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I. INTRODUCTION 

A number of laboratory methods have been developed 

to measure the nutritive value of forages. Sorne of these 

methods involve one or more chemical analysis while other 

methods depend on in vitro procedures utilizing rumen 

micro-organisms and/or digestive enzymes. Much of the 

developmental work in forage evaluation technique was 

carried out on a relatively small number of samples of 

pure forage species, rather than on a large number of 

samples of mixed species as generally produced on farms. 

Some of the laboratory methods for forage evaluation, 

although quite accurate when compared to in vivo 

measures, were time consuming and hence could not be 

applied to large numbers of samples as required by a 

farmer-orientated forage evaluation service. 

In May of 1966 a milk testing and herd analysis 

program was established by Macdonald College for Quebec 

dairy farmers. This computerized dairy herd milk testing 

program was the first of its kind in Canada and was 

called the Dairy Herd Analysis Service (D.H.A.S.). The 

service provided by D.H.A.S. for the dairy farmer is 

similar to that of Dairy Herd Improvement Association 

1 
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programs in operation in the United States. As part of 

the D.H~A~5~ program aIl forages being fed to cows on 

test were evaluated, and on the basis of this evaluation 

and milk production measurement, grain ration recom

mendations were calculated for each cow. It was apparent 

that the accuracy of grain ration recommendations was 

dependent on the ability of the forage evaluation 

methods to accurately estimate nutritive value. Errors 

in forage evaluation could result in either inefficient 

use of grain ration from overfeeding or decreased milk 

production from underfeeding. 

As a result of the establishment of the D.H.A.S. 

and plans of Macdonald College to establish a feed testing 

service the present study was initiated. The study here

in reported had three objectives: 1) to determine if the 

present D.H.A.S. forage evaluation system using visual 

appraisal and tabular values could be improved by using a 

laboratory method; 2) to determine the effectiveness of 

techniques developed at Macdonald College to aid in com

puting feeding programs; 3) to compare several existing 

laboratory methods as to their effectiveness in evaluating 

the available energy content of hay, grass silage; haylage 

and corn silage sa that the results can be utilized in a 

milk testing and feed recommendation program such as the 

D.H.A.S. 



II. REVIEW OF THE LITERATURE 

A. General considerations of evaluating 
farm-produced forages 

1. Introduction 

The search for methods which de scribe the "over-

all~ nutritive value of feeds in numerical terms is 

continuing. Presently, several methods of evaluating 

forages and grain rations by the same criteria (e.g., 

TDN and ENE) are being used extensively in feed evalua-

tion programs. Wh en sources of readily available energy 

such as grains and their by~products are considered, the 

problem is less complex because possible sources of 

variation are not as great as with forages. The many 

forms of forage variation (e.g., variety and species 

differencas, methods of curing, harvesting practices) 

present a much greater problem in rega~gs ta finding a 

meaningful quantitative description of their nutritive 

value. 

In the nutrition of ruminants, the problem of 

feed evaluation is complicated by the complexities of 

ruminant digestive physiology and metabolism, which 

3 
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complicate the application of feed evaluation systems 

applicable to non~ruminants. This problem is also cam~ 

plicated by the fact that different forage species vary 

as to their nutritive contribution to the diet of the 

ruminant. However, certain factors are knawn ta affect 

the nutritive value of forage. These factors may be 

environmental and/Dr "man~made." To effectively evalu

ate methods of measuring nutritive value of forage, sorne 

understanding of the influence of these factors on the 

nutritive value of forage is necessary. 

Reid et~. (1959) wrote, "the main purpose served 

by forages in the diet of dairy cattle is the provision 

of energy." These workers outlihed the concept of energy 

contribution by forage with the following scientific 

axioms: 

a) size of animal response (milk yield, tissue maintained 

and gained) ~ energy intake; 

b) energy intake = dry matter intake x energy concentra

tion; and therefore, 

c) forage energy intake = intake of forage dry matter x 

concentration of energy in forage dry matter. 

Crampton et al. (1960) wrote, "with feeds of this category 

(forages) yield of energy to the animal is usually the 

first limiting factor in their feeding value since, in 
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most cases when eaten as the entire ration, their nutri-

tive content is adequate for the quality of the useful 

energy they provide.~ In accordancs with ths work of 

Reid et al. (1959), Crampton et al. (1960) and many 

other workers, the D.H.A.S. of Macdonald College 

evaluates feeds on the basis of available energy. 

The various methods proposed for forage evaluation 

are also orientated toward measuring ths ensrgy contri-

butions of the tested feeds. Therefore, this study is 

concerned with the effects of environment (natural - e.g. 

weather damage; "man-made" -:- s.g. date of cutting) as it 

may relate tO methods of evaluating the energy conteAt 

of forage. 

8. Environmental factors as related to the 
ener.gy content of forages 

1. stage of Matùrity (date of cutting) 

a. Timothy (Phleum pratense) 

The loss of nutritive value of timothy due to 

delaying the harvesting date was clearly demonstrated by 

Mellin ~ al. (1962). Working with first-growth, pure-

stand, climax timothy, Mellin ~ al. were able to show a 

decrease in protein content and protein digestibility at 

eleven stages of maturity, beginning on May 27, and at 
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seven~day intervals until August 5. The decrease of 

protein content and digestibility of protein were more 

pronounced for each period of delay in harvest until 

~uly 22, when the values seemed to level off and re

mained fairly constant, probably due to the effects of 

bottom regrowth or possibly to seed formation. Coeffic

ients of dry matter digestibility, decreased sharply 

with each- delay in harvest, and a linear relationship 

was established between dry matter digestibility (V), 

and days elapsing after May 17 eX), by the equation 

y = 84.91 ~ .48IX. 

The effect of stage of maturity of timothy hayon 

its over-all nutritional value was measured by the 

Nutritive Value Index by ~effers (1960). It was found 

that the Nutritive Value Index of timothy hay harvested 

on June 17 was significantly higher than that obtained 

for timothy after a fifteen-day interval and highly 

significantly greater than that for timothy hay harvested 

after intervals of twenty~nine days. 

Four varieties of timothy, S~50 (Phleum nodosum), 

Climax, Drummond and Quebec Common (Phieum pratense) 

were compared by Heaney et ai. (1966). These varieties 

were harvested at successive growth stages in 1962 and 
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seven~day intervals until August 5. The decrease of 

protein content and digestibility of protein were more 

pronounced for each period of delay in harvest until 
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The effect of stage of maturity of timothy hayon 

its over-all nutritional value was measured by the 

Nutritive Value Index by Jeffers (1960). It was found 

that the Nutritive Value Index of timothy hay harvested 

on June 17 was significantly higher than that obtained 

for timothy after a fifteen~day interval and highly 

significantly greater than that for timothy hay harvested 

after intervals of twenty~nine days. 

Four varieties of timothy, S~50 (Phleum nodosum), 

Climax, Drummond and Quebec Common (Phleum pratense) 

were compared by Heaney et ai. (1966). These varieties 

were harvested at successive growth stages in 1962 and 
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1963 from the same swards and were assayed for dry matter 

digestibility, dry matter intake and digestible energy 

content. These three indices of nutritive value declined 

From early vegetative stage through full bloom in a 

uniform manner for all varieties and rate of decline was 

not merely a function of time, but differed between 

season s. 

b. Orchardgrass (Dactyiis glomerata) 

The digestibility of freshly~cut green orchard

grass (S,:,,143) was estimated with yearling heifers by 

Murdock ~ ai. (1961). Digestibility of dry matter 

declined gradually From 75.6% at the start (April 23) ta 

74.0% at the preboot stage of growth (May 5), then 

falling rapidly to 60.0% at the full head stage (May 23) 

and then more gradually again to 54.8% at full bloom 

(June 6). Murdock suggested that on the basis of his 

data the relationship between dry matter digestibility 

and date of cutting could best be represented by a 

curvilinear relationship. 

c. Alfalfa (Medicago satira) 

The nutritive value of first cutting alfalfa, 

harvested at one-tenth bud, full bud and full bloom was 

stuoied with lactation and digestion studies by Davis 
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and Decker (1959). Results of this study indicated a 

decrease in feeding value with increasing maturity, with 

a decrease of about 6% and 14% in milk production between 

material harvested at one-tenth bud and full bud; and 

one-half bloom, respectively. 

Oonker et al. (i968) compared different measures 

for hay evaluation on early-cut and late~cut alfalfa 

hays. For the early~ and late~cut hays, respectively, 

the values on dry matter basis were: crude protein, 

19.5 vs. 15.5%; crude fiber, 28.9 vs. 32.7%; range of TON 

(%) 55 ta 65 vs. 52 ta 60. Estimated net energy (megacal. 

/45.4 kg. dry matter) 43 ta 56 vs. 37 ta 49. Holstein 

heifers used in this experiment consumAd more early~ 

than late~cut hay, expressed as percentage of body weight 

or per unit metabolic weight. 

d. Species comparison 

Orchardgrass (Dactyiis glomerata), perennial rye~ 

grass (Loiium perenne), tall fescue (Festuca arundinacea) 

and timothy (Phieum pratense) were used by Austenson 

(1963) ta observe the influence of time of harvest on 

yield of dry matter and by digestibility predicted (Reid 

et al., 1959). The hays were cut at three-week intervals 

from 21 April until 10 July, when aIl but timothy was in 



late bloom. Pereentage leaf was inversely correlated 

Cr = ~~B9) with yield of dry matter, however, there was 
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little differenee between species at the same stage of 

maturity. Protein was positively Cr ~ 0.96) and lignin 

negatively Cr ~ ~~94) eorrelated with leafiness, and the 

negative correlation between lignin and protein was 

r = -.95. Timothy had more protein at the vegetative 

stage and less at the bloom stage, than did the other 

speeies. Yield of digestible dry matter ealeulated from 

equations based on leafiness or date of harvest (Reid 

et al. 1959) for aIl speeies was highe st at full bloom. 

Effeet of early harvest on nutritive value of 

orchardgrass and timothy was studied by Brown et ai. 

(1968). Digestibility of orehardgrass and timothy 

generally deereased with advancing maturity of the 

plants in spring. Dry matter intake of forage eut about 

May 20 was ashigh as that eut during the first week of 

May. Delaying harvest until June l2~13 reduced intake 

about 27%. Late maturing varieties of timothy and 

orchardgrass were slightly higher in dry matter digest~ 

ibility thanearly maturing varieties eut at the same 

date. Intake was similar for the two varieties within 

each species, however, forages harvested on comparable 

dates were more digestible in 1963 than in 1964. Dry 



matter (DM) and digestible energy (DE) were closely 

related to leaf percentage (L) and protein content of 

the forage. From these relationships the following 

equations were developed: DE = 48 e 8 + 0.35L and 

(digestible dry matter) DOM = 0.36L + 51.9~ Brown et 

~. (1968) observed that leaf content appeared to be a 

better indicator of digestibility than harvest date, 

however, determining leaf percentage would be a much 

more laborious procedure. 
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Influence of cutting date upon forage intake was 

investigated by Reid et al. (1959). These workers 

observed that forages (mixed hays) cut during early June 

were consumed at the rate of 2.5 to 3.0 lb. of hay 

equivalent per 100 lb. body weight, while hays harvested 

during mid-July were consumed at 1.1 to 1.7 lb. per 100 

lb. body weight. These workers also pointed Dut the 

inadequacy of TON as a measure of forage quality when 

the forage was fed ad libitum, sinee intake was not 

considered in the TON system of evaluating forages. A 

significant relationship between per cent digestible dry 

matter CV), and days cut after April 30 (X), was estab

lished as represented by the equation Y = ~5.0 - 0.48X. 

This equation did not apply to aftermath or to first cut 

hay harvested after July 12. Later work by Mellin et al. 
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(1962) with timothy hay showed a similar relationship 

between digestible dry matter (DOM) and days of cutting 

after May 17. Other equations for calculating DOM were 

pre sen ted by Rei,d et al. (1959). The se equation s were: 

DOM = Oo4L + 40.8, and DOM = 87.4 - 1.042X, where L = 
percentage leaf content and X = dry matter content of 

forage as harvested. 

A series of feeding trials conducted over a five

year per iod by Slack et al. (1960) clearly demon strated 

the superiority of early-harvested forages in promoting 

and sustaining high milk production. The difference in 

milk production favoring the early-cut forages was more 

marked in the 20-week continuous feeding trials than in 

the 5-week change-over design feeding trials. 

2. Effect of Cuttings 

Researchers have observed that aftermath hays 

(hay cut after the first cutting) seem to differ From 

first"cut hay. Reid ~ al. (1959) established a relation

ship between digestible dry matter (DOm) and days after 

April 30 but suggested that aIl aftermath hays had a DOm 

between 57% and 64%, and none contained as much DOM as 

first cutting harvested before June 10. The equation 



whereby DDM wa? calculated from leaf content did not 

apply to aftermath hays. 

The nutritive value of timothy hay at different 
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stages of maturity as compared with second cutting 

clover hay was studied by Colovos et al. (1949). These --
workers observed that early-, medium- and late-cut 

timothy hays contained 57.1, 44.1 and 32.5%, respectively, 

as much protein as the second cutting clover. However, 

gross energy values for aIl the hays were essentially 

the same. The digestibility of the protein decreased 

markedly from the clover hay when the different timothy 

hays were compared to cIo ver hay, with early, medium and 

late timothy hays furnishing only 49.7, 31.5 and 15.4%, 

respectively, as much digestible protein as was furnished 

by the clover hay. 

Early~cut timothy hay was superior to the other 

hays with respect to metabolizable energy as determined 

by dairy heifers in an open-circuit respiration chamber. 

These workers suggested that the results of their 

experiments showed that early~cut timothy hay may be a 

better source of energy than good legume hay for dairy 

cattle but not of digestible proteine 

ln vitro dry matter digestibility, water soluble 



carbohydrates, crude protein and mineraI content of six 

cuts of clover and lucerne were used by Davies et al. 

(1966) to evaluate the effects of different cuttings. 

Average dry matter when cut was 14.5% in the first cut 

and rose fairly steadily to 26.3% in the sixth; average 
. . . 
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in vitro digestibility of dry matter declined from 78.7% 

for the first, to 63.1% for the sixth cut. Crude protein 

decreased from an average of 26.7% for first cut to an 

average of 14.5% for the sixth cut. Water soluble car

bohydrates reached an average of Il.4% in white clover, 

9.9% in red clover, and 7.2% in lucerne; there was sorne 

difference due to cut but not species. Correlations of 

age of herbage with percentages of dry matter content 

when cut, crude protein and dry matter digestibility 

were highly significant as discussed in the preceding 

subsection and were in agreement with the in vivo work 

of Reid ~ al. (1959) and Mellin ~~. (1962). 

At Macdonald College Donefer and Lloyd (1955) 

compared first cutting and aftermath hays in ground and 

chopped forms. They observed that the digestible energy 

coefficients of aftermath alfalfa and timothy hays were 

2 to 7 percentage units higher than the first cut hays. 

However, except for chopped timothy aftermath, the rela-

tive intake of the other aftermath hays was 2 ta 8 

percentage units lower than first cutting hays. 



Nutritive Value Indices (digestible energy x relative 

intake) for both alfalfa and timothy aftermath hays 

generally increased when compared to first cuttings. 

3. Methods of'èùrinQ 

a. Field cured vs. barn dried hay 
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Turk (1952) indicated that the greatest advantage 

of barn drying appears to be the preventing of dry 

matter lasses that normally occur with field curing. In 

a majority of the experiments reported, barn drying 

preserved from 81% to 85% of the dry matter harvested 

compared to 63% to 80% with field curing. 

According to Turk's report, protein losses varied 

from 20% to 24% for barn~dried hay, with the lower per

centage where supplemental heat was used. In comparison, 

protein lasses from field curing varied from 28% ta 46%, 

depending upon weather damage before the hay was stored. 

protein lasses in the mow are greater with barn~dried 

hay than with field-cured hay. Turk concluded that 

althaugh barn-dried hays, based on greener color, more 

leafiness and protein in the case of legumes, are usually 

higher in quality, there has been no appreciable differ

ence in feeding value on per ton basis as fed. However, 

because of the saving in dry matter resulting from barn 
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drying there is a difference favoring barn drying on a 

milk production per acre basis. 

Barn drying hay at high temperatures can affect 

the nutritive Value of hay, as ruas observed by Bratzler 

èt ai. (1960). Four lots of alfalfa harvested under 

similar conditions ruere dried at temperatures of 1100 , 

1350 , 1650, or 2oo oF. for 20, 12, 7t and 5t hours, 

respectively. The hays mere then fed to sheep in a 

digestion trial. Crude protein, dry matter and gross 

energy ruere slightly less digestible in hay dried at the 

extremes of 2oo oF. or 1100F. In the hay dried at llo~. 

a low level of nitrogen~free extract indicated that 

respiration by the plant had continued, or fermentation 

had occurred at that temperature. 

Ekern èt ai. (1964) investigated the effect of 

artificial drying and freezing on the energy value of 

pasture herbage. These workers ruere able to show that 
o . 

artificial drying at 100 C. depressed the metabolizable 

energy of herbage by 4%, ruhich was in agreement with 

Bratzler et al. (1960). Artificial drying, however, 

significantly increased the efficiency of utilization of 

the metabolizable energy of the herbage by 9%. Thus, the 

net energy as a per cent of the gross energy was 

increased by 5% as a result of artificial drying. 
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Results of storage by freezing followed the same pattern 

but were not as pronounced. Ekern and associates con

cluded that the increased net energy level was due largely 

to smal1er losses of heat and carbon dioxide, when the 

metabolized energy is derived From preserved herbage 

rather than From fresh herbage. 

b. Silage vs. barn~dried hay 

An experiment lasting two yeara, using 16 bullocks 

the first year and 24 in the second year, was reported 

by Culpin (1962) in which the feeding value of silage 

and barn~dried hay was compared. As silage, the same 

crop had les8 loss and the material had lower crude 

fiber and higher starch equivalent (net energy contents) 

on a dry matter basis. lliith hay the digestibility of 

dry matter and over-all performance of the bullocks 

given hay wa8 better. 

llihen wilted silage and barn~dried hay were com

pared by Howie (1964) the results were not in agreement 

with Culpin (1962). Forage of similar botanical com

position was made into hay by barn drying or ensiled 

after wilting. Yields of starch equivalent (SE) per 

acre were the same for the two fields studied, but 

because of the earlier cutting of sil age, yield of SE in 



17 

the aftermath on that field was six times greater, 

indicating the superiority of silage in the economic use 

of land. According to the work of Howie (1964) cows 

given the silage produced significantly more milk and 

gained more liveweight than those given hay. The 

difference between the results of Culrin (1962) and Howie 

(1964) may have been due to different dry matter contents 

of the silages. 

c. Silage vs. field cured hay 

The nutritive value of silage as compared with 

hay was investigated by Brown et al. (1963). Silage and 

hay were made from alfalfa harvested at the same stage 

of maturity from the same field. Rations were aIl hay, 

aIl silage, or hay:silage mixtures in 75:25, 50:50, or 

25:75 proportions. These rations were fed in two 

separate trials to 5 groups of 5 Holstein cows. In a 

third trial hay and silage were given separately with 

and without limited amounts of concentrate. Results of 

the first two trials indicated that intake of dry matter 

per 100 lb. body weight was significantly higher for 

rations with 50% or more hay than when only silage was 

fed. Yield of fat corrected milk was higher in the 

groups given 50% or more hay. When grain was given 
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there was a significant decrease in intake of dry matter 

from hay and sil age but the total intake of dry matter 

increased. Concentrates increased milk yields more with 

sil age than with hay and these differences were signifi-

cant. Brown and co-workers suggested that in addition 

to the appetite depressing factor in silage, as indicated 

by low dry matter intake at high levels of offered sil age, 

there may be other factors (in sil age) which stimulate 

milk production. 

Wellmann (1966) compared the dry matter intake of 

silage and hay from the same crop. These findings were 

in agreement with Brown et al. (1963) and showed that 

animaIs tended to consume larger amounts of hay than 

silage on a dry matter basis. 

The work of Brown et al. (1963) and Wellmann 

(1966) agrees with the earlier work of Slack et ~. 

(1960) on the dry matter intake of the different types 

of forage. This experiment revealed that cows fed early 

harvested grass sil age consumed less dry matter per day 

than cows on barn-dried hay cut at the same time, or 

1ate fie1d~cured hay. However, in contrast to the work 

of Brown et al. (1963), more milk was not produced on 

rations containing more than 50% hay. According to 
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Slack et al. (1960)~ significantly more milk was pro~ 

duced on early sil age than on early barn~dried hay, based 

on dry matter intake~ Body weight and condition were 

maintained better on early silage~fed cows than on those 

receiving early barn~dried hay or late field-cured hay. 

The more efficient utilization of silage dry matter would 

appear to be due to a higher digestibility on the early 

harvested sil age. Also milk production was not calcu~ 

lated on a dry matter intake basis by Brown et ai. 

(1963) or lliellmann (1966). 

In a subsequent experiment Slack and associates 

compared the same forages under two levels of grain 

feeding (10 and 6 lb. per day). This experiment indi~ 

cated that dairy cows cannot consume enough dry matter 

from roughages, whether early~cut or late-cut to com

pensate for a reduction of grain~feeding levels. However, 

cows will produce more milk on a low grain level and 

early-harvested forages than they will on higher levels 

of grain and late-cut forages, thus demonstrating the 

grain~saving power of early~harvested forages. 

The question of relative feeding values of alfalfa 

hay, silage and low-moisture silage (haylage) was answered 

by Byers (1965). Alfalfa was cut from the same field 
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and made into hay after drying for 48 hours, or silage 

after wilting ta moderate or high dry matter content. 

The forages were fed ta appetite for 56 days, with 

concentrate fed according ta milk yield, ta groups of 5 

Holstein and 5 Brown Swiss cows. Digestibility was 

determined by the Cr 203 method. The dry matter of hay, 

haylage and silage was 86%, 50% and 24%, respectively. 

llihen dry matter intake, milk yield, liveweight change, 

milk produced per lb. dry matter of forage eaten, and 

digestibility of nutrients were used as criteria, no 

difference between alfalfa stored as hay, haylage or 

grass silage was observed. 

One of the problems, from the farmers' point of 

view, in making grass silage has been the production of 

highly objectionable odors. This problem was investi

gated by Trimberger ~ al. (1955) by comparing three 

silage preservatives. Over a 2-year period the average 

seepage lasses were 7.4, 4.4, 7.4, and 6.0% for molasses, 

brewers grain, no preservative, and sodium bisulphate, 

respectively. Fermentation lasses of the same silage 

were 15.4, 15.2, 15.2 and 16.0%. AlI silages were 

ensiled at 80% moi sture, which was higher than the 75% 

moi sture level normally observed for grass silage. It 

was concluded by Trimberger and associates that the small 
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saving of nutrients which resu1ted from the use of 

preservatives did not justify the high cost of the 

preservative. However, if conditions on the farm were 

such that si1age without objectionab1e odors cou1d not 

be made without using a preservative, then the farmer 

may be wi11ing ta pay the higher cost of si1age made 

with sodium bisu1phate for the sole purpose of reducing 

odars. 

d. Specia1ized methods of 
curing forages 

A number of more specia1ized methods of curing 

have been tried experimenta11y, but on1y a few of these 

methods have been suitab1e ta practica1 farm situations. 
-

Due ta portable and stationary hay dryers, heat de~ 

hydrated forages, particu1ar1y a1fa1fa have become more 

widespread. The effect of dehydration of a1fa1fa hay 

was investigated by Meyer et al. (1960). A four~year 

study of weight gains and feed consumption of 1ambs 

indicated that dehydrated a1falfa was superior ta fie1d-

cured a1fa1fa as an energy source in aIl cases. 

4. Effect of ferti1ization 

The effect of ferti1ization on the nutritive 

value of forages has been investigated by a number of 
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researchersj Burton and DeVane (1952), working with 

Bermuda grass hay; Reid and Jung (1965a), with tall 

fescue hay; Mosi (1967) used mixed herbage; Cameron 

(1966), with grass forage. These workers have m~de 

similar observations that nitrogen fertilization sig

nificantly increased crude protein and digestibility of 

protein while also increasing crude fiber content and 

yield of dry matter. 

In a symposium on forage utilization, Blaser 

(1964) summarized the effects of fertility levels on 

forage nutritive value. He pointed out that nitrogen 

fertilization of grasses has given large increases in 

carrying capacity and live stock products per acre, but 

outputs per animal unit are not generally improved by 

nitrogen application. According ta Blaser (1964) 

nitrogen fertilization improves protein content and its 

apparent digestibility, but that cellulose or crude 

fiber content, and lignification are not generally 

altered. This researcher suggests that, due ta a 

reduction in soluble carbohydrate and digestible protein 

for energy resulting from nitrogen fertilization, there 

is not an appreciable change in TDN or digestible energy 

content of these forages. 

More pronounced improvement of the nutritive 



value of grass hays was observed by Markely et al. 

(1959) and Chalupa et al. (1961) than was indicated by 

other investigators. Markely et al. (1959) found that --
the addition of 200 lb. of nitrogen per acre to brome-
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grass and orchardgrass not only increased crude protein 

and digestibility of protein, but also increased 

digestibility of fiber, and gross energy which produced 

increased TON. The work of Chalupa et ai. (1961) with 

reed canary grass and alfalfa revealed similar improve~ 

ments. 

. ..... 
5. Weather Damage 

Minimizing forage nutritive losses caused by 

exposure to weather has long been considered a major 

factor in making high quality forage but literature 

references to the effect of weather are relatively hard 

to find. ffiaymone (1952), in a series of four experi~ 

ments in Southern Italy, discovered that the fall of 

25 mm. of rain caused losses equal to 43.28% of the dry 

matter and 47.72% of net energy (expressed in starch 

units) and 49061% of the digestible proteine Losses due 

to rain were greatest at the latter part of drying. It 

would appear that at the latter stages of drying the 

leaves were more brittle and were easily broken off by 

the raine 
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Various methods of harvesting and preserving 

forages and rain damage were investigated by Moore and 

Shepherd (1952). These workers observed greater lasses 

of dry matter, protein; and carotene occurred with field 

curing under excellent weather conditions than with barn 

cu ring or wilted silage. Still greater lasses occurred 

with field curing when the crop was rain damaged. 

Feeding tests by these workers showed that the forages 

cured by the various methods were aIl about equal in 

feeding value except the rain-damaged, field~cured hay 

which produced a 13.6% decline in milk yield compared ta 

7.3% for wilted si1age. 

In two years of trials ta determine the rate of 

loss of nutrients in hay, Murdock and Bare (1963) were 

able ta observe the effects of raine When the hays were 

sprinkled with water ta simulate rain, the dry matter 

digestibility of untreated hays was not much affected but 

the digestibility was reduced in the case of the crimped 

hay. Evidently the effects of conditioning (crimping) 

promoted leaching 10sses which adverse1y affected 

digestibi1ity. 

Digestibility of dry matter by sheep was the 

criterion used by Coetzee (1966) ta differentiate the 
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quality of sun-cured and rained-on lucerne hay. This 

work demonstrated that the intake of coarsely ground hay 

per unit metabolic weight was the lowest for the rained

on hay. 

The development of a prediction equation for in 

vivo digestible dry matter from in vitro digestible dry 

matter by Barnes (1966) made it possible for the 

simultaneous evaluation of both grasses and legumes. 

From prediction equation developed by Barnes, dry matter 

digestibility (OMO), Relative Intake (RI) and Nutritive 

Value Index (NVI) were predicted for second-eut alfalfa 

raked before and after raine The percentages of OMO, RI 

and NVI for the dry hay were 52.3, 79.3 and 48.0, 

respectively, while the values for the rained-on hay 

were 49.9, 70.1 and 43.9, respectively. The detrimental 

effects of rain as measured by OMO, RI and NUI are 

evident with RI and NVI being most adversely affected. 

6. Morphology of plant 

The reduced digestibility of different structural 

parts of plants was observed by Mowat et al. (1965). 

