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Chemical and biological evaluations were conducted to provide

chemical composition and digestibility information, in addition to

yield data, for silage corn varieties produced on poorly drained

Dayton soil series. Each variety was subjected to a Kjeldahl nitro-

gen, acid detergent fiber, acid detergent lignin, cell wall, and

residual ash test. Subsequently cell contents, cellulos,e, and hemi-

cellulose were calculated by difference.

The objectives of this study were to determine if significant

differences in nutrient composition and digestibility existed among

silage corn varieties grown under similar cultural conditions, and

whether such differences could be detected by the detergent analysis

scheme in a non-pasture forage. Finally, a comparison of in vitro

(artificial rumen) and summative equation digestibility coefficients

would indicate the possibility of using the latter for estimating nutri-

tive value in forage crop experimental work. In addition, grass and



legume samples, varying widely in nutritive value, were subjected

to detergent analysis to ascertain the systems capabilities for

assessing differences in chemical composition between forage types.

Statistical analysis of the data for chemical composition of the

silage corn varieties showed that no significant differences among

varieties existed at the five percent probability level.

Biological availability of the nutrients of the silage corn varie-

ties was measured by the in vitro (artificial rumen) technique. No

significant differences were noted in the 24-hour trials. However,

in the 12-hour trials varieties two and four gave coefficients that

were significantly (P < . 05) greater than varieties one, five, six,

seven, or ten. Calculated correlations of the 12 and 24-hour in

vitro (artificial rumen) dry matter digestibility and of coefficients

estimated by the summative equation were not highly significant.

Relationships of chemical constituent data of grass and legume

samples from detergent analysis provided evidence that this feed-

stuff fractionation accurately reflects differences in chemical com-

position between species. Hemicellulose values of the grass were

four times as great as those of the alfalfa, but the cellulose content

was similar for the two forage types. Comparison of silage corn

data with that of the alfalfa gave a relationship analogous to that of

the alfalfa-grass.

Residual ash values of the grass were ten times larger than



those of the alfalfa. However, it was not an important factor limit-

ing nutritive value in either the alfalfa or the silage corn.

Alfalfa cell wall level and its digestibility were lower than that

of the grass. But cell wall material of the grass was twice the

amount contained in the alfalfa, and its digestibility was also higher

which reflects its lower degree of lignification.
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BIOCHEMICAL EVALUATION OF SILAGE CORN VARIETIES

INTRODUCTION

A cooperative agricultural research project between the Oregon

State University Department of Soils and the Pacific Power and Light

Company has provided three years of experimental results concern-

ing several aspects of agricultural production on poorly drained

Dayton soil series. The primary purpose has been to increase the

diversity and yields of crops that are adaptable to profitable produc-

tion on the "lowlands" of the Willamette Valley, which previously

have been limited to grass seed production.

The particular trial that this thesis was concerned with in-

volves corn silage varieties. Yield data (wet and dry weights in tons

per acre) has been the sole criterion for evaluation in the past, and

these are obviously limited in usefulness. Information on nutritive

value could provide the livestockman with facts relative to the

potential feeding value for ruminants of silage corn. Furthermore,

new ideas and approaches to design of future experiments could be

supplied the soil scientist.

Current methods and procedures for chemical analysis

(especially for the carbohydrate fraction of plants) and digestibility

trials possess numerous limitations. Conventional digestion trials,

where an accounting and analysis of feed intake and fecal output is
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made, are the most reliable and accurate means available for deter-

mining the digestibility of a ration component. However, if large

numbers of samples necessitate frequent trials, labor and costs can

prohibit their use. With ruminants such problems are extended due

to the large amounts of feed required since preliminary feeding

periods are necessary. In order to obtain digestibility data cheaply

and rapidly a relatively accurate, indirect method would have con-

siderable advantage.

With chemical analysis information desirable, if not essential,

a predictive equation for determining digestibility values, that uti-

lizes such information, would offer considerable advantage. Wide-

spread interest and attention to chemical evaluation of forages has

triggered several approaches whose limitations have hampered their

general acceptance. A detailed discussion of previous attempts to

evaluate forages chemically will be presented in the review of

literature. Van Soest (1967a) has developed a summative equation

which utilizes data obtained from the detergent analysis of fiber.

The immediate demand, then, is for a comparison of the accuracy

and repeatability of these results with proven systems. For example,

closely correlated digestibility coefficients from an in vitro or an in

vivo system and from the summative equation would indicate that the

latter offers a feasible and applicable estimation of digestibility

values, at least for silage corn. Further investigations into its
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adaptability to other forages would then be warranted.

Comprehensive forage crop experimental studies necessitate

the collection of data on both chemical (nutrient) composition and

biological availability. Since close correlations between in vitro

(artificial rumen) and in vivo (digestion trial) data have been calcu-

lated (Bowden, 1961), the artificial run-ien offers promise as a

means for verifying chemical estimations.

Even though chemical analysis data are valuable for studying

and interpreting digestibility values, present methods limit their

usefulness. The proximate analysis scheme, initiated in Germany

about 100 years ago, does not yield a nutritionally realistic division

of the carbohydrate fraction of a feedstuff. It has been demonstrated

that in 30 percent of selected cases of dry feeds, crude fiber (the

indigestible portion) is more digestible than the nitrogen-free ex-

tract (the digestible fraction) (Moore, 1966). The principal reason

is that lignin, an indigestible constituent, is partially soluble in

weak alkali and consequently appears in the nitrogen free extract

fraction. Thus, the Weende system, which is an attempt to dupli-

cate chemically the digestive fractionation of feeds within the animal,

does not accomplish its purpose.

