet\·7een gross forage 

intake and intake of digestible nutrients is of importance. At 

first thought one might assume that they would be highly correlated, 

Hmvever it has been shown (Blaxter 1956) that as level of forage 

intake increase, (at least with ground forages) dry matter digestibil-

ity decreases. Thus,as level of forage intake increases,the intake 

of digestible nutrients might or might not keep pace, depending on 

the effect of level of intake on extent of digestibility. If VIe 

can find that the intake of digestible energy is highly correlated 

to intake of forage and that any reductions in the extent of 

digestibility are of minor importance, this 'tvill strengthen the 

hypothesis that voluntary intake is a good criterion of forage 

feeding value. (~ssuming that feeding value is highly correlated 

to intake of digestible energy). The simple correlation coefficients 

are presented in Table 28. 

TABLE 28. Relationship Between Intake of Digestible Nutrients 

and Gross Voluntary Intake of Forages. 

"Nu trient" 

Energy (cals) 

Crude protein 

Crude fiber 

Cellulose 

N-free extract 

Correlation Coefficient 

r 

. 9801 

.8072 

.8024 

.9254 

·9374 

Coefficient of 
Determination 

r 2 cS 

96 

65 

64 

86 

88 
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The relationships between the intakes of various digestible 

components of the forages and the extent of voluntary consumption 

are presented graphically in Figures V to IX inclusive. The eight 

treatment means have been plotted on each figure in arder that the 

"goodness of fit" of the data to the regression equation can be 

assessed. It 'vill be noticed that 'Nith the exception of digestible 

energy intake, the intake of the other digestible fractions shmV' 

considerable variation in their relationship to voluntary intake. 

It is also noticed that there are differences in the relative 

distribution of the eight treatment means in the different figures. 

These effects are all "averaged" in the digestible energy figures 

with the result that the eight treatment means representing 

digestible energy intakes at different levels of feed intake are 

reasonably ·Hell "lined up" along the regression line. 

He may thus conclude that, under the conditions of this experiment, 

there v1as a highly significant positive correlation bet,·Jeen digestible 

energy intake and voluntary forage intake. It is thus apparent that 

differences in extent of ener gy digestibility ~-1ere not sufficient to 

distort the relationship bet:v1een voluntary intake and yield of 

digestible nutrients. This points out the importance of voluntary 

intake as a suitable criterion of forage quality. It also shm-1s the 

high degree of correlation between rate of digestion and voluntary 

forage intake under conditions of ad libitum feeding . Hmvever it 

must be remembered that while the corre lation is high there is no 

"proof" of a cause and effect relationship. 
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Before attempting to postulate on the factors ~vhich could 

influence the extent of voluntary intake of forage a brief description 

of the physical processes of the rumen ~·10uld perhaps be in order. 

Figure X shoHs a longitudinal section through the rumen. 

Bal ch ( 1958 ) describes the process as follm·Js. "The food boli 

pass dm·m the oesophagus and enter the rumen through the cardia, 

plunging among the re l atively fluid digcsta in the anterior region. 

At the end of the meal. ••••. neH hay or other roughage is packed 

into the anterior region of the dorsal sac •••.•. A distinct tendency 

also exists for any food of small particle s ize, or 't-Jhich tends to 

absorb \va ter rapidly, to accumulate in the ventral regions to a 

grea ter extent than hay.... There is alv1ays, hoHever, a mixing of 

recently eaten feed \·li th residues of previous meals .••••• ensuring 

an early inoculation with rumen microorganisms." 

"The basic movement of the reticulo-rumen is a cycle of 

contraction ( ••••• heginning as a highly characteristi c doub l e 

contraction of the reticulum, followed by successive contractions 

of the anterior pillar, dorsal sac and ventral sac of the rumen ••. ). 

The rate is ah1ays highest during eating ...... The cycle of move­

ment brings about the arrangement of diges ta shovm in the Fig. x, 

the drier and non-fibrous parts of the f ood tending to be f ound in 

the dorsal sacs and posterior region Hhereas the smaller particles 

and most of the fluid appear mainly in the reticulum and anterior 

and vent ral rumen. Above the digesta there is usually a small 

amount of gas. 

lll 



FIG. X - Logitudinal Section Through Rumen (Adapted from Balch (1958) ). 
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::·uith cach cycle of movcnent, the fluid digesta are squcczcd 

up and bacl~ over and through the mass in the dorsal sac along the 

path indicatcd by the large arrous in S ince pacl~ing of the 

mass is often very tir;ht, the only distinct current to be seen at 

any one cycle is of fluids and fincr particlcs. Even so, over a 

lonr; pcriod, the mass itself is gradually kneaded, turned, mb~ed 

and erodcd. BctHeen cycles little frec fluid 't-1ill be found in the 

dorsal Sél.Cj but, as the cycle begins, the permeating fluids can be 

seen first rising through the nass and then sinking into the ventral 

sac. By this means substances in solution and t:iner particles are 

leached fror.1 the main mass of digesta and at the conclusion of the 

active part of the cycle are returned to the reticulum and antcrior 

and ventral rumen. Largcr particles arc less lil~ely to follm-1 the 

route until they have received further cheuing. 

"Rumination," (or cud-cheuing)" ••• reduces particle size and 

facilitates bacterial attack, thereby increasing the chance of any 

given particle subsequently leaving the reticule-rumen •.••• The 

stinrulus for this reflex is the presence of fibrous foods in the 

reticulum and anterior rumen. Finely ground roughages lose the 

abi:!.ity to evol~e the reflex ••••. 11 

11There is no general agreement about e ither the mechanism 

governing the passage of feed through the reticulo-Oiaasal orifice 

or the purpose and action of the otilasum ••••.• " It has becn estimated •••• 

:'that in a cou consuming 20 lbs . of dry matter daily something 

approaching 14 lbs. of dry matter might have to pass through the 

orifice daily, the rer.:tainder being absorbed." (A portion of the 

\·Jater , vola tile fatty ac ids, glucose , ammonia, vitamins and inorganic 



ions are absorbed from the rumen and go to the liver via the portal 

blood system). 

"Considerable sieving must occur at the orifice, because of its 

small size, its setting in relation to the flow from the reticulum, 

the lining of large papillae and the mass of fibrous digesta in the 

omasal fundus ••••• Ground concentrates or ground hay tends to 

leave the reticule-rumen more rapidly than unground hay eaten at the 

same time." 

Balch (1952) found that the contraction of the reticulum is 

most rapid during eating and less rapid during rumination. He also 

suggests that it is likely that the cycle of reticulo-ruminal 

contraction produced more coraplete mixing of the digesta in the 

reticule-rumen \-Jhen the coHs were receiving a diet in 't-rhich all 

the hay \MS ground than \vhen the diet contained long hay. 

Balch (1958) observed that 't.:rith the various diets he studied 

(including an all hay diet) that it appeared that the rate of loss 

of dry matter from the rumen bet't·7een meals v1as regulated by the 

intake of dry matter. He also suggests that the bulkiness of the 

feed and the amount of digesta present initially was of importance 

in this regard. He found that the rate of loss of dry matter from 

the reticule rumen vms 2 - 3 times as great during eating as it 'to7as 

bet>-reen meals. It >·ms found that "at any one time the rate of 

passage through the reticulo-omasal orifice will be controlled 

by such factors as relative pressures of ingesta in the reticulum 

and omasum, in addition to the number of times the orifice opens 

and closes, the number of contractions of the orifice seems 

114 
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lil~ely to be of considerable importance in effecting the accelerated 

passage during eating. The temporary rise during eating, in the 

dry matter content of the digesta lying near the orifice may also 

have increased the rate of passage by raising the amount of dry 

matter passing to the omasurn during each cycle of pressure change." 

Balch concludes, "from my experiments, the responsibility 

for control of appetite in coHs cannat be given to any single 

factor or mechanism. It appcared probable that \·li th hay, a cov7 

might eat until her reticule-rumen contained a given weight or 

volume of digcsta, hovJcver this uas not the case with cous 

receiving mixed diets. It seems possible that Hith rations contain­

ing re~dily digestible foods a factor other than the degree of 

"fill" may be involved." 

It appears that as yct, the factors influencing variation in 

the intal~e cf forages of different spccies and of different physical 

forms are far from being uell defined. Rate, or ease of digestion, 

of the forage uould appear to play a major role in the speed at 

'"hich portions of the digestible nutr:ie nts are removed fror.1 the 

rumen by absorption. It should also influence the speed of breakdown 

of particle size and hence hclp to reduce rumen load by facilitating 

passar;c of undigested residues f rom the reticule-rumen. If ~,;re 

assuue that a faster reduction in runen load \·Jill lead to a more 

rapid recurrence of hunger and hence increascd vo l untary intal~c 

uc n ay have at least a partial explanation as to \-Jhy better quality 

forages are consumed in greater amounts than are poorer quality 

forages. :Forages of better quali ty (higher rainer al content, lo\·ler 



degree of lignification, etc.) should be r.1ore quicltly digested in 

the rur:~cn because of their fnvorable effect on the nutrition and 

activity of the rur.1en r.!icroflorn. 

The reduction in particle size, by grinding, and the effect 

of moistening the ground feed should be expected to increase not 

only the case of digestibility of the forage (clue to the r:1oist 

nature, ereater surface area, greater availability of nutrients 

containeè uit:ün the cells) but also increese the case 'i·lÎtLl uhich 

the feecl is mixecl in the rumen and uith uhich it uill pass through 

the reticulo-omasal orifice. 'i'hc rur,1en capacity is also increased 

because of the incrcased dcnsity of the ground forages. 

nG 

The factors concerncd uith forage acceptability (taste, odor, 

physical nature) cannot be discounted either. Hov1ever their effects 

are difficult to assess. If one could, by means of a fistula, 

satisfactorily :•feedn a ruminant animal more forage than it would 

normally consume, the importance of fccd acceptabilit)r could be 

assessed. Ho~;·Jever to the author' s knoHled!je, this ha·s ncver been 

donc. If ruminants consumed forages according to their relative 

acceptabUity, Hould the effect on yiàcl of digestible nutrients 

be different from uhat we uould e:~pcct if vJe assumed that rate 

of digestion uas the nain factor influencing feed intal~e? It 

appears thnt close to mn..."{imal cxtent of diGestion is norr.mlly 

reachcd long before the forage naterial (at least 'i·lhen fed in 

the long or coarsely choppecl forrn) passe d f rom the rumen. (See 

RcvieH of Literature). If forage is 11forcccl: 1 through the rurJen 



at faster rates because of increaseè acceptability (Hithin certain 

physical linits, of course), uould the e~~tent of digestibility 

be nuch less than that obtained under louer levels of intal~e? 
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Hould there not be a greater daily "yield:' of digestible nutricnts? 

These questions cannat be ansHered from the results of the present 

study. I·Im-1ever it appears that at this point these factors could 

all be invoived in influencing voluntary intal:e. 

~cgardless of the cause of increased voluntary intal~e, the 

important finding as far as estimating forage feeding value is 

concerned, is that there is a high degree of positive correlation 

betHeen voluntary intake and intal~e of digestible energy and that 

by measuring the relative voluntary forage intake \·Je can obtain 

a fairly reliable estinate of the relative amount of digestible 

enersy r.1ade available ta the aninal. The regression equation is: 

Ye = 1.9828;~ + 11;8.09 \·7here Ye = e:-:pected daily intal:e of 

digestible calories and ;~ = the average daily intake of air dry 

forage (3'm). 