They found that the in vitro dry matter digestibility 

curves of timothy, orchardgrass, bromegrass, and alfalfa 
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were similar for each year. At head emergence the in 

vitro dry matter digestibility of the leaves and stems 

of aIl grasses was somewhat similar but wide differences 

existed in the digestibility of the leaves and stems of 

alfalfa at aIl stages of growth. As plant species 

matured there was a decrease in digestibility of both 

leaves and stem. Digestibility of stems was lower for 

aIl species after head emergence and the slope varied 

with the individual species. 

Rony (1964) determined that the in vitro cellu

lose digestion for both alfalfa and brome grass was 

higher in the leaf than in the stem fraction due to the 

presence of a larger lignin content in the stem. 

Palatability of plants as affected by leaf 

flexibility was studied in tall fescue by Gillet and 

Jadas-Hecart (1965). Experiments with grazing of spaced 

plants showed important genetic differences due to leaf 

flexibility, which could be determined by touch. This 

characteristic did not depend upon chemical composition 

or some particular characteristic of leaf cells, but 

probably on the size of leaf fibrovascular bundles. 

Information of the nutritive value of plant parts 

for several species can be found in some of the more 



27 

recent feed composition tables. An example of available 

data for alfalfa is shawn in Table 1. 

TABLE 1.~~Composition of alfalfa plant parts on a dry 
matter basis (joint United states~Canadian tables of 

,,'" ,f~ed,90mpos~tion), 

Plant P?irt , ,P+,oteir:J, Crude ,TON Digestible 
Fiber' Energy' 

Leaves 
% % % kcal./kg. 

(all analysis) 24.0 16.4 65 2866 

stems 
(all analysis) 10.7 44'.4 46 2028 

UJhole plant 
(all, an?ilY1?is), , 17.3 31.4, 56 ,2469 

7. Plant Species 

It is well known that many plant species differ 

greatly in crude protein and crude fiber content, 

whereas the differences in energy content are not as 

pronounced and are more dependent on stage of maturity 

(Reid et ai. 1959). However, there are other species 

differences llihich are not sa well established. Maymone 

(1952) discovered a large difference between alfalfa and 

mixed herbage as ta lasses of nutritive value (net 

energy), dry matter, and digestible proteine These 

lasses were more pronounced for alfalfa than for the 

mixed herbage. 
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Species differences of trefoil, clover, brome, 

timothy, and straw, as revealed by digestible energy 

intake, percentage composition of protein, cru de fiber, 

and lignin, were observed by Crampton (1957). 

Nutritive Value Index (NVI) was studied ln vivo 

and in vitro by Donefer et al. (1960). The se re search

ers, working with alfalfa, red clover, birdsfoot trefoil, 

bromegrass, and timothy, observed that the NVI varied 

with species, indicating that legumes were consistently 

higher than grasses. Similar differences between legumes 

and grasses, as determined by NVI, were observed by Lloyd 

et al. (1960). Lloyd and associates demonstrated that 

red clover had a significantly higher relative intake 

and NVI than timothy. 

Differences in the digestibility of alfalfa hay 

and reed canarygrass were established by Archibald et 

al. (1962) using four cows in a digestion trial. Cru de 

fiber, cellulose, and pentosans of reed canarygrass were 

better digested by the cows. However, the digestibility 

of energy was the same for both hays. 

Kivimae (1966), while studying the digestibility 

and feeding value of timothy, discovered that the carbo~ 

hydrate fraction in timothy behaved differently to 
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legumes during the growing periode The content of crude 

fiber increased curvilinearly (convex) with a maximum at 

full flowering. The digestibility of nutrients and feed 

value decreased successively in the corresponding periode 

Crude fiber was found to be an unreliable substance for 

estimating feed value, particularly for stages after 

heading, while lignin and methoxyl gave a better estima

tion. 

Digestibility differences between perennial rye~ 

grass, meadow fescue, rtalian ryegrass, timothy, and 

cocksfoot were small but consistent according to Dent 

and Aldrich (1966). These workers determined digesti

bility by in vitro over a 2-year period and concluded 

that differences were dependent on management and species. 

Nitrogen-fertilized orchardgrass was compared 

with alfalfa at different levels of concentrate by 

observing their effect on milk production. This work by 

Apgar et alo (1966) demonstrated that more milk was pro

duced from alfalfa, and was probably due to the greater 

intake of alfalfa. 



c. Chemical methods for evaluating the 
nutritive value of hay and grass silage 

1. Proximate analysis 
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German workers (Henneberg and Stohmann 1864), 

working at the Weende Experimental Station, developed a 

scheme of fractionating feedstuffs into the "proximate 

principles": crude protein, crude fiber, ether extract, 

ash and nitrogen free extract. Although a chemical 

rather than a biological measure, several of the 

proximate principles have been studied as possible 

predictors of the following biological measures of 

forage nutritive value. 

a. Digestible protein 

Holter and Reid (1959) worked with data from 

Cornell and data from morrison's Feed and Feeding (1956) 

to develop a mathematical relationship between digest~ 

ible protein and crude proteine These workers found the 

Cornell data, obtained over 8 years of digestion trials 

with sheep and cattle and involving 27 fresh, green 

forages and 20 hays, gave a reliable prediction equation. 

This prediction equation had a low standard error of the 

estimate of 0.46% and was applicable to aIl types of 

forages and equally expressed the relationship between 
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crude protein and digestible protein in leaves and stem 

of alfalfa as weIl as grass fertilized at high nitrogen 

1 evel s. 

Elliot and Fokkema (1960) used tables in Schneider"s 

book Feeds.of the UJorld to determine the relationship 

between digestible protein and crude protein as observed 

From 388 cattle and 895 sheep feeds. An equation was 

established for calculating digestible protein for 

cattle, while a slightly different equation was estab~ 

lished for the same calculation for sheep and goats. 

Forage crude protein was observed by Baumgardt et 

al. (1962) to be highly correlated (r = 0.999) with 

digestible proteine A similar association between crude 

and digestible protein was observed by Stallcup and 

Davi s (1965). 

Digestible protein of forages was successfully 

calculated From crude protein by Dijkstra (1966). The 

relationship between digestible protein and crude protein 

did not vary significantly From crop to crop. The 

calculations of Dijkstra were made expressing protein on 

an organic matter basis rather than on a dry matter 

basi s. 



32 

b. Digestible energy criteria 

In a review on evaluating the nutritive quality 

of forage on the basis of energy, Hardison (1959) states 

th~t digestible dry matter (DDM), total digestible 

nutrients (TDN), and digestible energy (DE) are all 

essentially a measure of the same entity. Hardison 

indicates that these common measures of nutritive value 

represent the difference betwssn feed consumed and feces 

voided. He further states that since DDM, DE and TDN 

are representative of the proportion of ingested matter 

or energy that disappears as th( feed traverses the 

gastrointestinal tract, they are highly correlated, one 

with the other. These high correlations were also ob~ 

served by Swift (1957), Heaney and Pigden (1963), and 

Stallcup and Davis (1965). 

A number of investigators have contributed 

methods of determining TDN from chemical analyses 

(proximate analysis). One of the first was Schneider 

et al. (1952). These workers developed an equation to 

predict TDN from the combination of crude protein, crude 

fiber, nitrogen-frse extract and ether extract. They 

found that ether extract could be omitted from the 

prediction equation with very little 10ss of accuracy. 



Axelsson (1952) produced an equation for calcu

lating TDN from digestible protein and crude fiber 

content of forages. 
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A prediction equation with a standard error of 

the estimate of 2.52 for predicting TDN from crude fiber 

plus silica was developed by Meyer and Lofgreen (1959). 

The standard error of the estimate for this equation was 

slightly less than a similar equation predicting TDN 

from crude fiber but these relationships only applied to 

alfalfa. 

The TDN of aIl forages could be predicted from 

the equation of Glover ~ al. (1960). These workers 

predicted TDN from crude protein and crude fiber but TDN 

values were reduced more than expected when the protein 

content of the forage was below 5%. 

Baumgardt et al. (1962) estimated TDN from digest

ible protein and crude fiber. These values were found 

to be significantly correlated with in vivo digestion 

coefficients for dry matter, organic matter and energy 

but were not significantly correlated with any animal 

criteria studied. 

Work by Adams et al. (1964) indicated that separate 
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prediction equations for calculating TON From crude 

protein and crude fiber content were necessary for each 

species of forage. 

c. Estimated net energy (ENE) 

Researchers have not been able to successfully 

predict ENE directly From proximate analyses. However, 

through the work of Moore ~t al. (1953) an indirect 

calculation was made possible. Moore and associates 

developed a prediction equation to predict ENE From TON. 

Although the relationship was different for legumes and 

grasses, the results for the two species groups were 

combined to produce a single prediction equation. 

Kane (1962) used ENE and TON values From Morrison's 

Feed and Feeding (21st and 22nd edition) to develop an 

equation for predicting ENE From TON. The data for 225 

combined feedstuffs (21st edition) were utilized to 

develop one formula while data From 273 feedstuffs 

(22nd edition) were used to develop the second equation. 

These two prediction equations were very similar due to 

much data in both of Morrison's editions being similar. 



2. Other chemical analyses 

A number of chemical analyses, other than the 

proximate analysis have been used to predict in vivo 

criteria that measure the nutritive value of forages. 

a. Digestible energy criteria 
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Forbes and Garigus (1948) found that TON (a meas

ure of digestible energy) could be predicted from lignin 

content. These workers used nine samples of ladino 

clover, orchardgrass, Kentucky fescue, and Kentucky 

bluegrass to conduct a digestion trial with sheep. 

These workers reported that TON determined from the 

trials had a high inverse correlation with lignin content 

of the forag e s. 

Common (1952) pointed out that digestible organic 

matter (a measure of digestible energy) was highly cor

related Cr = -.978) with lignin for a group of New 

Zealand forages. However, the same relationship for 

Irish forages was greatly reduced Cr = ~.419). Common 

suggests that this difference should make the researcher 

aware that regression relationship can vary from one set 

of data to the next, and means that a researcher must 

choose the more reliable relationships, which applies to 

the data he is working with. 
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Work by Sosulski and Patterson (1961) revealed 

highly significant negative correlations between digest~ 

ible energy (DE) and lignin content. These workers used 

6 species of grasses each harvested in 2 different years 

and determined the correlation coefficient between DE 

and lignin for 1956 and 1957 ta be ~.903 and ~.948 

respectively. Very little improvement in the correlation 

relationship was observed by Sosulski and Patterson when 

DE was compared with bath the crude protein and lignin 

content of the forages. 

High inverse correlation between digestible dry 

matter and lignin content of forage was reported by 

mohammed (1966). 

Another approach ta determining the digestible 

dry matter (DDm) was taken by Anthony and Reid (1958). 

This approach was based on the fact that since lignin 

contains methoxyl groups (Phillips 1940) measurement of 

methoxyl content of forages should indicate indigest-

ibility. Three forage mixtures of different botanical 

composition and harvested at several stages of growth 

were used to determine the relationship between DDm and 

methoxyl content of forages. These workers showed a 

highly significant negative correlation between DDm and 
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methoxyl content Cr = -.83) for forage and suggested that 

this relationship could be used in predicting DDM. 

However, this relationship was not as high as the rela

tionship between digestible ensrgy and lignin as.obtained 

by Sosulski and Patterson (1961). Another limitation is 

the use of methoxyl is the fact that lignin content can 

be determin~d more easily than methoxyl content. 

b. Net energy and ENE 

A relatively simple and inexpensive method for 

determining net energy was proposed by Armstrong et al. 

(1964). These researchers worked with 16 dried forages 

to establish an equation to predict ENE from lignine A 

high residual standard deviation of 13% was observed 

when aIl the herbages were used to predict ENE for 

fattening from lignine However, when the herbages were 

classified into rye~grasses and other grasses the residual 

standard deviation of predicted ENE was reduced to 4.8%. 

c. Digestible laboratory nutrients (DLN) 

Thurman and Wehunt (1955) developed a laboratory 

method of digesting forage with concentrated Hel. They 

found that DLm were significantly correlated (r = 0.66) 

with TDN but this relationship was not high enough to 
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develop an accurate prediction equation. 

When Baumg ar dt et ai. (1962) compared OLN wi th 

TON; digestible organic matter, digestible dry matter 

and digestible energy the correlation relationships were 

not significant. This work was not in agreement with 

the work of Thurman and Wehunt (1955) and a possible 

explanation was that Baumgardt and associates worked 

with hays while Thurman and Wehunt used sorghum silage. 

d. Voluntary Intake (VI) 

Intake of forages as related to nutritional value 

of forages has been discussed by Reid et al. (1959), 

Crampton (1957), McCullough (1959), and Conrad ~ al. 

(1964). Experiments at Macdonald College by Lister 

(1957) enabled him to develop a multiple regression to 

predict forage voluntary intake. In this equation 

voluntary forage intake (gm./day) was predicted from 

body weight (lb.), percentage cru de protein content of 

forage, percentage crude fiber content of forage and 

phosphorus content of forage (mgm./g.). 

Only two chemical fractions were found to bear 

significantly on voluntary intake by Smith (1958). 

Voluntary intake was found to be directly correlated with 
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protein content and inversely correlated with cellulose 

content. Although these relationships were highly 

significant, it was impossible to account for more than 

59% of the variability in voluntary intake by chemical 

composition of forages. 

Van Soest (1965b) investigated the factors 

influencing voluntary intake in relation to che~ical 

composition and digestibility. He found that chemical 

composition on the whole is mu ch more closely related to 

digestibility than voluntary intake. In sorne forages 

(orchardgrass, bromegrass, and Sudan grass) the relation 

between voluntary intake and chemical components was 

very high and could be predicted with sorne accuracy. 

Chemical analysis was used by Johnson et al. 

(1965) to predict voluntary intake (Relative Intake). 

Johnson and associates found that the solubility of 

forage in 1.0 N H2 S0 4 could be used to predict Relative 

Intake. Similar work by Mohammed (1966) showed that 

voluntary intake and forage solubili~y in H2 S0 4 were 

highly correlated (r = 0.99). 
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3. Detergent' Anaiysis (VanSoest) 

When Thaer (1809), Henneberg and Stohmann (1860), 

originally prepared crude fiber it was their belief that 

this fraction represented the indigestible portion of 

feedstuffs. However, additional work by these workers 

revealed that in sorne feedstuffs (forages) crude fiber 

was better digested than nitrogen~free extracto Since 

the discovery of the digestibility of crude fiber, 

numerous attempts have been made to find a method whereby 

feedstuffs could be divided into digestible and indigest

ible fractions. 

In recent years a most comprehensive study (f 

chemical methods to fractionate plants into constituents 

related to animal perfurmance has been conducted under 

the direction of P. J. Van Soest, working at the Belts

ville, Maryland laboratory of the United states Department 

of Agriculture. The first approach was ta find an 

easier method of determining lignine Van Soest (1963) 

reviewed chemical methods of analyzing for lignin and 

th en investigated reagents for digesting forages. He 

found that sodium laurel sulfate in neutral or slightly 

alkaline solutions (neutral detergent) and cetyl~ 

trimethyl ammonium bromide in strongly acid solutions 
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(acid detergent) could be utilized to divide forage into 

fractions which were either uniformly digested or not 

digested by ruminants. 

A new method for the determination of fiber was 

published by Van Soest (1963). In this paper the method 

of determining acid~detergent fiber (ADF) and the sub. 

sequent treatment of ADf by cold 72% H2S04 to produce 

acid-detergent lignin was outlined~ Van Soest points 

out that ADF is representative of the fibrous portion of 

forage and was more highly correlated with digestibility 

data than was crude fiber. 

Neutral detergent was used by Van Soest and Wine 

(1967) to fractionate forage material into a soluble 

portion and an insoluble portion which the latter termed 

neutral~detergent fiber and was composed of plant cell 

wal1s. The soluble portion was representative of the 

soluble portion of the plant ce11 and was found to be 98% 

digestible. 

In an effort to eliminate any factors, which might 

affect digestibility, Van Soest (1965c) investigated the 

effects of drying forage before chemical analysis. His 

observations were in agreement with the work of Bratz1er 

~ al. (1960), and Ekern et al. (1964), who observed 



42 

decreases in digestibility of crude protein,' dry matter, 

and gross energy due to drying. Van Soest (1964) attri

buted this reduction of digestibility to an increase in 

artifact lignin and consequently recommended that forage 

samples not be dried at a temperature above 45 0 C. 

The application of c~ll-wall constituent and cell

wall content analysis to evaluate the available energy 

content of forages was discussed by Van Soest and Moore 

(1965). Digestibility of cell-wall constituents was 

shown to be controlled by the concentration of lignin in 

lignocellulose. The cell contents were shown to be highly 

digestible and unaffected by lignin~ This indicated to 

Van Soest that one chemical fraction could not accurately 

be used to predict the nutritive value of forages. 

Consequently equations were developed utilizing lignin, 

acid~detergent fiber, and cell contents to predict per~ 

centages digestible dry matter, digestible energy and TDN. 

A number of problems were encountered by Van Soest 

when he tried to determine the true digestibility of cell 

walls. These problems were discussed by Van Soest (1967). 

During the last 5 years a number of researchers 

have utilized Van Soest~s methods in their work. Clancy 

and Wilson (1966) slightly modified. Van Soestls (1963) 
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method of determining acid~detergent fiber and contrary 

to VanSoest~s suggestion, used his modified acid

detergent fiber to establish a high correlation with in 

vivo dry matter digestibility (r = ~.85). Gaillard 

(1966), utilizing a number of chemical fractions, dis~ 

covered a high multiple correlation Cr = 95) between 

digestibility of organic matter and forage content of 

acid detergent lignin, cellulose, hemicellulose, and 

anhydro~uronic. Although the correlation coefficient 

was high and residual standard deviation was low for 

this relationship, the laboratory procedures involved in 

the chemical analysis may be too involved for handling 

large numbers of forage samples. 

The chemical composition of the cell~wall con~ 

stituents (CillO) and acid~detergent fiber (ADF) fraction 

of forages were investigated by Colburn and Evans (1967). 

These workers using 7 lucerne and mixtures and 14 grasses 

were able to show no species difference in cellulose 

content of ADF (mean value 79%) but the lignin content 

of ADF for grasses (10.6%) was significantly less than 

that of the lucerne and mixtures, which was 16.3%. 

Summation of cellulose, lignin, crude protein, and ash 

accounted for 95% of the total ADF for grasses and 99% 

for lucerne and mixtures. The ADF analysis recovered 
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92% of the plant cellulose and 6% of the crude fiber. 

Cellulose contents CC) could be predicted from ADF minus 

lignin (c) by the equation C = 4.56 - 0.8lc for grasses 

and C = 5.66 - 0.83c for lucernes (alfalfa) and mixtures. 

On the basis of this work Colburn and Evans (1967) 

agreed with Van Soest that ADF was a more precise entity 

than erude fiber and suggested that acid-detergent 

lignin may represent a more hard-core lignine 

4. Mechanical Methods 

It appears from the literature reviewed that very 

little work has been done ta utilize sorne mechanical 

method ta evaluate the nutritive value of forage. 

Probably the first step in this direction was taken by 

Troelsen and Bigsby (1964). These workers converted a 

double gear pump into a masticator, which was used to 

masticate 14 hays that had been fed to sheep. After 

mastication the hay samples were dried and passed through 

a series of sieves to determine a particle size index. 

Troelsen and Bigsby were able ta establish a high 

correlation (r = 0.94) between forage intake and 

partiele size index. 

More recently, Chenost (1966) developed a method 
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of assessing the degree of fibrousness of hay from the 

measurement of the electrical energy required to 

pulverize a 5-gm. sample of hay. Chenost found that the 

fibrous index (1/10 watt x hour) of the 25 hays studied 

exhibited a close relationship with the digestibility 

and, acceptability of the hays, determined by animal 

experiments. Organic matter digestibility was more 

highly correlated with the fibrousness index (r ~ -.931) 

than with crude fiber (r = -.756). It would appear that 

rèpeatability of results would be impossible unless 

exactly the same equipment and method of feeding the 

samples into the pulverizing equipment are emplayed. 

5. In vitrarumenfermsntation 
analysis 

A number of excellent reviews on the history and 

development of in vitro rumen fermentation techniques 

has been published (Moxon and Bentley 1955; Bentley 

1959; Johnson and Dehority 1963; Johnson 1966). Many of 
, ... 

the researchers working with in vitro rumen fermentation 

techniques have attempted ta apply these techniques to 

evaluating the nutritive value of forage. A number of 

criteria used to evaluate the nutritive value of forage 

has been predicted from in vitro measurements. 
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a. Digestible energy oriteria 

(i) Digestible dry matter (DOM) 

The use of in vitro fermentation for estimating 

forage digestibility and intake has been reviewed by 

Barnes (1965). In this review Barnes first explains that 

in vitro rumen fermentation teohniques involve three 

ingredients inoluding (1) the forage substrate, (2) an 

"artifioial saliva," more properly a buffer and nutrient 

solution, and (3) the rumen inoculum. This mixture is 

inoubated under anerobio oonditions at 390 C. for a 

speoifio periode 

Clark and Mott (1960) studied Il forages of known 

in vivo digestibility, and found in vitro digestibility 

estimates obtained during the spring to be signifioantly 

oorrelated (r = 0.77) with the in vivo data. However, 
.. . .... 

when the in vitro trials were repeated in the fall, a 

reduotion in digestibility ooourred and the oorrelation 

ooeffioient was reduoed to 0.49. They postulated that 

the reduotion in dry matter digestibility may have been 

due to deoreased aotivity of the rumen mioroflora or 

ohanges in the stored forages. Bowden and Churoh (1962) 

also found disorepanoies in the in vitro and in vivo 

relationship using forage samples stored for different 

lengths of time. 
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The work of Tilley et al. (1960) illustrates the 

effect of protein content and a proteolytic enzyme on 
...... ,' ., ... ,' 

the in vitro, in vivo dry matter digestibility relation~ 

ships. These workers found the closest agreement between 
.. . .. ,' 

the in vivo and in vitro dry matter digestibility with 

feeds of low digestibilities and low-protein content. 

Feeds withhigher digestibilities and particularly those 

with high protein contents revealed greatest discrep~ 

ancies. Further work revealed that a secondary digestion 

with the proteolytic enzyme, pepsin, resulted in higher 

correlations Cr = 0.98) compared to the correlation 

coefficient of 0.90 for rumen fluid alone. The use of 

pepsin simulated the digestion of protein which occurs 

post~ruminal. 

Further research by Tilley and Terry (1963), using 

130 samples of grass and 18 samples of clover and alfalfa, 

enabled them to establish the prediction equation 

y = 0.99X - 1.01 with a standard error of the estimate 

of 2.31, where Y = digestible dry matter and X = in vitro 

digestible dry matter. This procedure utilized a 48~hour 

incubation time and an additional 48~hour incubation with 

pepsin, sa therefore was quite time-consuming. 

A highly significant in vitro~in vivo correlation 
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Cr = 0.996) for dig-stible dry matter was also obtained 

by Wedin et al. (1966) using the Tilley and Terry in 
~ii~b rumen fermentation procedure. These workers 

suggest that this method is relatively inexpensive and 

could be adapted where forage evaluation programs are 

underway. However, the time required to handle one 

sample greatly restricts the number of forage samples 

that can be handled during a given time. 

Preliminary experiments were conducted by Karn 

et al. (1967) to determine at which in vitro fermentation -- -~..;;.;;;....;;;. 

time, measurements should be made to estimate maximum 

digestion rate. Both cellulose digestion (CD) and 

digestible dry matter (DDm) in vitro exhibited the 

highest correlation with in vivo DDffi after an Il-hour 

digestion periode Rate of in vitro CD and DDm between 5 

and Il hours was similarly correlated with in vivo DDm 

with the correlation coefficients of the same magnitude 

as the ll~hour digestion data. None of their correlation 

coefficients was as high as those observed by Wedin et 

al. (1966). 

Recent work by Dehority et alo (1968) suggests 

that in vivo DDm of forages can be estimated by cellulose 

digestion by pure cultures of cellulolytic rumen bacteria. 



This new approach utilized seven strains of rumen 

bacteria and revealed that results from four of the 

seven strains of the cellulolytic bacteria were highly 

correlated with in vivo DDM. 

49 

Previous to the work of Kumeno et al. (1967) in 

vitro fermentation experiments had used a cellulosic 

material (forage or purified cellulose) as the substrate 

to be evaluated. Kumeno and co-workers studied and 

developed an in vitro fermentation technique for estima

ting the nutritive value of digestibility of high-energy 

mixed rations. Twelve mixed rations, consisting of 

various proportions of hay and concentrate (ground corn) 

were compared with digestion trials conducted in vivo 

(sheep) and in vitro. These workers observed that dry 

matter disappearance in vitro after 48 hours was highly 

correlated (r = 0.85) with in vivo digestible dry matter. 

The application of in vitro fermentation techniques to 

high-energy rations would appear to be logical in present

day feed evaluation programs. 

(ii) Digestible energy (DE) 

A comparison has been made by Hershberger et al. 

(1959) between in vitro cellulose digestibility and in 

vivo DE. These workers utilized inoculum prepared from 
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sheep micro~organisms and a 24~hr. fermentation period 
. . 

for their in vitro work, along with conventional ll~day 

in vivo digestion trials. The forages tested were 

orchardgrass, bromegrass, Kentucky bluegrass, timothy, 

alfalfa and ladino clover. Cellulose digestion in vitro 

was observed to be significantly correlated (r = 0.92) 

with in vivo DE and a prediction equation was developed 

to calculate DE From per cent cellulose digested in vitro. 

Baumgardt et ai. (1962) used a simplified arti-

ficial rumen procedure to determine the relationship 

between in vitro cellulose digested and in ~ DE. 

These workers observed a high correlation between DE and 

in vitro cellulose digestion (r = 0.85) warranting the 

development of a prediction equation. 

. . . . 
Digestible energy in vivo was not highly cor~ 

related with in vitro cellulose digestibility by se ven 

pure strains of cellulolytic rumen bacteria according to 

the work of Dehority et ai. (1968). However, when in 

vitro cellulose digestibility was multiplied by per cent 

dry matter solubility (1 N H SO ), a high correlation 

(r = 0.90) was obtained with digestible energy. 
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-(iii) Total digestible nutrients (TON) 

Pigden and Bell (1955) were amang the first to 

use artificial rumen in vitro praduce ta evaluate forage 
• 0 0 

quality. These workers combined in vitro methods for 

determining digestible organic matter and carbohydrate 

to predict TON. 

A simplified artificial rumen procedure was 

utilized by Baumgardt et EÜ
o

• (1962) to predict TDN. 

Per cent TON could best be predicted From in vitro 

cellulose digestion according ta these warkers. 

b. Nutritive Value Index (digestible 
energy intake potential) 

Nutritive Value Indices (NVI) as developed by 

Crampton et al. (1960) were first determined by in vitro 

methods by Donefer et al. (1960). Nine forages, harvested 

over a period of two years and representing five dif

ferent species (3 legume, 2 grasses) cut at various 

stages of maturity, chopped, and artificially dehydrated 

were studied by in vivo and in vitro tests. Oonefer and 

co-workers determined Relative Intake and energy digest

ibility by in vivo (sheep) trials and calculated NVI of 

each forage. The 12~hour in vitro cellulose digestion 

determination was found to be highly correlated 
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(r = 0.91) with NVI. These workers proposed that 

Nutritive Value Index Y could be predicted from 12-hour 

in vitro cellulose digestion (X) by the equation, 

v = -7.8 + 1.314X. 

Two years later, work by Johnson et al. (1962) --
confirmed the validity of the prediction equation pro~ 

po se d by Donefer et ai~ (1960). . However, in their work 

Johnson and associates observed that the correlation 

coefficient of 0.95 between NVI and 12~hour in vitro 

cellulose digestibility (IVCD) of grasses, dropped to 

0.86 when alfalfa hays were included. The validity of 

the 12~hour IVCD to predict NVI was substantiated by 

Johnson et al. (1965). 