The detergent analysis characterizes divisions of dry matter

according to the mode and extent of nutritional availability. The

approach is to divide the organic matter into cell contents and into
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the cell wall fraction. The former are the soluble, highly digestible

constituents including lipids, soluble carbohydrates, most protein,

and water soluble material generally available to both ruminants and

monogastrics. Components of the cell wall, cellulose, hemicellu-

lose, lignin, and insoluble ash are insoluble and partly indigestible.

Their availability is entirely dependent upon microbial fermentation.

The foregoing criticisms of the Weende system are met by

dividing the forage dry matter into two fractions on the basis of

nutritional availability, and the results are reliable indicators of

nutritive value also. Furthermore, detergent analysis is simple;

makes use of the same laboratory equipment as the conventional

crude fiber procedure; and is considerably more rapid than present-

ly published methods.

The objectives to be attained in this research work included

the following: 1. To determine if significant differences in nutrient

composition and digestibility existed among silage corn varieties

grown under similar cultural conditions; 2. To test the ability of the

detergent analysis to detect differences in a non-pasture forage; and

3. In search of a rapid, accurate, and relatively simple method of

determining nutritional value, to compare the results of Van Soest's

summative equation with those obtained from the artificial rumen.

In addition grass and legume samples were subjected to the detergent

analysis scheme to determine its capabilities for assessing differ-

ences in chemical composition between forage types,
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LITERATURE REVIEW

A considerable portion of the research efforts in animal nutri-

tion during the past century have been devoted to studies designed to

provide an accurate and precise system of feed analysis. Feed

composition and nutrient requirement data represent the basis of

scientific livestock feeding. Therefore, the importance of sensitive

analytical techniques can not be emphasized sufficiently.

Early Historical Aspects

Although the exact date of the origin of the Weende proximate

analysis scheme can not be pinpointed, Van Soest (1963a) suggests

that it probably dates back to 1809 when Einhoff prepared fiber by

extraction with alcohol, dilute acid, and dilute alkali. Sprengel ob-

served the digestion of fiber by ruminants in 1832 and between 1860

and 1863 Henneberg and Stohmann in Germany modified his analyti-

cal technique (Ely and Moore, 1959). They broke away entirely from

Thaer's hay-equivalents and based the evaluation of feedingstuffs on

the percentage of the three major nutritive constituents (Browne,

1940). These hay-values were the first feeding standards developed

and were based on the amount of hay required to produce a pound of

manure.

The measurement of crude fiber and nitrogen-free extract by
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this system was an attempt to divide feedstuffs into indigestible and

digestible portions. Any part of a feed resistant to successive ex-

traction with dilute acid and dilute alkaline solutions, for example

1.25 percent, was assumed to represent the indigestible fraction.

Henneberg and Stohmann labeled their original extract "wood fiber".

Simultaneously, Voelcker, in England, independently developed

a method for determining material resisting alkaline and acid diges-

tion and called it "cellular and woody fiber" (Ely and Moore, 1959).

Nutritional Importance of Crude Fiber

The biological and nutritional impoitance of crude fiber is not

clear or precise. Even though the original supposition was that

crude fiber represented the indigestible portion, such values appear

to be misleading indices of overall digestibility of a feed. The

theoretical model upon which the proximate analysis scheme was

developed was shattered with the discovery of cellulose and fiber

digestibility in herbivores by Haubner (Van Soest, 1963a).

Ironic as it may seem, Browne (1940) presented evidence to

support the fact that Henneberg and Stohmann realized the limitations

of the crude fiber and nitrogen-free extract fractionation at its incep-

tion. Apparently it was obvious to them that the product did not

represent any single entity, as the less definite designation of "crude

fiber" was suggested by Henneberg to replace "wood fiber". Yet,
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this system of fiber analysis has persisted, essentially unchanged

from the original procedure, for approximately 100 years.

Limitations of the Weende System

There have been numerous criticisms leveled at the Weende

system through the years. Primary among these has been that the

division is not nutritionally realistic. In studies of constituents of

pasture forage, Richards and Reid (1953) reported that partitioning

forage carbohydrates into crude fiber and nitrogen-free extract did

not divide them into indigestible and digestible portions. Crampton

and Maynard (1938) have demonstrated the variability in composition,

digestibility, and feeding value of crude fiber from dry roughages,

pasture herbage, and silage. In 39, 67, and 28 percent of the re-

spective cases, crude fiber was as high or higher in digestibility

than the nitrogen-free extract. Van Soest (1966b) emphasized that

of the feeds listed in Morrison's tables, 10 percent of all concen-

trates, 20 percent of succulent feeds, 28 percent of all silages, and

30 percent of all dry feeds possess crude fiber digestibilities equal

to or greater than those of nitrogen-free extract, which is supposed

to contain the available carbohydrates. Apparently these results

are the consequences of the extraction of some lignin and most of

the hemicelluloses into the nitrogen-free extract (Norman, 1935).

Other frequent objections have been that the composition of
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crude fiber is not constant, and that it bears no consistent relation-

ship to any plant constituent or group of constituents. Crude fiber

from one material is not necessarily comparable in composition with

this fraction from another. In support of these contentions Norman

(1935) demonstrated that the content of cellulose and lignin of the

crude fiber extract represented only a small fraction of that initially

present in a wide range of feed materials. However, Norman's data

does support the fact that crude fiber consists almost exclusively of

cellulose and lignin.

Van Soest (1966b) pointed out that the yield of the crude fiber

procedure is not proportional to the total fiber content because dif-

ferent plant species are characterized by differing ratios of hemi-

cellulose to cellulose and to lignin. In other words, the varying

solubilities of these constituents cause the yield of crude fiber to

vary. Armstrong, Cook, and Brynmor (1950) discussed the degree

of variation in the make-up of the nitrogen-free extract and related

this to differences in the fiber content at various stages of growth

and with different species.