The standard error of estima te 't·7as found to be 138 Cals. 

(c) A Study of t~utrient Intal:e as r..elated to Live't·Jcight Gains. 

In this section \-le v1ill attempt to account for differences in 

live\leight gains by the effect of differences in nu trient intake. 

The simple correlation coefficients between a number of "intake" 

variables and livevieinht gains are shawn in Table 29. These 

are calculated using the means of eight treatments. 



TABLE 29. The Relationship of Various Factors to Live\·1eight Gain. 

Factor Relationship to 
Live\-Jeight Gain "t" value * 

"r" 

Voluntary inta!~e (Air Dry) .91 5.4XX 

Dry matter intake .91 5 )~XX 

Dig.dry natter intake .88 1~. 5~~x 

Calorie intal:::c . 90 5 .oJ~x 

Dig.calories intake1 .92 5.7xx 

Het. calorie intakc .93 6.2xx 

Het. energy balance .89 4.8xx 

Protein intal:::e .72 2 .5~' 

Dig. protein intake .66 2.1 

Protein retention .82 3. 5=" 

Percent protein retention .89 4.8xx 

Total ash intake .87 1~, 3X)~ 

Salt intal;:e .39 1.0 

. 60 1.8 

Total minerà. i ntake .90 5.0 

*t.05 = 2.4; t.Ol = 3.7; D.F. = 6. 

In sc l ecting likely variables ta include in a partial 

regression and nrultiple correlation analysis v;e should not select 

1 The relationship bet\-Jeen liveHeight gain and digestible calor ie 
intal:::e is shaun graphically in Fig . 11. 
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FIG.XI - Regression of Liveweight Gain (Y) on 
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two variables 't~hich are obviously highly correlated 't·Jith one 

another. Since the first seven variables are logically highly 

correlated 't·lith each other v1e l'lill select one from this group 

(Dig. calorie intake). Wc will also select protein retention 

since this should logically have sorne effect on body gains. VJe 

't-Iill also include total ash intake and the effect of body Height. 

In the regression analysis vie will use the thirty-two 

individual values first and then carry out the analysis using the 

average values (Tables 30 and 31). 

TABLE 30. Partial Regression and Hultiple Correlation of LiveHeight 

Gain on the Intake of Digestible Calories, Protein 

Retention, Ash Intake and Boèy Height. (Individual 

Data n = 32). 

Inde pendent Standard Relative Hultiple Hultiple 
Variables Partial Be ta Correlation Coeff. of 

Reg.Coeff. Values Coefficient Determination 
(Beta) (~) (R) (R2)f; 

Dig.Calorie Intake 1.4958 62 

Protein retention .0962 4 .707xx 50 

Ash intal~e .5091 21 

Body 't·7eight .3174 13 

xxHighly significant statistically. 

It is obvious that in this test at least individual live"tVeight 

gains cannot be predicted from the variation in the independent 

variables listed. This is undoubtedly due to the individual variation 
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occurring in a test of limited duration. In an attempt to 

overcome this the analysis \·Jas repeated using treatment averages. 

TABL'S 31. Partial Regression and Nultiple Correlation of Liveweight 

Gain on the Intake of Digestible Calories, Protein 

Retention, Ash Intake and Body Height (Lot Averages n = 8). 

Independent Standard Relative Hultiple Hultiple 
Variables Partial Be ta Correlation Coeff. of 

Reg.Coeff. Values Coefficient Determination 
(Be ta} (n (R} (R2}% 

Dig.Calorie intake 5-5217 48 

Protein retention -5587 5 
.9813xx 96 

Ash intake -4. 6340 4o 

Body "~deight -. 8322 7 

xxR . Ol = . 927 

The regression equation is: 

\vherc 
Ye = expected tv70 \·7eek gain (lbs) 

Xl. = ave ras e daily intake of digestible kilocalories 

y 
.2 = grams of protein retained over the 10-day period 

x = total da il y ash intake 
.3 

" = body ·t-~eight in pounds (average over period) . ~· 4 



Using this equation the calculated gains "t·7ere as follm-1s: 

Chopped 

Ground 

Red Claver (early) 
Red Claver (late) 
Timothy (early) 
Timothy (late) 

Red Claver (early) 
Red Claver (late) 
Timothy (early) 
Timothy (late) 

Average 

Calculated 
T"t-1o-Heek Gain 

3·3 
2.0 

.l~ 
-1. 6 

10.2 
6.1 
3. 6 
3.2 

3.4 

(r = .99) 

Actual 

3.6 
2.1 
1.9 
1.3 

6.9 
~ .. o 
3.5 
3.9 

3.4 

Table 32 - Analysis of Variance of "t-iultiple Correla"tion 

(Data of Tables 30 and 31) 

Source of 
Variation 

(a) Using individual 

Due to Regression 

Not accounted for 

Total 
(R2 = .500) 

(b) Using eight :eairs 

Due ta Regr ession 

Not accounted for 

Total 
(R2 =. 963 ) 

x p < . 05 
~~Xp < . 01 

D.F. s.s. 

data (n=32} 

4 76. 69 

27 76 . 69 

31 153 . 37 

of treatrnent means 

4 20.47 

3 . 78 

7 21.26 

Std.Error 
11. s. F of 

19.17 6 .75xx 

2. 84 1.68 

4. 95 2 .22 

(n=8) 

5.12 19 .7 x 

. 26 . 51 

3.04 1. 7~· 
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müle none of the partial regression coefficients are 

statistically significant it is clear that ~·Jhen taken together 

they account for a fairly large proportion of the variability 

in live~·Jeight gains. The marked difference in the proportion 

of the variability in liveHeight gains accounted for by these 

variables ~·Jhen using individual data and \·lhen using lot averages 

points out the necessity of using adequate replication in tests 

of this nature. Longer f eeding periods, over 't·Jhich to more 

accurately estimate true weight gains,are desirable. 

(d) Hetabolizable Energy Balance and its Relationship to 
LiveHeight Gains. 

Table 33 summarizes the energy balance data. The calculations 

for this table are explained in the "Experimental" section. (For 

the detailed calculation of the data in this table and for the 

calculation of metabolizable energy value of the forages see 

Table vii (a and b) of the Appendix). It is found that in several 

instances the calculated energy balance is negative. A negative 

energy balance should normally r esult in a loss in body 't-leight. 

Uowever the equation,-

Hetabolizable Cals for Haintenance = 1.8 X 70 X Hko • 75 
0 
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is intended to provide an average estimate of maintenance r equirements 

and is not necessarily applicable to a specifie case . In this test 

the lambs Here closely confined in an "ideal" envirorunent. Little 

energy uas lest because of exercise and a minimum of body heat was 

lost. Figure XII shows the r e lationship be u-1een metabolizable 

energy balance and live\-le ight gain using the eight treatment means. 



TABLE 33. Energy Balance and Live~-1eight Gain (10 day period). 

Energy Haintenance Energy Percentage of 
Forage Netabolized Requirement Balance Haint enance 

Cals/lamb Het.Cals/lamb Calories/ Requirement 
( 1. 8 )~ 70\\ • 75) Lamb Su pp lied 

çg 

a. Cho~ 

Red Clover (early) 19059 14837 4222 128 

Red Claver (late) 17380 14551 2829 119 

Timothy (early) 13705 14814 -1109 93 

Timothy (late) 12558 14659 -2101 86 

b. Ground 

Red Clover (early) 28583 16826 11758 170 

Red Claver (late) 24479 16875 7604 145 

Timothy (carly) 19185 16495 2690 116 

Timothy (1ate) 17873 16650 1223 107 

Average 19102 15713 3389.5 120.5 

I ndex 

149 

138 

108 

100 

198 

169 

135 
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The correlation coefficient is positive and highly significant 

and indicates that 80 percent of the variability in liveweight 

gains is associated with variation in metabolizable energy intake 

over "maintenance" requirements. It is interesting to note that 

the graph indicates an average maintenance requirement of 

approximately 630 metabolizable calories per day less than that 

calculated by the equation. This is assuming that a metabolizable 

energy balance of zero ~·muld coïncide ~·7ith maintenance of live~veight. 

If this is the case, the average maintenance requirement of the 

lambs under the conditions of this test 't7as about 940 Hetabolizable 

Calories daily, ~vhich would mean that their requirements could he 

expressed by the equation,-

Nctabolizable Calories for Haintenance = 1.14 x 7CJHko · 75 
0 

Here again the nature of our weight gain data must be 

considered. Obviously much more precise work v10uld be required in 

order to mal~e a reliable prediction equation. 

The avera~:;e metabolizable energy yielded per gram of air dry 

forage material fed in this test is calculated to be as follovJs: 

ChoEEed Forages Ground Forages 

Red Claver (carly) 1.89 1.85 

Red Claver (la te) 1.88 l. 75 

Timothy ( earJ.y) 2. 08 1.86 

Timothy (late) 1.82 1. 77 

l-Jhen cxprcssed as a percentage of digestible energy the values 

for metabolizablc encrgy are ,-
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Cho;e;eed Forages Ground Forages 

Iled Claver (early) 86.1 86.3 

Red Claver (late) 85. 9 86.2 

Timothy (early) E37 .1 88.1 

Tim~thy (late) 87.8 87.6 

Considering that these data are calculated, it is nevertheless 

perhaps ,.,orthy ~f note that metabolizable energy values ;eer ~ 

are not a reliable guide fo foraec feeding value at least under 

ad libitum feeding conditions. 

IL A Comnarison of He thods of As s es sing the ~ncrgy Value of Forages. 

Ilegardless of \·7hich of the common methods is used to arrive 

at the "usefulttenergy content of forages there are errors involved. 

Table 34 presents a comparison of severa! of these methods based 

on the data of this experiment e'~cept Hhere noted. The four methods 

used are as follo\·7S: 

H2THCD I. 

Us ing the actual f orage cor.1pos ition data found in the e~::pcriment 

vJe assi3n a calorie value of 5. 6, 9.3, 4.3 and 4. 3 per gram for 

protein, ether extract, fiber and N.F.E. respectivel y to arrive a t 

t he gross ca~.or ie content . He then apply t he actual digestibi lity 

coefficients for these fractions and determine the yield of 

digestible calories. Because our composition data are in percent 

(a ir dr y bas is), the yiel d of digesti ble ca l ories uil l be on the 

basis of 100 gr ams of the forage as f ed. By dividing by 100 ' ·Je thus 



obtain an estir.1at8 of the digestible calories ~)er gram. I~no~·7ing 

the gross calories provided and the dizcstible calories providcd 

ue can e~:press the digestible as a p~rcentage of the gross. 

HETI-ICD II. 

E~~pressing energy content in ter..ts of T.D.l!. 
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cp T.D.ri. = (~b Dig.Prot.)+()b Dig.NFE)+(% Dig.Fiber)+(2.25 ~<% Dig.E.E.) 

:HZTIIOD III. 

Dcten·.1ination of digestible calories by r!'1easuring the calorie 

content of the fced and the feces obtained therefrom. 

NZ11·IOD IV. 

Calculating the metabolizable energy value of the forages 

by corrccting the digestible energy content for energy lost in 

the urine and in gasses produced. 