Methods of estimating forage nutrient value from 

in vitro cellulose digestion (IVCD) were studied by 

Chalupa and Lee (1966). These studies indicated that 

intake (Voluntary Intake, Relative Intake) and Nutritive 

Value Index (NVI) could best be estimated from 18-, 30-, 

and 18 x 30~hour, IVCD values, respectively. Chalupa and 

Lee suggested NVI could best be predicted from 18-hour 

IVCD by the prediction equation: NVI = 25.5 + 1.20X, 

where X is IVCD. 

The Nutritive Value Indices (NVI) of forages fed 
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ground or chopped using an in vitro fermentation method 

were determined by Donefer et ai. "(1962). Twelve-hour 

in vitro cellulose digestion coefficients (Donefer et al. 

1960) were determined for samples of dry forage for 

which NVI had been obtained by feeding the forage in the 

chopped and/or ground form to sheep. The NVI of 26 

forages fed chopped and 16 forages fed ground were 

highly correlated with in vitro cellulose digestion of 

the respective forages. Predictio~ equation to calcu~ 

late NVI from 12~hour in vitro cellulose digestibility 

revealed that grinding of the forage increased NVI an 

average of 10.9 units over chopped forage. 

Another approach in the determination of NVI was 

the use of chemical methods to dissolve cellulose. 

Dehority and Johnson (1963) used cupriethylene diamine 

(CED) to solubilize the cellulose of grasses. These 

workers were able to refine their technique to the extent 

that CED cellulose solubility was highly correlated with 

NVI. Dehority and Johnson proposed that NVI could be 

predicted by the equation: NVI = 1.126X ~ 30.27, where 

x = CED cellulose solubility expressed in per cent. 

A slightly Different approach for determining 

Nutritive Value Index (NVI) was taken by Donefer et al. --
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(1963). These workers used per cent dry matter dis

appearance (omo) by enzyme and aqueous solution as the 

criteria to predict NVI. For 14 forages omo as determined 

by HGl solution + pep sin was found to have the highest 

correlation (r = 0~95) with NVI determined in vivo with 

sheep. The correlation relationship between omo by HCl 

+ pepsin and NVI was considerably higher than the 

relationships observed by Dehority and Johnson (1963). 

Oonefer st ài. (1966) reported on the development 

of a prediction equation to predict the digestible energy 

intake potential (NVI) from per cent dry~matter dis

appearance (omo). In this experiment 49 forage (hay) 

samples, including both grass and legumes from five 

widely different locations were used to determine the 

relationship between in vivo NVI and omo by pepsin~HCl 

solution. The in vivo data used was calculated from 

sheep and cattle. Oigestible energy intake potential 

(NVI) was highly correlated (r = 0.95) with omD for aIl 

forages. 

A number of researchers have attempted to establish 

highly significant correlations between RI and in vitro 

fermentation techniques. In most instances these 
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correlations have not been high enough to establish 

reliable prediction equations. However, when chemical 

solubility of cellulose was combined with the in vitro 

criteria the relationship was improved. Johnson ~ ~. 

(1965) observed that RI would only be predicted accurate~ 
.. '" 

ly from in vitro cellulose digestion when it was combined 

with dry matter solubility (1 N H2S04). 

Relative Intake (RI) relationships were determined 

by Dehority et ai. (1968) using pure cultures of cellu-

lolytic rumen bacteria. When the RI of eight grasses and 
" . 

four alfalfa were separately correlated with in vitro 

cellulose digestion by two strains of cellulolytic bac~ 

teria significant correlations were observed. However, 

when the two species groups were combined the correlation 

relationship was greatly reduced. Dehority and co~workers 

were not able to obtain a significant correlation between 

the two strains of cellulolytic bacteria and RI until RI 

was multiplied by (1 N H2S04 ) dry matter solubility. 

Donefer et ai. (1966) observed a highly significant 

correlation (r = 0.94) between RI and pepsin - Hel dry 

matter disappearance for 49 forages. This correlation 

relationship was higher for all forages than for either 

grasses or legumes. The high correlation reported by 
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Donefer and associates indicates RI could be accurately 

predicted from pepsin ~ Hel dry matter disappearance. 

As RI is incorporated into the calculation of the 

Nutritive Value Index (NVI) it might not be necessary to 

separately predict forage intake, but rather use the 

more complete NVI measure. 

The whole field of in vitro laboratory methods for 

estimating forage quality was reviewed by Barnes (1965). 

He points out that the rlevelopment of reliable laboratory 

methods for estimating forage quality is one of the most 

challenging problems in agriculture today. He emphasizes 

that the main criteria for the in vitro analyses are dry 

matter and celluldse disappearance, although gas produc

tion and volatile fatty acid production are also utilized. 

The combination of in vitro fermentation and enzymatic 

breakdown by pepsin has shown considerable promise. 

However, Barnes indicated that the precision or repro~ 

ducibility of the in vitro method is one of its greatest 

problems, and a standard forage is often employed in an 

attempt to measure sorne of the variability. The deserved 

accuracy of predicting in vivo results from in vitro 

data are standard errors of the estimate of not greater 

than two for digestibility and not greater than five for 

Nutritive Value Index. 
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The magnitude of in vitro digestion and the 

variability associated with the in vitro rumen 

fermentation technique was investigated in a collabora-

tive study involving 17 laboratories by Barnes (1967). 

Considerable variability was observed in the techniques 

employed by the different laboratories. After observing 

the various sources of variability; Barnes concluded 

that the development·of a standard in vitro procedure 

appears to be necessary if a more direct comparison of 

in vitro results among laboratories is desired. 

D. Laboratory methods for evaluating 
corn silage 

Coppock and stone (1965) suggested the relative 

ease with which good~quality corn silage can be 

consistently harvested and stored without extensive 

losses probably accounts for the small amount of 

research done with corn silage in recent years, in con-

trast to the many experiments reported with grass~legume 

sil ages. However, as corn silage has become more widely 

accepted,· researchers have started to look for methods 

of determining the nutritive value of corn silage. In 

general the trend has been to apply methods used ta 

evaluate hay and grass silage. 
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1. Proximate analysis 

The "proximate principles" have been investigated 

as predictors of nwtritive value criteria (e.g., TDN, 

digestible dry matter, digestible energy) of corn silage 

in much the same way as with hay and grass sil age. 

a. Digestible energy criteria 

Mature corn sil age was observed by Huffman and Duncan 

(1956) ta be superior ta immature corn silage for milk pro

duction, when given with or without a grain supplement. 

However, the difference was not considered significant. 

llihen the average content of grain in silage was estimated it 

was found that the daily consumption was 0.76 lb. and 5.6 lb. 

for immature and mature silage, respectively. Huffman and 

Duncan concluded that these results indicate that most of 

the nutritive value in immature corn silage was present in 

the vegetative part of the plant (stalks and leaves). The 

nutritive value of corn silage stalks and leaves, relative 

ta the whole corn plant was also observed by Bratzler et al. 

(1965). These workers found that corn silage From the 

entire plant of normal corn forming grain, was significantly 

higher in nutritive value than corn silage without cabs, but 

these differences were not as great as had been anticipated. 

Nevens ~ al. (1954) investigated the relative pro

portion of leaf and ear of corn plants, suitable for silage 
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as predictors of nrutritive value criteria (e.g., TDN, 
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(1956) to be superior to immature corn silage for milk pro
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the nutritive value in immature corn silage was present in 

the vegetative part of the plant (stalks and leaves). The 

nutritive value of corn silage stalks and leaves, relative 

to the whole corn plant was also observed by Bratzler et al. 

(1965). These workers found that corn silage from the 

entire plant of normal corn forming grain, was significantly 

higher in nutritive value than corn silage without cobs, but 

these differences were not as great as had been anticipated. 

Nevens et ai. (1954) inve~tigated the relative pro~ 

portion of leaf and ear of corn plants, suitable for silage 
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during five successive seasons. Ear dry matter (DM) was 

expressed as a percentage of total DM in the si1age and 

increased rapidly over short periods (viz., from 11.4 to 

48.4% in 25 days. These workers observed a high positive 

correlation Cr = 0.96) between ear DM and total DM, 

enabling the prediction of ear content of corn silage in 

which there was little change in the DM. The remaining 

DM in the leaf stalk remained almost constant. 

German workers, Nehring and Laube (1958) utilized 

digestibility trials with sheep and chemical analysis to 

evaluate corn si1age at different stages of maturity. 

The DM content varied from 13.0 to 22.3%, with the fo11ow

ing constituents expressed on a dry matter basis: 

organic matter 92.8 to 95.7%; crude protein 7.1 to 14.2%; 

crude fiber 24.8 to 31.2%; nitrogen-free extracts 47.7 

to 62.3%. These workers reported digestion coefficients 

of organic matter were 68.0 to 75.5%, and digestible 

protein 3.6 to 9.8%. With maturity, content of nitrogen~ 

free extract was observed to increase significant1y 

while both crude protein and crude fiber decreased. 

A decrease in crude protein and cellulose of corn 

silage was observed by Johnson and McClure (1968). 

Since cellulose is indicative of the fibrous portion of 



plants these findings confirm the work of Nehring and 

Laube (1958). 
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After a five~year study of forage evaluation 

technique as applied to corn and grass silages, Woek and 

Yegian (1965) concluded that the moi sture content of 

silages seems to be the most important criterion of silage 

quality and hence feed value can be easily related to 

crop production and management practices~ They observed 

that as moisture content of corn silage decreased from 

82 to 70%, dry matter losses from seepage decreased from 

10.0 to 0.5%. 

Johnson gi al. (1966b) determined the effects of 

corn plant maturity on changes in dry matter and protein 

distribution. Corn plants were harvested at six stages 

of maturity in 1962 and eight stages in 1964. Johnson 

and associates observed changes in dry matter from July 

20 to October 14 were From 14 to 36% for stalks, 19 to 

79% for leaves and 10 to 62% for ears. The highest 

total dry matter yield per acre appeared to be between 

the dent and glaze stages. These workers did not observe 

any vegetative growth of leaves or stalks during visible 

ear growth and maturation. However, Johnson et al. 

(1966i) reported that soluble carbohydrates of both stem 
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and leaf increased for 5 weeks and then declined. In 

bath years the ear constituted over 60% of the dry matter 

at maturity but did not reach this level until September 

12 1962 and October 6 1964. 

The effects of corn plant maturity on digestibility 

of corn silage in sheep was investigated by Johnson and 

McClure (1968). Thewe workers observed that the dry 

matter content of corn silage increased steadily from 

milk stage ta fixed maturity. The apparent coefficients 

of digestibility were affected only slightly by maturity 

and were still 68% at the mature stage. Organic matter 

digestibility followed a similar trend ranging from 

69.5% to 72.9% over aIl stages of maturity. 

Cornell researchers (Coppoch and Slack 1966) have 

used the results of Johnson and McClure to provide an 

easy estimation of dry matter digestibility (OOM)~ When 

per cent DOM was plotted against per cent moisture or 

dry matter content of corn silage a linear relationship 

was obtained. By extrapolation of this line a table was 

produced ta enab1e the estimation of per cent OOM at any 

moi sture content. 

Adams et ai. (1964) published a formula for --
ca1cu1ating TON. This formula was of the same type as 
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the other formulas for calculating TDN for other forages; 

whereby TON was calculated from crude protein and crude 

fiber, bath on a dry matter basis. These formulas are 

aIl prediction equations; which Adams and associates 

state were based on data from over 700 forages taken from 

world literature. 

b. Voluntary intake and Nutritive 
Value Index 

The importance of voluntary intake was demonstrated 

by Huber èt ai. (1963). Their work showed that the vol

untary intake of milking cows (expressed as lb. dry 

matter/IDD lb. body weight) increased from 1.95 ta 2.13 

ta 2.31 as the silage dry matter increased from 25.3 ta 

30.3 ta 33.2%, respectively. Since the TON content of 

these three corn silages were essentially the same, TON 

(digestible energy) intake increased as the dry matter 

of the silage increased. The relatively high voluntary 

intake by sheep of the more mature corn silage was 

observed in a two~year trial by Johnson and McClure 

(1968). 

McCullough (1962) developed a multiple regression 

equation ta predict silage dry matter intake (OMI) for 

dairy cows. In this predict50n equation DMI was predicted 
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from crude protein crude fiber and calculated TDN 

requirement for milk production~ These four factors 

accounted for 93% variation in average silage DM content. 

The factors for the prediction equation were obtained 

from an experiment where 34 silages (viz~; summer grasses~ 

alfalfa; small grass and corn and silages made with and 

without additives) were fed free-choice and supplemented 

to dairy cows. 

Another prediction equation was developed by 

McCullough (1962) from the data in the ~bove experiment. 

Nutritive Value Indices (NVI) were best predicted from 

per cent crude fiber, dry matter and dry matter 108s in 

the silo. This prediction equation was not as accurate 

as the one to predict dry matter intake because only 

73% of the variation of NVI could be accounted for by 

the factors used. 

The validity of voluntary intake as a measure of 

the nutritive value of silages was investigated by 

McCullough et al. (1965)~ In this experiment 59 silages 

of oats, lucerne, wheat, millet, sorghum and corn were 

studied in different years with lactating cows or grown 

heifers ranging in liveweight from 200 to 600 lb. 

Concentrates were fed to aIl cows at the same rate per 



64 

unit milk produced. McCullough and associates were able 

to show that 87% of the variation in milk production 

could be accounted for by intake of digestible dry matter 

and differences in body weight. 

2. o~~~~'6~~~i~~i'~~~i~~~~ 

There has been very little work reported in the 

literature on the application of chemical analysis, other 

than the flproximate principles u to determine the nutri

tive value of corn sil age. 

a. Digestible energy criteria 

Digestible dry matter by sheep was correlated by 

Simkins and Baumgardt (1963) with different chemical 

analyses to determine if reliable prediction equations 

could be developed. In this work they used acid 

detergent fiber (ADF), acid detergent lignin by Van 

Soest and digestible laboratory nutrients (DLN) by Thurman 

and lliehunt. The sil ages used in the experiments reported 

by Simkins and Baumgardt included corn silage as weIl as 

silages from many other species. However, the results 

of the work indicated that of the chemical methods tested, 

only acid detergent lignin was significantly correlated 

with DDM but this was only at the 5% level. 
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a. Digestible energy criteria 

Attempts by researchers to predict digestible 

energy criteria from in vitro methods have met with 

little success. Simkins and Baumgardt (1963) attempted 

to predict in vivo digestible dry matter content (DOM) 

of corn and sorghum silage from in vitro cellulose and 

dry matter digestion. Their work revealed that DOM 

could not be accurately predicted for either in vitro 

cellulose digestion or in vitro dry matter digestion. 

The cellulose digestibility of different parts of 

the corn plant was investigated by Johnson et al. (1966a). 

ln vitro digestibility after l2~ and 48~hr. of the 

cellulose of stem declined for 15 days and then remained 

constant. Johnson and associates observed that in vitro 

cellulose digestibility of leaf material was higher but 

declined slowly and steadily throughout. In vitro 

digestibility of cellulose was high for silage as for 

fresh material~ However, these workers did not attempt 

to correlate in vitro cellulose digestion with in vivo 

criteria of nutritive value. 



III. OBJECT OF RESEARCH 

Various laboratory methods have been proposed ta 

evaluate the nutritive value of forages. These methods 

have generally been developed by comparison with the 

known nutritive value of pure stands of forage. 

The abject of the research herein reported was: 

(1) ta study the nutritive value of forage produced in 

the province of Quebec using various laboratory methods 

and coding systems as the criteria; (2) ta compare the 

efficacy of various laboratory methods for the evaluation 

of farm~produced forages. 
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IV~ FORAGE SURVEY 

A. Introduction 

A survey of the nutritive value of farm-produced 

forage mas initiated in August 1966 to include hay and 

sil ages harvested and prepared during that summer. 

Forage samples and descriptive information mere 

collected on farms enrolled on the Dairy Herd Analysis 

Service (D.H~A.S.) program of Macdonald College. These 

farms mere selected because they were being regularly 

visited by college personnel (D.H.A.S.supervisors)with 

detailed information potentially available on the nature 

of the dairy operation. The D.H~A.S~ program was just 

getting established during this period, with 125 herds 

already enrolled on the program. 

The D.H.A.S. is a dairy cow production testing 

program, providing milk analysis, cost analysis and 

grain feeding recommendations for each com on the pro

gram. The D.H.A.S. utilizes a digital computer (IBM 

1620) in its calculations and production of farm reports. 

As approximately 75% of the dairy farmers enrolled 
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on D~H~A~S. were French speaking, and the writer is not 

bilingual, it was necessary to rely on the D~H.A~S~ 

supervisors to act as interpreters and to assist in 

gathering forage samples and descriptive information 

relative to the samp'les. 

. '. . 
B • Experimental 

. . . . . . . . . . . . . . . . . . . . 
1. Area and farms surveyed 

The dairy farms surveyed were restricted to those 

on the D.H~A.S. program with an attempt made to obtain 

forage samples for aIl 125 farms enrolled on D.H.A.S. at 

that time (August~November 1966). However, due to problems 

of fitting sampling time in with the D.H~A~S. supervisor~~ 

daily routine, it was not pos~ible to visit aIl herds. 

A total of 85 farms was visited and 269 hay, 75 corn silage, 

and 26 grass silage samples were obtained. Of the hay 

samples, 243 were ~'first cut" and 26 mere obtained From 

"second cut" (aftermath) growth. Hay, silage (corn or 

grass) were collected on each farm, if available. In 

sorne cases only hay samples were available, no silage 

being prepared on the farm. In certain cases, hay 

sampling was done before corn silage preparation so that 

the supervisors collected silage samples on a subsequent 

visit to the farm. 
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The 85 farms visited were for the most part in 

southwestern Quebec. This was the area within 

approximately a 60~mile radius of Macdonald College and 

covering parts of 20 counties. 

The D.H~A.S. farms surveyed could be characterized 

as commercial milk operations. Generally the farmers 

with purebred dairy herds enroll on the Record of Per

formance (R.O~P.) program and not in the D.H.A~S. 

program because in the latter the production records are 

not considered official by the breed associations. 

Dairy farmers with smaller herds (less than 20 cows) and 

lower incomes from milk are not generally enrolled on 

the D.H~A~~~ program. 

2. Sampling eguipment 

Hay samples were obtained from baled hay by using 

a sampling device constructed by the Department of 

Agricultural Engineering of Macdonald College (Figure 1). 

This sampling device was modelled after the Penn. State 

Forage Sampler. The tube of the sampler was made from a 

50-cm. length of zinc~coated, 16~gauge electrical conduit 

pipe with a 2.5-cm. inside diameter. A flame-hardened 

cutting tip was soldered to· the end of the sampler tube. 
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Fig. 1. L to R,. electric drillwith closure devise; 
sampler tube with cutting tip at bottom; rod to extrude 
sample core; hay s~mple in polyethylene bag. .... 

Fig. 2 •. Samp~in~ procedure Chay). 
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Fig. 1. L to R, electric drill with closure devise; 
sampler tube with cutting tip at bottom; rod to extrude 
sampIs core; hay·sample in polyethylene bag. 

Fig. 2. Sampling procedure Chay). 
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The opposite end of the sampling tube was fitted with a 

closure device so that rotation of the tube detached it 

for sample removal. The closure end was soldered to a 

1.0-cm. diameter rod which was inserted into the chuck 

of an electric drill (Wen model 950, 1/2 horsepower) to 

provide power for boring into the baIes of hay. 

3. Sampling procedure 

a. Hay samples 

Hay samples were collected by the writer 

accompanying the D.H.A.S. supervisor on his regular 

visits to participating farms. Forage sampling was 

undertaken after obtaining the permission of the farmer. 

For each type of hay, sample cores were randomly taken 

from 10-12 different baIes located throughout the hay 

mow (Figure 2). These sample cores were taken by drill-

ing into the exposed end of the baIe. When loose hay 

was encountered, the hay was compressed by standing on 

it and sample cores taken by drilling vertically down 

into the hay. Where it was impossible ta reach the hay 

in the mow, then baIes of hay were thrown down ta the 

born floor and somples were taken. 

Sampler emptying was accompli shed by disconnecting 

c tho sampler at the closure device, placing this end into 
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3. Sampling procedure 

a. Hay samples 

Hay samples were collected by the writer 
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undertaken after obtaining the permission of the farmer. 
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from 10-12 different baIes located throughout the hay 
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was encountered, the hay was compressed by standing on 

it and sample cores taken by drilling vertically down 

into the hay. Ulhere it was impossible to reach the hay 

in the mow, then baIes of hay were thrown down to the 

barn floor and samples were taken. 

Sampler emptying was accompli shed by disconnecting 

the sampler at the closure device, placing this end into 
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a polyethylene bag (0.004 mm. thick) and pushing the hay 

core out of the sampler with a metal rod, approximately 

62.cm. long and small enough to slide easily thfough the 

sampler. The polyethylene sample bags were sealed by 

fol ding the top over several times and stapling across 

the fold and an identification card listing the number 

of the sample. 

b~ Corn silage samples 

Corn silage samples were collected either by 

drilling or taking several handfuls from the exposed 

surface of the silage~ Any spoiled silage was removed 

before sampling. Cores or handfuls were taken from 

approximately six spots picked at ran~om on the exposed 

face of the silo. The silage sample~ were contained in 

the same type of polyethylene bags as the hay sampI es. 

Care was taken ta seal the bags tightly by more folds 

and securing with extra staples~ These precaution~ were 

made ta minimize loss of moisture from the samples. 

The major proportion of silage samples were 

collected by the D.H~A.S~ supervisors as it was not pos~ 

sible for the writer ta visit farms after the first of 

October 1966. Through the courtesy of the D~H.A.S. 

supervisors, samples of silage were collected throughout 
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the win ter months of 1966-67 as the silage was fed out. 

4. Information'collection 
procedure (cades) 

The third step in the sampling procedure was 

recording information describing the sample. A modifica

tion of the form used by D.H~A.5~ and shown in Figure 3 

was used. 

Hay samples were numbered bythe two letters ~XH" 

followed by a number. The letter flXfl was used ta indicate 

the year 1966 while the letter "Hfl indicated a hay sample. 

The samples were numbered consecutively From number one 

ta the total number of samples collected. Sil age samples 

were numbered by the same method except the letter "5« 

was used ta indicate silage. 

Descriptive information relating ta each sample 

was recorded in the appropriate column. This information 

was recorded by using the following codes. 

a. Kind code Chay and grass sil age) 

This was used ta describe the relative proportions 

of leguminous and grass species present in the forage. 

Forages were visually examined and an estimate made ta 

the nearest one-third of legume and grass species present, 



FORAGE HARVESTING RECORD 
prepared by 
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Dairy Herd Analysis Service ~ Macdonald College, P. Que. 

Member ____ ·._J_o_h_n_·_D_o_e ______ ___ Herd Code: Co. 69 No. 201 

H' . A.· V· .. 

Total SampIs . Id Kind Location Date Method Weather 
n~~Q~r.t~:n) 9f8?Y .. iD mow . Qarvested ofc~ring9amage 

XHI 100 

Sample Total 
y'ield number (ton) 

XSl 50 

Sample Total 
yield number. (ton) 

XS2 60 

1 

·G R A 

west 
side 

S S S 

16 .. 6-66 x o 

l L A G E 

Kind of Location Date Preservative used 

silage in silo harvested Kind Amto/ton 

2 Top t 1-6-66 - IJIJ .. 

Looation Stage cf Estimated bu. 
Variety shelled 
... . - .. in. si19 .. .rnaturity corn/ton 

Dekalb 30 bottom i 2 .. 

Fig. 3. Form used for recording sampling information. 



as follows: 

Mixtures 

Legume hay, 2/3 or more legumes 

Mixed hay, 1/3 to 2/3 legumes 

Grass hay, less than 1/3 legumes 

b. Stage of maturity code 
(hay and grass sil age) 

Kiriéi'tàéiè'Nùmbèr 

l 

2 

3 
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The stage of maturity of the plants as harvested 

was visually estimated according to the following codes: 

stage of Matùrity 

Bud 

Early bloom 

Mid bloom 

Full bloom 

After bloom 

c. stage of maturity code 
(corn silage) 

, .. 
Maturity Code Number 

l 

2 

3 

4 

5 

Corn silage maturity as harvested was visually 

estimated and described according to the following codes: 

Stage of Maturitx: Maturitx: Code Number 

Milk l 

Dough 2 

Hard dent 3 

Ripe 4 



d. Method-of-curing codes 
(hay) 

The methods used to cure hay were coded as 

follows: 

Method Code Letter 

Conditioned (stems crushed or crimped) X 

Mow dried (forced air) Y 

Artificially dried (forced air and heat) Z 

Sun cured not coded 

e. Weather-damage code 
Chay) 

Weather conditions during curing were described 

as follows: 

Weather Weather Code Number 

No weather damage o 

Light rain l 

Heavy rain II 
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In the column "date harvested" the actual harvest 

date was recorded. Columns headed "total yield" 

"location in the mow" "location in silo" and "variety" 

were completed for the farme~~s and D~H~A~~~ superviso~~s 

benefit in planning the feeding program. The column 

headed "estimated bushels of shelled corn per ton" was 

rnpt completed, while the column headed "preservative 



used" was rarely used due to infrequent ~se of grass 

sil age preservatives. 
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The Forage Harvesting Record form (Figure 3) was 

completed induplicate for each farm visited~ One copy 

was left with the farmer and the second copy returned ta 

Macdonald College with the forage samples~ 

C. Results and Discussion 

a. Kind code 

Distribution of first and second cut hays by kind 

code are summarized in Table 2. More than half of the 

first cut hays (58~4%) containing 2/3 or more grasses 

were coded as kind #3, while 80.8% of the second~cut 

hays containing 2/3 or more legumes were coded as kind #1. 

This data clearly indicates that legumes predominate in 

second~cut mixed stands. 

When maturity code, weather code, and date of 

cutting (days after June 15) of first cut hays were 

compared according ta species (kind), sorne interesting 

trends appeared as noted in Table 3. A trend was 

observed which indicated the higher the grass content 



78 

TABLE 2. Distribution of first-cut and second-cut hays 
,bY,k,j.QQ,ç:ç,ç1e 

First-cut'hays 
Forage Kind Code* 

, No. ' 

Legumes 1 32 

Mixed 2 69 

Grasses 3 142 

,Total, ' 

* 1: 2/3 or more legumes 
2: 1/3 ta 2/3 legumes 
3: less than 1/3 legumes 

%, 

13'.2 

28.4 

58.4 

Second-eut hays 

,No. ' 

21 

4 

1 

, ' ,26, 

80.8 

15.4 

3.8 

the more advanced the stage of maturity at harvest. 

Kind #3, with a mean maturity code of 4.5, was harvested 

at a significantly later stage of maturity than kinds #1 

and #2, with mean maturity codes of 4~0 and 4.1, respec-

tive1y. 

This re1ationship between species and maturity was 

further confirmed in the date of cutting code (days cut 

after June 15) which increased with the increase in 

grass content. Kind code #3 was cut at a significantly 

later date than kind codes #1 and #2. The high standard 

deviation associated with the mean date of cutting code 

would indicate a large spread in harvest dates,' especially 
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TABLE 3 • Comparison of code data of first~cut hay according ta species (kind) 
. . . . . . . . . . . . . . . . . : ............... (~4~ . ~~r[1p'~ ~ ~) ....................... , , , ..... . 

Forage Kind Code1 No. 
. . MaturitY'code 2 Date'of'c~tting3 . 'Weather'code~' 

... Mean' ... s. () •...... Mean' .. , S~ D.· . , , .. Meal'l' .. , S. D. ' . 

Legumes 

Mixed 

1 

2 

32 

69 

'c 4'.Oa !0~4 19.4a + . 
-15.3 

a + c.. ..c a 
4.1 -0.5 20.7 

+ . 
-10.9 

'. a 
0.4 

+ .' 
-0.9 , , . a 

0.2 + -0.6 

Gras~es 3 142 b +'. b +. ·a + 
4~9 ..... -:-9'!!?, ... ,?~'!f?,., .-~?'!~.", .Q'!~." .. -:-9.8 .. ................ 