Extensive discussions of the shortcomings of the crude fiber

procedure have been given by Ely and Moore (1959) and Entwistle

and Hunter (1949). In addition to the limitations mentioned previous-

ly, the arbitrary nature of the system was criticized. They also

found that since highly lignified materials do not necessarily yield
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crude fiber fractions high in lignin, it really bears no definite rela-

tionship to the structural constituents of a material.

Appropriate Use for Crude Fiber Values

A reasonable conclusion at this point would be that Weende

crude fiber determinations are misleading and inaccurate. Further-

more, their application should be used only for approximate indica-

tions of bulk and roughage. Nevertheless, among the multitude of

criticisms, one advantage appears evident. Hallsworth (1949) sug-

gested that there is a high negative correlation between crude fiber

content and TDN. However, this significance was limited to a parti-

cular species.

Requirements for an Alternate Fractionation System

Progress towards a replacement for crude fiber has been re-

tarded for numerous reasons. Van Soest (1967) suggested that many

failures have been noted because of an inadequate understanding of

the meaning and purposes of fiber determinations. Conflicting aims

have provided some difficulty. In line with this idea, he offered two

prerequisites to a practical fiber method. First a clear nutritional

definition of fiber must be attempted, and secondly one must estab-

lish which chemical fractions properly belong in an ideal nutritional

fiber procedure. An additional requirement is that any new system
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must be conceived and designed comprehensively so that feedstuffs

of both plant and animal origin can be evaluated for all species (Van

Soest, 1966b). Progress relative to the latter prerequisite has been

hampered,in part,by the lack of procedures which are economically

competitive, quicker and easier to carry out, and more reproducible

than the present method.

Norman and Jenkins (1933) have suggested that an ideal fiber

method based on cellulose determination requires that the lignin and

hemicelluloses be rapidly and completely removed without affecting

the integrity of the cellulose.

Even though the advancement in analytical techniques for

routine evaluation of feedingstuffs has not kept pace with other areas

of nutrition research, Norman (1935) advocated that there has been

a hesitancy to abandon the crude fiber method because of the large

amount of digestibility data dependent upon it. Thus, the limitations

previously discussed could have critical and extensive implications

throughout the livestock industry. Also, there has been a conserva-

tive tendency to continue to rely upon established procedures and

principles, or modifications of them, despite their obvious limita-

tions.

Proposed Alternate Evaluation Schemes

Now that various requirements of a fiber replacement system
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and reasons for not reaching this goal have been reviewed, individual

methods will be given considerable attention. Knowledge of the pre-

viously mentioned limitations of the Weende crude fiber system, have

stimulated widespread interest in the development of other systems

of analysis which do not leave such a large portion of the feed analy-

tically undetermined. Certainly more accurate and detailed inform-

ation on nutrient composition of feedstuffs would be desirable. A

majority of the workers have followed Norman's (1935) philosophy

in their attempts at new procedures. He stated that, "The time has

arrived when experiments involving availability of plant materials

should be conducted in terms of actual plant constituents."

Lignin Ratio

Ellis, Matrone, and Maynard (1946) assumed that lignin is

completely undigested by herbivorous animals and therefore postu-

lated that calculation of the digestibility of other nutrients could be

done by computing the ratio of lignin to other nutrients in the feed.

They also presented methods for the determination of lignin involving

the decomposition of all associated substances in 72 percent sulfuric

acid. This has been the most widely accepted lignin determination

method until Van Soest and Wine (1967a) proposed the use of perman-

ganate oxidation.

Difficulties encountered in lignin determinations have restricted
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studies on its nature and development. Lignin occurs in plant tissue

in close association with carbohydrates and possibly with protein

(Czerkawski, 1967). Freudenberg (1965) has classified it as a com-

plex polymer of phenolic compounds such as coumaryl alcohol and

its derivatives. The amount and composition of lignin varies from

plant to plant and also depends upon age. The exact manner in which

lignin affects digestibility needs further study. However, possible

theories include encrustation by lignin, a lignin-carbohydrate com-

plex of cell-wall material or the presence of molecular complexes

due to hydrogen bonding (Van Soest, 1963a).

Alkaline Nitrobenzene Oxidations

Roadhouse and MacDougall (1956) utilized alkaline nitroben-

zene oxidations to evaluate various errors in the determination of

lignin in various plants. Their conclusions were that losses during

pretreatment and contamination with interfering material arising

from the action of the extracting reagents on other plant constituents

posed critical limitations.

Modified Lignin Procedures

Thacker (1954) modified the original Ellis, Matrone, Maynard

(1946) method to reduce the number of transfers and to involve the

use of an autoclave in place of refluxing to shorten the length of
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time and work required to carry out the determination. Advantages

listed for this system included more accurate reflection of true

lignin content of feed materials and convenience.

Czerkawski (1967) recognizing the disadvantages of the 72 per-

cent sulfuric acid lignin method, proposed a modified procedure

more suitable to routine work. This particular method was designed

to minimize the precipitation of humin and abnormally high lignin

values which occurred during removal of lipids and nitrogenous

material.

Methoxyl Groups

Since methoxyl groups are closely associated with lignin and

increasing maturity of the plant, Richards and Reid (1952) suggested

their use to replace lignin as a shorter method for predicting digest-

ibility and feeding value of feeds. The authors presented data to in-

dicate that a distinct chemical radical would be measured, whereas

lignin, as determined by previous methods, isolates only an indigest-

ible residue. In addition, the analytical task is simplified.

Hemicellulose Extraction

Flanders (1952) approached the problem by presenting a

method for successive extraction of hemicellulose by means of sol-

vents of increasing alkalinity from chlorite holocelluloses of a
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variety of feedstuffs.