A study of Table 34 indicates the relationships betneen the 

results obtaincd by thcse different methods. Nethods I and III 

are directly comparable since both arc means of estimating the 

same thing. Despite the difference in the estimate of gross 

energy values the estirnates of the digestible calories per gram are 

very c lose. Uethod II assumes an equal calorie yield from. protein 

and carbohydrate sources, thus tal;:es into account the energy lost 

in the urine from protein sources . Det ermination of the calorie 

value of T.D.H. r eveals a range of from 4.1 to 4.5 calories per 

gram of T.D.l1. (average 4.3),close to the average of 4.4 sugr;ested 

by Crampton (1957). Calculated metabolizable energy values talee 

into account the theoretica l los s of energy in both t he urine and the 

gases , hence the percentage of t he gross energy is l ess than for any 

of the other methods. Hetabolizable energy as calculated r epresants 

a v ery constant proportion of the digestible energy. 



TABLE 31~ - Energy Value of Forages 

I II III 
Forage Using proximate analysis Total Dig.Nutrients Dig.Energy 

and disestibilit~ data. Direct Hethod 

tjo Dig. % 
cp 

Dig.Cals Gross. Dig.Cals = Dig.Cals Gross Dig. 
per gm. Cals/gm of Gross 1 Gffi.T.D.N. per gm. Cals / of 

gm. Gross 

a.Chopped 

Red Claver 
(early) 2.22 3.89 57 49.7 4.~. 2.20 4.0 55 

Red Claver 
(la te) 2.20 3.93 56 48. 8 4.5 2.18 4.1 53 

Timothy 
(early) 2.43 ).95 62 55.6 4.3 2.39 4.1 58 

Timothy 
(late) 2.11 3·95 53 48 .3 4.3 2.06 4.1 50 

b. Ground 

!led Claver 
(early) 2.16 3.93 55 1n .8 4.5 2 .1 1~ lj .• 0 54 

Red Claver 
(late) 2.07 3.94 5) 46.1 4.4 2.03 4.0 50 

Timothy 
(early) 2.12 3.92 54 1~9 . 8 1~. 2 2.11 4.1 52 

Timothy 
(late) 2.04 3.96 52 49.1~ 4.1 2.01 1~ .1 49 

IV 
:Hetabolizable Ener gy (cale) 

Net. Ca ls )i of 
per gm . Gross 

Energy 

1. 90 47.5 

1.87 45. 6 

2.08 50.7 

1.81 44.1 

1.85 l1-6.3 

1. 74 ~-) . 5 

1.85 45.1 

1. 71~ 42. 4 

~ of 
Dig. 
Encrgy 

86 

86 

87 

88 

86 

86 

88 

87 

t-' 
1\) 
\0 



I. Eitrogcn Da:!.ance Studies. 

Under certain circumstances a study of nitrogen balance can be 

of sorne help in estimating the relative nutritional value of 

different proteins being fed. In this e~~periment houever the 

conditions for such a comparison are not met. Ue have no lray of 

knm·Jing ~~hcther nitrogcn is cxcreted in the urine because of its 

lo\·Jer biological value, e:~cessive intake or because of a reduced 

calorie intal:e. The nitrogen balance figures do houever indicate 

the effect of increasing forage intal~c, due to grin.ding, on the 

nitrogen retained by the body and the relationship betueen nitrogen 

retention and liveweight gain is of interest as a possible criterion 

of forage fecding value. The data appear in Table 35. 

The correlation coefficient e:~pressing the relationship bet:Heen 

protein retention and liveHeight gain \·Jas found to be r == .614~'== 

(D.F. == 30, t == 4.26::::-:) and r == .748:: (D.F. == 6, t = 2. 7GX). This 

is a statistically significant relationship. Hm1ever protein 

retention is not sufficiently well correlated to \·Jeight gains to be 

of any practical value, in itself, as an index of forage feeding 

value. The "r" value expressing the relationship betv1een percentage 

protein retained and live\veight gain is .895xx which is highly 

significant dcspite the fact that it is based only on the eight pairs 

of averages in Table 35. The correlation bet:Heen percent protcin 

retention and voluntary intake is r = . 79X \Jhich i s significant 

at the P = .02 lcvel. He can thùs concludc that the percentage 

protein retained lqas a reasonably good measure of the r elative 

feeding value of the forages fed in this experiment. The relation­

ships are expresscd graphically in Figures )~III and XIV. 
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TABLE 35. The Effect of Forage Treatment on Nitrogen Retention (Expressed as gran1s of protein 

retained over the 10 days corresponding to the collection period). 

Protein Protein lost Protein lost Protein Retained Live,·7eight 
Treatment consumed in feccs in urine gain (lb ) 

(ems) ( gms) ( ~~) (gros) ( ~~ ) (gms) ( ~j ) (10 days ) 

a.Cho~ 

Red Clover (ear1y ) 1445 601 ~-2 637 ~J.I. 207 14 2 . 6 

Red Claver (latc) 1477 660 45 612 1~1 205 14 1.5 

Timothy (early) 491~ 215 I~l~ 222 45 57 11 1.4 

Timothy (late) l :.lf3 211-3 55 176 40 24 5 .9 

b. Ground 

Red Claver (early) 2377 102~ 1~3 81~3 35 510 22 lf. 9 

Red C1ovcr (late) 2143 992 1:-6 753 35 398 19 0 () 
'--•/ 

Timothy (carly) 683 36lf 53 211 31 lOG 16 2 .5 

Timothy (late) 642 3~-7 5lf 106 29 109 17 2 .8 

1-' 
\>J 
1-' 



FIG.;an - Regression of Liveweight Gain (Y) on 132 
Percent Protein Retention (x) 
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The analysis of variance of the nitrogen retention data is 

prescnted in Appcndix Table ~~iv. A highly significant interaction 

between forage and grinding complicates the picture. Hhile the 

data of Table 35 indicate that there v1as apprmdmately a doubling 

of protein retention due to grinding, the numerical increases on 

the four forages varied considerably, uhich probably explains the 

reason for the interaction. Regardless of the analysis of variance 

it is quite obvious that both "grinding" and "forage" had a large 

influence on the amount of protein retained. 

J. Hiscellaneous Observations. 

1. The Relationship Bet·Heen Feces Hoisture Content and Voluntary 

Intal~e. 
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EHing et al (1917) suggest that in cattle, the dry matter 

content of the feces could be used as an inde~~ of the rate of passage 

of the feed, the moister the f eces, the fast er the rate of passage. 

Leitch and Thomrson ( 1941~ ) observed that mil king co"tvS produced feces 

containing 5 percent more ~·mter than t hose produced from dry cows 

and stecrs. They did not suggest a reason hmvever. Castle (1956) 

found a significant relationship (r = .51, P < .05) between the dry 

matter content of the feces and the time of 5 percent excretion. 

(i.e. the higher the dry matter content the longer the time r equired 

for 5jj e}~cretion). Bal ch ( 1950) also suggests that the v7ater 

content of the feces may indica te the rate of passage through the 

digestive tract posterior to the r eticulo rumen. 



In vieH of the relationship between voluntary intake and rate 

of passage found in Blaxter' s work (see Revie~v of Literature) and 

the effect on feces moisture content, it ~·7as decided to determine 

the relationship between feces moisture content and voluntary intake 

using the data of this experiment. 

An analysis of variance (Appendix Table xv) to determine the 

effect of forage and of grinding on the feces moisture content, 

revealed that both these factors had a highly significant effect 

(P < .01). A factorial summary of the data is presented in Table 36. 

TABLE 36 - The Effect of Forage and of Grinding on the Water Content 

of Feces (%). 

Treatment 
Form in Red Claver Red Claver Timothy Timothy Form 
which fed (earl y) (late) (early) (la te) Average 

Chopped 67 .l~ 68.2 62 . 2 63 .1J. 65 . 3 

Grou nd 73-9 72.4 66 .5 66.4 69 .8 

Treatment Av. 70 . 7 70 . 3 64.3 64. 9 

Species Av. 70.5 64 . 6 

Stage Av. 67.5 67 . 6 

L.S.D. 1 s (%) 

x= 16 8 4-

P=. 05 1. 9 2. 6 3 -7 

P=.Ol 2.6 2· ~( 2·2 



135 

It is thus seen that feces produced by lambs consuming Red Clover 

are higher in moisture content than those produced by larnbs fed 

Timothy and that feces produced on ground forages contain more 

moisture than feces produced on chopped forages. It is therefore 

probable that feces moisture content is related to voluntary intake. 

This relationship was determined and is shown graphically in Figure XV. 

The correlation coefficient for the eight pairs of means is highly 

significant and positive (r = .95xx). 

The regression of feces moisture content on voluntary intake 

is expressed by the equation,-

Ye = .0116 X + 55.21, where Ye = percent moisture content of 

feces, and X = average dail:~r feed intake per lamb (gros) •. 

Because of the high degree of relationship between voluntary 

intake and feces moisture content it is not inconceivable that this 

could provide the basis for estimating forage consumption on pasture. 

Hhile considerable 'tvork >·Jill be required before the accuracy of this 

method can be assessed under pasture conditions, the problem of 

estimating pasture consumption is of such importance that no 

possibility should be overlool~ed. The scat ter diagrarn (Fig .XV) 

indicates the dcsirability of using lot averages rather than 

individual data \·Jhen relating f eces moisture content to voluntary 

intake data and vice versa. 
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2. Summary ancl Results Cbtainecl in Pilot Trials. 

A pilot trial Has conductcd to determine the effect of 

grindinr; and r.10istening on the voluntary intal~e and utilization 

of the four forac;es under study. The spare lan~b uas 11paired!' 

uith one of the la.-nbs fed in Part A of the major experir.tent and 

received the sm~e forages (in the same order and at the same 

tine) only in the ground and noistencd form. The data are 

sununarized in 'î ab le 37. 

At the start of the e~~periment the s pare lamb '-1eighcd 40 lbs. 

uhile the "na te" weighed 53 :!.bs. The forages were fed in the 

or der R, T R which in the light of subsequent findings 
- 2 2 

exp lains certain "discrepancies'' in the consum~tion figures. 

C"~vertheless this pilot tria: provided a J.ot o[ use:éu:!. 

infornation even considering the statistical (and bioloc;ical) 

shortconinss of the trial. The folJ.ouinc; results later substant-

iated ~·lere as f0l:!.ous: 

(1) Grincling and noistening increasccl forage intal~e considerably. 

(2 ) Grinc~ing and r.1oistening c aused a reduction in e:~tent of 

digestibility of a!.!. feed co;,1poncnts. 

(3 ) Grindin:::; and Boistening cause d an ap!_)roximate doubling of 

protein retention. 

(4) Grinding and r:taistening resulted in a r.~arked increase in 

salt consumption. 
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TlillLE 37 - The Effect of Grinding and Noistening on the Voluntary Intal(e and 

Utilization of Forazes (Pilot Trial). 