1 Kind code 1 = 2/3 or more 1egumes 
Kind code 2 = 1/3 ta 2/3 1egumes 
Kind code 3 = 1ess than 1/3 1egumes 

2Maturity codes Nos. 1 ta 5 indicate 1east mature ta most mature 

3Number of days after June 15 hay was cut 

4Weather code 0 = no weather damage; whi1e codes nos. 1 and 2 indicate 1i~ht 
rain and heavy rain respective1y. 

a,bMeans in the same co1umn with simi1ar superscripts are not significantly 
different (P4.01) 

e 

-..J 
\0 
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with 1egume hays which were harvested From approximate1y 

June 15 to the end of Ju1y. 

No consistent re1ationship was found between 

weather and kind. However, there were not enough hays 

damaged by weather to be able to estab1ish a re1ationship 

with any of the other factors considered. 

b. Effect of cutting 

Table 4 shows the comparison of first-cut hay, 

second":,,cut hay and aIl hays combined,' according to kind, 

maturity and date codes. Secodd-cut hay contained 

significant1y more 1eguminous plants than first":,,cut hay 

as indicated by a mean kind code of 1.2; and supports. 

the data presented in Table 2. These data a1so indicate 

that second":,,cut hay was cut at a significant1y ear1ier 

stage of maturity than first-cut hay. 

Date of cutting code which is a1so an indicator 

of maturity does not fo110w the same pattern as maturity 

code, revea1ing no difference among hays. This differ

ence may be due to second-cut hay being based on a differ

ent date. The base date for second-cut hays was the 

date that the ear1iest samp1e was harvested (August 1 

1966) rather than June 15 1966, used for first":,,cut hay. 
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TABLE 4. Summary of code data for first~cut, second~cut and combined hays by 
............ . .yi?ll:l?l.?p'p~?:j.?l?~" .. ,., .. , .. " .... , ...... . 

Forage 

First~cut hay 

Second-eut hay 

. . Kind' Codel ... 'maturity·Code 2 . 

. . . . . me an' . . . S. D. ' . . , . . , . . . me an . . , . S ~ D. ' 

2.5 a 

1.2b 

±0.7 

:0.5 

4.3 a 

3.3b 

±0.6 
+ . 
-0.9 

Date'of'cutting 3 

.. Mean . , .. S. D •.. 

22.9a 

23.8 a 

±12.9 

±10.2 

Total a + 
.7~~ .... ,-:-Q'!~ .. 

'a + a + . 
4 ~? , . , , -:-Q '! ? , . , , , , , , , ?~!' Q . ' , . -:-:J. 7!' ? ' , 

lKind code 1 = 2/3 or more legumes 
Kind code 2 = 1/3 ta 2/3 legumes 
Kind code 3 = less than 1/3 legumes 

2maturity codes 1 ta 5 indicate least mature ta most mature 

30ays after June 15 hay was eut 

abmeans in the same column with similar superscripts are not significantly 
diffel'ent (p<, .01) CD 

1-' 
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Regardless of this, date code is an indicator of the 

mean number of days elapsing after the earliest harvested 

hay irrespective of the cutting of hay~ However, date 

of cutting may have different effects for first- and 

second~cut hay as pointed out by Reid st al.; (1959).' 

These workers observed that digestible dry matter was 

highly correlated with days cut after April 30 until 

July 12. After July 12 the digestible dry matter de

creased only slightly. This would indicate that it is 

quite possible that second~cut (aftermath) hay matures 

at a slower rate and is thus less mature at essentially 

the same fldate of cutting" as first-cut hay. 



V~ A COMPARISON OF VARIOUS LABORATORV 
METHODS FOR EVALUATING 

FARM-PRODUCED FORAGE 

A. Introduction 

Different methods of evaluating forages were 

chosen for comparison. These methods were chosen because 

they appear to fulfill the criteria of a method for 

evaluating forage for use in practical feeding programs. 

These criteria were: (1) the m.sthod must be relatively 

simple so that the procedure can be c~rried out by 

regular laboratory personnel; (2) methods must be rapid 

so that large numbers of samples can be handled; 

(3) methods should not require expensive and overly 

complicated laboratory equipment; (4) the method must 

be able to measure ~he available energy content of the 

forages with sufficient accuracy to be utilized in 

practical feeding programs. 

83 
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8. . Experimental 

.... , . , .. 
1. Préparation of samples 

AlI forage samples as described in Section IV 

were prepared for chemical analysis by being passed 

through the fine (0.59 mm. diameter) size screen 

(equivalent to 30 mesh U.S.8~S.) of a Raymond Laboratory 

Hammer Mill. Hay samples observed to be inadequately 

dried and aIl sil age samples were dried overnight in a 

forced air oven at 45 0 C. before grinding~ 

Each ground sample was thoroughly mixed and placed 

in an 8~oz., wide~mouth screw~top amber glass bottle. 

The bottle topa were fitted with a bakelite liner to 

make an air~tight seal. Whenfull, these bottles 

contained appr~ximately 75 gm. of sample. 

2. Chemiéaianalyses 

AlI forage samples collected were analyzed for 

dry matter by the vacuum drying method of the A~o~A~C. 

(1965). Crude protein analysis was conducted according 

to the A.D.A.C. (1965) macro~kjeldahl method. The 

cellulose content of aIl samples was determined by the 

method of Crampton and Maynard (1938) as modified by 

Donefer et al. (1960). 
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. . . '. " .. 
3. Additional chemical analyses 

Additional chemical analyses were completed on 40 

selected hay samples. Due to the labor involved in the 

desired analyses it was impossible to do aIl analyses on 
. . 

the total (269) samples. Therefore, 40 samples were 

selected from the 269 sampl~s for additionalchemical 

analysis. The 40 samples provided a large enough number 

for error control in analysis of variance. These 40 

samples were selected by a process of restricted random-

ization. The restriction was that there was a conscious 

attempt to select samples from aIl stages of maturity. 

The 40 selected samples were analyzed for crude 

fiber according to A.O~A~C. (1965) with two modifications~ 

First, a sintered glass pyrex filter base (millipore no. 

XX 1004702) was used ta replace the ~Oklahoma filter." 

Second, liquid reagents were maintained at boiling by 

two hot plates instead of being immersed in a boiling 

water bath. Analyses for acid detergent fiber (ADF) and 

lignin were by the method of Van Soest (1963). Per cent 

cell contents was determined by the procedure developed 

by Van Soest and lliine (1967). 



4. Procedures to evâiuate the 
energy content of forage 

a. Total Digestible Nutrients and 
E~timated Net Energy ~ The 
Penn. State Formulas 

The methods used by Penn. State Forage Testing 
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Service were utilized in the present study because these 

methods are currently being used in several states in 

the U.S.A. 

(i) Total Digestible Nutrients 
(Penn. State ~ l formula) 

The following formulas were used by the Pennsyl

vania State University Forage Testing Service (Adams 

1961) until ::January 9,' 1963 to predict TON: 

Digestible protein (OP) was predicted by the 

equation 

OP = 0.946X - 3.52 (Holter and Reid 1959) 

where 

x = crude protein as per cent of dry matter (DM) 

Metabolizable energy (ME) as calories per kg. of 

DM tUas predicted by the equation 

ME = 3240 - 14X1 - 39.1X2 (Axelsson 1952) 

tUhere 

X1 = DP as per cent of DM 

X2 = crude fiber as per cent of DM 



Total Digestible Nutrients (TON) was calculated 

by the equation 

Per cent TON kcal. of ME per kg. DM = 3563 kcal. of ME per kg. TON x 100 

where 

3563 kcal. ME = l kg. TON (Swift 1957) 

For purposes of brevity; this method of calcu

lating TON will be referred to henceforth in this text 

as the «Penn. state - l formula." 

(ii) Total Digestible Nutrients 
(Penn. state - 3 formulas) 

After January Il, 1963, the Penn. state Forage 
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Testing Service changed from the l~formula to 3~formulas 

to calculate TON. The following prediction equations 

were developed by Adams et al. (1964) for different 

kinds of forage: 

Legumes (including soybean forage and peavines) 

TON = 74.43 + 0.35 CP - 0.73CF 

Mixed hay (crops and forages of unknown origin) 

TDN = 65.14 + 0.45 CP ~ 0.38 CF 

Grasses and corn stover (no ears) 

TDN = 50.41 + 1.04CP - 0.07 CF 

where 

CP = per cent crude protein (OM basis) and 
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CF = per cent crude fiber (DM basis). 

This method of calculating TDN will henceforth be 

referred to as "Penn. State - 3 formulas~" 

(iii) Estimated Net Energy (ENE) 

TDN by either the Penn. State ~ l formula or 

Penn~ State - 3 formulas, was converted to ENE by the 

formula by Moore ii ai.: (1953). This formula is 

represented by the equation: 

ENE (megacal. per 45.4 kg~) = 1.393X - 34~63 

where 

x = TDN as per cent of DM~ 

b. Total Digestible Nutrients 
and Estimated Net Energy ~ 
Van Soest Formulas 

This method of determining the energy content was 

chosen for comparison because it was a new approach to 

evaluating forage and appeared to be a method that could 

be utilized in evaluating forage for practical feeding 

programs. 

Van Soest and Wine (1967) method for calculating 

TDN utilized the following equations: 

Soluble cell contents (5) = 100 - W 

y = 100L/ADF 
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R = 100 vis 
A = 100 - R 

where 

W = per cent cell wall constituents 

y = degree of lignification of fiber 

L = per cent lignin 

ADF = per cent acid detergent fiber 

R = unavailable portion of forage and 

A = availability index. 

TON can be caloulated from the prediction equation 

TDN = 0.653A + 16.7 

where 

TON = Ib~ of total digestible nutrients per 100 lb. 

dry mattsr (or per cent). 

ENE can be calculated from the prediction equation 

ENE = 0.905A - 11.2 

where 

ENE = megacalories (Meal.) per 45.4 kg. OM or therms 

per 100 lb. 

Throughout the text the methods of calculating 

TDN and ENE by methods developed by Van Soest will be 

indicated as TDN (Van 50est) and ENE (Van 50est) 

respectively. 
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c. Nutritive Value Index (NVI) 

Nutritive Value Indices were used as a measure of 

the nutritive value of forages in this study in an 

attempt to determine if NVI would be of practical value 

in a forage evaluation program. The concept of NVI was 

developed by Crampton et ai. (1960). 

NVI as developed by Crampton and associates was 

calculated from iù vivo data by the followîng formulas: 

Relative Intake (RI) = ob~~~ve~'~aii~'~ay'i~ha~~' C6m:) xlOO 
80(W· 75 ) 

where 

W = weight in kg. and 80 gm. per unit metabolic 

weight is the daily consumption in gm. of the 

standard hay (good quality alfalfa) for sheep. 

For cattle the comparable figure is 140 gm. 

per day. 

NVI = RI x % digestibility of energy 

A laboratory method was developed by Donefer et 

al. (1966) whereby NVI could be predicted from dry matter 

disappearance (DMD) by incubation of a forage sample in 

an aqueous solution of pepsin~HCl. 

NVI was calculated by the following prediction 

equation: 
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NUI = -0.75 + 1.60X 

where 

x = per cent OMO 

As the above equation is based on hay samples on 

a dry'":,"'matter basis; which mas not the case for the farm

produced samples, NUI was reported on an "as-fed basist1 

(predicted NUI x % DM of sample)~ 

d. Evaluation of the energy content 
of hay by Quality Codes 

The system of assigning Quality Codes to indicate 

the estimated net energy content of forages is being 

followed by a number of Oairy Herd Improvement 

Associations in the United States and is presently being 

utilized by the Macdonald College Oairy Herd Analysis 

Service. Due to the widespread application of forage 

Quality Codes the decision mas made to compare this 

method of evaluating forages as developed by the Cornell 

University workers with the laboratory methods as 

described in 4a, b, and c of this chapter. 

The Quality Code system used for evaluating hay 

mas the Cornell Quality Codes as described in the DHIA 

Supervisors' Handbook (1962) as modified by the D~H.A~S. 

The cutting dates for the tabu1ar code values were 
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delayed one week ta coincide with the later season of 

Quebec. The tabular values at various cutting dates can 

be observed in Table 5. 

TABLE,5. ,D.H~A~~~,for~ge,~v~luation,Qual~~y Codes 

Date cut . . . . 

Before June 5 

June 6 - 15 

June 16 - 25 

June 26 - July 

July 6 - 20 

After July 20 

Second and 
third cutting 

5 

stage of,growth, 

early vegetation 

Quality 
codes 

57 

before heading or budding 50 

boat stage or 1/10 bloom 43 

full bloom 37 

after bloom 31 

ripe 25 

41 

Hày was coded by referring ta Table 5 and fin ding 

the appropriate cutting date and stage of growth for the 

hay and assigning the tabular value indicated. 



e. Evaluation of the energy content 
of corn silage 

(i) By chemical analysis 
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TON for the corn silage samples was calculated by 

the following prediction equation: 

TON = 77.07 - D.75CP - 0.07 CF (Adams et al. 1964) 

where 

CP = per cent crude protein and 

CF = per cent crude fiber, bath on OM basis. 

TON was converted to ENE by the formula of Moore 

e t al. (1 953 ) • 

(ii) By Quality Codes 

The system of assigning Quality Codes ta indicate 

the estimated net energy content of foragesalso applies 

to corn silage. This system as developed by the Cornell 

workers gives estimated net energy value for different 

ranges of dry matter and stages of maturity. The tabular 

Cornell Codes were modified by D.H.A.S. for use in Quebec. 

These modified codes along with the original Cornell 

Quality Codes for the various dry matter ranges can be 

observed in Table 6. 
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Stage of o ~ H ~ A~ s. Cornell 
maturity' .. .. %. OMo .. Quality' Code Quality Code 

Tasseled 22 

Milk 24 

Early dent 28 

Hard dent 30 

Ripe 35 

Ears removed 23 

f. Statistical analysis 
of data 

48 58 

49 59 

50 60 

51 61 

52 62 

- -.... ~ ... . .. 

Simple correlations were calculated for aIl 

parameters combination according to the method described 

~y Steel and Torrie (1960)~ Multiple correlation analysis 

was carried out by the method described by Goulden (1952). 

A randomized plot design was used to compare 

methods of determining ENE~ Analysis of variance of this 

design was carried out as indicated by Cochrane and Cox 

(1957). 

Treatment means were compared by Ounca~~s multiple 

range test (Steel and Torrie 1960). 



Significant difference between two treatment 

means was determined by a Ut" test described by Steel 

and Torrie (1960). 

The IBM 1620 Digital Computer was utilized to 

execute the calculations of the statistical analysis 

as described above. The program for multiple 

correlation was written by Dr. John Moxley of the 

Macdonald College Computing Centre. Other data on 

D~H~A~S~ herds were provided by computer programs 

written by Dr. Moxley~ Operation of the computer, key 

punching and writing of assorted programs to handle 

data were provided by the author. 

a. Crude fiber and cellulose 
(species relationships) 
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The Penn. State methods of estimating TDN and ENE 

were based on crude fiber and crude protein were utilized 

in the analysis of samples. Because of the time~consuming 
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empirical aspects of the crude fiber analysis an 

alternative method of determining crude fiber was exam

ined. The relationships of crude fiber and cellulose 

contents of selected samples of hay, grass silage, and 

corn silage are shown in Table 7. Means of crude fiber 

and cellulose for each type of forage are very similar. 

Standard deviations of crude fiber and cellulose 

analysis follow basically the same pattern, being small 

(!2.9 and !2.2) respectively, for hay while increasing 

in both grass silage and corn silage to approximately 

+5.0. 

llihen crude fiber is compared as to type of forage 

there is not a significant difference between mean crude 

fiber content of hay and grass sil age, but the corn silage 

is significantly lower than hay. However, crude fiber 

means of the two types of silages are not significantly 

different. 

The percentage cellulose content of the forages 

follows exactly the same pattern as crude fiber. 

Regression analysis was conducted between crude . 

fiber and cellulose content of each type of forage with 

the relationships obtained illustrated in Figure 4. In 

the figure the similarity of the respective regression 
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Fig~ 4. Relationship between cru de fiber and cellulose. 
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TABLE. 7 .. C9~p~r~SOn9f.c~uqe. fiberandqellulose 

Type Number of 'Crude'fiber' Cellulose 

of. f9~~9~ ...... ~~~p~~ ~ .... Mean' . S. D.· . Mean' . S. D • 

Hay 40 
+ .. 
-2.9 32.1 a + -2.2 

Grass silage 10 29.2ab + .' -5.8 30.·2ab + . 
-4.3 

. b 
Co~n. ~~~~g,? ..... ~~ ...... ~!?~~ ... . 

+ . 
-:-4~~ ~6.·7b + -:-5.0 

a, bMeans in the same column with similar superscripts 
are not significantly different CP < . Dl). 

lines of crude fiber on cellulose for each type of 

forage and the combined types of forage can be observed. 

In Table 8 the calculated regression equations,' 

correlation coefficients~ and standard error of the 

estimate are shawn. When the standard error of estima-

ting crude fiber is compared with the related crude fiber 

mean the per cent error is less than the standard 5% 

allowable variation between determinations. For example, 

for hay the calculation would be 1.21/31.9 x 100 = 3.8%. 

The mean crude fiber figure was taken From Table 7. 

Due ta the inherent difficulties of the crude 

fiber analysis, plus the fact that cellulose determination 

is a routine analysis in our laboratory, it was decided 
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TABLE 8. Regression equations and reliability for 
estimating cru~e.fiber (y). fromcellulose (X) 

Type of 
forage 

Hay 

Grass silage 

Corn silage 

Combined 

**p < ·.01 

No.of Regression 
sample~ .. equation 

40 Y=1.16X .... 5.28 

10 Y~!'~33X .... ll ~ Dl 

12 Y= .99X~1.03 

62 .Y=1.16~"!"9.39 

Correlation Standard 
error of 

coefficient .estimate 

0.908** 1.21 

0.982** 1.09 

0~995** 0.50 

0.966** 1.19 

to use the regression equations shown in Table 8 through~ 

out this research project ot predict crude-fiber from 

cellulose analysis. 

The relationship between crude fiber and cellulose 

for grass silage and corn silage will be discussed later 

in Sections D and E, respectively. 

b. Protein 

The mean protein contents of first"!,,cut and second-

cut hays are presented in Table 9. Second-cut hay was 

significantly higher in protein than first-cut hay. This 

difference in protein content was due to a higher proportion 

of legumes in the second"!,,cut hay as shown in Table 2, and 
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TABLE 8. Regression equations and reliability for 
estim~ting cruqe fiber (y) fromcellulose(X) 

Type of No '. of Regression Correlation Standard 

foragl? saff1ple~ ,eql,Jation ,coefficient error of 
, estimate 

Hay 40 Y=1.16X-:-5.28 0.908** 1.21 

Grass silage 10 Y=!'~33X-:-ll. Dl 0.982** 1.09 

Corn sil age 12 Y= • 99X'-:-1. 03 0~995** 0.50 

Combined 62 Y=1.16X~5.39 0.966** 1~19 

**p < .01 

to use the regression equations shown in Table 8 through

out this research project ot predict crude-fiber from 

cellulose analysis. 

The relationship between crude fiber and cellulose 

for grass silage and corn silage will be discussed later 

in Sections D and E, respectively. 

b. Protein 

The mean protein contents of first~cut and second~ 

eut hays are presented in Table 9. Second-eut hay was 

significantly higher in protein than first-cut hay. This 

difference in protein content was due to a higher proportion 

of legumes in the second-eut hay as shown in Table 2, and 
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TABLE 9. Summary of pertinent chemical analysis data 
for first":,,cut, second",:"cut, and combined hays on aS",:"fed 
, , , , , , , , , , , , , , , , , , , , , , , , ,~as~?, , , , , , , , , , , ' , ' , , , , , 

" 

Per cent 
, 'Protein' , 

Per cent 
, Cellulose' NVI 

Forage 

"Mean' ,S.!).' ,. 'Mean' ' , S.I) .. ,Mean' S.O. 

First-cut " a + " hay 9.0 ",:,,2.3 32.3 a + ,'; 
",:,,2.0 36a + -6.6 

Second-cut 
1 i~'2b hay + ' -1.6 28.7 b ~2'~1 52b + ",:,,9.2 

40 selected 
10.9c samples hay + " ",:,,3.5 '3l.7 a + ",:,,2.5 39ac + ",:,,9.0 

TI? tl?l , ~'.8~ , +'; ~i.oa + ' 38 c + 
, , ,,,,:,,~.~ , , ",:,,2.3 ",:,,8.3 

a;b,cMeans in the same' columh with similar superscripts 
are not significantly different (P< .01). 

is a reflection of the generally higher protein content 

of legumes when compared with grasses. A rapid regrowth 

of legumes in unfertilized aftermath herbage was also 

observed by Mosi (1967). 

The difference between protein of first and 

second cutting hay was in agreement with the observations 

of Colovos et al. (1949). 

There was no difference in protein content of the 

40 selected samples and the total samples. This was 
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expected since the 40 selected samples were selected to 

be representative of the total samples. 

Variation of crude protein due to kind of hay can 

be observed in Table 9. There was a concomitant signifi

cant decrease in protein as the kind changed from legume 

hay to grass hay. This data is in agreement with the 

many feed composition tables. 

When variation of pDotein due to kind was compared 

for the 40 selected samples in Table Il a similar pattern 

was observed, although the mean protein content was 

higher in each case. 

c. Cellulose 

Cellulose analysis (Table 9) showed that the mean 

cellulose content of second~cut hay was significantly 

lower than first-cut. Mosi (1967) and Woefel and Poulton 

(1960) observed a similar variation of cellulose. The 

standard deviation for cellulose reveals the relatively 

small, but consistent variability in cellulose content. 

Although only second~cut hay was significantly lower in 

cellulose content, there was an obvious inversa relation

ship between cellulose content and cru de protein content 

of the four different groupings of hays. 
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illhen the effect of species on cellulose content 

was examined in Table 10 there was not a significant 

difference. illor~ by Van Soest (1967) and Colburn and 

Evans (1967) indicated a similar lack of relationship 

between cellulose and kind of hay. 

Contrary to these results are the results of 

cellulose content in Table Il. The cellulose content of 

the 40 selected samples showed the mixed hay samples to 

have a mean cellulose content significantly greater than 

either the legume or the grass hay. Mean cellulose 

content of the legume and the grass hay was also 

signi ficantly (P.l... 05) di fferent. It is doubtful if 

these differences ara meaningful, but show significance 

due to the random sampling of a small number of samples. 

d. Nutritive Value Index (NVI) 

The type of hay affects NVI by producing a 

significantly higher NVI for second~cut hay as indicated 

by Table 9. Mean NVI for first~cut hay and the 40 selected 

samples are the same due to the influence of the 32 first

cut hays in the 40 selected sampI es. However, when the 

NVI mean of the fort y selected samples and total samples 

were compared there was not a significant difference, 

which was desirable, since the 40 selected samples were 
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TABLE 10. Comparison of chemical data of first~cut hays 
, , ' , ,by, ~inçl, (24$, salJlples), " , 

Forage Kind 
code* No. 

Per cent 
, PrCltein ' , 

Per cent 
Cellulose' NVI. 

. , . , . ,Mean' ' 5.1:). ' ' , Mean' . S. 1:)'. ' , , Mean' S. D. 

Legumes 

mixed 

P( .01 

1 

2 

32 

69 

" a + . 
Il.8 ~2.8 

9~8b ~1.9 

31.7 a ~2'.8 
, a + 

32.5 ~1.6 

*Kind code #1
2 

= 2/3 or more legumes 
# = 1/3 to 2/3 legumes 
#3 = less than 1/3 legumes 

42a + 
~9.3 

38b + . 
~5.5 

34~ 
+ . 

,-:-4.9 

a,.b~'cMeans in the same colurim with similar superscripts 
are not significantly different 

selected to be representative of the total number of 

samples. The high NVI of the second~cut hay was due to 

the high proportion of legumes in second~cut hay. The 

analysis data in Table 9 clearly picture the positive 

association of crude protein and NVI when compared by 

type of hay. On the other hand, cellulose exhibits a 

negative association with both crude protein and NVI. 

In Table 10 NVI can be observed to decrease 

significantly as kind changes from legume to grasSe 

This decrease is to be expected since workers at 

Macdonald College have amply demonstrated that grasses 
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_T~8~E ll~ __ çomp?ri~qD,9f,9hemi9al_~D?ly~~~_qf,40,~~le9t~~,~?~ple~_, _, _, _, 

Forage 
Kind Per cent 
code* No.Protein--

Per cent 
-Celltllose' ~v~, _ Per cent 

- - 'ADF' , , 
Per cent 

'lignin 
% Cell 

-Contents 

Mean S~D~- -Mean- -S~D~- ,Mean' 'S~D~' -Mean- -S~D~' 'Mean'S~D~- -Mean'S~D~ 

Legumes 1 8 a + 16.3 -1.7 29.2a + -1.8 

Mixed 2 12 b + Il.1 -2.8 32.7bc .:!:1.4 

Grass _ 3 __ 20 c + - ac + 
8,6 , ,":,,+.3, ,~~. 0, ' _":" 2. f? _ 

*Kind code #1 = 2/3 or more 1egumes 
Kind code #2 = 1/3 ta 2/3 1egumes 
Kind code #3 = 1ess than 1/3 1egumes 

a + 53.0 -6.3 
- a + -

36.0 -3.0 
-- a + 

7.4 -0.9 a + 51.8 -5.3 

b + 37.6 -5.7 
b + -

40.2 -1.5 a + 6.8 -0.8 b + 39.6 -6.2 
b+ - b+a+ 34.2, ,":"~.O_ ,40,6, _":"~.O, .f?,6_ .":"0.9 b + 36.f? ,~4.5 

a,b, cMe~ns in the same column wi th similar superscripts are not significantly different 
(P,.ol) 

e 

...... 
o 
~ 
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have a lower NVI than' legumes (Crampton .Iii iL. 1960; 

Donefer ..êi ai. 1960~ 1963). This same relationship 

between kind code and NVI is evident in the 40 selected 

samples (Table 10). 

e. Distribution of hay samples 

Afte~ observing the differences between first-cut 

hay and second~cut hay with respect to crude protein, 

cellulose and Nutritive Value Indices (NVI), it was 

evident that there were two distinct populations. The 

distribution of the ~otal hay ~amples (269) according to 

NVI, is presented by a histogram (Fig. 5). This histo

gram shows the per cent of the samples occurring in each 

range. The spread of aIl ranges is five, with the number 

shown being included in the range preceding it (i.e., the 

range with a mid~point of 25 includes 22~l ~ 27.0). 

The data gr~phically show that the distribution 

of 1966 samples by NVI fall into two distinct populations. 

Second-cut hay does not show a normal distribution and 

there is considerable overlapping of the two distributions. 

Data were available from 104 samples of the 1967 

hay crop from records of the Macdonald College Feed 

Testing Service and are compared with the 1966 data in 
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Figure 5. The distributions of these data by NVI are 

basically similar although the 1967 data show a narrower 

distribution than 1966 NVI~ 

The distribution of 1966 and 1967 samples by 

crude protein are illustrated by Figure 6. Here the 

spread of each range is 2% (i.e., the range with a mid

point of 7% proteih includes aIl samples with a crude 

protein content of 6.1 to 8.0%). As seen in Figure 6, 

crude protein content divides the samples into two 

separate populations according to cutting. These two 

populations have approximately normal distribution with 

the only overlap indicated in ranges with mid~points of 

13 and 19% proteine 

First~cut hay samples harvested in 1967 do not 

show as wide a variation as 1966 hays •. This was indicated 

by a greater pel' cent of the samples occurring in ranges 

with mid~points of 9 and 11% proteine 

There are two possible explanations of the differ

ence between the distribution of 1966 and 1967 hay samples. 