Hypochlorite Methods

Modifications of preliminary work on a neutral hypochlorite

method for determining cellulose isolated a material which repre-

sented the natural cellulosic tissue of the plant freed from encrust-

ing substances (Norman and Jenkins, 1933). However, the final

material was not entirely free of lignin, so that an accurate indica-

tion of total fiber was impossible. Matrone, Ellis, and Maynard

(1946) altered Norman and Jenkins' method slightly to incorporate

ethanolic alkali and to shorten the procedure considerably. How-

ever, neither procedure was widely utilized to determine cellulose

so that it could be used in the evaluation of feeds.

Dichromate Heat of Dilution

Launer and Tonlimatsu (1953) realized the sources of error in

cellulose determination as high retention of polymers and carbon

monoxide formation and escape. Nevertheless, they outlined a pro-

cedure by which cellulose could be determined rapidly and with only

slight error in the presence of moisture and the usual inorganic im-

purities. This could be accomplished by applying a theoretical fac-

tor of 0.01240 grams of cellulose per milliliter of 1.835 N potassium

dichromate solution with the dichromate heat-of-dilution method.
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Cellulose, Lignin, and Other Carbohydrates

Even though cellulose has not been extensively used as an indi-

cator of feeding value, Crampton and Maynard (1938) provided data

to suggest that their procedure makes a sharper distinction among

carbohydrates in regard to their digestibility. Data obtained from

digestion trials with steers and rabbits indicate that it was of more

biological significance and more useful in predicting feeding values,

at least for herbivora, than methods discussed earlier. This parti-

tioning of carbohydrates into cellulose, lignin, and other carbohy-

drates to provide an index of the energy value of feedstuffs high in

lignin was not satisfactory since the quantitation of lignin was diffi-

cult in high protein feeds. Believing that this partitioning was bio-

logically sound, an alternate scheme of analysis avoiding direct

lignin determination was proposed by Crampton and Whiting (1943).

Extractive Free Forage

Since cellulose and hemicellulose fractions represent the

major part of most forage materials and contribute substantially to

the energy value of forages for ruminants, Ely and Moore (1954)

proposed a single polysaccharide unit. An acid chlorite treatment,

involving successive alcohol-benzene extractions followed by acetone

and hot water washings, was used to recover cellulose and hemicel-

lulose. The product was labeled "extractive-free forage."
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Similarity of digestion coefficients for the two fractions was given as

justification for combining the two constituents. A primary advantage

of analysis for holocellulose was that all of the extractive-free dry

matter was accounted for. However, excessive acid chlorite treat-

ment caused loss of carbohydrate from the holocellulose, which was

the major disadvantage.

In circumstances not requiring a breakdown of carbohydrates,

Richards and Reid (1953) recommended measuring nutritive value

by treating carbohydrates as a single group as was illustrated by the

following formula:

% total carbohydrate = 100% (% crude protein + % ether ex-

tract + % ash + % lignin)

Enzymatic Digestion

Enzymatic digestion methods have been developed (Entwistle

and Hunter, 1949) with the view that crude fiber should be directly

relative to the indigestible matter. All of the proposed methods

were too lengthy to lend themselves to routine chemical analysis

even though the authors claimed a close correlation to feeding value.

Summative Analysis

Gaillard (1958) proposed a detailed summative analysis of

roughages to include the determinations of the sugars, pure
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cellulose, and lignin of which the soluble and structural carbohy-

drates are composed. Since it covered every detail of the compo-

nents of crude fiber and nitrogen-free extract, the procedure was

too time consuming for routine analysis.

Nutritive Value Index

In their search for a method of describing in numerical terms

the overall nutritive value of feeds, Crampton, Donefer, and Lloyd

(1960) postulated that effective nutritive value of a forage is depend-

ent upon the level of maximum voluntary intake when it constitutes

the entire ration and also by the extent of its ultimate yield of

digestible energy. Correspondingly, from data for maximum daily

intake and for digestibility of energy of a highly acceptable forage,

a nutritive value index (NVI) was formulated. Development of the

index is quite detailed, and transposing digestibility data from one

application to another may be risky.

Laboratory Digestible Nutrients

Thurman and Wehunt (1955) realized the advantage of a short

laboratory method for determining digestibility of the constituents of

silage. Consequently, they developed the Laboratory Digestible

Nutrients procedure. Although their conclusions on its adequacy

were to the affirmative, no real basis for its development was given.
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Furthermore, to test its applicability, comparative feeding trials

with rabbits were conducted. It is obvious that such results could

not be readily applied to ruminant farm animals.

Van Soest's Proposal

Most of the attempts at development of a replacement for

Weende crude fiber as an indicator of feeding value and/or digesti-

bility of a particular feed material have not been widely accepted.

Crude fiber, essentially unchanged from its origin, still persists.

Even though much research time and effort have been devoted to this

area, the majority of the proposed methods have not received the

extensive scrutiny of the detergent schemes of analysis. The suc-

cess of these methods rests upon the theory that the cell wall repre-

sents the total fiber and is the factor limiting nutritive value (Van

Soest, 1967). The methods suggested heretofore have failed largely

because basic relations between composition and digestibility were

ignored.

The standardization of the detergent analysis method is based

on a nutritional concept of fiber as insoluble vegetable matter which

is indigestible and can only be utilized by microbial fermentation in

the digestive tract of animals (Van Soest and Wine, 1967b). In other

words, it classifies plant constituents according to the mode of

availability.
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Neutral Detergent Fiber

The neutral detergent procedure for cell wall constituents

divides the dry matter of feeds near the point separating the nutri-

tively available and soluble constituents from those which are in-

completely available. Cellular contents are composed of lipids,

soluble carbohydrates, most protein of the plant, and other water

soluble substances. This represents the maximum portion of for-

ages. This fraction is not lignified and an average true digestibility

of 98 percent can be applied to both forages and concentrates (Van

Soest, 1967).