SDare lar:1b {Pirounc1 forages~ Tes t mate {choeeed forn~es~ 

Forage Designation* Ill lt2 Tl T2 T') 

l'J. n.2 TJ. T2 

Av. daily consumption (sms) 1190 H 99 791 ~ 3~ 4 961~ 875 6G2 564 

THo Heek gain (lbs) 5·5 2.0 3. 0 1.0 1, . 0 2 . 0 3 · 5 -L 5 

Disestibility Data (~) 

Dry Hatter 57 50 50 1~5 Go 53 6~- 51~ 

Energy 57 50 46 42 59 52 59 lJ-9 

Protein 59 51 52 l J.o Go 52 59 1~3 

Fiber 1t-5 1:.5 1:-ü 39 52 55 67 53 

Cellulose 60 55 52 lj. J. 65 63 71 55 

1-T.F.E. 67 56 53 52 67 58 
,-,-
1.)0 58 

Ether Extract Glf 55 0 1fl 69 1~5 0 54 

Prote in balanec (gr,1S) 1~22 lfl O 176 74 225 238 32 -17 

Salt consumption/~·Jcclç (gms) 59 64 46 162 22 64 ll 74 

*rr = Red C1ovcr, T = Timothy, 1 = early eut, 2 = late eut 

t-' 
\)4 
co 



VII - Sml!IP...RY AIID CCHCLUSIOHS 

The conclusions uhich 'tve may drm·7 on the basis of the findings 

in this e:~perir.~ent may be sununarized as fol lous: 

1. Red Clovers uere consumed to a significantly greater extent (P<.Ol) 

thau \·Jcre the Tiuothys. Stage of r.1aturity of the Tinothys had no 

cffect on voluntary intalce -.:1hereas the more mature Red Clover 't·7as 

consumeà to a lesser e~~tent (ll~~ less, P approx. = 4 01) than m1s 

the early eut R~d Clover. 

2. Feeding the forages in the ground, moistened form caused a highly 

significant increase in the vo!untary intal~e of all four forages 

studied, the average increase bein3 60 percent over that consuned 

uhen fed in the chopped form. There were no statistically 

significant differences between forages as far as percentage 

increase in consunption due to grinding uas concerned. 

3. Voluntary intake of forages (including the effect of specics, stage 

of r.taturity and form in 't·7hich fed) was highly correlated (P"" . 01) 

to feeding value, uhether feeding value uas expressed as intal~e of 

digestible energy or as live't·Jeight gain. 

l~. Variability in crude protein, nitrogen-free e'~tract, crude fiber 

and ash content of the forages accounted for 91 percent of the 

variability in voluntary intake of ground forages and 74 percent 

of the variability in the intal~e of chopped forages. Ash and crude 

fiber content appeared to have a greater influence on the intake 

of ground forages than of chopped forages. 
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5. Grinding and noistening forages, resulted in a reduction in the 

digestibility of most of the feed nutrients (averaging 3 to 6 

percentage units). Because of increased feed intake hov1ever, there 

was a greater amount of digestible nutrients made available to the 

animal with the result that live\·1eight gains were doubled. 
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6. Increasing maturity markedly reduced the digestibility of chopped 

Timothy (dry matter and energy digestibiJ.ity reduced by 8 percentage 

units) and to a J.esser extent that of ground Timothy. Its effect 

on the digestibility of Red Claver \vas variable but generally less 

marked than \ ·1i th the Timo thys. 

·r. Intal~e of digestible calories or energy balance uere found to 

provide no better relationship to liveHeight gain than did voluntary 

(air dry) intake data. 

8. The digestible calorie equivalent of a gram of T.D.N. \•Jas found to 

vary betwe.en 4.1 and 4.5 Calories, the average being 1~.). The 

digestible energy per gram of air dry forage, calculated from 

proximate analysis data, closely paralleled the values obtained 

by direct determination, ovcrestimating the latter by an average 

of one percent. 

9. The percent nitrogen retained uas found to be more close ly related 

to forage intake (r2 = .80) than v1as the amount of prote in retained 

(r2 =.56). 



10. Uater intal:e, relative to forage inta!:e, uas incrcased ·Hhen the 

forages ucre fecl in the ground moistencd fonn. Approximately 

90 percent of the variability in gross v1ater consumption could be 

associated \·Jith variation in the intake of digestible protein, 

digestible calories and total minerals (feed ash plus salt). Of 

these, total r.1ineral intake vJas by far the r.1ost important factor. 

11. Feeding forages in the ground-moistened condition resulted in a 

doubling of salt intake (expressed as a percentage of forage 

intal:e). This increase could not be attributed to the increased 

>Jater intal(e. 

12. Feces moisture content was found to be high~y correlated to 

voluntary intal~e (r = .95xx using eight treatment r.1eans). 
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APPENDIX 

Cellulose Dctemination (Hodified method of Cranpton and Haynard,l938). 

1. Heigh 1 g sanplc into a 90 ml test tube. E:~tract colored material 

Hith benzene. Centrifuge, pour off benzene. 

2. Add 20 ml of 80% acetic acid and 2 ml of conc. HI·IOy 

). :tlix \-Jith glass stirring rod. Leave rod in tube during digestion 

period. 

4. Place tube in boiling v7ater bath for 30 minutes. Stir every 

10 minutes. (Feces samples >vill tend to foan during first feH 

ninutcs, stirring uon't prevcnt it. Lift racl: of tubes 

partially from boiling Hater to counteract foaming and gradually 

iomerse as foaming ceases.) 

5. Add 25 ml of 95~ ethanol. 

6. Filter through a Se las crucible (coarse porosity). 

7. Hash tube out Hith ethanol (95~). 

8 . Hash residue in crucible vJith 5 ol acetone. 

9. Dry in vacuum oven at 95°C and 27 inches of Hg for at least 

4 hours . 

10. 'Heigh. 

11. Ash in nuffle furnace a t 600°C. 

12 . Heigh. Loss in weight is taken a s the cellulose present in 

original sample. 



Lignin Determination. (Hodified mcthod of Thacker, 1954). 

1. ~Jeigh out 1 g sample directly into a 250 c. c. Erlenmeyer flask. 

2. Cover the sample 't·7ith 20-30 c.e. of an ethanol-benzene mixture 

and let stand overnight if possible. 

3. Filter (using filter sticks), repeat the above treatment until no 

more pigment is extracted. Leave filter stick in Erlenmeyer. 

4. Hash vith alcohol, then with ether. Remove ether by suction. 

5. Add 40 c.e. of a 1% pepsin solution in O.lNI-ICl. Incubate 

overnight at 40°C. 

6. Filter off the pepsin solution, wash with hot water. 

7 . Add 150 rü of 5% (lN) n
2
so

4 
and boil on a hot plate for one hour 

maintaining volume of solution by adding distilled water. 

8 . Filter and \·;rash Hith alcohol, then with ether. Remove ether. 

9 . Add 20 ml of 72% (23 .4N) H2so4 • Digest for t >To hours at room 

temperature (20-23°C). 

10. Dilute, filter and Hash. (It \laS found almost impossible to filter 

v7ithout first placing a layer of oven-ashed "Hyflo Super-Cel11 

over the fil t er . This •·1as applied by placing the fil ter stick 

under suction intp a water suspension of 11Super-Cel.") 

11. Add 150 ml of Yp (.6N ) H2soh. Boil ôn hot plate for 1 hour 

maintaining volume. 

12 . Filte r into a Gooch crucible. \'Jash free of acid . 

13. Dry in vacuum oven and v7eigh. (4 hours at a vacuum pressure of 

27 inches of mercury). 

14 . Ignite in muffle furnace , (600°C overni gh t ) and weigh. Loss in 

weight is considered as lisnin. 
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Reagents. 

Ethanol-bcnzene -2:1 by volu~e. (95% alcohol is used here). 

Alcohol 95~ · 

Ether. 

Pepsin solution - 8.17 c.e. conc. HC l + 10 gn pepsin and make 
up to 1000 c.e. uith uater. 

31 c.e. of 96~ H2so4 in 1 liter of so1n. 

b - 5~ - 52 c.e. of 
, JI " " JI " 

c - 72rj; - 750 c.c. 11 " " " " " " 
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APPENDIX TABLE i - Feed Consumption, Hater and Salt Intake and Livm-1eight Gains of 

Forage 
Species 

Lamb 
No. 

(a)Choppecl 1 
Red Claver 2 
(early) 3 

4 
Ne an 

Individual Lambs by Period. 

Average Daily Fecd Consumption 
(gms. A.D.forage/lamb) 

Final Coll. Final 
2 Heeks Period vJeek 

Av.Daily 
Hater Intake 
(cc./lamb) 
Final vJeek 

Av.Daily 
Salt Intake 
(gms/lamb) 
Final vJeek 

LiveHeight Gain 
(lbs/lamb) 

Final Coll. 
2 weeks Period 

1175 1185 117~ 2717 1.86 2.0 1.4 
1019 1026 1058 3417 6.71 4.0 2.9 
953 960 964 2276 3.14 1~.0 2.9 
842 8h2 895 __ ~~~-si:ŒQ~ ~----~- __ -~·9L -~ 4.5 3.2 
997 _ ~ _ ~ _ ~!003 _______ ~ l_02lf_=---=~== ~27g_0~ ~~ ~ =~--==--2 ._)l _-- _ 3. 6 2. 6 

Red Clover 
(latc) 

1 1060 1063 1040 2414 4.00 2.5 1.8 
2 951 957 938 2649 3-72 3.0 2.1 
3 866 866 879 3031 9.14 2.0 1.4 
1~ 815 --~~---830 817 ~~-~?019 ~--·~ll+__ 1.0 ·7 

Ncan 923 ~ _ ~~ ___ 929 919.=~--- 25_28~-~~~==4..3_ _ 2.1 1.5 

Timothy 1 
(early) 2 

3 
4 

He an 

Timothy 1 
(latc) 2 

3 
l' r 

718 715 710 1737 3.72 1.5 1.1 
678 678 661 1971 7. 71 .5 .4 
61~5 61~9 666 1371 1.57 3-5 2.5 
592 - ---- - 591 577 1164 .11~ 2 . 0 1.11-
bS8 ~ -- ~=---658 - _- -~65:1~-~ = ~------= -fs6T --- ~- - ~_3_.3 -----~---~i--:-9~- ~- 1.11. 

771 771 782 2011 9.00 1.0 ·7 
713 715 679 1865 4.00 1.5 1.1 
5~9 535 579 1679 10.57 -1.5 -1.1 
73lf 745 733 ___ ~- . 1212__ . '7 4.0 2._2 

He an 687_ ~ - ~ 692 693 ~1~707 -6.6-. 1.3 _-:-2~~ 

/Table i continued 
on fo llo\·Jing page. 

t-'• 
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APPF.t-'!DD{ TABL!".\ i (continued) 

ForaGe Lamb 
Specics l1o. 

(b) Ground 1 
lled Claver 2 
(early) 3 

l~ 

l:lcan 

i\.veraGe Daily fecd Consumption Av. Daily Av. Dai l y Liveueight Gain 
(ems . S.D. forage/lamb) Hater Intake Salt Intake (lbs/lamb) 

final Coll. final (cc./lamb ) (gms/lamb) final Col l. 
2 ueeks Period ~-Jeek Final ucel~ f inal u eek 2 Heeks Pcriod 

1602 1622 1688 5252 9 .29 0 .5 6 .1 
11~53 ll; 70 1556 1~608 21. 57 7. 0 5 . 0 
1599 1628 165G 1~568 5 . 71 6 . o l1-. 3 
lh6l~ 11~71 1'526 lJ-89'5 2.lh 6 . 0 1~ .7: 
1530 151tB 1607 --~~I~B50 9 . 7 6 . 9 4 . 9 

Red Claver 1 153h 1535 1531 1~467 7 .57 2.0 1.4 
(lote) 2 1237 1253 121+1 5638 33-~-2 3.0 2 .1 

3 1533 1530 1550 3975 7 .14 7.0 5 . 0 
11- 1~02 l~o4 1~38 31~1~o 2.00 4.o 2 . 9 

Hean 1 03 1Ï:06 1 15 1: :;30 12.5 4 . o 2 . 9 

Timothy 1 1281 1280 1351 3151~ 9 .29 6 . 0 4 . ) 
(carly) 2 1207 1200 1257 3013 18 . 00 2 .5 1.8 

3 643 61!-4 712 3035 38 . 85 1. 0 . 7 
~- 1002 1011!- 1050 2328 1.113 1:-.5 3 . 2 

Hean 1033 1035 1095 208"3 -- ---i6. 9 3 .5 2 .5 

Timothy 1 
(lote) 2 

3 
1!-

He an 

1360 
771 ~ 

1150 
22 

1002 

1300 1472 
805 900 

1167 1236 
J:20 806 

1026 1104 

3172 5.86 2 . 5 1.8 
3568 38.28 3 .5 2 . 5 
2940 28 .42 6 .5 11- . 6 
2262 1.00 2 · 0 2 .1 
3011 18 .1~ 3.9 2 . 8 

< 



APPE!-IDD~ TABLE ii - Chemical Composition of Forages as Consume cl by Individual Lambs. 