First, the number of 1967 samples (104 first~cut) was 

less than half of the 1966 samples (243 first~cut) and 

would contribute to a narrower range of variation. The 

second and not so obvious reason for the sample 
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population difference was the method of collecting the 

samples. In 1966 a conscious effort was made to gather 

samples from aIl types of hay harvested as the samples 

were to be used as part of the research project with no 

charge to the farmer for the analysis. In 1967 as part 

of the Feed Testing Service a fee was charged and 

consequently farmers sending in samples for analysis 

would limit their samples to one or two of their main 

types of hay. 

f. Acid detergent fiber (ADF) 

Hay containing 2/3 or more than legumes (kind #1) 

was significantly lower in ADF th an either groups con~ 

taining less legumes and more grass (kind #2 or kind #3). 

Table Il demonstrates this relationship and also indicates 

that mean ADF content of kinds #1 and #2 are not signifi~ 

cantly different. The low ADF indicates a lower fibrous 

portion of legumes (kind #1) compared to grasses (kind #3) 

legume content of kind #1. This work is consistent with 

the work of Van Soest an~ Moore (1965) which indicated 

that ADF content of legumes is lower than ADF content of 

grasses. These findings were also in agreement with the 

work of Colburn and Evans (1967). 
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g. Lignin 

Lignin is not affected by ~ind as indicated by 

Table Il at the 99% probability level~ However, at the 

95% probability level, mean lignin content of kind #1 

samples is significantly higher than kind #3. 

The higher lignin content of kind #1 (2/3 or more 

legumes) can be explained from Van Soes'H~'s (1967) work 

which pointed out a special relationship between lignin 

and hemicellulose. Although legumes contain less hemi~ 

cellulose, this hemicellulose is more highly lignified, 

which produces the low digestibility of hemicellulose 

from legumes when compared to the hemicellulose of 

grasses. Therefore, a higher lignin content of legumes 

would be expected. Crampton (1957) reported values for 

a small group of samples where the lignin content of 

legumes was 12% while grasses contained 8.5% lignin.· 

Similar higher lignin content of legumes than grasses 

was reported by Colburn and Evans (1967). 

h. Soluble cell contents 

Soluble cell contents as determined by the method 

of Van Soest and lliine (1967) was significantly higher 

for legume hay, than either the mixed hay (kind #2) or 

grass hay (kind #3) as observed in Table Il. Mean cell 
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contents of kind #2 tended to be higher than kind #3 but 

this difference was not significant. 

These findings were in agreement with the work of 

Van Soest and Moore (1965), and Colburn and Evans (1967)~ 

These workers observed that generally cell contents were 

higher in· legumes than in grasses but the results varied 

with individual samples. This would indicate that level 

of cell contents was influenced bj other factors (e.g~; 

maturity and weather)~ 

i. Crude fiber 

Crude fiber analysis was carried out on the 40 

selected samples and the relationship between crude 

fiber and cellulose has been discussed previously in 

this text (p. 95). When crude fiber variation due to 

kind was examined, a relationship similar to cellulose 

was observed. Mean crude fiber content of kinds #1, #2; 

and #3 was 28.4; 32.7~ and 32.8% respectively. The only 

observed difference was a slightly greater range in 

crude fiber content than for cellulose~ 

The results of Table 10 can be briefly summarized 

by the following observations: (1) lignin and cellulose 

showed very little variation with respect to kind of 
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forage; (2) cell contents and NVI code were significantly 

higher, while AOF was significantly lower for mixtures 

hig h in legumes (kind #1); (3) crude protein showed the 

greatest within~kind variation, demonstrating signifi~ 

cant decreases with increases in grass content (kinds #1; 

#2;' and #3,: respectively) • 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
2. Simple correlations between aIl 

chemical and e~vironmental 
paràmeter~ 

a. Nutritive Value Index (NVI) 

The correlations between chemical measures and 

coded environmental factors for first~cut and second~ 

cut hays are compared in Tables 12 and 13. 

Predicted NVI shows a highly significant cor

relation with protein content.' In Table 14 the 40 

selected samples and in Table 15 the total number of 

samples show similar significant correlations between NVI 

and proteine This relationship between NVI and protein 

was anticipated since work by Oonefer et ai. (1966) 

showed a significant correlation relationship with dry 

matter disappearance (OMO), and this soluble frac'tion 

would contain the soluble proteins. Crampton (1957) 

reported a positive correlation between crude protein and 

digestibility of forage, the latter being a component of 

NVI. 
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TABLE 12. Simple correlations between chemica1 and environmenta1 parameters 
for first~cut hay (243 samples) 

Chemical'analysis ................ Cede' data' . .. . ... 

P~ote~n ... Çe1lu~o~~. 
Kind Date lYlaturity Weather 

. Code' ...... Code' ....... Cede' ..... Cede' . 

NVI 0.518** -.467** ~.456** -.326** -.275** -:-.236** 

Protein -- ~.084 ~.587** -.218** -.408** -.017 

Cellulose -- 0.095 -:-.109 -~185** 0.067 

Kind Code -- 0.163 0.326** 0.027 

Date Code -- 0.631** 0.167 

lYlaturity 
Cç)(;l~ .............................................. . -- 0.112 . . " ~ . . ~ . . . ... . . . . . 

, 

** P < .01 \ 
1-' 
1-' 
tN 
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TABLE 13. Simple correlations between chemical and environmental parameters 
for second~cut hay (26 samples) 

Chemicalana1ysis' . .. , , , .. , , , , , , , , , Code' data' , , , . , , , , . , .. 

"Protein Cellulose Kind Date Maturity Weather 
, , ........ """""". Code' , ... , . Code' .. , , , , 'Code' , , ,. . Code' . 

NVI 

Protein 

Cellulose 

Kind Code 

Date Code 

Maturity 
Coçle 

** p < .01 

0.091 

--
-.819** ":,,.194 0.252 

-.077 0.213 0.038 

-- 0~012 -'.401 

-- 0.191 

--
............... ' ...................... 

0.068 

0~006 

-.132 

0.409 

0.610** 

--

-.369 

0.073 

0.304 

-.060 

0.096 

Q~Q+6. 

1-' 
1-' 
~ 
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TABLE 14. Simple correlations between chemica1 and environmenta1 parameters 
for hay (40 selected samples) 

'Chemical'analysis . ·Codedata·········· 

.. ,p~qt~~Q" .Ç~~~ulose Kind Date Maturity Weather 
.. , . , ' , , , , , Code' , , ' , . 'Code' , , ..... Code' ...... Code' . 

NVI 0.792** -:-.617** -.746** -.117 ~.581** ~.112 

-- -.445** -.820** ~'~ 277 -:-.732** 0.067 .. Protein 

Cellulose 0.341 ~. 260 0.'194 0.098 

Kind Code 0.224 0.647** 0.097 

Date Code -_. 0.666** 0.197 

Maturity __ 0.lf;l9 .. 
Ç ç)(;I~ .. , . . . . . , ........... , ...... , ...................... , . , .. ' . . ., .. ' .. , 

** p< ~Ol 

1-' 
1-' 
01 
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TABLE 15. Simple correlations between ohemioal and environmental parameters 
for aIl hay (269 samples 

. Chemieal' analysis' . ................ Code' data' .............. . 

. prot~in Cellulose Kind Date Maturity llieather 
. . . .................. Code' ...... Code' ....... Code' ...... Code· . 

NVI 0.673** -.640** -.569** ~.206** ~.437**. ~.187** 

Protein -- 0.400** -.668** ~.122 ~.561** 0.026 

Cellulose -- 0.'288** ~".127 0.087 0.062 
... 

Kind Code -- 0.135 0.472** ..... 002 

Date Code -- 0.536** 0.143 

Maturity 
Cqçll? ........ . -- 0.065 . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . '.' .... 

**p • Dl 

e 

/-' 
/-' 
CJ'\ 
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However, when only second~cut hay was considered 

there was essentially no association as measured by the 

correlation between NUI a~d protein (Table 13). This low 

correlation may be due to the high legume content of the 

second~cut hay with little variation in either protein 

content or NUI observed. 

S~gnificant negative correlations between NUI 

and cellulose were. observed in Tables 12,· 13, 14 and 15. 

In second~cut hay this correlation was higher than in the 

other hays and would seem to be due to the cellulose con

tent of legumes showing more variability than the cellulose 

content of grasses. A negative correlation between cellu

lose and NUI is in agreement with the basic crude fiber 

concept as proposed by the Weende system of analysis, i.e., 

forage quality decreasing with increasing fi ber content. 

Since cellulose is very closely related to crude fiber 

(Uan Soest 1965) the same relationship was observed. 

NUI and kind code revealed a significant negative 

correlation in aIl samples except second~cut hay (Table 

13). This relationship which has been discussed in detail 

in the preceding section is confirmed by the highly 

significant correlation coefficients. The lack of this 

relationship with second-cut hay is a reflection of 
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similar kind (legumes) and generally higher NVI values 

observed for thes~ samples~ 

NVI was negatively correlated with date code in 

aIl hays except second~cut hay. The observed negative 

correlations were not as high as those reported between 

cutting days and digestible dry matter (DOm) by Reid et 

~i. (1959) and mellin et al; (1962). NVI is only 

partially related to DOm so correlation coefficients 

would not be expected to be the same between the 

literature and that herein presented~ Cutting date from 

the work of Reid st ~i. (1959) was based on days after 

April 30, while mellin st àl.' (1962) based their cutting 

date on daysafter may 17~ and both these cutting dates 

were much earlier than the dates used in this work. 

Second~cut hay (Table 13) again shows a different 

pattern from the other hays, indicating a low but positive 

association between NVI and date code. This difference 

may be due to a small number of samples, and sorne other 

variable (viz.; kind) making the effect of date of 

cutting. 

AlI hays with the exception of second~cut hays 

displayed significant but low negative correlations between 

NVI and maturity code. This relationship is in agreement 
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with most research, which points out a 10s6 of nutritive 

value due ta advancing maturity (Davis ~~. 1959; 

Jeffers 1960; Murdock et i!!,.' 1961)'. The effect of 

maturity may have been more pronounced if the population 

sampled contained hays harvested at earlier stages of 

maturity (Meyer et i!!,.' 1960)'. NVI and maturity codes of 

second~cut hay produced virtually no correlation and this 

was due to most of the second-cut hay having similar 

maturity codes. 

NVI exhibited small, but significant1y negative 

correlations with,weather code in the first~cut hay 

samples (Table 12) and total hay samples (Table 15). In 

these two groups of hay the larger numbers permit 

numerically smaller correlation coefficients to show 

significance. The samples observed did not genera11y 

exhibit any degree of weathering so that the effect of 

this factor on forage nutritive value cannat be ascer

tained in this study. A negative effect of weathering 

on the nutritive value of hays, measured here by NVI~ 

is generally accepted but may not be great, as indicated 

by Coetzee (1966), who compared digestibility of dry 

matter of lucerne hay. Coetzee (1966) found that neither 

prolonged periods of sunlight nor rain decreased digest~ 

ibility. 
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b. Protein 

Crude protein tended to decrease with a 
,. 

concomitant increase in cellulose content, part~cularly in 

the case of aIl samples (Table 15)~ This relationship was 

expected, since in the preceding section mean cellulose 

content of hay was influenced by species (kind) which 

influences prot~in level. The lack of high correlations 

between these factors is due to·the lack of variability of 

cellulose content. 

As indicated by the preceding section~ protein 

and species (kind) have a close association in aIl cases 

except second~cut hay (Table 13). The correlation 

coefficient is negative because the legume hay which is 

the highest in protein has a kind code of #1. This rela-

tionship confirms published feedstuff composition tables, 

where legume hays contain more crude protein than grass 

hays. It is of interest to note that the highest 

correlation coefficient of Tables 12, 13, 14 and 15 was 

between protein and kind code. Again, second-cut hay 

shows a low correlation for this comparison and this is 

the result of most (80%) of the second~cut hay samples 

being the same kind (#1) and thus not varying greatly in 

protein content. 



Crude protein content of hays tended ta decrease 

as date code (cutting) in~reased as indica~ed by the 

negative correlation coefficients. The loss of protein 

due ta later cutting dates was in agreement with the 

findings of Mellin et ai. (1962) and Donker etai. 

(1968)~ This could be due ta more leaf loss during the 

harvesting process. Reid et ai. (1959) have established 

a high correlation between digestible dry matter (DDM) 

and leaf loss, although not the same as protein, there is 

an established relationship between protein and energy 

digestibility (Crampton 1957)~ As previously observed 

second~cut hay shows essentially no relationship between 

protein and date code. This lack of difference in second~ 

cut hay is probably due ta the protein content of the 

legume species not decreasing markedly with date of cutting. 

Cru de protein content and maturity code are 

negatively correlated for all hays with the exception of 

second-eut hay. These correlations are higher than the 

correlation of cru de protein and date code which indicates 

that maturity code is a more accurate criteria for evalu

ating the effect of increasing stage of plant maturity 

on decreasing nutritive value. Since maturity code and 

date code are bath determining plant maturity, the 

negative relationship between crude protein and maturity 
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code was expected. The regression coefficient of cru de 

protein on maturity code for the total samples reveals a 

drop of 2~8% crude protein per unit increase of maturity 

code. In the second cut hay (Table 13) the absence·of 

any association between crude protein and maturity code 

was againprbbably a result of the relatively small 

decrease in nutritive value with maturity in regard to 

aftermath legumes. 

Crude protein was essentially not affected by 

weather as recorded in this study. The absence of any 

. real relationship between crude protein and weather code 

was in part due to an absence of any weather damage in 

the majority of samples. 

C. Cellulose 

Cellulose content shows relatively small effects 

due to species (kind code) with statistical significance 

appearing only with the total number of samples (Table 15). 

The low correlation coefficients indicate that the cellu

lose content of hay varies very little with kind of hay 

which is in agreement with Van Soes~~s (1967) conclusions 

regarding cellulose. 

The negative correlations between cellulose and 
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date code for all hays although statistically non~ 

significant were opposite to expected results~ It is 

suggested that the negative relationship is the result of 

the variation of cellulose content being relatively small 

between samples. The reason for a more pronounced 

negative correlation between cellulose and date code as 

observed in second~cut hay (Table 13) was maturity is more 

influenced by the date of cutting of first crop hay than 

the date which the second-cut hay was harvested~ 

Cellulose content of all groups of hays was 

inconsistently associated with maturity code. These cor

relation coefficients are a reliable indication of the 

random correlation which can occur when there is 

practically no variation of cellulose, and when the 

majority of hay samples were classified according to 

maturity codes as full bloom or after bloom (cod-es 4 and 

5). The cellulose vs. maturity code correlation 

coefficient of first-cut hay indicates significance but 

only barel y sincs the limi t for P <. • Dl is 0.184. 

Any relationship between cellulose and weather 

for all hays excspt second-cut hay are essentially non

existent. In second~cut hay the correlation coefficient 

between weather code and cellulose is high enough to 



suggest that rain may increase the cellulose content of 

hay, most probably as a result of decreases in soluble 

plant constituents. 

d. Kind code 
. . 
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The small, but consistent, positive correlation 
~ 

between kind code and date code of aIl hays would indicate 

a trend toward grass hays being harvested at a later date 

than legume hays. 

High positive correlations between kind code and 

maturity code for aIl groupings'of hay ver if y the farmeral: 

practice of cutting the more grassy hay (kind #3) at a 

later stage of maturity. 

The correrations of kind code vs. weather code 

are meaningless and only serve to illustrate the low 

magnitude of correlation observed when there is no 

association between variables. In this way these cor-

relations act as a control providing figures for variation 

due to chance. 

e. Date code 

Date code and maturity code are both measures 

of plant maturity sa it is not surprising that Tables 12, 



13; 14 and 15 record significant corr~lations of all 

groups of hay between th~se parameters~ 

125 

The consistent positive correlation between date 

code and weather code would suggest that there was more 

rainy weather at the end of the 1966 haying season than 

at the beginning of the season~ This suggestion is 

supported by the relationship of maturity code vs~ 

weather code~ which is quite natural since date code and 

maturity code are measuring the same effect. Since the 

preceding correlations are of a low order of magnitude 

they may be random effects without any practi6al signifi-

cance. 

f. "Van Soest" fractions 

Similar correlations of cell contents; acid 

detergent fiber and lignin were calculated with all 

chemical analysis and code data for the 40 selected 

samples (page 85) and are presented in Table 16. 

(i) Cell contents 

The data in Table 16 show the simple correlations 

of cell contents, acid detergent fiber (ADF), and acid 

detergent lignin with chemical and code data~ Cell con

tents and crude protein have a high correlation co

efficient. This relationship iB expected Bince protein 
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TABLE 16. Simple correlations of chemical analysis and code data vs. Van 
Soest analyses for 40 selected samples 

Chemical'analysis'" .. . .......... Code' data' .......... . 
Van Soest 
Analyses Per cent Per cent NVI Kind Date Maturity Weather 
............. Protein' . Cellulo se' ............. Code' .. Code' ... Code' ... Code' . 

Cell 
contents (%) 0.800** -.694** 0.943** -.704** 0.001 ~.495** ~.083 

ADF (%) -.641 0.822** -.830** 0.572** -.060 0.405 0.019 

Li 9 8:j.. f) . (%). . . . 0 ~ ~ 6 7. . . . .":", 0 f? 4 . . . . . 0, ??E;I. . . . . .":" ~ 3 ~ ~. . . . 0 .1 E;I E;I .":" ~ + ~ 2. . . . 0 , Q + ~ . 
** P < . Dl 

e 

1-' 
N 
0\ 
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is qui te digestible and cell contents by Van Soest (1967) 

method represents the more digestible fraction of hay. 

In the analysis used to determine cell contents, the 

procedure separates the neutral detergent fiber and the 

remaining fraction is the cell contents which contains 

the available protein (Colburn and Evans 1967)~ There

fore, available protein content would c~rtainly affect 

the per cent cell contents present in the hay. 

illhen cell contents and cellulose were compared; a 

negative relationship was expected since cellulose is an 

indicator of the undigestible portion of hay: It is, 

however; surprising that the correlation coefficient is 

as high as indicated because sample cellulose content 

exhibited a small variability. 

The highest simple correlation coefficient is 

observed when cell contents are compared with predicted 

NVI. This high'~orrelation is a result of the similarity 

of methods involved in the determination for both cell 

contents and NVI. Cell contents by analysis are the 

soluble fraction of the cells comprising a particular 

forage, whereas NVI is predicted from dry matter dis

appearance dissolved by an aqueous solution of pepsin~ 

HGI, thus also a measure of the soluble fraction of forage 

cells. 
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A high negative relationship between cell 

contents and kind code reveals progressive decreasing 

amounts of cellcontents as the kind of hay changes from 

legumes to grasses. 

Cell contents have no relationship with date code,' 

moreover~' in view of the indicated relationship between 

matu~ity code and da~e code; it can be concluded that 

date code is an inaccurate criterion for measuring 

maturity. The significant correlation between cell 

contents and maturity code underlines the fact that the 

digestible portion of hays is reduced with advancing 

maturity (Davis and Decker 1959; Mellin et al. 1962; --
Brown èt ai. 1968; Donker èt al. 1968). 

Per cent cell contents and weather code have no 

more than a random chance relationship~ This relation-

ship is a result of the majority of the hay samples 

having the same weather code (0). 

(ii) Acid detergent fiber (ADF) 

ADF and crude protein have a significant inverse 

correlation. Crude protein content is correlated with the 

digestibility of energy of forage (Crampton 1957) while 

ADF indicates the indigestible portion of forage, therefore 



the observed relationship is in agreement with expecta

tions. 

l~ 

ADF and cellulose are both representative of the 

indigestible portion of forage, therefore a significant 

association would be lb~ical. 

NUI is observed to be highly correlated with 

cell contents; therefore the significant inverse 

relationship between ADF and NUI is also in keeping with 

expectations~ 

The relationship between kind code and cell con

tents has been previously discussed so it is not unexpected 

to find that the opposite relationship exists between ADF 

and kind code. 

Date code as mentioned before, is not an accurate 

measurement of hay maturity as observed by the difference 

between correlation coefficients (ADF vs. date code and 

ADF vs. maturity code). The association between ADf and 

maturity code once again confirms the negative effect of 

maturity on the digestibility of hay. 

(iii) Acid detergent (lignin) 

Lignin and protein have a positive correlation 

" , 
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due to the common influence of species, since legume hays 

generally contain more crude protein and lignin than 

grasses. 

Relatively small standard deviations of lignin, 

cellulose," and weather code (as indicated in Tables 9 and 

Il) indicate that when these parameters are plotted; the 

points are clustered at'ound the mean so closely that··it 

is very difficult to establish any type of association 

between them and other variables~ 

Correlation coefficients between lignin and NVI 

and kind code are the result of the influence of species. 

As pointed out in the preceding section, legumes have a 

higher lignin content and NVI value than grasses. 

The parameters, date code (date of cutting); and 

maturity code used as a measure of plant maturity are 

surprisingly only slightly related to 1ignin content. 

Highly lignified forages, such as straw, are not 

represented in the forages sampled. 

(iii) Relationship of cell contents 
to lignin and acid detergent 
fiber (ADF) 

In addition to the correlations reported in 

Table 16 for the 40 se1ected samp1es, additional 
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correlation analyses·were perform~d to determine the 

relationship between cell contents, ADf and lignine Cell 

contents were found to be significantly correlated 

(r ~ ~.823) with ADf~ This was in accordance with the work 

of Van Soest (1967) which pointed out that ADf is an 

accurate index of indigestibility. Cell contents were 

correlated (r ~ O~332) with lignin cont~nt of the 40 

selected forages and this was due to the effect of species. 

ADF and lignin showed essentially no correlation (r ~ O~012) 

and was due to the lack of variability of both ADF and 

lignin~ 

g. Multiple correlations 

In or der to determine the possibility of 

accumulative relationships between NVI and the other 

parameters of forage nutritive value, multiple correlation 

analyses were conducted with the results for first-cut hay 

samples presented in Table 17~ The coefficient of 

determination (R 2) of NVI vs. aIl the parameters indicates 

that 57% of the variability in NVI is due to the parameters 

examined. Since this R2 value indicates only slightly 

more than half of the variation in NVI for first-cut hay 

is accounted for, it is clear that there are additional 

factors not examined in this study, which might serve ta 
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TABLE 17. Multiple correlation of Nutritive Value Index (y) vs. chemical 
composition and codes for first-cut hay . 

NVI (y) 
. vs~ . 

Protein 
Cellulose 

Date Code 

Kind Code 
Matu:rity Code 

lUeatiher Code 

Protein 
Cellulose 

r 
~2 Partial Standard 

.% .... Reg~e~~~9~ ... Partia~ R . R8gr8ss~on' 
R

2 
. .... % o' . 

0.910 

-:01 • 440 

... 132 

-:01 • 710 

0.177 

~l .• 254 

1.375 

~1.404 

• 32 

-.44 

~.26 

-.19 

.02 

~.16 

.48 

-.43 

0.755** 57 

0.671** 45 

S
· . a 
.E. 

4.3 

4.9 

PrClteil'l' ....... 0.518**' . ·31 .......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ·5.6· 

** P < .01 

astandard error of the estimate of y 

et 

1-' 
tN 
1',) 
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explain the observed differences in predicted NUI values~ 

The standard partial regression~ which can vary 

from -1 ta +1, was used ta progressively eliminate the 

parameters contributing to the smallest per cent varia-
.. 

tion of NUI. The last two parameters; prote~n and cellu-

lose, were responsible for 45% of the variation of NVI 

which demonstrates that the other parameters (date code, 

kind code~ maturity code; weather code) account for only 

12% of the variation'. The major contributor to varia

tion of NUI was protein, which accounted for 31% (r 2) of 

NUI variation (Table 13)~ By difference; the variation 

due to cellulose was 14%~ 

The multiple correlation relationships of NUI 

were also determined for second~cut hay (Table 18). NUI 

was correlated with the same parameters as were used for 

the first cut hay relationships~ with .74% (R 2) of the 

variation of NUI accounted for by the six parameters 

examined. Cellulose and maturity code are responsible 

for 70% of NUI variability, while the coefficient of 

determination (r 2 from simple correlation,' Table 14) 

indicates that 67% of this variation is due to cellulose~ 

Tables 17 and 18 show that the same parameters 

combined account for 74% of the variation of NUI for 
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TABLE 18. Multiple correlation of Nutritive Value Index (y) vs. chemical 
composition and codes for second~cut hay 

NVI (y) r 
r 2 Partial Standard 

. % .... RE;!gr~~~~91) ... Partial R R
2 

. vs. 

Protein 

Cellulose 

Date Code 

Kind Code 

Maturity Code 

UJeather Code 

Cellulose 

Kind Code 

Cellulose -.819** 67 

0.445 

~3. 298 

0.026 

-3.009 

-1.348 

-1.356 

-3.497 

-3.294 

. . . . . . . . . . . . ................ : ...... . 

**p< .01 

astandard error of the estimate of y 

Regression' ........... %. 

.08 

~.77 

.• 03 

~.17 

~.l2 

~.l5 

~.8l 

~.18 

0~86o** 74 

0.837** 70 

S
· ·a .E. 

4.7 

5.0 

.9,3. 

e 

1-' 
tN 
~ 
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second-cut hay; but only 57% of the variation of first

cut hay'~ This discrepancy is due to the higher correla

tion between NVI and cellulose due ta legumes in the 

case of second~~ut hay (r 2 ~ 67%) and has been discussed 

in the section dealing with simple correlations (Tables 

13 and 14)~ In contrast, variation in NVI in first-cut 

hays was more accounted for by protein content (r 2 ~ 31%) 
2 .. 

and le ss by cellulo se content (r = 14%). 

multiple correlation relationships of NVI with 

the nine parameters investigated for the 40 selected 

samples are presented in Table 19. The high R2 value 

(93%) and low standard error of the estimate (5~E.) 

value indicate that variation in NVI can almost be com-

pletely accounted for by the nine parameters examined. 

When aIl the parameters; except soluble cell 

contents and ADF are eliminated~; 90% of the variability 

of NVI was still accounted for. The coefficient of 

determination of predicted NVI vs. soluble cell contents 

indicates that 89% of the variation of NVI can'be explained 

by measurement of soluble cell contents. 

This relationship, although not able to account 

for quite as high a percentage of variation as the multiple 

correlation relationships, could have sorne practical 
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TABLE 19. Multiple correlation of Nutritive Value Index (y) vs. chemical 
.. ?8?~y~is.?~~.9Q~~$.fo~.40.~~~~9t~~.S?~P~~~, ... 

NVI (y) 
vs. 

Protein 

Cellulose 

Soluble cell 
contents 

ADF 
Lignin 
Kind code 
Maturity Code 

UJeather Code 
Date Code 

Soluble Cell 
contents 
ADF 

Soluble cell 

r r 2 
. .%,. 

standard 
Par ti al Par ti al 
R~g~~ssiQ8 .. 'Regression 

- .340 

0.651 

0.951 

- .937 

- .261 
-1.264 

-1.112 

0.305 

-1.731 

0.937 
.. 

- .551 

",:".13 

.18 

.82 

0:-. 28 

-.03 

0:-. 11 

0:-. 11 

.03 

.02 

~80 

·~.17 

R R2 S.E. a 
.."" ""%"" .... "". 