Cell wall constituents, composed of cellulose, hemicellulose,

and lignin, represent the insoluble fraction which is only capable of

digestion by microorganisms. These components tend to form an

increasing proportion of the dry matter of the plant with advances in

maturity. Van Soest and Marcus (1963) suggested that since cell

walls consist chiefly of holocellulose and lignin, this division also

separates the lignified and unlignified portions of a forage. Several

research workers have demonstrated that delignification greatly in-

creases the digestibility of the holocellulose fraction (Kamstra,

Moxon, and Bent ly, 1958; Sullivan and Hershberger, 1959). These

conclusions suggest that the digestibility of holocellulose is dependent

and controlled by the degree of lignification. From this evidence one
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can safely assume that lignin is a major controlling factor in deter-

mining the digestibility of a feed. Lignin is indigestible by any

species (Van Soest, 1966b) and the amount of holocellulose digested

by ruminants varies depending upon the degree of lignification.

Although both cellulose and hemicellulose decline on a per-

centage basis with increasing plant maturity, Sullivan (1966) has

shown that the former decreases most, but this is closely associ-

ated to the lignification of the plant. Grasses and legumes have

similar cellulose contents but the former contain up to four times

the amount of hemicellulose found in legumes (Van Soest, 1967).

This demonstrates the importance of hemicellulose in relation to

the nutritive character of grasses.

Specie differences are noted in total cell wall content also.

Alfalfa, for example, has a relatively low cell wall content which is

highly lignified, while the grasses and straw possess high cell wall

contents with a low degree of lignification. Thus, the latter exhibit

high fiber digestibility, but the former show low fiber digestibility.

Therefore, the amount of cell wall relative to the lignin content

accounts for the major nutritional differences in feed materials (Van

Soest, 1966a), and very high predictions of ruminant digestibility

can be obtained.
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Acid Detergent Fiber

The capacity of trimethylammonium bromide to dissolve pro-

teins has been utilized by Van Soest (1963b) in the development of

"acid detergent fiber." This fraction represents the more indiges-

tible portion of the fiber (cellulose and lignin), which is suitable to

lignin analysis since a large portion of the interfering protein and

hemicellulose has been removed. Van Soest (1962) reported that

after preparation of the acid detergent fiber residue, from 2 to 20

percent of the total forage nitrogen remained. Results from compo-

sition studies including 18 forages of 10 different species of grasses

and legumes are reported by Van Soest (1963b). Higher relation-

ships with digestible dry matter were obtained with acid detergent

fiber than with the conventional crude fiber. This provided evi-

dence that this residue is of nutritional importance. Speed, versa-

tility, and economy are other advantages of this sytem.

Acid detergent fiber analysis will be required for evaluating

the quality of fiber for ruminants (Van Soest and Wine, 1967b). It

differs from neutral detergent fiber in that the latter retains hemi-

cellulose, and is the only fiber value required for nonruminants with

little fiber-utilizing capacity.
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Implication of Silica on Digestibility

In recent studies at the USDA's Beltsville station, Van Soest

and Jones (1967) have postulated that silica may be a major factor

limiting nutritive value. In reed canarygrass, coastal bermuda-

grass , and tall fescue silica rivals lignin in importance. Even

though many grass species are cumulators of silica, it has been

considered, by nutritionists, as only a contaminant (Van Soest and

Jones, 1967). The above workers also reported that silica's effects

on digestibility are essentially additive. Therefore, a correction

factor of three, which is applicable to all forages except legumes, is

suggested for use in digestibility prediction equations. This factor

was derived from observations of an average decline in digestibility

of three units per unit of silica found in the dry matter. Since acid

boiling tends to precipitate silica, the acid detergent fiber fraction

retains most of it, but a small quantity also appears in the cell wall.

Heat Damage in Forages

The effects of heating and drying forage samples further com-

plicate the situation. In 1962, Van Soest demonstrated that a non-

enzymic browning reaction occurs in forages. Browning is the re-

sult of the condensation of compounds (usually derived from degrada-

tion of carbohydrates) containing carbonyl groups with amino groups
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of proteins, amino acids, and other compounds (Goering and Van

Soest, 1967). When this reaction occurs a dark-colored, nitro-

genous polymer accumulates in the lignin fraction of the acid deter-

gent fiber. Moisture greatly increases the rate and extent of the

reaction, and temperatures above 55°C initiate it (Van Soest, 1965b).

Comparison of heated and unheated forage species in the above work

illustrated that some species are much more heat resistant than

others. In decreasing order the susceptibility to heat damage is im-

mature grasses, mature grasses, legumes, silages, and hays.

Digestibility Prediction Equations

From the fundamental biochemical factors causing differences

in various forages, Van Soest (1965a) has developed prediction

equations for estimating digestibility. With 30 forages including

various species of both grasses and legumes, the availability index

and the summative equation were compared. Correlations between

dry matter digestibility were higher for the summative equation

(0.93 versus 0.81).

The availability index gives erratic values for forages of very

high digestibility but underestimates digestibility of poor forages or

of those with an unusual lignin-cell content ratio. The summative

equation places less emphasis on lignin where its content is low and

where analytical precision is difficult. It also has a theoretical
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advantage, in that different factors contributing to apparent digesti-

bility, for example amounts of cell walls, are recognized.

The summative equation is illustrated below:

(Cellular Contents X 0.98) + (Cell Wall Constituents X Cell

Wall Digestibility) - [(silica X 3.0) + (Artifact Lignin X 1.0)]

= Estimated True Digestibility

Estimated True Digestibility - Metabolic Fecal Matter =

Estimated Apparent Digestibility.

Cellular contents are calculated by subtracting cell wall constituents

from 100 and cell wall digestibility depends upon the lignin to acid

detergent fiber ratio.