Forage 
Spccies 

-
(a)ChOEEed 

Red Claver 
(carly) 

Red Claver 
(la te) 

Tir:~othy 

(carly) 

Timothy 
(la te) 

Lamb 
Ho. 

1 
2 
3 
4 

Ne an 

1 
2 
3 
1~ 

He an 

1 
2 
3 
4 

He an 

1 
2 
3 
1J. 

He an 

Crude Crude N-free Ether* Ash Cellulose Lignin Gross 
Protein Fibcr Extract Extract Energy 

cj_ __ _______ cfJ. ___ S~- _ ____ _ _ ~- cj; -~~ '/J Cals /gm. 

11: .12 2~.75 1~4.1+1 1.22 7. 48 30. 31 9 .32 3 -99 
14.67 23 . 70 lj.5 .54 1.02 8 .18 30 .06 9.88 li- . 04 
14.22 23.68 1~1~. 91~ 2.10 7. 42 30.20 11.1~2 4.00 
14.52 
11~ . 4 

·X· Dry 
Hat ter 

92 .06 
93 .01 
92 . 33 

16.29 25.1~1· hl.l7 1.70 7.68 30.59 12.00 1~ . 02 92 .26 
15.88 25 .52 41. 30 2.18 7.69 30 . 79 12.00 4.06 92.0:-
15.89 26 . 90 39.63 1.86 7. 41 31.39 11. 49 4. 14 91.80 
15.5_3 _26_._57_ _41.81__ J.lfi __ 7 -03 _3_2.35 _11.36 4. 16 92 .08 
15 .9 _____ _ 2p .)~~-==--- li:l.O ___ ~_ }.7 __ 7.5 __ 3_1_._3 11.7 1~ . 1 92 .2 

7-15 28.82 50.28 1. 20 6. 16 31.73 8.25 4. 17 93 -57 
7.04 31.31 47.56 2.38 5-93 33 . 24 8 .81 1J. .08 94. 18 
8.75 30 .62 46.27 1.19 6 . 94 33 -73 8 . 70 4. 12 93 -75 
7-23 29.03_ 49.95 - 1.98_ 5._83 - 31. 64 -- 9 .41 4. 12 91~ . 02 
7-5 29.9 1~ .5 1.7 6.2 32.6 8 .8 4. 1 93 .9 

29.53 
27.85 
28 . 10 

51. 80 
51. 65 
50.49 

1.41 
1. 46 
2.14 

30. 76 
30 .25 
30.36 

9.92 
9.55 

10.08 
8 . ,-

/Table ii continued on 
foll m-ling page. 

93 .66 
93 .20 
93 . 21 ~ 
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APPENDIX TABLE ii (continued) 

Forage 
Specics 

(b) Ground 
Reel Clover 
(early) 

Réd Clover 
(la te) 

Timothy 
(carly) 

Timothy 
(la te) 

Lamb 
No. 

1 
2 
3 
1t-

He an 

1 
2 
3 
4 

He an 

1 
2 
3 
h 

l'lean 

1 
2 

3 
4 

Mean 

*Feed as fed basis. 

--

Cru de Cru de t-J-free Ether-x- Ash Cellulose Li3nin Gross Dry* 
Prote in Fi ber ~xtract ~x tract Energy Hat ter 

d. r1 s ri, c~ rf (~ Cal s/ gm. ,, ,.1 ~-----1 - ,J ,; 

14. 51~ 25. ol~ 42.75 1. 70 7 . 77 29 . 90 9.13 3 . 92 91.80 
15 ,lt.l~ 21t-. so 1~2.18 1. 711. 7 . 2.li- 20.92 9. 65 4 .01 92 .00 
15.51 2).81t- li-2 . 41 2.09 7· 97 29.05 9 -51~ 4 .05 91.82 
16 .01 2~.32 lt-2 .1~1,. 2 .30 7.71 28 . 39 9.8B 4 . 02 92 - ~f, 
15.lt 4 . o 2 ~ . 3 lt-2.4 2 .1 :z .8 22.1 2 · b 22 . 0 

15.29 27.56 39 .86 1.63 7 -31 31.27 13.1!-8 4 .05 91. 65 
14.70 28.01 39-92 1.72 7.03 31.56 12 . 76 4 . 01 91. 38 
15.79 26. 83 lt-1.44 1.23 7.05 29.82 14. 66 4 .05 92 . 31t-

6.39 31.84 48.71 1.12 5.64 32 .58 10.18 4.13 93 . 70 
6. 69 31. 05 4 7 . 36 2 • oo 5. 95 31. 61 9 . 95 4 . ol~ 93 . 05 
6. 68 30. 80 1~ 7 . 55 1. 75 6 . 26 32 • 48 9 . 39 4. 05 93 . olt-
6 . 71 30.38 1+8.56 1.54 6. 1t-6 32._48 9 .90 4 .13 93 . 65 
b:() 31. o 48. o _ T:b _6 • 1 _ 3~ . 3 9 . 9 4. 1 93 .11-

6 .16 
6 .02 
6.08 
6. 

30.10 
30.57 
28.04 

50.69 
lt-9 .56 
51.49 

1.53 
1.61 
2 .48 

5-50 
5.12 
5·35 

30.56 
31 .55 
29 . 62 

4.07 
lt- . 16 
4.01 

93 . 98 
92 .88 
93 . 44 

All individua1 data represent the average of duplicate samples checking 1;.1i thin 5~~ of each other . 

~ 
t-'• 
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viii 

APPEt·..TDIX TABLE iii - Chemical Analyses of Forages and ~Jeighbacks (Air Dry Basis). 

Cho Ground Fora es 
Timo th Red Claver 

Constituent Earl La te Earl La te Timo th Red Claver 
As As As As As As As As 

ffered H.B. Eaten Offered H.B. Eaten Offered H .B. Eaten Offered T.J.B. Eaten Earl La te Earl 

Dry Hatter % 93-9 93-5 92.3 92.2 93.4 
H.D.* .2 . . 

Crude Protein % 4.1 7-5 6.1 6.4 13.9 11~. 4 
H.D. 

Crude Fiber % 29.9 28.9 33.4 28.5 25.3 24.7 
H.D. 

Ether Extract % 1.7 1.1 1.4 1.7 
U.D. 

Ash % 6.3 6.5 6.2 5.4 5-5 7.6 6.4 7-5 
H.D. 

N-free Extract % 48.5 51.5 42.7 41~. 2 41.0 
·H.D. 

Cellulose f; 32.6 33·7 )0.5 )0.8 30-5 31.3 
H.D. 

Lignin '? 8.9 8.8 9.6 9-9 9.9 13.8 11.7 
11.D. 

Energy Ca1s/gm. 4.11 4.12 4.13 4.01 11.10 
H.D. 

-)(-Average deviation of ~- values 



ix 

APPEl'illD~ TABLE iv - Apparent Digestibility Coefficients for 
Individual Lanbs. 

Forage Lamb Cru de Cru de Cellu- N-free Ether Gross Dry 
Species No. Prote in Fiber lose Extract E=~tract Encrgy Hat ter 

~ ~ cf. cl. cf. ~ 
(a ~ChoJ2l~ed 

1 ,J ') IJ 1 

1 40.11 58.12 64.84 49.45 53.45 53-51 
R.C1over 2 50.00 64.54 69.37 20.90 59.49 60.74 
(ear1y) 3 52.21 64.64 67.21 69.57 58.92 59.68 

4 41.26 22 0 2r( 22-01 16.28 4j.28 46.02 
He an 46.1 60.0 64.1 24·2 21~.8 2~·0 R.C1over 1 54.18 63.96 61.72 45.38 54.48 5.89 

(la te) 2 49.94 59.95 59.85 57.68 52.07 54.41 
3 54.94 63.16 57.96 45.49 52.14 53.13 
4 47.61 62.22 61.~2 18.22 24.12 2t~. 20 

He an 62.-z 60. h. .2 4. 
Timothy 1 53-3 59. 2 1.23 3.19 1 ~. 73 57· 1 58.78 
( ear1y) 2 56.00 61.23 65.17 63.91 56.90 57.71 60.50 

3 59.23 67.39 70.78 66.04 o-.oo 59.12 63.96 
l~ 28.26 60.12 62.88 62·28 24.16 27.1~1 60.02 

Ile an 26•t b2.11 62·2 64.2 21.4 28.0 6o.8 
Timothy 1 39. 7 50.39 52.71 59.87 0.00 51.66 52.57 
(1ate) 2 48.05 45.08 1~9. 71~ 59.82 1.62 48.26 52.03 

3 42.77 52.65 55.41 58.28 51~.45 49.40 53.59 
4 1~8.88 46.2:2 22 .ol~ 61.21 2·71 20.74- 22·22 

He an r!.L~. 8 48.6 22·7 22·8 16.2 20.0 22.8 

(b)Ground 1 54.97 45.95 53-57 62.14 60.89 54.1 54.19 .L 

R.C1over 2 59.30 43.52 52.67 61.53 2.56 53·3 53.12 
(early) 3 55.81 44.88 5).11-2 62.59 Q-;00 52.8 52.50 

4 27·68 46.62 22-10 62.26 66.21 24.0 24.21 
Ne an 26·2 42.2 22·1 62.2 22.4 22·6 22·2 

R.C1over 1 54.73 44.79 53.28 54.39 74.37 1~9.2 50.38 
(1ate) 2 52.92 52.14 58.17 58.43 48.12 53.0 53-57 

3 52.61 44.32 50.14 56.26 0-.00 47.4 49.59 
4 24.62 42.22 22·22 26.27 80.20 21.2 21.26 

He an 0:::2·7 46.1 22·6 26·2 20·1 20.2 21.2 
Timothy 1 C4.78 55.79 57.07 58.1~1 ChOO 52.1 53.27 
(ear.ly) 2 47.22 54.25 53.67 56.09 41.70 50.3 52.39 

3 1~6 .57 59.77 58.85 58.49 17.87 52.8 55.04 
4 48.21 20·71 22·26 26·21 18.24 21.1 21·21 

He an 46.J: 22·12 22·1 2~·2 12·2 @·6 22·0 
Timothy 1 45.35 47.60 46.77 5 .57 3.66 .o 50.41 
(1ate) 2 41.89 45.51 49.60 56.45 29.02 49.2 49.59 

3 44.30 41.61 45.26 58.26 56.22 46.6 50.77 
4 22·02 4.8.26 t0.21 27·82 48.1~2 ti2·2 21-~7 

He an 46.2 42.8 -8.0 27·2 24·2 2·1 20. 