0.966** 93 2.3 

0.949** 90 2.9 

contents' . , , .. '0.943**' , '89' ..... , .. , .. , , , , , , , , , '. , . , . , . , . , .. , , , . " , . , . '3.0, 

**p.( .01 

aStandard erraI' of estimate of y 

e 

...... 
û3 
en 
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TABLE 19. Multiple correlation of Nutritive Value Index (y) vs. chemical 
""?n?~y~is"?~~_9Q~~~_fo~"4Q~~~e9t~~_S?~P~~~ __ 

NVI (y) 
vs, 

Protein 

Cellulose 

Soluble cell 
contents 

ADF 

Lignin 

Kind code 
Maturity Code 

UJeather Code 
Date Code 

Soluble Cell 
contents 

ADF 

Soluble cell 

r r 2 

- -%-"-

standard 
Partial Partial 
~~gr~ss~Qn" "Regression--

- .340 
0.651 

0.951 

- .937 
-:- .261 

-:-1.264 

-1.112 

0.305 

-1.731 

0.937 

- .551 

-:-.13 
.18 

.82 

-.28 

-.03 

-:-.11 

-.11 

.03 

.02 

.80 

~.17 

R R2 S.E. a 

- "%- - - - - - --

0.966** 93 2.3 

0.949** 90 2.9 

contents" """ "O~943**"" "89"" "" - " - - - - " - - - - "- - - " - " - - - - - - " - - " "- - - - - -3.0-

**p< .01 
aStandard error of estimate of y 

e 

1-' 
tN 
CJ\ 
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application; in that alternatively e.ither dry matter 

disappearance (omo) utilizing a pepsin~HCl solution or Van 

Soest.l!s soluble cell contents measure could serve as 

laboratory predictors of forage Nvi~ The pepsin~HCl has 

the advantage of being a simpler and more direct method of 

analysis. 'In addition the validity of soluble cell contents 

as a predictor of NVI would have ta be confirmed in studies 

with forage of known NVI (fromii!. vivo trials) rather than 

the relationship with predictedvalues as reported in this 

study. 

Four regression equations were developed from the 

simple and multiple correlation relationships~ The equa

tians developed and the parameters involved are presented 
~ 

in Table 20. Equation #1 could be used ta calculate NVI 

from cell contents with an expected error of 7.7% (assuming 

relationship would be confirmed with forages of in vivo 
NVI values). This per cent error is higher than the 

allowable 5% but there may be times wh en a 7~7% error is 

permissible; viz~; if other sources of error are equal or 

greater than this level. NVI can also be determined by 

equation #2,' with slightly less error as measured by 

standard error of the estimate (S.E.); or per cent error 

of the predicted mean. 



e e 

TABLE 20. Regression equations developed From simple and multiple correla
tions from 40 selected samples 

Per cent 
Variables compared Regression equation No. 5~E.l ferromr 

o san 
...... , , , ' , . , , , . , , , , . , . , , , , .. , .', . , . , .... , , , , .. , .... (V)· 

NVI (V) From soluble ,. 
cell contents (X) V = 1.10X - 5.60 l 3.0 7.7 

NVI (V) From cell 
contents (Xl) and ,. 
ADF (X 2) V = 22.72 + .94Xl ~ .55X2 2 2.9 7.4 

ADF (y) From cell ,. 
contents (X) V = .91X + 10.79 3 1.6 4.0 

Cell contents CV) ,. 
f~om.OmO. eX) .... . V.=1.~~X.+.7~~2 .. . .... , .4 ..... ~,,~, . 5'!'7 .. 

lstandard error of estimating V 

1-' 
tN 
Q) 
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Equation #3 provides a reliable method of 

calculating ADP with a small S.E. and per cent error of 
, ' 

estimating AOP. This Equation would eliminate the 

laboratory procedure of determining AOP,' replacirig it 

with the assay for cell contents. The relationship 

between cell contents and dry matter disappearance (omo) 
(as determined by the pepsin~HCl method) by Equation #4 

provides a common link between Van Soest~s work and the 

work of the Macdonald College workers. The small S.E. 

and 5~7% error of the estimated value of (V) make 

Equation #4 a reliable means of estimating cell contents 

from omo. 

a. Means compared 

Total Digestible Nutrients (TON) were calculated 

by both Penn~ state methods (pages 86 and 87) for all 

hays. Table 21 compares the two Penn. state methods of 

calculating TON for the four groupings of hay samples~ 

The mean TON content of the total of hay samples 

by "Penn. State - l formula" method was significantly 

different From similar means calculated by "Penn. state -

3 formulas" method. Significant differences were 

determined by a Ut" test analysis for paired data. 
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TABLE 21. Summary, of calculated TON data for first~cut,. 
second~cut, and combined hays on a.OM-basis 

......... Per' cent· TON 

Forage Penn'~' State 
·1· forml:lla' . 

Penn'.' state 
·3 . forml:llas 

................... Mean**' . S~.[)~,· .~ ... Mean** . S. D'. 

Fir st~cut hay 
Second":"cut'hay 
40 selected combined 

T9t~1 ~ ..... . 

5i.·7a 

65'.' 7b 

59·.'3 a 

.+ ., 
-2.8 
+ ., 
-2.8 
+ ." -4.0 
+ .. 
.":"~.~. 

lTotal of first~cut hay and seeond~cut hay 

56~4a 
.' b 

59.7 ' 
57'~5a 

96 •8 a 

+, 
-2.0 
+ .', 
-2.8 
+ .' -1.6 
+ '. -2.3 

**Means of the two methods of calculating TON are 
significantly different for each type of forage (P< .01) 

a,bMeans in the same column with simila~ superscripts 
are not significantly different (PC .01) 

A comparison of TON content of the four groups of 

hay by "tU test analysis for unequal groups revealed that 

second-eut hay was significantly different from the other 

three groups of hay~ First~~ut hay; 40 selected samples 

and the total samples were not found to be different. 

It is of interest to note that the 40 seleeted samples 

had the highest standard deviation (S~O.) and this was 

due to the number of second":"cut hay samples in this group. 

Calculation of TON by "Penn~ State - 3 formulas" 
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revealed again that second~cut hay was significantly 

higher in TDN than the other .three groups of hay," which 

were not significantly different. 

standard deviation of TDN calculated by "Penn~ 

state - 3 formulas" method was lower except for second

cut hay than standard deviations when "Penn. state -

l formula" was used~ The low standard deviatio~ reflects 

the effect of the weighting factors of the respective 

formulas for legumes; mixed hays and grass hays. 

In Table 22 the TDN values by the two Penn. state 

methods have been converted to estimated net energy (ENE) 

by moor~~s Formula (page 88). The same relationships 

exist among the four groups of hay for ENE as for TDN 

with one exception. The mean ENE content of "Penn. state 

- 1 formula" first'~'cut hay was significantly lower than 

the mean ENE of aIl other groupings. This differenc8 is 

due to the influence of the second~cut hay (8 samples) 

in the 40 selected samples and (26 samples) in the total 

samples. There was no difference in the mean ENE between 

the 40 selected samples and the total number of samples 

as predicted by either of the Penn. state methods. Due 

to the effect of the constant of Moore.l:s formula the 
'" .. 

standard deviation of aIl calculated ENE was consistently 

higher than the standard deviation of calculated TDN. 
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TABLE 22~ Summar~ of calculated ENE data fop first~cut; 
second~cut, and combined hays on a Dm'~basis 

• • ••• • • • 1.' • '" •.••••• l • ~ • '. ,.... • • • • • • . • • . . . • . •.• . • • • . , . • . . . . • . • . 

Forage 

Fir st~'cut hay 

Second~cut hay 
40 selected combined 

1 , , . , 'Total'" ',' '," .. ' . , 

.. 

Per'cent'ENE'(Moor~,s:Formula) 

'l'formt:lla' ·3·formt:llas 
.·r '" 

. Mean**' ' 5 •. 0 • ' ·mean**· S.O. ' 

.; a 
45.8 + " 

-3.8 44.0 a + -2.8 
56~9b + " 

-3.9 48'.6 b + ' -3.9 
48.'Oc + ',; 

-5.5 45'~5a + " -2.3 

'c +. a +" . 46.9' ... ,-5 .1, . , ... 44.'4· .. '.-3.2' 

lTotal of first~cut hay and second~cut hay 

**All means calculated using 1 formula are significantly 
different from aIl similar means calculated by 3 
formulas (p ~Ol) 

a,b~;Cmeans in the same column with similap superscripts 
are nat significantly different (p .01) 

In summary of the data From Tables 21 and 22, it 

was evident that both TON and ENE, regardless of the 

method calculated, was higher for the second~cut hays 

than any of the other groups. The TON and ENE of the 40 

selected samples and the total samples are the same 

irrespective of method calculated indicating that the 40 

selected samples are representative of the total number 

of samples. It was evident that the two Penn. state 

methods tested do not give the same results, with "Penn. 

state - 1 formula" giving significantly higher TON and 



ENE values. This was due to the effect of the high~ 

protein content of second-eut hay in the prediction 

equation'. 
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In an attempt to compare various methods of 

determining ENE, a randomized design was utilized. Five 

~ethods of determining ENE were compared for the 40 

selected samples since complete data for calculating ENE 

mere only available for these samples~ Nutritive Value 

Index (NVI); although not a recognized method of 

determining ENE, was included as one of the five methods 

compared. NVI was included in this comparison because 

it was shown to be highly correlated Cr ~ 0.492) for 

Morrisonl!s tabular ENE values which apply to the 40 

selected samples. Also, it was one of the objectives of 

this study to compare NVI with other established methods 

of evaluating forage. 

An analysis of variance established that there 

mas a highly significant variation due to methods of 

determining ENE. This indicated that the methods 

utilized to determine ENE were not similar. Duncanil:s 

multiple range test (Steel and Torrie 1960) was used to 

determine differences between means. The results of this 

test are presented in Table 23. 
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TABLE 23. Means of ENE by five methods on an "as-fed" 
basisl (40 selected samples) 

Method· Mean· S.D. 

Penn •. State 1 formula 44.2a + - -:-5.5 
Penn. state 3 formulas 4l.9ab + .. -:-2.3 
NVI 39.0bc + -9.0 
Van Soest 36.5c + -:-5.8 
CorDell.Qu~lity. Code 35.4c + . -:-5.4. 

1 92 • 4% dry matter 

a,b,cMeans with the same superscript letter are not 
significantly different (P< .01). 

Table 23 indicates that mean ENE as calculated by 

the "Penn. State .. 1 formula" and "Penn State - 3 formulas" 

is not significantly different as indicated by Table 22. 

However, the comparison in Table 22 was made by a nt" 

test analysis for paired data which is generally con-

sidered more exact than Ouncan's multiple range test. 

Mean ENE content by NVI, Van Soest and Cornell Quality 

Code was not significantly different. The ENE means of 

the 40 selected samples as indicated by NVI and "Penn. 

State - 3 formulas" were also similar. 

In Table 23 the standard deviations (S.O.) of 

observations indicate that NVI varies over almost twice 

the range of the other methods of estimating ENE (viz., 
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Cornell Quali ty Co de, Van Soest,' 1'Penn. State ~ 

1 formula")~ Mean ENE by "Penn~ State - 3 formulas" 

shows the smallest S~D~ of the five me~hods used ta 
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estimate ENE and this lack of variation among samples 

appears to be due to the weighting factors of the thrae 

prediction equations (page 87) used in this method~ 

b. Correlations compared 

The five methods of determining ENE were campared 

with each other by simple correlation analysis~ The 

resulting correlation coefficients are presented in 

Table 24. NVI is significantly correlated with three 
. ' 

methods of determining ENE; viz., "Penn. State ~ 

1 formula,'u Van 50 e st and Cornell Quali ty Code. 

"Penn~ State - 1 formula" is more highly car

related with NVI than uPenn~ State - 3 formulas" because 

in the initial prediction equation to determine TDN 

(page 86) crude fiber or cellulose has a greater 

influence on TDN than in the "Penn. State ~ 3 formulas." 

Since NVI has a high correlation with cellulose, as 

shown in Table 13, then a higher corr~lation between 

NVI and "Penn. state - l formula" would be expected in 

the case where cellulose has the greater influence. 
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TABLE 24. Simple correlations of ENE methods from 40 samples 

Penn.·state 
Met~od.Compared_l·formula· . 

NVI 

Penn. stete 
- 1 formula 

Penn. state 
- 3 formulas 

Van Soest 

** P< .01 

0.768** 

--

Penn. State Van SoestC~rne11 
...3' formulas" ....... . ...... Qual~ty Codes 

.. 

0.379 

0.578** 

--

0.584** 

0.'454** 

0.337 

--

0~540** 

0.266 

0.103 

0.368 

1-' 
~ 
(J) 
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NVI is correlated with Cornell Quality Code due 

to a mutual relationship with digestible energy. 

Hardison (1959) pointed out that digestible energy (DE); 

digestible dry matter (DOM); and TON are essentially the 

same; therefore Cornell Quality Code which is esti~ated 

net energy is directly related to DE and TON by Moorels 
, . 

equation. NVI is also directly related to DE since 

NVI = Relative Intake x digestibility of energy: 

-, . 

"Penn. 5tate ~ 1 formula" method of es~imating 

ENE is significantly correlated wi th the "Penn •. state 

- 3 formulas" method of estimating ENE and this 

relationship is due to the fact that both these methods 

utilize prediction equations involving protein and crude 

fiber. However; in the case of the "Penn. 5tate -

1 formula" method (page 86)~ digestible protein is 

utilized rather than crude protein as in the "Penn. State 

- 3 formulas" method. 

Penn. State ~ 1 formula" ENE is significantly 

correlated with Van 50es1;:"s ENE and this relationship is 

the result of the effect of the fibrous portions of 

forages being utilized in the resp'ective prediction 

equations. Crude fiber is used in the "Penn. 5tate -

1 formula" while the Van Soest method of determining 
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ENE (pages 87~88)'uses acid detergent-fiber-an~ lignin~ 

"Penn~ State - 1 formula" ENE is not significantly 

correlated with Cornell Quality Code. This low correla

tion is due to Cornell Quality Code being highly cor

related with date code and kind code (Table 25), while 

showing very little relationship ta protein or cellulose 

(crude fiber predicted from cellulose; page 99); which is 

utilized in the prediction of "Penn: state - 1 formula fl 

ENE. 

"Penn. state ~ 3 formulas" ENE is not significantly 

correlated with Van Soest ENE because crude fiber does 

not appear ta contribute as much ta the variation of 

"Penn. State ~ 3 formulas" ENE as does ADF and lignin ta 

Van Soe st ENE. 

"Penn. State - 3 formulas" ENE shows very little 

association with Cornell Quality Code and is indicative 

of the lack of influence of crude fiber and crude protein 

on Cornell Quality Code (Table 25). 

Van Soest ENE and Cornell Quality Code show a 

meaningful correlation which indicates that date code 

and kind code also influence the factors which contribute 

ta the variation of Van Soest ENE. 

<:.. 
' .. ' 
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TABLE 25. Comparison of coefficients of determination of chemical analysis 
"",' 'and'codesfor'40selected' samples" 

Depe8de8tvariables 

ENE 
Van Soest (y) 

Y.X 2X6 

y.x 2 

Cornell Quality Code (y) 

y.xlx2x3x4x5x6 

y.x3x6 

y.x6 

Nutritive Value Index (y) 

y.xlx2x3x4x5x6 

y.xl x 2 

, , y~~l 

Independent 2b 2b 
"'variables"""" "'r"'" 'R" 

Protein (x~) 
Cellulo se - X2) 
Kind Code X3) 
Maturity Code (X4) 
Weather Code {X5) 
Date Code (X6) 

18 

62 

63 

35 

32 

81 

76 

76 

71 

,s' a • E. ' 

4.7 

4.8 
5.2 

2.4 

2.7 

3.4 

4.5 

4.8 

5.5 

aStandard error of the estimate; bCoefficients of determination in per cent. 

...... 

.j::l. 
\0 
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c. Coefficients of determination 
compared 

After observing that several of the parameters 

were responsible for variation in aIl the five methods 

of determining ENE,' an attempt to measure this variation 

was made by utilizing multiple correlation analysis~ By 

means of multiple correlation; each method of estimating 

ENE was correlated with paramet~r~ which were known not 

ta be involved in the actual calculation of a specific 
- , .. 

method of estimating ENE. For this reason the two Penn. 

state methods were not correlated with the common 

parameters because preliminary work indicated that prac~ 

tically aIl the variations could be accounted for by 

protein and cellulose~ 

In Table 25, three methods of determining ENE 

are correlated with six parameters ta determine the 

variation accounted for by these independent variables. 

The six independent variables: protein; cellulose, kind 

code, maturity code, weather code and date code account 

for 35% of the variation of ENE (Van Boest). Two 

parameters; cellulose and date code are responsible for 

32% of the ENE (Van Soest) variation. Approximately 

half the variation in ENE (Van Soest) is the result of 

the influence of cellulose, which would be expected, 
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since cellulose is highly correlated with ADF (Table 14) 

and ADF is involved in calculating ENE by Van Soes~:~s 

method'~ 

When Cornell Quality Code was correlated with 

the same six parameters mentioned above~ 81% of its 

variation was accounte~ for~ Kind code (species) and 

date code accounted for 76% of Cornell Quality Code 

variation while date code alone had a coefficient of 

determination of 62%. Reid et ai. (1959) showed that 

digestible dry matter (DDm) could be calculated from 

cutting days after April,3D and since DOm is positively. 

correlated with ENE,; i t was not surprising to find a 

positive correlation between Cornell quality code and 

date code. It is of interest to observe a high associa

tion between Cornell Quality Code and date code when 

ENE (Van Soest) has relatively no association with date 

code. These observations would suggest that Cornell 

Quality Code is more closely related to digestible dry 

matter than is ENE (Van Soest). 

Seventy~six per cent of the variation of NVI is 

accounted for by the six parameters being compared, 

however, the major portion of the variability can be 

traced to crude protein and cellulose content (71%). 
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Crude protein accounts for 63% of the NVI variation 

which is much more than the combined contrib4tion of the 

other five parameters. This wou1d be expected from the 

work of Crampton (1957) where crude protein was shown ta 

be associated with vo1untary consumption and digest

ibi1ity of forage. 

The standard error of the estimates (S~E~) are 

high enough as to indicate that the use of these 

regression equations wou1d reduce accuracy; however, 

there may be situations where it wou1d be practica1 ta 

ca1culate Cornell Quality Code from kind code and date 

code~ Presently Cornell Quality Code is assigned after 

visual appraisal using cutting date and stage of 

maturity as guides in this appraisa1~ In a case where 

appraisal of hay is being made by inexperienced 

personnel the fo11owing equation wou1d be more accurate: 

y = 48.01 ~ .30X1 ~ 2.64X 2 

where 

y = Cornell Qua1ity Codè, 

Xl = date code, and 

X2 • kind code. 



d. Variability of assigning 
Cornell Quality Codes 
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The questibnofthe accuracy of applying Cornell 

Codes by different individuals was examined; by having 

two D~H~A~S~ supervisors and the author (R~f~W~) rate 

the 40 selected samples according ta the Cornell codes; 

The assigned Cornell codes were compared with predicted 

NVI in Table 26. 

There were no significant differences between the 

mean ENE of the 40 selected samples as assigned by the 

three individuals. No significant difference was observed 

between the coded ENE of the author and predicted NVl. 

The standard deviation observed for NVI was much greater 

than Cornell code standard deviation by the author,' which 

in turn was greater than standard deviation of supervisor 

#1 or supervisor #2. The greater standard deviation of 

the author was believed to be due to following as closely 

as possible the suggested method for assigning Cornell 

code s (DHl A Supervi sor~.~.; Handbook 1962)" while the 

D~H~A~S~ supervisors cod~d as they have been doing in 

the field. The relatively small standard deviation of 

Cornell codes by supervisors #1 and #2 indicates that 

these individuals code values close to the mean with 

very little variation. 
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TABLE 26. Comparisonof the application of Cornell Codes and Nutritive 
. ....... V~~~~.lQdiQ~~.tQ.40~~1~Qt~d.~~~p~~~. 

·Supervisor#l· . Supervi sor' #2' Author' (R. F. UJ.) ...... NUI· ..... 

Mean" 'S~O~""'" ·Mean···· 5.0,,······· 'Mean'" 'S~O,,""'" 'Mean'" 'S"D~' 

36.4ab !3.3 35.a ab !2.2 35.4a !5.4 39.0b !9.0 

a, bMean s wi th similar superscripts are not significantly different (P< .01) 

Il 

1-' 
en 
~ 



Correlation coefficients of Cornell codes and 

NVI were compared in Table 27. AlI correlation 

coefficients were positive and significant although 

there was a noticeably higher correlation between 

supervisors and the author than when'supervisors were 

compared with NVI. 
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TABLE 27~ Simple correlations of Cornell Quality Codes 
.. " .. ~n~.NVI(4Q.~~1,ct~~,sa~p~es),. 

Supervisor Supervisor 
., , . '#1"""""" ·#2···· 

NVI 
Supervisor #1 

Supervisor '#2' 

0.626** 

....... 

e. Required accuracy of evaluating 
forage in practical feeding 
programs 

0.599** 

0.750** 

.. '.' 

Author 
. (R.f~UJ~) 

0.540** 

0.808** 

'0.741** 

In order to examine the accuracy necessary for 

evaluating hay under practical feeding conditions,' a 

test herd was enrolled on the D~H.A.S. program. This 

test herd was a hypothetical herd producing varying 

amounts of milk and receiving different quantities of 
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two types of hay~ The object of this test herd was to 

utilize the computer to calculate the changes in 

recommended grain rationwhen the ENE value of the hay 

was changed by five units~ The computer program was 

the same one used to calculate grain recommendations 

for actual herds enrolled in the D~H~A~S~ program. 

Table 28 illustrates the possible changes in grain 

recommendation where the ENE is varied by 5 units at 

four differ~nt levels of hay feeding~ Rate of roughage 

feeding is the amount of roughage fed kg~ per 100 kg. 

of body weight~ The feeding index is a measure of the 

per cent of total feed required supplied by hay~ llihen 
'. :") 

hay consumption per cow was 9.0 kg. and the quality code 

(ENE) was increased by 5; the daily grain ration require

ments were reduced by l6~4 kg. for 26 cows or 0~6 kg~ 

per cow. Under practical farm conditions it is rather 

doubtful if the dairy farmer would achieve an accuracy 

of grain feeding of less than 0.6 kg~ per day per cow. 

Therefore, under practical farm conditions, the quality 

code could be varied by as much as 5 units and not affect 

grain ration feeding 'if the level of hay consumption per 

cow is not above 9.0 Kg. 

At higher levels of hay consumption the decrease 

in grain ration was more pronounced. When hay was fed 
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TABLE 28. Effect of varying hay qua1ity code by 5 units 
on grain1 requirements of test herd 2 

Hay consumption 
per· caw· . 

kg. lb. Code 

9 20 

9 20 

Il 25 
Il 25 

14 30 
14 30 

16 35 
16 35 

35 

40 

35 

40 

35 

40 

30 
35 

Rate of 
roughage 
feeding 

1.5 
1.8 

1·: 

1.9 

2.2 

2.3 

2.7 

2.3 
2.7 

Feeding 
index 

32 
36 

40 

45 

48 

54 

48 
56 

1Grain ration ca1cu1ated at 70% ENE 

Dai1y decrease of 
. grain· ration 

per h~rd per cow 
. kg.. . . kg. 

o 
16.4 

o 
20.0 

o 
27.7 

o 
30.5 

o 
0.6 

o 
0.8 

o 
1.1 

o 
1.2 

2Hypothetica1 herd composed of 26 Ho1steincows with 
average production of 47.3 lb. of mi1k containing 
3.6% fat 

at the rate of Il.0 kg., 14.0 kg., and 16.0 kg. per day 

the recommended dai1y grain ration per cow was reduced 

by 0.8 Kg., 1.1 Kg., and 1.2 Kg., respective1y, for an 

increment of 5 qua1ity code units. These higher rates 

of hay feeding wou1d necessitate more accuracy in 

eva1uating hay. At the 16.0 kg. rate of hay feeding, 

an approximate variation of not more than !3 qua1ity 
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code units would be desired. On the majority of the 

farms surveyed silage was being fed; in fact a survey of 

28 D~ H~ A. S. herds revealed that an average of 9'''OKg~' of 

hay was fed per cow during the months of February, 

March, April and May. 

f. Application of NUI as 
an indicator of ENE 

The decision was finally made to use NUI on a 

trial basis as an indicator of ENE of hay for the D.H~A~S. 

herds, as part of a Feed Testing ,Service offered by 

Macdonald College, starting September 1967. This 

decision was based on the following facts: (1) NUI is 

highly correlated with the four methods of determining 

ENE examined (Table 24); (2) Mean NUI of the 40 selected 

samples is not significantly different from mean ENE by 

Uan Soest of the same samples (Table 23); (3) The mean 

Cornell Code of the 40 selected samples as established 

by two D.H~A.S. supervisors is the same as the mean NUI 

(Table 26); (4) NUI is significantly correlated with the 

Cornell Codes of aIl the three individual assigning 

codes (Table 26); (5) Un der average practical dairy 

farming conditions, quality code or NUI values could be 

out 5 units and notadversely affect grain ration 

recommendations (Table 28). 



The procedure ~ollowed when NUI was used ta 

estimate ENE was ta substitute laboratory determined 
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NUI for the previously used Cornell Codes, as determined 

by visual appraisal. After the plan had been operation

al for approximately six months, an attempt was made ta 

evaluate the results of using NUI as an indicator of 

ENE. 

D~H~A~S~ herds which had used NUI ta indicate 

ENE for four months were selected. These herds were 

subdividedinto three groups: (1) herds where ENE 

rating of hay was decreased 3 or more units; (2) herds 

where ENE of hay was increased by 3 or more units; 

(3) a control group where ENE was not changed. It was 

anticipated that if the hay was under-evaluated then 

the resultant increase in grain ration would be evident 

by more milk or greater body weight. In cases where hay 

may have been over-evaluated, the resultant decreases in 

grain ration might have produced lower milk production 

and/or loss of body weight. 

Results of this comparative study are shawn in 

Table 29. The parameters used ta measure the variation 

of the three groups of herds revealed no differences 

except in the mean weight of cows in the herds where the 
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TABLE 29. Comparison of D~H~A~S~ statistics of herd where Nutritive Value Indices were 
changed by 3 or more units 

llieight 
Treatment '" (k~~)' 

Feeding 
Index , , , (%)" , , , 

Herd Size 
, , ,(, , : ) , .. 

No • 

Pr'oduction 
Index 

. .. (' .. ) , .. kg. 
Hay Feeding 

, . ' (' .. ) , .. kg. 

% of ENE 
required 

·t'rom' hay' 

. . Mean' S. D. ' , , . Mean ' S~ D~ ... ,Mean' S. D~ .... Mean' S. D~ ., . Mean' S~.D~ . . Mean' S~.D~ , 

Code 1 
decreased 472a :!:63 102a :!:12'.2 34a :!:6 a + ' 13.9 -3.6 a + 8.5 -2.5 'a+ '. 43.0 -19.5 

Code 2 
increased 526 b .:!:23 110a + -7.9 35a .:!:13 

' a + : 
14.5 -3.3 

' a + 
9.0 -4.5 

" a+ 
49.1 -27.3 

Code l'lot 
495 b changed3 :!:41 III a + 34a :!:12 

" a + ' , a + 'a+ ' 
-9.3 14.0 -2.9 9.6 -3.5 54.5 -19.9 

4 204'Herds" ·512··,,·· , '104· , , . , ...... 34· . ' ..... '14.8' ' .... , , .. 5.5' ........ 27.5 . 

lstatistics based on monthly means of Feb.~May for 6 herds. 
2 ',' 
Statistics based on monthly means of Feb.~may for 9 herds. 

3 .. 
Statistics based on monthly means of Feb.~may for 13 herds. 

4Statistics based on monthly means for one year. 

abmeans in the same qolumn with similar superscripts are n6t significantly 
different (p < .05). 

1-' 
m 
Cl 
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ENE code was decreased. This difference of body weight 

was due ta several herds of the Channel Island breed 

being in this group. Production Index is average daily 

milk production of cows milking from 18 to 270 days~ 

Feeding Index represents the ratio in per cent of total 

ENE supplied ta the ENE required. Hay_ feeding indicates 

the number of kg. fed per cow per day, while the per 

cent of ENE required from hay represents the contribution 

of hay ENE to the total ENE required. Data on the 204 

herds is the same as the other groups of herds for aIl 

parameters except Uhay fee~ingU and per cent ENE from 

hay. These two parameters have much lower values due to 

the amount of ENE supplied from pasture during the summer 

months. It is interesting ta note that the herds where 

ENE was increased had a "feeding index" of 110 which 

would compensate for any effects of underfeeding that 

were anticipated. 