Metabolic fecal matter can vary with animal species, digesti-

bility, types of feed, and levels of consumption. Van Soest and Wine

(1967a) suggested the use of an average value (12.9) for sheep and

for all pelleted feeds regardless of digestibility. Estimation of

metabolic fecal matter for cattle receiving coarse roughages can be

made from a table whose values are expressed as percent of intake

and vary with estimated true digestibility.

In Vitro (Artificial Rumen) Technique

An abundance of literature exists on numerous aspects of the

artificial rumen technique, but this discussion will only include

references pertinent to the accuracy of the system as an indicator of
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actual in vivo digestion. A satisfactory in vitro procedure should be

highly correlated with in vivo digestion and/or animal performance.

A survey of the literature shows that in vitro dry matter digestibility

is highly correlated with in vivo dry matter digestibility.

Bowden and Church (1962) calculated correlation coefficients

from information on 39 samples of tall fescue. Correlations using

pooled information from all fescue samples revealed a high positive

relationship between in vivo and in vitro dry matter digestibilities.

Asplund et al. , (1958) provided results of studies on relationships

existing between dry matter loss in vitro and dry matter digestibility

in vivo. In all cases correlations were either significant or highly

significant.

Clark and Mott (1960) suggested that the technique accurately

reflects changes in dry matter digestibility within season and maturi-

ty stage. Digestibility estimates obtained in the spring were signifi-

cantly correlated with estimates obtained from the same forages in a

conventional digestion trial. Whereas in the fall the coefficients

were no longer significantly correlated with digestion trial data.

The value of the artificial rumen was further illustrated by

Reid et al. , (1959). Highly significant correlations were obtained

between in vivo and in vitro dry matter digestibility for herbage

clipped from bluegrass, bluegrass -orchardgrass, and timothy-

alfalfa plots managed and fertilized differently. Finally, Baumgardt
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and Hill (1956) also observed a loss of dry matter during in vitro

fermentation which appeared to be related to the quality of the forage

fermented.

Summary of Literature Review

Numerous limitations of the Weende system of carbohydrate

fractionation have been recognized since its beginning. Consequent-

ly considerable research time and effort have been devoted to stud-

ies searching for a replacement system.

A lack of understanding of the meaning and purpose of fiber

determinations and a tendency to rely upon established procedures

and principles have tended to slow progress. Many of the studies

conducted have failed to gain widespread acceptance primarily be-

cause the laboratory procedures were tedious, time-consuming, and

required additional equipment. Furthemore, few proposed systems

have been given careful and extensive study.

An exception, however, is the presently proposed fiber analy-

sis system of Van Soest. Realizing the need for a more nutritional-

ly realistic division of the carbohydrate fraction of feedstuffs, he

has proposed a scheme for separating the indigestible and the com-

pletely digestible portions. In other words, it classifies plant con-

stituents according to their biological availability to the animal.

This is essentially a separation of the lignified and the unlignified



27

portions since lignin is a major controlling factor of a feed's diges-

tibility.

Previous attempts at development of a replacement system have

failed to attract the close study and scrutiny of this procedure. Stud-

ies on all variables used have yielded standarized procedures which

give accurate and precise results. These detergent methods are

simple and permit easy replication as well as utilizing existing fiber

equipment. Emphasis in developing this system has been placed on

outlining basic controlling factors and principles of nutritive value.

Recognition of this division into forage fractions of similar

nutritive character should lead to a greater understanding of diges-

tibility data and factors affecting it. It should also provide informa-

tion as to how digestibility varies between animals and/or with level

of intake since cell wall constituents and cell contents can be calcu-

lated for feeds. Nevertheless the world-wide usage of digestibility

data based upon the Weende system will have provided a powerful

roadblock against its acceptance.
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EXPERIMENTAL PROCEDURE

To gain nutritive value information, in addition to yield data,

on silage corn varieties grown on poorly drained Dayton soil, chemi-

cal and biological evaluations were conducted. Detergent fiber analy-

ses and the artificial rumen technique were utilized to compare bio-

logical values of the varietal samples. Previous artificial rumen

work indicated a high correlation between this method and large

animal digestion trials for determination of digestibility of forages

(Bowden and Church, 1962).

Cultural Conditions for Silage Corn Growth

Ten silage corn varieties were planted on Dayton soil series by

the Oregon State University Soils Department (Jackson farm: Dayton-

Amity site). The corn was planted on May 4 and harvested on

September 27, 1966. All varieties were planted with an 18-inch row

spacing for a plant population of 80,000 plants per acre. One

hundred fifty pounds per acre of muriate of potash was broadcast

before planting, followed by 750 pounds per acre of 16-48-0 (nitro-

gen-phosphorus-potash) fertilizer banded at planting, and 200 pounds

per acre of 33.5-0-0 fertilizer broadcast after planting. In addition,

each soil plot received 15.25 inches of irrigation water for the

season. Although soil type was believed to be uniform for all
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experimental plots, some variability was detected late in the experi-

ment.

Sampling Technique

For each variety, the four center rows of an eight row plot

were removed by hand and thoroughly mixed. From this mixture 10

whole corn plants, including leaves, ears, and stalks were randomly

selected and chopped. Four replications of each variety were, in

turn, chosen and placed in plastic containers.

Storage, Drying, and Grinding

The samples were stored, frozen, from September 1966 until

February 1967. Upon removal from the freezer a wet weight for

each sample was obtained before drying in a forced draft oven for a

week. Then dry matter weights were taken and the entire sample

was gound in a Wiley mill. The ground samples were thoroughly

mixed and stored at room temperature and conditions until analysis

was begun in June 1967.