APPEIIDD~ TABLE v - Digestible llutrient Content of Forages by Periods. 

Forage Lamb Protein Crude N-free Ether Total Dig. Energy T.D.N. Dig. 
Species ·Na. Fiber Extract Extract Nutrients Cals/lOO Calorie Cellulose 

(a)Chopped 1 
Red Claver 2 
(early) 3 

11-
He an 

Red Claver 1 
(late) 2 

3 
4 

Timothy 
(early) 

lie an 

1 
2 
3 
4 

He an 

Timothy 1 
(1ate) 2 

3 
lt. 

Ne an 

~~ __ ~ _ C:, _ _ %__ _ cf; gm. A.D. Equiv. cfo 

7-93 9.93 28.80 . 60 48 .01 213.3 4.4 17.62 
9.51 11.85 31.59 .21 54.26 240.3 lj.,lj. 19.40 
s.6o 12.36 30.20 1.11-6 5h.41'" 235.7 4 .3 19.52 
7 .37 11.16 23.15 .22 42.18 190.1 4.5 16.11-5 
8.1~ 11.3 28. 4 .6 49-:7 219.9 h.I~ 18.2 

9.34 13.78 25.41 . 77 50.26 219.0 4 . ~. 19.57 
8.72 12.71~ 24.72 1.26 49.02 211.1~ lJ- .3 18.11-6 
8 .19 14.78 22.97 . 85 47.85 215.9 4.5 19.83 
8.90 12.65 25.911- .~2 11-7.99_. 225_.2 ___ 4.7 20.13 
8.8-~-13~5---- 24.8 :-8 48.8 217.9 4.5 19.5 

3.82 
3.94 
5.18 

17.18 
19.17 
20.63 

31 . rn 
30.40 
30.56 

.18 
1.35 

0 

53.18 
56.55 
56.37 

240 .2 
235·5 
243.6 

4-.5 
4.2 
4.3 

2.37 14.88 31 .01 0 48.26 215. 9 4.5 16.21 
3.11 12.55 30.90 .02 46 .61 197.9 4 . 2 15.05 
2.82 111-,79 29.11-3 . 1.17 4-9. 67 203 .0 4.1 16.82 
3.17 13.23 31.75 .14 48.11-7 _ _ ~Of)_.5 _ ~11- .j 1.Q..32 
2.9 13. 9 30.3 . 3---~- 11.8.3 _gQ6. 3 _ _4.3 -lb.1 

/Table v continued on 
follm·ling page. 
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APPENDIX TABLE v (continued) 

Forage 
Species 

Lamb 
l!o. 

(b)Ground 1 
I!.ed C lover 2 
(carly) 3 

4 
Herm 

Red Clover 1 
(la te) 2 

3 

Protein Crude H-free Ether Total Dig. Energy T.D.n. Dig. 
Fiber Extract Extract Uutricnts Cals/lOO Calorie Cellulose 

1 --~ _ _j',;__~~~_~ rj ______ ~ __ rj;_ _ grn.A.D. Equiv. 0 

7.99 11.51 26.56 l.Ol+ 1J.8.l~o 212.1 lt.4 16.02 
9.16 10.79 25.95 .Olt 11-5.99 213.7 lt.G 15.23 
3.66 10.(0 26.54 Q 1:-5.90 213.8 11-.7 15.52 
9-23 10.87 26.lJ.7 1.86 50.76 217.1 4.3 15.64 
8.8 11.0 20.4 . 7 1:.7_:8 -- - 2111._-2---- -lt,5 ___ 15.6 

8.37 12. 31t 21.88 1.21 lt5. 31 199.3 ~- .lt 
7-78 111 .• 60 23.33 .83 lr(. 58 212.5 4.5 
3.31 11.89 23.31 G lt). :H 192.0 4.1:-

_lJ. ______ 8 ~ 11.~7 22.70 2.41 lt~. 24 
h .1 

201.8 ---}.t 

16.66 
13.36 
lli-.95 
16.25 
-r-r lo.o 

Timothy 
(carly) 

He an 8.2 12. 22.8 1.11 202.9 

2.86 17.76 28.45 G lt9.07 215.2 4.4 18.59 
).16 16.81: 26.56 1.30 lt9.1J.9 203.1 lt.l 16.97 
3.11 18.1t1 27.81 1.12 51.85 213.8 1~.1 19.11 

1 
2 

3 
lt ---- 3.24 15.1!-2 27.66 1.18 11·?1.28 _ __g_ll.Q_ __ --}i 17.33 

Hean -z.1 17.1 27.6 .9 49.8 210.8 t.2 18.0 ____ __.;:."'-'---

Timothy 
(late) 

1 
2 

3 
4 

Ile an 

2.79 14.33 28.68 .20 46.25 195.4 4.2 14.29 
2.52 13.91 27.98 l.ll-9 47.76 2011-.7 lt.3 15.65 
2.69 11.67 30.00 3.01 51.13 186.9 3-7 13.41 
).71 14.1Q___ g8_.68-- --- _g_.5_l__ 52.27 217.9 4.2 15.-0.9 
2.9 13_.5___ 28_.8_____ 1.-8~-----11.9.4- 201.2 1J .• l 14.7 

x 
t-'• 



APPENDD~ TABLE vi - Daily Intal~c of Digestible Nutricnts for Individual Lambs by Period. 

ForaGe 
" . .• pec~es 

Lamb 
no . 

(a)Ch6pped 1 
Red Clover 2 
(carly) 3 

4 
He an 

!led Claver 1 
(late) 2 

3 
1~ 

Timothy 
(early) 

Timothy 
(late) 

llean 

1 
2 
3 
1~ 

He an 

1 
2 
3 
4 

1-lean 

Cru de 
Prote in 

Cru de 
Fiber 

Cellulose N-free 
E::tract 

Ether Gross Total Dry 
Extract Energy Ash Hatter 

gm. gm. gm. gm. gm. K.Cals gm. gm. 

911- 117.7 208.8 341.3 7.2 2.53 88.7 583.9 
98 121.6 199.1 324.1 2.2 2.1~7 83.9 579.8 
83 118.7 187 .1~ 290.0 11~.5 2.26 70.5 529.1 
62 
81~ 

99 146.5 208.0 270.1 8.0 2.33 81.7 557.8 
83 122.0 176.7 236.5 12.6 2.03 73.6 482.3 
71 128.0 171.7 198.9 7.6 1.87 64.2 422.2 
74 105.0 167-À 215.3 1.8 1.87 58.3 414.1 
82 125 181 230 n ----a--=- -=~2.o3 . 69 --%9 

27 

18 
22 
15 
24 
20 

122.9 
130.0 
133·9 

'138.9 
146.9 
154.9 

227.2 
206.1 
198.3 

1.3 
9.8 

1. 72 
1.60 
1.58 

393.0 
386.5 
389.1 

114.7 125.0 239.2 -.9 1.66 38.6 379.5 
89.8 107.6 220.9 .2 1.42 41.3 346.6 
79.2 90.0 154.1~ 6.6 1.09 30.9 267.2 
98.6 121.5 236.5 .. __ 1.0 __ 1.55. 40.7__ 270.1 
96 111 213 - 2_:::_=-_l.Il3 -- ~-38._- _ _3lj:l 

/Appendix Table vi continued on 
fo11owing page. 
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APPENDIX TABLE vi (continued) 

Forage 
Species 

(b )Ground 
Red Clover 
(early) 

Lamb 
No. 

1 
2 
3 
4 

Ne an 

Red Clover 1 
(late) 2 

3 
4 

Timothy 
(carly) 

Timothy 
(late) 

He an 

1 
2 
3 
4 

Mean 

1 
2 
3 
4 

He an 

Crude Crude 
Protein Fiber 

Cellulose N-free 
Ex tract 

Ether Gross Total Dry 
Extract Energy Ash Natter 

g111. ___ g111 •.. _ _ . _ gn1_. ____gtT!. --~- _______nom._ K. ca 1 s gm. gm • 

130 
135 
141 

186.7 
158.6 
1 71~ .1 

259.8 
223.9 
252.6 

1~31.0 
381.1~ 
432.0 

16.8 
.7 

-2.9 

128 189.5 255-7 335.9 18.6 
97 183.0 230.1 292.3 10.4 

127 181.9 228.8 356.7 -1.0 
108 1~0.9 211.8 29~.9 ~0.0 
115 - -1 ]6 . . . - - 232 - - - - - 320 15 

126.0 
115.2 
129.7 

112.2 
88.1 

107-9 
.4 

807.1 
718.3 
781+. 5 

37 22(.3 237-9 364.0 -1.0 2.75 72.2 638.6 
38 202.1 203.6 318.8 10.0 2.44 71.4 585.0 
20 118.5 12}.1 179.0 2.0 1.38 40.3 329.7 
33 156.3 175-7 280.4 - 2.8 2.14 65.5 487.6 
32 176-~-~-185·--·· ... -~--::286___ 3 2.18~·~b2 510 

39 197·7 197.2 395-7 .8 2.70 75·9 653.8 
20 112.0 126.0 225.3 3·8 1.65 41.2 370.9 
31 136.1 156.4 350.0 16.3 2.18 62.4 553.5 
28 105.8 116.3 215_.g -- _6_.ll__l._9_2 __ ____3.9.8 35~. 7 
30 138 149 __ ---- • _.....191.__ ~~-7---~- n-2.04 n 55 l.l-83 

~ 
1-'• 
1-'• 
1-'• 



xiv 

APPSi:IDIX TABLZ viia- Calculation of Hetabolizable Energy Values and Jnergy Balance for Individua1 Lanbs - Chopped Forages (10 day basis) 

Fürage Lamb 
Spccics Uo. 

Reel Clovcr l 
( carJ_-,) ? - --

3 
1J. 

He an 

Red C1ovcr 1 
(1atc) 2 

Timothu 
(carl;,) 

Timo th v 
(late) 

3 
~-

~·lean 

1 
2 
3 
4 

He an 

1 
2 
3 
4 

Ile an 

l\v .Hci3ht 
( J.b) 

(ovcr final 
2 \·Jec!~s) 

59-5 
61.0 
57.0 
23·2 
59_.0 -

61.3 
55.0 
56.5 
21'·0 
57_.5. 

60 .8 
62.C. 
91-.8 
:J';'. 0 
28.9 

62.0 
5r; 7: 

1 ·) 

55.8 
~~.0 

5B. o 

Het.Ca1s for maintenance C = l.C 

Hetab. l-1ain te nance 
-l(-

.\ir 
T?taL]R:~~:Jnt~~-c~D_a_t_a __________ __ 

Dig. Dig. Dif. Total Total 
;;Jt. ;lequircmcnt Dry Calories Fiber UFE Dig. Dig. 

(kg) llet.Cals/lamb Fe cd 
(lü days) (~s) 

Cl-IO Protein 
(Y) (z) (:~) (~-~) ( [;!:') 

11.85 14931 ll851:. 2523',' !J."J) 3)!·12 1;.588 9J~o 
12.09 15237 10263 2l~G'lj ].21=:: 32ltl 1:.1157 9ï5 
ll.lk3 l41~63 9602 22601~ , 1 n (' 

-'- ... U'.J 2900 ~036 325 
11. 68 14 715 ______ $1~2~-~_28.2_ ____ 2l~} ___ 1)11J_;) _ _:~E}_G_2_ __ 2._2o 

11~831_ ----- _____ 2213'1' ---------

12.13 15282 10G28 23295 J.J .. GG 2702 1:.1_68 9?3 11 10 
~ ••• u 11f085 9567 20253 1220 2365 3585 831f 
11.1~1 14373 8655 13679 10r/C !989 3268 709 -··- 1 ,./ 

E.~-8 

=:ncrgy lost in 
Gas Urine lletab. 