Two conclusions can be made from the study of 

the efficacy of NVI as an indicator of ENE. The first 

conclusion is that NVI is no worse and no better than 

the application of Cornell Code for determining ENE~ 

A second and more valid conclusion is that with this type 

of field study there is just tao much uncontrollable 

variation ta permit any measurement of the effects of 
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incorrect evaluation of hay. This study does substanti

ate the argumen~ that under practical farm conditions, 

errors in hay evaluation have to be large before any 

effects will be observed. 

D. Results and Discussion' (GrassSilage) 

. . . . . . . . . . 

1. Chemical analysis 

The total number of grass silage samples suitable 

for analysis was twenty~four and hence information derived 

from studying these samples mas not as reliable as in

formation from the larger number of hay samples. There 

was not enough information available on kind (species) 

of grass sil age, maturity and weathering to assign 

codes. However, these samples were analyzed for dry 

matter (dried in a forced air oven at 45 0 C.), crude 

protein, cellulose, and predicted NVI~ 

a. Dry matter 

Mean dry matter content of the grass sil age was 

33.5% with a standard deviation of !13.l as shown in 

Table 30. Since a dry matter content of 4o~6o% is 

generally considered haylage, the material sampled would 

have ta be considered grass silage. The high standard 
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TABLE 30. Summary of pertinent chemical analysis data for grass silage 
, , , , , ' , , , , , ' , , , ' , , , , , , , , , , ' , , , , , (~4 _ 9?f!lPJ,. ~ li!) _ , , _ , __ , _ , __ , , , ____ : , , _ . ' , __ , , . 

Sample form 
Per cent 

Dry - , matter 
Per cent 

, -Protein - , 
Per cent 

'Cellulose' __ , . NV~, , 

, , , , , , , , , , - , , , - - - , , .. , ,Mean' S. D. ' - , , -Mean 'S.D. - , , , , Mean' S. D •. ' . , . Mean' S. D •. 

Sil age: as fed + 33.5 ,,:,,13.1 + 4.8 ,,:,,2.2 + 10.3 -1.5 12 + ,,:,,4.1 

Silage: oven dried 91.6 + 14.3 -6.5 + 30.9 -4.4 + 36 -12.3 

First-cut hay 92.4 + 9.0 -2.3 32.3 :!:2.0 36 + "::,6.6 

Second-eut hay 92.4 
+ " 

17.2 -1.6 + 28.7 -2.1 52 + ,,:,,9.2 
. . . . . . . . . . . . . ...... , •........•.....•••............•.. ! ......•..•. 

'e 

1-' 
Cl) 

CN 
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deviation indicated that sorne farmers were allowing the 

grass to wilt before ensiling, while others were ensiling 

direct cut material. Wh en the grass silage was dried 

overnight in the laboratory in a forced~air oven, the 

mean dry matter content was 91.6% which was similar to 

the dry matter content of first~ and second~cut hay 

(92.4%). The protein and cellulose data for the hay 

samples are included in Table 30 for comparative basis. 

b. Protein 

On an flas~fed" basis grass sil age contained 4.8% 

protein with a high standard deviation. The magnitude 

of the standard deviation can be compared with that of 

hay when silage protein was expressed on the oven dried 

basis (91.6% Dm). The 14.3% protein content would 

indicate that the grass silage samples were comprised of 

a higher proportion of legumes than first~cut hay, but 

not as much as the second~cut hay samples. The high 

standard deviation indicates a much greater variability 

in protein content between different samples of grass 

silage than observed for the hays. 

c. Cellulose 

The high standard deviation of cellulose (dried 
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basis) confirms the variability of grass sil age; as 

indicated by protein analysis. This variability reveals 

the presence in the silage of both legumes and grasses. 

On the average the cellulose content of the dried silag~ 

was approximately half~way between that of first~cut hay 

and second~cut hay. Another explanation of the f,g'Ct 

that grass silage was higher in protein (dried ~asis) 

than first~cut hay would be due to lower harvesting losses 

of protein~rich leaves in the case of the ensiled material. 

Culpin(1962) reported less losses of dry matter (leaves) 

for grass silage than for the same material ·stored as hay. 

d. Nutritive Value Index (NVI) 

Mean NVI content of the dried grass silage was 

exactly the same as that observed for first~cut hay 

samples. A high standard deviation of !12.3 is in 

agreement with the high standard deviation of protein 

and cellulose for dried grass silage, which points out 

again the greater variation in the plants ensiled from 

grass sil age. The high NVI value (52) for second-eut 

hay would indicate that grass silage samples surveyed 

are definitely inferior on the basis of NVI values. 

These data in Table 30 would suggest that it is 

the practice of farmers to ensile a wide variety of 
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plants (grass and legumes)~ Quite possibly the farmer 

is motivated by the need ta store forage under adverse 

weather conditions, rather than a desire ta cut his 

forage at an earlier stage of maturity~ 

A comparison of the laboratory analysis of grass 

silage as provided by Table 30 would suggest that grass 

when dried has aIl the attributes of hay and hence a 

relationship established for hay in this .text would 

also apply to grass silage, expressed on a dried basis. 

. . ......... - ... . 
1. Chemical analysis 

a. Dry matter (dried basis) 

Mean corn silage dry matter (DM) content was 
+ ' 26.6% with a standard deviation of -4.6 (Table 31). 

This would indicate that on the average, corn silage 

was not harvested at as high a dry matter content as 

grass silage (33.5% DM). The distribution of corn silage 

samples by per cent DM can be observed from Figure 7. 

Distribution of DM (dried basis) ranged from 17% ta 

41% with the highest percentage (40%) occurring within 

the range of 25% ta 29%. This distribution of DM content 
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TABLE 31. Summary of chemical analysis and. code data for 
75 corn silage samples (as-fed basis) 

Per cent 1 Per cent Per cent 
Maturi~y Code 2 

Dry matter . Cellulose Protein 

. Mean S~ D~ . 'Mean' . S~ D~ . . Mean S.D. 'Mean S.D. 

+ . 
6,~ 

+ '. + ., + 26.l?, ,,:,4~l? , ' . , -10.1- ~~Q . -:,,0.3 2.~, ':,,0.7 

IDetermined by drying in forced air oven at450 C. 

2Maturity codes: #1 ~ milk stage; #2 .. dough·stage; 
.#3 = dent stage;.#4 = ripe stage. 

of corn silage follows approximately a normal distribu

tion with a slight skewness toward lower dry matter 

values. 

b. Cellulose 

The mean cellulose content of corn silage as 

indicated by Table 31 was 6.6% which is considerably 

lower than the mean cellulose content of grass silage on 

an as~fed basis (10.3%). Cellulose content of corn 

silage, grass silage and hayon an air~dry basis has 

been discussed in the section UResults and Discussion 

(Hay)," particularly in reference to its relationship 

to crude fiber analysis. 
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c. Protein 

A mean protein content of 2.0% for corn silage 

on an as~fed basis clearly indicates the relatively 

low~protein content corn sil age. When the average corn 

silage protein content is converted ta a dried basis by 

multiplying by the conversion factor (1~~.6) the mean 

protein content of corn silage becomes 7.2%. Thus at a 

protein content of 7.2% on an equivalent dry matter 

basis, corn silage still contains considerably less 

protein than the average for first-cut hay (9.0%; Table 

9, page 100). 

2. Code data 

a. maturity code 

The mean maturity code (Table 31) of 2.2 suggests 

that on the average, corn sil age was harvested at a 

slightly drier stage than the dough stage which had a 

maturity code of 2. In Table 32, the distribution of 

the 75 corn silage samples acèording ta maturity code 

can be observed. As suggested above, more than half 

(54.6%) of the corn silage samples had a maturity code 

of 2. The smallest percentage of silage samples occurred 

in maturity code #4 (ripe stage). The mean per cent 

dry matter (Dm) for each maturity code indicated that 
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c. Protein 

A mean protein content of 2.0% for corn silage 

on an as-fed basis clearly indicates the relatively 

low~protein content corn sil age. When the average corn 

silage protein content is converted to a dried basis by 

multiplying by the conversion factor (1~~.6) the mean 

protein content of corn silage becomes 7.2%~ Thus at a 

protein content of 7.2% on an equivalent dry matter 

basis, corn silage still contains considerably less 

protein than the average for first~cut hay (9.0%; Table 

9, page 100) • 

. . , .. 
2. Code data 

a. Maturity code 

The mean maturity code (Table 31) of 2.2 suggests 

that on the average, corn silage was harvested at a 

slightly drier stage than the dough stage which had a 

maturity code of 2. In Table 32, the distribution of 

the 75 corn silage samples according to maturity code 

can be observed. As suggested above, more than half 

(54.6%) of the corn silage samples had a maturity code 

of 2. The smallest percentage of silage samples occurred 

in maturity code #4 (ripe stage). The mean per cent 

dry matter (Dm) for each maturity code indicated that 
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TABLE 32. Distribution of 75 corn si1age samp1es by 
maturity codes 

Number Per cent Per cent 
Maturity Code . of. sarnpll?s of. total mean 

. . . . . . . 'drY'matter 

Code #1 (milk) 13'.'3 
. , 

10 23.1 
Code #2 (dough) 41 54'.'6 25.B 

#3 (dent) 
;., 

Code 22 29.3 28.8 
Cçll;11? ,#q . (r~PI?) ... '. 

'.J 

~f?~8 . . . . 2 . , . , . ~~6 .. , , , , ... . . . . . . . , 

maturity codes on the average did; in fact; separate the 

corn silage samples by DM content (or vice versa)~ As 

was expected; the more mature codes were the highest in 

Dm. Based on mean DM content of corn sil age samples 

for each maturity code it would appear that the greatest 

difficulty in assigning maturity codes was ta decide 

whether corn silage was in the dough stage or hard dent 

stage (codes #2 and #3). The mean per cent DM for each 

maturity code is in agreement with data presented in 

"Joint United States-Canadian Tables of Feed Consumption 

(1960)." 
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........................... , 

3. Calculated ENE and coded ENE 

a. Means compared 

Estimated net energy (ENE) was oalculated by 

converting TON (Penn~ State formula) to ENE by Moor~~s 

formula,' which is the practio,e followed by the Penn. 

state Forage Testing Service. Coded ENE values were 

also assigned to aIl corn silage samples by the method 

recommended in the New York (Cornell) DHIA Superviso~~s 

Handbook (1962)". These ENE calculated by the two methods 

are listed in Table 33 a16ng wi~h ENE oodes assigned 

acoording to the system used by the Maodonald College 

Dairy Herd Analysis Service (D~H~A~s~)~ 

Although the ENE content of corn silage by the 

Penn. State and New York methods had almost identical 

standard deviations the ENE of the former was signifi-

oantly lower than the latter. 

Mean O.H.A.S~ (Macdonald College) codes are 10 

units lower than Cornell codes because the O.H~A.S~ 

oodes were established by reducing each tabular Cornell 

Code by 10. This reduction was instigated by the O~H.A~S. 

because it was felt that the nutritive contribution of 

corn silage was over~rated by the Cornell codes. 

In view of the common praotice of estimating the 
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TABLE 33~ Compari.son of· three methods of determining 
ENE (dry matter basis) 

Mean . S~D~ 

Cornell Codes 
.. (D~ HiI~ A~) 

Macdonald Codes 
(D~HiA~S~) 

. Mean' .... S~ D~ ...... Mean' .. , S~ D~ . 

+ . 
-1.4 

a;b;CMeans with similar superscripts ~re not 
significantly different (P", .. Dl). 

nutritive value of corn silage from its dry matter 

content, various indicators of nutritive content were 

compared by ranges of Dm (Table 34)~ 

(i) Protein 

Protein tends to be slightly higher at the lower 

DM ranges; and 15 in agreement with the work of Nehring 

and Laube (1958) and Johnson and McClure (1968). 

However, these lower ranges are represented by only a 

few samples, therefore, it is doubtful if there are 

any differences in protein at the different DM contents. 

This range of protein was weIl within the range of 7.1 

to 14.2% reported by Nehring and Laube (1958). 
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TABLE 34. Influence of dry matter'on the average nutri
tive content of corn silages (dried basisl ) 

DM Mean Per cent Per cent TDN 2 ,E"N,E,2" E,N,E3, 
Rang es' , , , DM' , , , Protein' 'Cellulo se' , , , , , , , , 

17-21 19.1 7.3 32.8 62.9 55.9 57.0 
22-25 23.1 8.1 26.4 62.8 55.7 58.5 

" 

26-29 26.8 7.7 23.2 63.3, 56.4 59.7 

30-33 30.8 7.2 23.8 63.6 56.9 61.1 

34-37 34.6 7.6 24.0 63'.3 56.5 62.0 
38-41 ,39.1, , ,6.8 ,24~?, ' , , 63.9 57.2 62.0 

IDetermined by drying in forced air aven 

2Calculated by Penn. state Formulas 

3 Based on Cornell Quality Codes 

(ii) Cellulo se 

Cellulose (dried basis) shows a trend towards 

decreasing as the DM of corn silage increases which is 

in close agreement with the work of Johnson and McClure 

(1968) who reported significant decreases in cellulose 

with increasing DM content. Adams and Bay10r (1960) 

observed a similar relationship between crude fiber and 

DM. These workers suggested that the higher crude fiber 

content at the low DM ranges was due ta re1atively high 

seepage and/or fermentation lasses, sinc8 any reductions 
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in soluble constituents would result in a percentage 

increase in insolubles such as cellulose and crude fiber. 

(iii) Total Digestible Nutrients (TON) 

TON by the Penn. state formula show only a trend 

towards a higher TON at higher ranges of DM. Adams and 

Baylor (1960) observed a much more pronounced increase 

(56.2%-68.0%) in TON as DM increased from under 20 to 

40%. In contrast to this work is the work of Huber ~ 

el. (1963) which showed no change in TON on a DM basis 

for corn silage with a DM content of 2~ to 33%~ The 

data in Table 32 clearly reveal only slight differences 

of TON within ranges of 26 to 41% DM. HQwever, Johnson 

and McClure (1968) observed only slight decreases in 

digestibility of DM and organic matter with advancing 

maturity, which would produce increasing DOM content 

with increasing DM levels. Since DOM and TON are closely 

related (Hardison 1959); then increased TON content 

should parallel increased DM content. 

(iv) Estimated Net Energy (ENE) 

Calculated ENE values (Penn. state method) show a 

slight trend to higher ENE values at higher DM ranges. 

The differences in the pattern of TDN and ENE are due to 
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the effect of the weighting factor of the Moore formula 

used to convert TON to ENE (page 88)~ It is interesting 

to note in Table 34 that ENE by Cornell Codes begins 

where the Penn. state ENE values finished. There is a 

more pronounced increase in coded ENE as DM increases 

because Cornell ENE values were assigned on this basis; 

viz':, the assigned ENE for 20% DM is lower than the 

assigned ENE for 40% DM. 

b. Correlation coefficients 
compared 

(i) Estimated Net Energy (ENE) 

The simple correlation relationships between 

chemical analyses, maturity code and methods of deter

mining ENE are indicatad in Table 35. ENE (Penn. state) 

is significantly correlated with dry matter (DM),: and 

this relationship is due to the effect of Moore's TDN 

to ENE conversion equation as was discussed above in 

relation to Table 34. Correlation coefficients of ENE 

vs. protein or ENE vs. cellulose (used to predict crude 

fiber) are not shown because TDN was calculated directly 

from these chemical analyses and hence the correlation 

relationships would only confirm this relationship. 

ENE and maturity code show a small positive correlation 
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TABLE 35. Simple correlations of chemical analyses and codes of corn silage 
(75 samples) -

. maturity ENE 
Variables __ . QJ;Y.IYl~tt~~ ..... .I?~9t~ifJ .... : . C~-1-+t,J-1-9?~ .... - - --- Code' ... - . Cornell- Code Compal'sd' .... -

ENE a 0.366** - - 0.214 0.363** 

Dry matter - 0.226 ~.417** 0.515*'*' 0.954** 

Protein - ~.101 0.132 0~205 

Cellulose - -.244 ~.466** 

maturity Code - 0.461** 

** p <. Dl 

aCalculated from TDN (Penn. State formula) by moor~~s formula. 
1-' 
-.] 

en 
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coefficient as a result of the significant correlation 

between DM and maturity code. Estimated Net Energy 

CPenn~ State) was significantly correlated Cr ~ ~363) 

with ENE (Cornell Code); although this relationship was 

not as high as might be expected: since both ENE values 

are supposed to be a measure of the same energy com

ponent. 
\ 

Cii) Dry Matter 

The low correlation between DM and protein 

confirms the lack of association between protein and 

DM as discussed in connection with Table 34; which 

indicated protein content was fairly constant at the 

different DM levels. The significant nagative relation

ship between DM and cellulose (dried basis) is due to a 

greater proportion of low cellulose containing grain in 

the corn silage with a higher DM content. This 

relationship is in agreement with data from the flJoint 

United states - Canadian Tables of Feed Composition fl 

(1964) which show a higher crude fiber content for corn 

stalks than for cobs with grain. The relationship 

between DM and maturity code (Table 35) was expected 

because both parameters are used to indicate maturity. 

llihen DM was correlated with ENE (Cornell Code) the 
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resultant high correlation coefficient was anticipated 

since Cornell Codes were assigned on the basis of DM 

content~ 

(iii) Protein 

The low correlation coefficient observed between 

protein and cellulose (Table 35) indicated a trend for 

protein to increase as cellulose decreased. Protein 

also shows a low correlation with maturity code 

indicating a slight increase of protein with advancing 

maturity~ This relationship confirms the relationship 

between protein and DM. The observed relationship 

between protein and ENE (Cornell COde) is a direct 

result of the highly significant correlation between DM 

and ENE (Cornell Code)~ 

(iv) Cellulose 

Cellulose and maturity code reveal a low negative 

correlation coefficient, which is due to the ears of the 

gorn plant making up a greater proportion of the plant 

with advancing maturity (Johnson et al. 1966b)~ Cellu

lose and ENE (Cornell Code) are significantly correlated 

as a result of the very close association of Cornell 

Code and DM and has been discussed above in reference to 

Table 34. 
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(v) maturity code 

The significant correlation coefficient between 

maturity code and ENE (Cornell Code) assigned on the 

basis of Dm content is the result of the observed high 

association between maturity code and Dm~ It is of 

intere st ta note that ENE (Penn'. state) al though pre

dicted from crude protein and crude fiber,' is signifi

cantly correlated with Dm and hence substantiates the 

method of assigning ENE codes on the basis of Dm 

content (page 94). 



VI~ SUMMARY 

A. Hay 

1. Diff8r8nè8sb8tw8én'first~èut 
and second-cut (aftermath) 
hays 

Significant differences between first~cut hay and 

second-cut hays with respect to stage of maturity (page 

81), protein content, cellulose content, and NVI wer~ 

observed. These differences were confirmed by the 

significant correlation relationship.between these 

criteria. Significant differences between first-cut and 

second-cut hays were also indicated by mean TDN and ENE 

contents as determined by both Penn. state methods. 

The observed differences between first-cut hay 

and second-cut hay were generally due to the affect of 

species (kind). The species effect was first indicated 

in this study by the results (Table 2) where 13.2% 

first-cut hay and 80.8% second~cut were coded as 2/3 or 

more legumes (Kind #1). The effect of species is 

confounded with the stage of maturity and weather code 

which would tend to make the species (kind) effect more 

180 
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pronounced (Table 3). The significant effect of plant 

species on mean protein and NVI content of first~cut hay 

can be observed with legumes or mixtures high in legumes 

showing significantly higher values (Table 10). Similar 

species effects were observed for the 40 selected hay 

samples (Table 11). There were also significant differ

ences in the mean ADF and cell contents ~ue to legumes 

(Kind #1). 

The effects of species (kind) were observed in 

the correlation relationships of first~cut, 40 selected 

and total number of samples~ These data clearly indicate 

the differences between first~ and second~cut hays are 

actually species differences and are in agreement with 

the work in the literature reviewed. 

2. Relationships between cellulose 
and crude fiber 

The early work of Crampton and Maynard (1938) 

pointed out the close relationship between crude fiber 

and cellulose (Crampton and Maynai~ 1938). More recently 

the Joint United states-Canadian Tables of Feed Compo

sition (1964) have included both crude fiber and 

cellulose content as indicators of the fibrous portion 

of feedstuffs. Thüs the prediction equations reported 
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herein, with correlation coefficients between cru de 

fiber and cellulose varying from 0.91 ta 0.99 could be 

anticipated. The closest association between cellulose 

and cru de fiber was observed for corn silage. The number 

of samples used ta establish the c811ulose~'crude fiber 

relationship was relatively small, particularly for grass 

silage and corn silage samples • 

. , . , ' ............ ,' ........ . 
3. Relationship between NVI and 

soluble cell contents 

The highly significant correlation relationships 

between NVI and cell contents (Table 16) and confirmed 

by the multiple correlation relationships (Table 19) 

indicate the similarity between the methods used by 

Oonefer et ai. (1966) and Van Soest and Wine (1967) ta 

determine the soluble fraction of forage dry matter. 

Oonefer et ài. (1966) used an aqueous solution of 

pepsin~HCl ta dissolve the dry matter while Van Soest 

and Wine (1967) used a neutral detergent solution. 

4. Methods of determining Estimated 
Net Energy (ENE) 

It is weIl recognized that the methods used ta 

determine ENE are not as accurate as in vivo Net Energy 

or in vivo TON values,' but sorne accuracy had ta be 
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sacrificed in favour of methods which were rapid and 

relative1y inexpensive. However, the application of 

basic concepts of Net Energy and TON is not without 

source of error. The shortcomings of both the Net 

Energy system and TON system were pointed out by 

Armstrong (1960) and Blaxter (1964) while maynard (1953) 

indicated the empirical errors in TON. 

When ENE of the 40 selected samples was determined 

by five methods, the mean ENE by aIl methods except the 

Penn. state - l formula method were close (Table 23). 

The reason mean ENE content by NVI and Van Soest are 

not significantly different is probably due to the 

relationship between NVI and soluble cell contents as 

discussed above. 

Cor~ell Quality code was more closely related to 

observed cutting date (Table 25) than any of these other 

parameters used as criteria to measure the nutritive 

value of forages. This was expected since Cornell codes 

were assigned on the basis of tabular cutting dates. 

NVI is more closely related ta ENE by Penn. State 

- 3 formulas because in these formulas protein has a 

greater influence on the predicted value than in the 

Penn. State - l formula method and protein accounts for 
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,45% of the variation of NVI (Table 17). Neither protein 

nor cellulose account for a large percentage of the 

variation of ENE (Van Soest) or Cornell Quality Codes, 

therefore ENE by both Penn~ State methods which are cal

culated from protein and crude fiber, are not closely 

related to ENE by the former methods. 

5. Precision'of'methôds 
Estimated Net Ener 

According ta the data presented (Table 28) the 

ENE content of hay can vary by ~5 units without 

necessitating any changes in the farmer's feeding , . 

practices. This statement is based on the fact that the 

average hay consumption of 28 D~H~A~S~ herds during the 

winter~early spring months (January~April 1968) was 9 kg. 

per cow per day. The data in Table 29 indicate that the 

observed hay consumption (28 D.H~A~S. herds) for the 

four months (January~April) was weIl above the average 

hay consumption of 5.5 kg. (204 6~H~A~S~ herds) for ihe 

year. 

llihen a variation of 5 units of ENE is considered 

permissible for practical purposes it was observed 

(Table 23) that mean ENE values of four of the methods 

(Penn. state ~ 3 formulas, NVI, Van Soest, Cornell Code) 
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of determining ENE are within the desired range. How

ever,' the question of which method of determining ENE 

provides the more accurate evaluation of aIl samples 

must also be answered. 

6. SarmJie' standard' deviation ' (s~ D~ ) 
by different methods of 
determining ENE 

The mean S. O. of the 40 select'ed samples as coded 

by two O~H.A~S. supervisors (Table 26) was approximately 

half the S~O~ of ENE asdetermined by Penn. State ~ 

l formula, Van Soest and Cornell Quality Codes (Table 23). 

If the S.O~ by the majority of methods studied could be 

considered the more accurate, then ENE by Penn. State -

3 formulas and the O~H~A~S. showed minimal variation 

whereas ENE as indicated by NVI presents maximal varia

tion. However, if the effect of second~6ut:'~ay (species) 

on NVI (Fig. 5) was eliminated," then the bulk' o'f 1966 

and 1967 first~cut hays would fall within the ranges 

of 23 ta 52 as compared ttiia range of 23 ta 62 when the 

second-eut hay was included. When the s.o. of NVI for 

first~cut hay was observed (Table 9) it was :6.6 and 

hence close ta the 5.0. of four of the methods used ta 

determine ENE (Table 23). 
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On the basis of the data presented it would appear 

that D.H.A.S. supervisors do not allow enough variation 

in their coding and hence aIl coded values are very 

close to their mean ENE value. However; the mean ENE 

content of the fort y selected samples as coded by 

D~H~A~S~ supervisors is as precise as the other mean ENE 

values obtained by Penn. State ~ 3 formulas, Van Soest, 

Cornell Quali ty Code." and NVI methods since they are 

within the minimum range (~s units of ENE) within which 

testing is unnecessary and a tabular value could be used 

to evaluate forage. Due to the lsck of variation of 

ENE as determined by D~H~A~S~ supervisors (Table 26) and 

p~edicted by the Penn. State ~ 3 formulas method (Table 

23) the major portion of the ENE values determined by 

these two methods would be within ±S ENE units of their 

respective means. This means that a tabular ENE value 

equal to the mean ENE values as dAtermined by D~H~A.S~ 

supervisors Dr the Penn. State ~ 3 formulas method would 

evaluate the major portion of the samples with the 

precision (±S ENE units) if these methods of evaluating 

forages are accurate measures of ENE. 



. : ' ..... 
8. Grass Silage 

Although the number of samples of grass silage 

was limited (24) the data suggest that grass silage 
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when dried has aIl the characteristics of hay except 

protein content. The increased protein content of dried 

grass silage over hay (Table 30) was probably due to less 

leaf loss due to the ensi1ing of green material. 

t~ . Corn' Siiagè 

1. ~èiahio~~hib'o~'~~~'~ahhèr 
content and Estim~ted Net . 
Energy (ENE) 

The relationship between dry matter (DM) and 

Estimated Net Energy (ENE) as indicated by their means 

(Table 34) shows that as DM content of corn silage 

increases, the ENE content remains relatively constant 

on a DM basis. An equal weight of corn silage at the 

recommended DM content (33% DM) would supply more ENE 

than wet corn silage (20% DM) due to the diluting effect 

of water. In addition, Huber et al. (1963) and Johnson 

and McClure (1968) have shawn that the voluntary intake 

of corn silage DM per 100 kg. bodyweight increased as 



188 

the DM content of the corn silage increased; sa more 

ENE would be consumed by the animal fed corn silage st 

33% DM than when corn silage at 20% DM was fed. Bath 

of these observations would contribute ta a higher feed

ing value of 33% DM corn silage~ 



VII~ CONCLUSIONS 

In summary of the data herein presented the 

following conclusions can be made: 

1. The differences observed between first-cut and second~ 

cut hays were basically due to differences in plant 

species (legumes vs~ grasses). 

2. Crude fiber content of hay; grass sil age and corn 

silage can accurately be predicted From cellulose 

content of the same forages. 

3. The relationships between NVI and ENE (Van Soest) are 

due ta the relationship between NVI and soluble cell 

contents and acid detergent fiber. 

4. Under practical farm conditions in Quebec methods of 

determining ENE may vary by as much as 5 units without 

affecting the accuracy of feeding practices. 