Chemical Analysis

Crude protein (Kjeldahl nitrogen) was determined according to

the A.O.A. C. procedure (1960). Since the detergent analysis method

gives a more nutritionally-realistic carbohydrate fractionation than
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does the conventional crude fiber method, the former was selected

for fiber determination. Acid detergent fiber was prepared accord-

ing to the procedure outlined by Van Soest (1963b). Acid detergent

lignin values were obtained from the fiber samples by utilizing the

permanganate method (Van Soest and Wine, 1967a). The remaining

residue was then subjected to a residual ash test to ascertain if

silica was an important factor limiting digestibility of these silage

corn varieties (Van Soest and Wine, 1967a). Neutral detergent fiber

was recovered utilizing the methods established by Van Soest and

Wine (1967b). Cell contents were then calculated by difference

(100% -% cell wall constituents).

Artificial Rumen Digestion Procedures

Previous to each run, one gram of dried, ground silage corn

substrate was added to each 100 ml. fermentation beaker. While the

rumen fluid was being prepared (about one hour) the artificial saliva

was warmed to 39°C C n a water bath, and carbon dioxide was contin-

uously bubbled through it. This mineral and buffer mixture was

prepared the night before and was composed of the following:

Constituent

NaHCO
3

NaHP04-7H 20

Grams for One Liter

9.8

7.0
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KC1 0.57

NaCL 0.47

MgSO4' 7H20 0.12

CaCL2.2H 20 0.053

Add: Glucose 5.5 grams/100 ml. Add 5 ml. of each to

Urea 5.5 grams/100 ml. 300 ml. of buffer

This resembles McDougall's (1948) original formula with glucose and

urea added. However, there was some slight substitutions of forms

of the same chemicals.

A Hereford steer with a permanent rumen fistula was used as

the rumen liquor donor for all trials reported in this study. The

steer received a corn silage diet for six weeks before the first col-

lection was made.

Rumen liquor was obtained by hand removal of a portion of the

rumen ingesta from the posterior portion of the dorsal sac of the

rumen. This ingesta was compressed between two layers of cheese-

cloth, and the liquid portion was collected in prewarmed thermos

bottles. These were than immediately removed to the laboratory

where the liquor was strained twice through two layers of cheese-

cloth into a tall beaker. This fluid was allowed to stand in an incu-

bator (39 oC) for approximately 45 minutes. The bottom portion of

the liquor was then drained off. This period of standing permitted a
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large percentage of the solid material to rise to the top, thus effect-

ively lowering the dry matter content of the liquor.

The final inoculum was prepared by thoroughly mixing 10 ml.

of rumen fluid and 35 ml. of mineral mixture. During inoculation,

the substrate was thoroughly stirred and carbon dioxide was continu-

ously bubbled in. Inoculation consisted of addition of 45 ml. of ino-

culum to each beaker with stirring. Finally, carbon dioxide was

bubbled into the beakers for approximately 30 seconds, and each was

fitted with a stopper, which contained a valve for escape of fermenta-

tion gases. One-half of the samples for each trial were incubated

at 39 oC for 12 hours while the other half remained for 24 hours. At

the termination of each incubation period one ml. of approximately

2 N. sulfuric acid was added to each beaker to halt microbial activi-

ty, and the samples were refrigerated until time was acquired for

filtering.

The contents of each beaker were filtered through a sintered

glass crucible under suction. The most satisfactory filtering was

obtained when the fluid was first decanted, and the remaining residue

was rinsed out with a continuous stream of distilled water. The re-

sidue in the crucible was also washed several times with distilled

water, then the crucibles were dried at 70oC overnight, cooled in a

desiccator, and weighed. Residue remaining in the crucible was

assumed to be the undigested dry matter of the original substrate.
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After soaking in water for approximately one hour, the residue

was cleaned from the crucibles, which were then rinsed in tap water

and soaked in a sulfuric acid-dichromate cleaning solution for 24

hours. They were then rinsed successively with tap and distilled

water and dried in the oven for approximately four hours. All

crucibles were weighed after each cleaning.

Statistical Treatment

All fiber analyses were performed in duplicate for each of four

replications and for all 10 varieties. The absolute average of the

two duplicate values had to agree within three to five percent of

either value, or the analysis was repeated. In vitro trials were con-

ducted in triplicate for each replication and each incubation period

of all ten varieties. Each value for every triplicate had to agree with-

in 3.5 percent of the other two.

The average values for each chemical component were then

subjected to an analysis of variance. Since one replication of variety

10 was missing, a dummy value had to be calculated according to a

method prescribed by Li (1964). Substitution of a dummy value

allowed use of the same computing method as if the observations had

not been missing (:Li, 1964). Admittedly, the procedure gives an

F-value slightly greater than it should be since the treatment-sum

of squares is slightly larger than if exact values were computed by
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a more complicated and time consuming procedure. Where signifi-

cance existed treatment means were compared using Kramer's

(1956) extension of Duncan's method (Li, 1964). A complete record

of statistical data is presented in the Appendix.
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RESULTS AND DISCUSSION

Yield data have previously been the sole criterion evaluating

experiments attempting to intensify forage production on poorly

drained, lowland soils of the Willamette Valley. Since the ultimate

use of forages is in livestock feeding, an assignment of the extent to

which animals can actually use such forages is essential. Specific

and accurate chemical composition and digestibility information can

be helpful in incorporating forages into diets which precisely meet

the nutrient requirements of farm animals. Satisfactory analytical

methods for these purposes must be quick and easy to perform;

minimize required time, labor, and equipment; and be accurate,

repeatable, and adaptable to a wide range of forages.

Comparison of Chemical Constituents Among Silage Corn Varieties

Ten silage corn varieties were subjected to an analysis for pro-

tein, acid detergent fiber, lignin, and cell wall constituents to as-

certain if there were significant differences in chemical composition

among varieties. A summary of the results for each fraction is

located in Table 1. However, the complete record for each repli-

cation of each variety and for each chemical constituent appears in

Appendix Tables 1 through 6.