~.452(Y~ Znergy 
+2.83.85 6ml.3(Z) 

(u) (v) ;:- (u-:-v ) 

2249 1222 218 1G 
2l90 1268 21215 

2023 1073 19500 

Hetab. ~nergy 
Energy Balanec 
rer gm. Het.Cals/ 
i'.. D . J"amb /10 
forar;c days 

1. 31~ 6885 
2.07 5978 
2.03 )045 

111 81~ 8oG 13622_ __ 1. 63 -1020 
}_~)059 :!.. 89 4222 

2060 1291 l 99l.J-1 ~ 1. 88 1~662 
17CY/ 
..... 1./' i 1084 17372 1.82 3287 
1655 922 16102 1.86 . 1729 
1626 16090 141J-63 S22G 186J:2 1051 __ ~_3 _ _2204 '{28 229 1.24 162~c 

... u l!l551_ ____ ----- ~_!2_0_2_2'() __ -~-------- -- ---------- ---- ----- - ·--- U3_8o 1.38 2829 

12. 05 15183 
12.35 15561 
11.15 1401!·9 
1:!..48 11~1&2 

i4811~ 

12.23 1540G 
11.53 11~526 
11.30 :!_1}238 
ll.~-8 141163 

-- 14659 

,, rro ~; ..: 
" , ~< Utl · 0 ·rr 

"'o 

7 1~6 
C'(8l~-
61t89 
2202 

7708 
71118 
5343 

-- 7421J. 

n1s2 ~229 22'{2 
15978 l)OO 20G1 
15792 :!.339 1983 
13972 _ __1_033 1°8C' ..._, ~ 

l2r(31 

1661}2 111~7 2391 
14152 893 2210 
10366 • !(î 1 

; ./ .... 1571~ 
155lJ.l o,86 2362 
11~300 

--- --- - ---

3501 272 l7G9 354 15059 2.11 -124 
3361 267 1690 3117 J.3935 2.05 -1626 
3322 336 1679 1~37 1. )67() 2.11 .,.373 
2222 21i2 1422 :;224 }.211~9 2.06 -2214 

1-...,or:: 2.05 . -1109 

3538 182 1611 237 14794 1.92 -614 
3108 222 1583 289 12280 1. 72 -2246 
2365 150 l2lh~ 195 9613 1.80 -4620 
3351 ~( 1692 308 1351~1 1.82 -922 

12558 !.82 -2101 
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APPSNDIX TABLE viib - Calculation of Uctabolizable Encr~y Values and i::ncrs:' Balance for Inclividual Lambs - Ground Forages (10 day basis) 

Total 10-Da:y Intale Data Ener~:z: lost in 
Forage Lamb Av .Hcight Hctab. Haintenance* Air Dig. Die. Dig. Total Total Gas Urine Hetab. Hctab. Ener"''' (J,.I 

Species No. (lb) Ht. Requirement Dry Cals. Fi ber NFE Dig. Dig. C=.452(Y) C=l.3(Z) Energy Energy BalEJnce 
(over final (l~g) Het.Cals/lamb Fe cd CliO Protcin +183. 85 X-(U+V) per gm. Het.Ca1s/ 

2 \'1eel's) (10 days) (grns) (X) (gm) (gm) (Y) (z) (u) (v) A.D. Lamb/10 
forag__e ___ days 

Red Claver 1 '(0 . 8 32.18 17019 16222 3439:3 1867 1~3 10 61'(7 1297 2964 1686 29745 1. 83 12726 
(early) 2 69. 5 31.59 16785 14697 31398 158 6 38 11;. 5400 1345 2614 17lr9 27035 1. 84 10250 

3 
11-

64.5 29 .32 16245 16276 31~801 1741 1~32 1 6062 1408 29 11 1830 30060 1. 85 13815 
72. 0 32. 73 - 11253_ --~14'(]._0_-- 31915 1599 3893 _549g____l_3_53 ~ 1_65_2 --~_l7_Q5 - - 2"[495 1. 87 10242 

11can G2 . 2 _ ~~ __ ~=~œos -~~-----===_3312_7 ------ _ ___ __ _ _ __ - -- 28583 1. 85 - 11758 

Red Claver l 
(late) 2 

77-5 
66 . 5 

3 
1~ 

70 .5 
_____ 6~ 

______ _;He an 70 . 0 - -

Timothv 
(early) 

l 80 .5 36.59 18'(47 ~2795 27542 2273 
2021 
l!C5 
15Ô3 

364o 5913 3G7 

Tina th y 
(l.2tc) 

2 
3 
4 

75. 3 3~~. 23 1(838 12000 21~380 3187 5208 379 
53 . 0 2h.09 13731~ 6438 13764 1790 297:3 200 
63.3 28 . 77 1~6Go 10136 21382 2804 1:-367 328 

~lean 68 . 0 l L>l~9.2__ 2 1768 

l 81~ . 3 3[L 32 191:-0l!- 13800 
2 65 . 3 29 . 68 16303 8052 
3 G5 . 3 29 . 68 16029 1 ~ 668 

4- 59 . o 268? l1r35') 7lr02 
Hcan 6G.5 ______ l_0_f22Q_ ___________ _ 

250<7.. 1 r- "" .;" " ... ../ \... 1: ~ -· ....... 1 ~bn' -~o u J9~rl' ~()7~ 
. -. l, ,,Jl ~ 1 ïn1 ~ ~ ~- :;;::> •. --<- r) f)r::: ~ 2 ~78Ci F 'r~ r_,-_;') 3371~ 

, - :J Ut~ 7\~00 1 r., ~- '- :,347 1 or: r:· ./~ :-cù2 
-- ) 1 n '5"' 0 1"\o::::o:, . '- . Je. ?J?on ~ ~~ 

3G5 
203 
7 11• 
') ·• r 

')7(':":; 
-~-·--· 

r:'r::: 

1-Ir..t C" 1 "' for a-:l.t"nal.C" ('_, 0 ",.,0 , .nt ·1::> ' \,.;.. .. U-·-.::> fJ .I..I >.:.;. L 1. ...... >..J- .... . ..... ) ,/' l .. •i T .. ("f-

i."'o 

26342 ~- . 72 8 126 
6807 
8oD4 

23052 1. 8~ 
25058 ]_ . 64 
2 '5464 1 .80 
244'(9 1.75 

24820 
2 1359 
11981 
19178 
19H2·5 

1.. 89 5473 
1. "(8 3521 
1. 86 -1753 
1. 89 3518 
1. 86 - --- 2D"90 

23G07 ) . . 71 4203 
14520 : .80 -17C8 
J.;)OOS 2. 63 2977 
147~0 1 ~~ 501 - .. - ;,Ou .. • >' ,. - . 
178'/') 1. '77 122-;:, , ___________ 1./ _ ____ :_i_.L__ -- __ ::.d._ 



'i'l.BLZ viii - Voluntary Ictal:e of 1?ora3;cs (GL.ls/1amb/fina1 \Jecl:). 

Source of Variati0n D.i?. , ,.. 
.::>.ù. 

• : C' 
L:. . aJ • F P. 05 r.o1 

Forages 3 1097218 }55739 7.?: h::x 
_j-J •• 3 .1~9 5. 95 

Periods 6 271557 1~5260 1!-. 5:: ).00 4.82 
Laii1.bs 6 321000 53500 5 . 3:::: ) . 00 4.82 
Grindine 1 186)1~15 1863~·15 185 . 3:~:: 11· . 75 9 -53 
Grinding " Forage 3 )1~376 1.11~59 1. }_~. 

" 
:Zrror 12 12061~4 100~1!-
Total 31 

" ... = 16 8 4 
L.S.D. gms = 

P. 05 77 109 151!. 
P.Ol 108 153 217 

.. = nunbcr of itens us cd to calcula te .1> 

· each mean in the sets being compared. 
t. 05 = 2.1'(9 t. ol = 3.055 

TABLE ix - Incr2as c in Feed Intab~ Due to Grinding (%) 

Source of Variation D.F. s.s. u.s. F P. 05 P. Ol 

Forages 3 349 . 8 116 .6 
Periods 3 8653 .4 2884.1~ 4.13 4 . 76 
Lambs 3 809 . 76 269.9 
Err or 6 4182.5 697 
Total 15 

Nothing statistically significant. 

TABLE x - Liveueight Gain (Average T~·JO iveek Gain - lbs.) 

Source of Variation D.F. s.s. u.s. F P.05 P.01 

Forages 3 37 . 96 12. 65 3 .37* 3.49 5 -95 
Periods 6 17. 60 2 . 93 . 78 3 .00 4.82 
Lambs 6 5 . 60 -93 .25 3 . 00 4.82 
Grinding 1 43. 95 43.95 11. 72xx 4 .75 9.33 
Grinding x Forage 3 3 -27 1.09 . 29 3 . 49 5 -95 
Error 12 44.99 3-75 
Total 31 

L.S.D. (lbs ) = " -.L> - 16 8 )~ 

t x J2 x 3 -75 P=.05 1.41 2 . 11 2 . 98 
v P= .Ol 1. 98 2 . 96 4.18 .L• 

* Approach2s significance. 



xvii 

TABLE xi - Hater Consurnption (c.e. consumed daily/lamb du ring final week. 

Source of Variation D.F. s.s. H.S. F P.05 P.Ol 

Forages 3 14653881 4884627 34.8xx 3-49 5- 92 
Periods 6 1037175 172863 1.23 3.00 4.82 
Lambs 6 3354523 559087 3-98 3.00 4.82 
Grinding 1 21829527 21829527 155.5xx 4.75 9-33 
Grinding X Forage 3 997934 332645 2. 37 3.49 5-95 
Error 12 2 1684212 140216 
Total 31 

L.S.D. (c.e.) = x = 16 8 4 

tl2 x 140~1b P=.05 289 4o7 577 
'V P=.Ol 402 511 810 J• 

t.05 = 2.179 ttOl =3.055 

TABLE xii - Water:Feed Ratio (c.e./gros - final week of each period). 

Source of Variation D.F. s.s. H.S. F P.02 P. Ol 

Forages 3 . 64 .21 1.0 
Periods 6 4. 68 . 78 3 . 5x 3.00 4.82 
Lambs 6 2 . 81~ .47 2 .1 
Grinding 1 1.24 1.24 !). 6x 4. 75 9 -33 
Grinding x Forage 3 .01 .003 
Err or 12 2. 68 .22 
Total 31 

1 L.S.D. for comparing effect of grinding "t-7ithin each forage )5% l evel .72 
2 L.S.D. :: overall effect of " )y~ level . 36 )1% level 1.01 

L .S.D. t J 2 x . 22 )1~ level . 51 
X (where X = 41 or 162 respective1y) 

t.05 = 2 .179 t.Ol = 3 .055 

TABLE xiii - Hater :Dig . Cals Ratio (c.e./Cal - 10 day collection period ) 

Source of Variation D.F. s.s. M.S. F P.02 P.Ol 

Forages 3 .2020 . 067 . 89 
Periods 6 1.0731 .179 2 . 36 
Lambs 6 . 6771 .113 1.49 
Grinding 1 -7781 -778 l0 . 28XX 4 . 75 9 -33 
Grinding ~~ Forage 3 .0524 .018 
Errer 12 · 2082 .076 
Total 31 
L.S. D. for comparing effec t of grinding within each forage )5% 1evel . 42 

)1% leve l -59 
L.S.D . for comparing overa11 effect of grinding; 5~~ l evel =.21; 17~ level =. 30 



xviii 
TABLE xiv - Salt Consumption as percent of Feed Consumption. 