5. NVI can be used ta indicate the ENE of first~cut 

Quebec hays and can serve as a guide for D~H~A~S~ 

personnel in evaluating Quebec hays. 
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6. More crude protein can be obtained from hay crops by 

ensiling these crops as grass silage~ 

7. The easiest way for the farmer to improve the 

nutritive value of his corn silage is to harvest it 

at the optimum dry matter content. 



LITERATURE CITED 

Adams, R~ S~ 1961. Symposium: A modern dairy cattle 
feeding program. Results of feed analysis in 
f~eding dairy cattle. 

Adams; 

J. Dairy Sci. 44: 2105. 
.. ., 

R.S. and J. E. Baylor. 1960. Su~mary of the 
Penn. State Forage Testing Service. 
The Pennsylvania State University, College of . 
Agriculture Extension Service, University Park; 
Penn syl vania. 

R~ S~; J. H~ Moore; E. M~ Kesler and G. Z. Stevens. 
1964~ New Relationships for Estimating TDN con~ 
t~nt of forages from chemical;composition. 
J. Dairy Sci. 47: 1461 (Abstr.). 

Antho~y~ W~ B~ and J~ T •. Reid. 1958. Methoxyl as an 
indicator of the nutritive value of forage. 
J~ Dairy Sci~ 41: 1715. 

A~O~A~C. 1965. Official methods of analysis. 
10th Edition of Official Agricultural Chemists, 
Washington,' D. C. 

Apgar, W~ P.,' C~ H. Ramage and R. E~ Mather. 1966. 
Nitrogen~fertilized orchardgrass compared with 
alfalfa at different l~vels of concentrat~ 
feeding for dairy cows~ 
J. Dairy Sci. 49: 1033. 

Archibald, J. G., H. D. Barnes, H. Fenner and B. Gersten. 
1962. Digestibility of alfalfa hay and reed 
canary grass hay measured by two procedures. 
J. Dairy Sci. 45: 858. 

A~m~trong, D. G. 1960. Calorimetric determination of 
the net energy value of dried S23 ryegrass at 
four stages of growth. 
Proc. of 8th Inter. Grassland Congress, p. 485. 

191 



192 

Armstrong, D. G.,K. L. Blaxter and R.Waite. 1964. 
The evaluation of artificially dried grass as a 
source. of energy for sheep. III. The prediction 
of nutritive value from chemical and biological 
measurements •. 
J. Agric. Sci. 62: 391. 

Axelsson, J. 1952. Relationship between contents of 
metabolizable energy, total digestible nutrients, 
Scandinavian feed units, and starch units in 
feedstuff s. Il . 
Kgl. Lantbrukshogsk Ann. 19: 145. 

Barnes, R. F. 1965. Use of in vitro rumen fermentation 
techniques for estimating forage digestibility and 
Intake. 
Agronom. J. 57: 213. 

_______ a 1966. The development and application of in 
vitro Rumen Fermentation Techniques. 
Proceedings of the X International Grassland 
Congress, 434. 

• 1967. Collaborative in vitro rumen fermenta
------tian studies on forage substrates. 

J. Animal Sci. 26: 1120. 

Baumgardt, B. R., J. L. Cason, and M.W. Taylor. 1962. 
Evaluation of forages in the laboratory. I. Com
parative accuracy of several methods. 
J. Dairy Sci. 45: 59. 

Bentley, O. G. 1959. A comparison of artificial rumen 
techniques. 
Report TID-7578, Oklahoma Conference, Radioiso
topes in Agriculture, p. 181. 

Blaser, R. F. 1964. Symposium on forage utilization. 
Effects of fertility levels and stage of maturity 
on forage nutritive valus. 
J. Animal Sci. 23: 246. 

Blaxter, K. L. 1964. Progress in assessing the energy 
value of fseding stuffs for ruminants. 
J. Royal Agric. Soc. Engl. 123: 7. 



193 

Bowden, D. M. and D. C. Ch4rch. 1962. Artificial,rumen 
investig~t~ons. II. Correlations between !a vitro 
and in vivo measures of digestibility and chemical 
compOnents of forages. 
J. Dairy Sci. 45: 980. 

Bratzler, J. W~,E. Keck (Jr.) and R. R. Yoerger. 1960. 
Effect of temperature upon the nutritive value of 
a~tificially dried hay. 
J. Animal Sci. 19: 1186. 

Bratzler,J. W., T. B. King and W. I. Thomas. 1965. 
Nutritive value of high~sugar corn sil age. 
J. Animal Sci. 24: 1218 (Abstr.). 

" 

Brown, L. D., D. Hillman, C. A. Lassiter and C. F. 
Huffman. 1963. Grass silage as hay for lactating 
dairy cows. 
J. Dairy Sei. 46: 407. 

Brown, R. H., R. E. Blaser and J. P.Fontenot. 1968. 
Effect of spring harvest on nutritive value of 
orchardgrass and timothy. 
J. Animal Sci. 27: 562. 

Burton, G. W. and E. H. DeVane. 1952. The effect of 
rate and method of applying different chemicals on 
composition~ of Bermuda grasse 
Agron. J. 44: 128. 

Byers, J. H. 1965. Comparison of feeding value of 
alfalfa hay, sil age and low~moisture silage. 
J. Dairy Sci. 48: 206. 

Chalupa, W. V., J. L. Cason and B. R. Baumgardt. 196i. 
The nutritive value of Reed Canary grass as hay 
when grown with various nitrogen levels. 
J. Dairy Sci. 44: 874. 

Chalupa, W. and D. D. Lee, Jr. 1966. Estimation of 
forage nutritive value from in vitro cellulose 
dig e stion. 
J. Dairy Sci. 4~: 188. 

Chenost, M. 1966. Fibrousness of forages: Its determina
tion and its relation to feeding value. 
Proceedings of the X Internat. Grassl. Congr., 
p. 406. 



194 

Clancy, M. J. and R. K. Wilson~ 1966~ Development and 
application of a new chemical method for predict
ing the digestibility and intake of h~rbage eamples. 
Proceedings of the X Internat. Grassl. Congr., 
p. 445. -

Clark, K. W. and IYJQt,!;",.G. O. 1960. The dry matter 
digestion in vitro of forage crops. 
Can. J. Plant Sei. 40: 123. 

Cochrane, W. G. and G. M. Cox. 1957. Experimental 
Designs. 
John Wiley and Sons, Inc., New York. 

Coetzee, F,. C. T. 1966. The nutritive value of lucerne 
, hay. 

Farming in S. Africa, 41: 24 (Abstr.)~ 

Colburn, M. W. and J. L. Evans. 
position of the cell~wall 
detergent fiber fractiqns 
J. Dairy Sei. 50: 1130. 

1967. Chemical com
constituents and acid 
of forages. 

Colovos, N. F., H. A. Keener, J. R. Prescott and A. E. 
Teeri. 1949. Nutritive value of timothy hay at 
different stages of maturity as compared with 
second cutting clover hay. 
J. Dairy Sei. 32: 659. 

Common, R. H. 1952. Chemical evaluation of nutritive 
value of forages. 
Proceedings of the 6th Internat. Grassl. Congr. 
2: 1254. 

Conrad, H. R., A. D. Pratt and J. W. Hibbs. 1964. 
Regulation of feed intake in dairy cows. I. Changes 
in importance of physical and physiological factors 
with increasing digestibility. 
J. Dairy Sei. 47: 54. 

Coppock, C. E. and J. B. Stone. 1965. Corn silage for 
dairy cattle. 1965. 
Proc. Cornell Nutr. Conf., p. 59. 

Coppock, C. E. and S. T. Slack. 1966. Corn silage for 
dairy cattle. 
Unnumbered mimeograph bulletin. 



195 

Crampton~ E.',W. 1957. In~errelations between 
digestible nutrient, voluntary dry matte~ intake, 
and the overall feeding value of forages. 
J. Animal Sei. 16: 546. 

Crampton, E.' W.',; E. Donefer and L. E. Lloyd. 1960. 
A nutritive value index for forages. 
J. Animal Sei. 19: 538. 

Crampton, E. W. and L.A. Maynard. 1938. 
of cellulose and lignin content ta 
value of animal, feeds. 

The relation 
the nutritive 

J. Nut. 15: 383. 

Cul pin, s. 1962. The feeding value of silage and barn 
dried hay. 
J. Brit. Grassland Soc. ,17: 138 (Abstr.). 

Davis, R. F. and A. M. Decker. 1959. Vield and value of 
forage for milk production as affected by stage 
of maturity. 
Grass. Publ. 53, Amer.,Assn. Adv. Sei. Washington, 
D.C. 225. 

Davies, 1lJ. E., G. Griffith and A. Ellington. 1966. The 
a~s~~sment of herbage legume varieties. 2. ln 
vitro digestibility, water soluble carbohydrate, 
cru de protein and mineral content of primary 
growth of claver and l~cerne. 
J. Agric. Sei. 66: 351. 

Dehority, B. A. and R. R. Johnson. 1963. Cellulose 
solubility as an estimate of cellulose digest
ibility and nutritive value, of grasses. 
J. Animal Sei. 22: 222. 

Dehority, B. A., H. 1lJ. Scott and R. R. Johnson. 1968. 

Dent, 

Estimation of forage nutritive value from cellu
lose digestibilities obtained with pure cultures 
of cellulolytic rumen bacteria. 
J. Dairy Sei. 51: 567. 

J. 1lJ. and D. T. A. Aldrich. 1966. The in vitro 
digestibility of herbage species and varieties-and 
its relationship with cutting treatment, stage of 
growth and chemical composition. 
Proceedings of the X International Grassland 
Congress, 419. 



196 

. , 
DHIA Supervisoril's Handbook, 1962. 

AnirJal Hùsbandry Department, Morrison Hall, Ithaca, 
N.Y. 

Dijkstra, N. D. 1966. Estimation of the nu·tritive value 
of fresh roughages. 
Proceedings of the X International Grassland 
Congress, 393. 

" , 

Donefer, E., E. W. Crampton and Lloyd. 1960. Prediction 
of the nutritive value index of a forage from 
i~ Jif~~ rumen fermentation data. 
rAnimaI Sci. 19: 545. 

• 1966 The prediction of digestible energy 
-------i~t?~e,potential (NVI) of forages using a simple 

in vitro technique. 
P~oc. X Internat. Grassl. Congr. 1966, Finland, 
p. 442. 

, . 

Donefer, E. and L. E. Lloyd. 1965. Nutritive evaluation 
of. first cutting and aftermath hays. 
J.Animal Sci. 24: 908 (Abstr.). 

Donefer, E., L. E. Lloyd and E. W. Crampton. 1962 
Prediction of the Nutritive Value I~dex of forages 
fed chopped or ground using an in vitro rumen 
fermentation method. 
J. Animal Sci. 21: 815. 

Donefer, E., P. J. Neimartn, E. W. Crampton and L. E. 
Lloyd. 1963. Dry matter disappearance by enzyme 
and aqueous solutions to predict the nutritive 
value of forages. 
J. Dairy Sci. 9: 965. 

Donker, J. O., H. Singh and H. W. Mohrenweiser. 1958. 
Forage Evaluation. I. Performance of Holstein 
heifers fed only early-cut or late~cut Alfalfa 
hayon a free~choice basis. 
J. Dairy Sci. 51: 362. 

Ekern, A., K. L. 81axter and D. Sawers. 1964. The 
effect of artifidial drying and freezing on the 
energy value of pasture herbage. Energy 
Metabolism Proceedings of the third Symposium. 
Academic Press, London, New York, 217. 



Elliot; R. C. and K. Fokkemae 1960.Protein digest
. ibility relatiqnships in ruminants. 
Rhodesia Agric. J. 57: 301. 

197 

Forbes,: R" m" and \U'.' P'.' Garrigus. 1948. Application of 
a lignin ratio technique ta the determ~nation of 
the nutrient ~nt~ke of grazing animaIs. 
J. Animal Sci. 7: 383. 

Gaillard,: 8" O. E" 
ibility for 
contents of 
Netherlands 

1966. Calculation of the digest
ruminants of roughages,from the 
cell-wall constituents. 
J. Agric'. Sci'~ 14: 2l5. 

Gillet; m. and J •. Jadas-Ascart. 1965~' Leaf flexibili ty; 
a character for selection of tall fescue for 
palatabili ty. 
Proceedings of tb~ ninth International Grassland 
Congress, 1: 155 •. 

. Glover, J.; D. lU. Duthie and H. \U. Dougall. 1960. The 
total digestible nutrients and gross digestible 
energy of ruminant feeds~ 
J. Agric. Sci. 55: 403. 

Goulden, C. H. 1952. 
methods of Statistipal Analysis. 
John lUiley and Sons, Inc. New York. 

Hardison, lU. A. 1959. Evaluating the nutritive quality 
of forage on the basi$ of energy. A review. 
J. Dairy 5ci~ 42: 489. 

Heaney, D. P. and \U~ J. Pigden. 1963. Inter~relationships 
and conversion factors between exp~essions of the 
digestible energy value of forages. 
J. Animal Sci. 22: 956. 

Heaney, D. P., \U. J. Pigden and G.I. Pritchard. 1966. 
Comparative energy availability for lambs of four 
timothy varieties at progressive growth stages. 
J. ~nimal 5ci. 25: 142. 

Henneberg, lU. and F. Stohmann. 1864. Begrundung einer 
rationellen Futterang der lliiederkauer. Vol. II. 
Schwetschtke u. sohn. Braunschweig, p. 324. 
Cited by Van 50est, 1963. 
J.A.O.A.C. 46: 5. 



198 

Hershberger, T. V., T. A. Long, E. W~ Hartsook and 
R. W. Swift. 1959. Use of artificial rumen tech
nique ta estimate the nutritive value of forages. 
J. Animal Sci. 18: 770. 

Halter, J. A. and J. T. Reid. 1959. Relationship between 
the concentrations of crude p~otein and apparently 
digestible protein in forages. 
J. Animal Sci. 18: 1339. 

Howie; A. ~964. W{lted silage o~ ~arn~dried hay? 
Scot. Agric. 44: 84 (Abstr.). 

Huber; J. T.,· G~ C. Graf and R. W~ Engel. 1963. Effect 
of stage of maturity on nutritive value of corn 
s~lage. , 
J. Dairy Sci. 46: 617 (Abstr.). 

Huffman, C. F. and C. W. Duncan. 1956. Comparison of 
silages made from field corn (Ohio m15) and 
s~lage Dorn (Eureka) for milk production. 
J. Dairy Sci. 39: 998. 

, . 

Jeffers, H. F. m. 1960. The effect of stage of maturity 
of timothy hayon its overall nutritional value 
as measured by the Nutritive Value Index. 
m.sc~ Thesis,mcGill University~ , 

Johnson, ,R.,R., 1966 •. T~QQniques and procedures for 
in vitro and in vivo rumen studies. 
J7 Animal Sci-.-25: 855. 

John~on, R. R., J. L~ Ba1wani, L •. T. Johnson, K~ E. 
~cClur~,and B. A. Dehority. 1966a. Effect on 
in vitro cellulose digestibi1ity and soluble 
ëarbohydrate content. 
J. Animal Sci. 25: 617. 

Johnson, R. R., B. A. Dehority, S. L. Parsons and H. W. 
Scott. 1962. Discrepancies between grasses and 
?+fa+fa when estimating nutritive value from in 
vitro cellulose digestibility by rumen microorgan
isms. 
J. Animal Sci. 21: 892. 

Johnson, R. R. and B. A. Dehority. 1963. . Sy~posium on 
microbial digestion in ruminants: in vitro rumen 
fermentation techniques. 
J. Animal Sei. 22: 792. 



199 

Johnson~' R.: R'.,' 8. A'.' DehoritY,aDçJ,~~ L. Parsons'. 1965. 
Relationships between !!l, vitro me,~surements on 
forages and their nutritive value. . 
Proceedings of the 9th Internat~ Grassl~ Congress 
1: 773. 

Johnson; R~ R~; K. E. MqCl~re; L~ J~"Johnson; E. W. 
Klosterman and.,G. ~. Triplett. 1966b. Corn 
plant maturity. , 1 •. ,Çhanges in dry matter and 
protein distribution. 

Johnson,' R. R. and K. E; McClure. 
maturity. IV. Effects on 
s,ilage in sheep. 
J. Animal Sei. 27: 535. 

1965. Corn plant 
digestibility of corn 

Joint United States~Canadian Tables of Feed Composition. 
1964~ Publication 1232. National Apademy of _ 
Sciences~ National Research Council, Washington, 
D.C. 

-, 

Kane; E. A. 1962. Estimated net energy and total 
digestible nutrients relationships of classes of 
feeds~ .' , 
J. Dairy Sei. 45: 629. 

Karn; J. F.; R. R. ~9~nson and D. ,A. Dehority. 1967. 
Rates of in vitro cellulose and dry matter 
digestionat 5, S,' and ,Il hours as predictors of 
forage, nutritive value. 

Kivimae; Arnold. 1966. Estimation .of digestibility 
, and feeding value of timothy. 

Proceedings of the X International Grassland 
Congress, 3S9'~ 

Kumeno, Fumio; 8. A. DehoritY,and R. R. Johnson. 1967. 
Development of an in vitro fermentation technique 
for estimating the nutritive value of high energy 
mixed rations for ruminants. 
J. Animal Sei. 26: S'67. 



200 

Li ster, E. E. 1957. Voluntary intake of forag e s as a 
measure of i~s feeding value fo~ ruminants. 
M.Sc. Thesis, McGill University. 

. , ' . 
Lloyd, L. E.,E. ill.Crampton, E. Don~fer and S. E. 

Beacom. 1960. The effect of chopping versus 
grinding on the Nutritive Value Index of early 
versus late c~t red clover and timothy hays. 
J •. Animal Sci. 19: 859. 

, . ,'" .. 
Markely, R.A., J. L. Cason and B. R. Baumgardt. 1959. 

Effect of nitrogen fertilization or urea sup
plementation upon thedigestibility of grass haysQ 
J. Dairy Sci. 42: 144. 

Maymone,· B. 1952.· Problems relating to ha~vesting and 
preserving forage in southern Europe. 
Proceeding s o.f the Sixth InternE!.tional Grassland 
Congress; 2: l13l~ 

Maynard, L. A. 1953. Total digestible nutrients as a 
measure of feed energy. 
J. Nutrition 51: 15. 

McCullough, M. E. 1959. Conditions influencing forage 
acceptability and rate of intake. 
J. Dairy Sci. 42: 571. 

1962. Use of diges~ible dry matter by dairy 
COillS group~fed sil ages. 
J. Dairy Sei. 45: 1107. 

McCullough, M. E.; L. R~ Sisk and o. E. Selle 1965. 
5ilage characteristics for optimum production in 
dairy ai1ima~ s. 
Georgia Agr. Exp. sta. Res. Bull. 43. 

Mellin; T. N.; B. R. Poulton and M. J. Anderson. 
Nutritive value of timothy hay as affected 
data of ha~vest. 
J. Animal Sci. 21: 123. 

1962. 
by 

Meyer, J. H. and G. P. Lofgreen. 1959. Evaluation of 
alfalfa hay by chemical analysis. 
J. Animal Sci. 18: 1233. 



201 

Meyer~' J. H., UJ. C. UJeir, le G. Jones and,J. L. Hull. 
1960. Effect of stage of maturity; dehydration 
versus field~curing and pelleting ,on alfalfa 
qyality as measured by,lamb gains. 
J. Animal Sci. 19: 283. 

Mohammed; A. S~ 1966. A comparison of different 
methods which estimate nutritive value of forage. 
Dissertation Ab~ts~ 27: 1679B. 

Moore,' L;A~; H. M~ Irvin and J~ C~ Shaw~ 1953 •. 
Relationship between TON and energy values of 

. feeds. ' , 
J. Dairy Sci~ 36: 93. 

Morrison,' F. B. 1956. F'8eds and Feed~ng~: 22n~ Edition. 
The Morrison Publishing Company, Ithaca, New York. 

Mosi~ A~ K. 1967~ The effect of nitrogen fertilization 
on th~ nutritive value of mixed herbage fed to 
sheep. 
M.Sc. Thesis, McGill University. 

Mowat, D. N., R. S •. Fulker~çm~:.W •. E'.· Tossell and J. E. 
Winch. 1965. The in vitro dry matter digest
ibility of several species and varieties and ~heir 
plant parts with advancing stages of maturity. 
Proceedings of the Ninth International Grassland 
Congress, 1: 801. 

Moxon, A.L. and o. G. Bentley. 1955. Research on rumen 
function and ruminant nutrition. 
Trans~ Am. Assn. Cereal Chem. 13: i5. 

Murdock; F. R.; A. S. Hodgson and J. R~ ,Harris. 1961. 
Relationships of date of cutting, stage of 
maturity, and digestibility of orchardgrass. 
J. Dairy Sci. 44: 1943. 

Murdock, J. C. and Ds I. Bane. 1963. The effect of 
conditioning on the rate of drying and loss of 
nutrients in hay. 
J. British Grassland Soc. 18: 334 (Abstr.). 

" Mehring, K. and UJ. Laube. 195B. Uber Zusammensetzung 
und Futterwert von MaisgMrfutter und Gr~mmais. 
Deutsche Landwirtsch 9: 483 (English Summary)o 



Nevens, W. B., K. E~ Harshbarger, R. W. Touchberry and 
G. H. Duncan. 1954. The ear aOnd leaf-stalk 
contents of corn forage as factors in silage 
evaluation. 
J. Dairy Sci. 37: 1088. 

Phillips, M. J. 1940. Lignin as a constituent of 
nitrogen~free extr~ct. 
J.A.O.A.C. 23: 108. 

Pigden, W. J., and J. M. Bell. 
rumen a~ a procedure fo~ 
quali ty. 
J. Animal Sci. 14: 1239 

1955. The artificial 
evaluating forage 

(Abstr. ). 

Reid, J. ,T., W. K. Kennedy, K; L. Turk,S. T. Slack, 

202 

G. W. Trimberger and R. P. Murphy. 1959. Effect 
of growth stage, chemical composition and phys~cal 
properties upon the nutritive value of forages. 
J. Animal ~ci. 42: 567. 

Reid, R. L. and G. A. Jung. 1965a. Influence of 
fertilizer treatment on the intake, digestibility 
and palatabi1ity of Tall Fescue hay. 
J. Animal Sci. 24: 616~ 

Rony, D. D. 1964. 1rr vitro cellulose digestion of 
different plant species and fractions varying 
in particle size. 
M. Sc. Thesis, McGill University. 

Schneider, 8. H., H. L. Lucas, M. A. Cipolloni and H. M. 
Pavlech. 1952. The prediction of digestibility 
for feeds for which there are only proximate 
composition data. 
J. Animal Sci. Il: 77. 

Simkins, K. L. Jr. and B. R. Baumgardt. 1963. Evalua
tion of forages in the laboratory. III. Comparison 
of various methods for predicting silage digest~ 
ibility. 
J. Dairy Sci. 46: 338. 



• 203 

Slack, s. T~, W. K. Kennedy, K. l. Turk, J. T. Reid and 
G. W. Trimberger. 1960. Effect of curing methods 
and stage of maturity upon feeding value of 
roughages. part II. Different levels of grain. 
Cornell Univ. Agric. ~xp. sta. Bull. 957: 19~ 

Smith, E. R. 1958. Voluntary intake of forage as a 
measure of its feeding value for ruminants. 
II. Ideally cured forages. 
M-. Sc. Thesis, McGill University. 

- -
Sosulski, F. UJ., and J. K. Patterson. 1961. Correla-

tions between d~~estibility and chemical 
constituents of selected grass varieties. 
Agronom. J. 53: 145. 

Stallcup, O. T. and G. V. Davis. 1965. Assessing the 
feeding value of forages by direct and indirect 
methods. 
Arkansas Agric. Exp. Stat. Bull. No. 704: 30. 

, . ,. 

Steel, R. G. D. and J. H. Torrie. 1960. Principles and 
Procedures of Statistics. 
McGrawo:-Hill Book Co.-, New York, N. Y ~ 

Swift, R. UJ~ 1957. The nutritive evaluation of forages. 
Penn. Agr. Exp. Sta. Bull. 615. 

Thaer, A. 1809. Grunds~tze den latianellen landwirt
schaft, Vol. l, Sect. 275. Cited by Van Soest, 
1964. 
J. Animal Sei. 23: 638. 

Thurman; R. l. and E. J. UJehunt. 1955. A laboratory 
method for determining digestible nutrients. 
Agron. J. /~7: 302. 

Tilley, J. M. A., _R. E. Deriaz and R. A. Terry. 1960. 
The in vitro measurements of herbage digestibility 
and assessment of nutritive value. 
Proc. 8th Inter. Grassland Congr., p. 533. 

Tilley, J. M. A. and R. ~~T~rry. 1963. A two~stage 
technique for in vitro digestion of forage crops. 
J. Bri. Grassl-.-Soc. 18: 104. 



Trimberger~ G~ W;; W~ K. Kennedy, K. K. T~rk; J.R~ 
Loosli, J. T. Reid and S. T. Slack. 1955. 
Effect of curing methods and s~age of m~turity 
upon feeding" value qf roughage,_ Par;~ I. " 
Cornell Univ. Agric. Expt. Sta. Bull. 913. 

204 

Troelsen and F.' m.' Bigsby'.' 1964. Artificial mastica
tion ~ A new appro~ch for prediqting voluntary 
forage consumption by ruminants. 
J. Animal Sci~ 23: 1139 

Turk, K. L. 1952. Changes in the composition and 
quality of forage dried on barn finished systems. 
Proceedings of the Sixth International Grassland 
Congre ss, 2: 1739. 

, . , 

Van Soest, P. J. 1963. Use of detergents in the analysis 
of fibrous feeds: I. Preparation of fiber residues 
of low nitrogen content. 
J. of A~O~A.C~ 46: 825. 

____ a 1964. 
pastures: 
forages. 
J. Animal 

Symposium on nutrition and forage and 
new chemical procedures for evaluating 

Sci'. 23: 838. i 

• 1965. Non nutritive Residues: A system ,of 
-~nalysis for the replacement of crude fiber. . 
Repq~t to Seventy~ninth Annual Me~ting of A~O~A~C. 
Oct. 11~14, 1965, Washington, D.C. 

____ e 1965b. Symposium on factors influencing the 
voluntary intake of herbage by ruminants: Volun
tary intake in relation to chemical composition 
and digestibility. 
J. Animal Sci. 24: 834. 

• 19~5c. Use of detergents in analysis of fibrous 
-----feeds. III. study of heating and drying on yield 

of fiber and lignin in forages. 
J. Assn. Official Agr. Chem. 48: 546. 

1967. Development of a comprehensive system 
analysis and its application to forages. 
J. Animal Sei. 26: 119. 



205 

L 

Van Soest; P. J~'and L. A.moore~ 1965. New chemical 
methods for analysis of forages for the purpose 
of p~edicting nutritive value. " .. 
Proc. ~X Intern~ Grassland Congr.; Sao Paulo, 
Brazil, Paper 424. 

Van Soest,' P. J. and R. H •. Wine. 1967. Use of 
de.tergents in. the analysis of fibrous feeds. 
IV. The dete~mination of plant cell~wall 
con sti tuents. 
J~ Assn~ Official Anal; Chem~ 50 (In Press)~ 

Wedin; W. F~; I~ T. Carlson and R~ L~ Vetter; 1966. 
Studies on Nutritive value of fall~saved forage 
using rumen fermentation and ~hemical analyse~. 
P~oceedings of the X Internat. Grassl. Congr., 
p. 424. 

Welk; m; E. and H. m. Yegian~ 1965. The pla~e of 
silage in a forage utilization program. 
Researches on production problems .and Evaluation. 
Procee~ings of the ninth Internat. Grassl. Congr~ 
1: 589. 

Wellmann,' U. 1966. A comparison of the dry~'matter 
intake of silage and hay by cattle. 
Proceedin,g S of the X International Grassland 
Congress, p. 568. 

Woefel, G. C. and B. R. Poulton. 1960~ The nutritive 
value of timothy hay.as affected by nitrogsn 
fertilization. 
J. Animal Sci. 19: 65. 