Source of Variation D.F. s.s. 

Forages 3 4.27 
Periods 6 6.43 
Lambs 6 18.90 
Grinding 1 4. 84 
Grinding )( Forage 3 1.47 
Error 12 11. 38 
Total 31 

H.S. F 

1.42 1.5 
1.07 1.1 
3.15 3.3x 
4.84 5.1x 

.49 ·5 
-95 

P.05 

3-49 
3.00 
3.00 
4.75 
3. 1~9 

P.Ol 

4.82 
9.33 

L.S.D. for comparing effect of grinding ~ 
-with in each forage 1.501o 
overall average - 75~ 

TABLE xv - Uater Content of Feces. 

Source of Variation D.F. s.s. H.S. F P.05 P.Ol 

Forages 3 274 .7 91.6 15 .5XX 3 .49 5-95 
Periods 6 253 -3 42.2 7 .2xx 3 .00 4. 82 
Lambs 6 105.2 17.5 3.ox 3.00 4.82 
Grinding 1 159-9 159-9 27 .lxx 4.75 9-33 
Grinding x Forage 3 12.9 4.3 -7 
Error 12 70.2 5-9 
Total 31 

L.S.D. ( ~~) = tJ 2 )< 5- 9 ~( = 16 8 4 ..• .. 
t.05 = 2.179 t.Ol = 3·055 P.05 1.87 2. 65 3.74 

P. Ol 2 . 62 3 . 71 5. 22 

TABLZ xvi - Digestibil ity of Dry Liat t er (~~ ) 

Source of Variation D.F. s.s. N. S. F P.05 P.Ol 

Forages 3 120. 3 40 .1 5 . 94X'{ ) . 49 5 -95 
Periods 6 56 . 7 9 ·5 1. 40 ) .00 1~ . 82 
Lambs 6 42 . 9 7 . 2 1.06 3.00 4 .82 
Grinding 1 111.0 111.0 16 .46XX 1~. 75 9 .33 
Grinding ;( Forage 3 48 . 2 16 .1 2 . 38 3.49 5. 95 
Err or 12 80. 9 6 .7 
To t al 31 

L.S.D. cj = 1 
t )( / 2 )< 6. 7r~ ){ = 16 8 4 

" .1• 

P. 05 2 .0 2 .8 4.0 
t.05 = 2.179 t.Ol = 3 .055 P.Ol 2.8 4-.0 2 · 6 



TABLE h~ii - Digestibility of Energy (%). 

Source of Variation D.F. s.s. !{.s. F. P.05 P.Ol 

Forages 3 139. 6 46.5 6 .8xx 3.49 5.95 
Periods 6 43. 6 7 ·3 1.1 3.00 4.82 
Lambs 6 26.3 4.4 . 6 3.00 4 . 82 
Grinding 1 66 . 7 66 . 7 9.8xx 4.75 9 .33 
Grinding X Forage 3 35·5 ll.8 1.7 3 .49 5.95 
Err or 12 82 .0 6 . 8 
Total 31 

L <' D d -•Ù• • (J - tJ 2>< 6 . 8 i{ ::: 16 8 
v 
.1• 

t.05 = 2.179 t.Ol = 3.055 
P.05 2 . 0 
P.Ol 2 . 8 

2 . 8 
4 .0 

4.0 
5 . 6 

TABLE xviii - Digestibi1ity of Crude Protein (%). 

Source of Variation D.F . s.s. H.S. F P.05 

Forages 3 628 .1 309 .4 30 .8 3 .49 
Periods 6 109.5 18 .3 
Lambs 6 72.6 12 .1 
Grinding 1 64 . 7 64.7 6 . 44x 4.75 
Grinding x Forage 3 147 . 5 49.2 4. 92x 3 ·49 
Err or 12 120 . 5 10.0 
Total 31 

The interaction "Grinding X Forage" is significant. llence we 
must re-analyse using the M.S. for interaction as our error term to 
t es t the effect of forage and grinding . 

P.Ol 

5 . 95 

9 . 33 
5 -95 

D.F. M. S. F P.05 (3 n.F.) 

Forage 3 309 .4 6 . 29 9 . 28 
Grinding 1 64.7 
For x Gr. 3 49 .2 

Thus neither Forage or Grinding in themse1ves are significant 
sources of variation. 
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TABLE xi:>~. Digestibility of Crude Fiber (%) 

Source of Variation D.F. s.s. H.S. F P.05 P.Ol 

Forages 3 320 . 5 373.5 26.1XX 3.49 5.95 
Periods 6 83. 9 14.0 1.3 3.00 
Lambs 6 1)2.5 22.1 2 .1 ).00 
Grinding 1 1)0 .8 130. 8 12 . 5~•x 4. 75 9 -33 
Grinding >: Forage 3 44-. 6 14. 9 l, lj. 3 . 49 
Err or 12 125 .5 10.5 
Total 31 

L.S.D. % = tJ 2 x 10.2 " = 16 8 4 .1> 

x P.05 2.5 3 .5 5.0 
P. Ol 2·2 1: .• 2 J: .O 

t.05 = 2 .179 t. 01 = 3.055 

TABLE ~~:a - Diges tibility of Cellulose ( ;j). 

Source of Variation D.F. s.s. H.S. F P.02 P.Ol 

Forages 3 451.8 150. 6 Il~. 5X~{ 3 .49 5 · 95 
Periods 6 75.6 12.6 1.2 3 .00 
Lambs 6 48 . 9 8. 1 . 8 ) .00 
Grinding 1 426 . 3 426 . 3 41. o~~x 4 . 75 9 . 33 
Grinding x Forap;e 3 29 . 2 9 . 7 · 9 ) . 49 
Zrror 12 121!· · 2 10 . 4 
Total 31 

L.S.D. % = t /2 ~< 10.4 v - 16 8 4 .. -
v P. 05 2 .5 3·5 5 .0 J > 

P. Ol 2· 2 4 . 2 1·0 
t . 05 = 2 .179 t.Ol = 3 . 055 

TABLS xxb - r:.ecalcu1ation of Ana l ysis of Variance of Factors Influencing 
C('! llu1ose Diges tibility in which the D. F. f or For age are 
Split to Det erraine Effec t of Speci es and St age of l·1aturity . 

Sourée :of Var iation D.F . C' C' 
~ ·oJ • T:! . s. F. P.02 P.Ol 

Speci 2s J. 35 . 2 35 . 2 3 .l~ l~ . 75 9 . 33 
Stage of Batur ity 1 166 . 9 166 . 9 16 . 0XX 4. 75 9 . 33 
"Species >( Stage" 1 249 . 7 249 . 7 24 . 0XX 1~ . 75 9 . 33 

Ditto as ab ove 
Table :x:xa Using err or of Table }::x:a 



~::xi 

Tl'.BLE ~::~d - Dieestibility of ITitro~en-free ;:::~~tract ( ~j ). 

Source of Variation D.F. " (" &j• ..J • u.s. F P. 02 P.Ol 

Forages 3 118 .4 39-5 5 . 74=~ ;J. l~9 5- 95 
Periods 6 53 . 1 8 .9 1.29 3 . 00 
Lanbs 6 17. 6 2 . 9 .1!- ) .00 
Grinding 1 114.4 111~ .1+ l 8 .8xx 4 .75 9 -33 
Grinding )( Forage 3 28.1 9 .1~ 1.4 3 -49 
Error 12 82 . 6 6 . 2 
Total 31 

c 

L.S .D. ~j = t J 2 )( b. 2 ~· :!.6 8 4 ~:a. = 
" P. 05 2 . 0 2 . 9 4. 0 J• 

P. Ol 2.8 ~- . 0 2 ·1 
t .05 = 2 .179 t. Ol = 3.055 

TABLE =;:=~ii - Intake of Digestible Calories (K.. Cals / day). 

Source of Variation D.F. s.s. H.S. F P. 02 P. Ol 

Forages 3 5 .51~8 1.85 26.8xx 3 -49 5 -95 
Periods 6 • 76'( . 13 1. 9 3 .00 
Lambs 6 1. 329 .22 ) .lx 3 .00 4 .82 
Grinding 1 lt- . 891 4 . 89 70. 9xx 1~ . 75 9 -33 
Grinding )( Forage 3 . 325 .11 1.6 3 . 49 5 -95 
Err or 12 .831 .01 
Total 31 

c 

L.S.D. (l~Cals) = t) 2 v . 07 v 16 8 4 " ./). = 
v P. 05 . 20 . 29 . 4o A 

t.05 = 2 . 179 t . 01 = 3 .055 P. 01 . 28 . 40 ·21 

TABLE xxiii - Intake of Digestible Prote in (gms/ lamb/day ). 

Source of Variation D.F. " (' Ù•û• H.S . F P. 02 P.Ol 

Forages 3 47771~ 15925 265 5 -95 
Periods 6 1054 176 3~~ 3 .0 
Lambs 6 715 119 2 ) . 0 
Gr i ndin3 1 lf-802 4802 80 4 . 75 9 -33 
Grinding x For age 3 2880 960 16Y~'< ) . 49 5 -95 
Err or 12 121 60 
Total 31 

D. F . H. S . F P.02 P. Ol 
Forages 3 15925 16 . 0~ 9. 28 29 . 41 
Grinding 1 4<302 5 . 0 
Gr )( For. 3 960 

-2 >( )60 L.S. D. t . 05 () . 182) J = .§2 gms/day 
4 



:Y.Xii 

TABLE xxiv - ~.;itrogen Retention (Expressed as grams protcin retained 
daily per lamb). 

Source of Variation D.F. s.s. M.S. F P.02 P.Ol 

Forages 3 5314 1771 59xx 5-95 
Periods 6 347 58 2 
Lambs 6 365 61 2 
Grinding 1 2002 2002 67)~ 9-33 
Forage )( Grinding 3 798 266 9xx 

5-95 
::-!:rror 12 354 30 
Total 31 

D.F. I-1.S. F P.02 

Forage -.; 
_.1 1771 6.66 9-3 

Grinding 1 2002 7.53 10.1 
Gr )( For. 3 266 

TABLE xxv - Analysis of Variance in Partial Regression and Hultiple 
Correlation,- the rc1ationship of voluntary intake ta the 
crude protein, crude fiber and U.F.E. composition, and the 
effect of lambs '\o7eight. 

Source of Variation 

(a)ChoEEed Forages 
Regression 

Deviation from Reg. 
Total 

R = . 91 n.2 = .83 

(b)Ground Forages 
Regression 

Deviation from Reg. 
Total 
R = . 95 

D.F. 

4 
11 
15 

11 
12 

s.s. 

405805 
83116 

488922 

1)01~271 
11:.4919 

1449190 

xxuir;hly significant (P..c: .01). 

H.S. 

101451 
7556 

326068 
13174 

F P.02 

13.4XX 3.06 

) . 06 

1-:0TE: Total S.S. = Sum of Squares for Voluntary Intalce ( ( x2
) 

Regression S.S.= R2 (C x2 ) 

Dev. from Reg . S.S. = 1 - R2 
( ( x2

) 

P.Ol 

4.89 

4 . 89 