An analysis of variance for each nutritive component failed to



Table 1. Percent of chemical constituents of silage corn.
a

Percent

Variety
Dry

Matter
Crude

Protein

Acid
Detergent

Fiber

Acid
Detergent
Lignin

Cell Wall
Constituents

Cell
Contents

Residual
Ash Cellulose Hemicellulose

1 35.03 6.25 25.78 3.78 53.37 46.63 1.36 20.64 27.15

2 30.00 6.26 26.62 4.01 52.72 47.28 1.14 21.47 25.66

3 33.25 6.41 27.18 4.01 54.96 45.04 1.21 21.96 27.34

4 30.07 6.39 27.25 4.09 53.76 46.24 1.18 21.98 26.07

5 35.70 6.56 25.69 3.39 52.75 47.25 1.19 21.11 26.62

6 36. 79 6. 85 24. 48 3.56 51. 98 48.03 0. 79 20. 13 27.06

7 34.08 6.36 25.43 3.71 52.93 47.07 1.09 20.63 27.06

8 39. 71 6. 47 23.44 3. 18 50. 37 49. 63 0.70 19.56 26. 49

9 31.12 6.54 25.46 3.95 52.85 47.15 0.97 20.54 26.95

10 41.62 6.37 25.89 3.65 54.77 45.23 0.97 21.27 28.44

a
Averages of four replications
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identify significant differences at the five percent level. Evidently

the detergent analysis methods are not sensitive enough to reflect

differences in chemical composition for intervarietal comparisons

where the variation, if it does exist, is small. A record of the

analyses of variance appears in Appendix Tables 9 through 13.

Further work should consider comparisons of different types

of silage corn or the effect of various cultural practices, for ex-

ample levels or types of fertilization, upon varieties of similar

nutritive character. Also, it would be of interest to compare the

potential nutritive value of silage corn with the same material en-

siled at various lengths of time.

In Vitro Digestibility Varietal Differences

In an attempt to relate chemical and biological data, in vitro

trials were conducted with the silage corn varieties. To check the

source of variation or to determine if there were differences in

digestibility of the same sample in different runs, a control was

used with each batch. The variation among runs was no larger than

that among varieties and replications, so this source of variation

was disregarded.

As might be expected from the close similarity of chemical

composition data, the differences were not significant for the 24-

hour digestibility values. However, the differences at the five



38

percent probability level were significant for the 12- hour trials.

When variety means were compared according to an extension of

the multiple range test (Kramer, 1956), varieties two and four were

significantly (P < . 05) greater, in 12-hour in vitro digestibility,

than were varieties one, five, six, seven, or ten. These results

are generally in contrast to what would ordinarily be expected. In

the past, 24-hour trials have given the most consistent and accurate

digestibility figures. The common viewpoint has been that the 12-

hour period was not long enough to equilibrate all the variables and

to obtain an accurate reflection of digestibility. Therefore, until

further studies substantiate these results, the author would tend to

disregard their importance. A record of the statistical information

relating to these trials is located in Append ix Tables 14 and 15.

Table 2 shows a summary of the values obtained for each variety at

both incubation time periods.

The Relationship of In Vitro Digestion
and a Summative Prediction Equation

Most regression equations for predicting digestibility from

chemical composition are restricted in usefulness to evaluation of

materials similar in nutritive character to those on which the

equation was developed. Mixing of plant species lowers their accu-

racy. Van Soest and Wine (1967a) have proposed the summative
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Table 2. Summary of dry matter digestibility of in vitro trials. a

Variety 12 hr.b 24 hr. b

1 30.09d 42.93

2 36. 34c 45,99

3 31.42 45.27

4 35, 55c 46. 68

5 29. 74c 43. 34

6 30. 31d 44.21

7 30.02d 40.01

8 32.86 45. 67

9 32. 63 45. 69

10 30, 04d 45.37

apercent digestibility of silage corn varieties using artificial rumen
technique

b length of incubation period
c,dvalues in the vertical column bearing different superscript letters

are significantly (P < . 05) different.
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equation to overcome this problem. The basis for this equation

rests upon fundamental biochemical factors causing differences in

forages, which have been discussed previously.

Estimation of nutritive value from chemical data includes cel-

lular contents, for which digestibility constants of 98 have been ob-

tained. The ratio of lignin to acid detergent fiber determines the

cell wall digestibility. Where conditions favorable to heat damage

have been encountered, corrections based on the nitrogen content of

acid detergent fiber must be made for artifact lignin. Failure to

correct for either silica or artifact lignin will result in faulty esti-

mates of digestibility. Constant values for metabolic fecal matter,

which is composed mainly of remnants of bacteria, must be deducted

from estimated true digestibility to obtainestimated apparent digesti-

bility. Separate values are available for use with different feeding

regimes and species of livestock.

To assess the extent of heat damage or browning during drying

of the corn samples, the percent nitrogen in the acid detergent fiber

was determined. Nine of the 39 samples were randomly selected for

this study. The average value was then used to calculate the correc-

tion for artifact lignin in the summative equation. This correction

must be made from both apparent lignin and apparent acid detergent

fiber. Then the correct lignin to acid detergent fiber ratio is avail-

able for estimation of cell wall digestibility.
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Soil scientists could make considerable use of some means by

which chemical analysis data could be utilized to estimate digesti-

bility. If accurate, such values could substitute for digestion trial

or in vitro information and mean a saving of time. Although stand-

ard values from conventional digestion trials were not available in

this study, the author feels that indirect comparisons (in vitro re-

sults to those of the summative equation) were warranted. Ultimate

precision was not essential, and the specificity of the need allows

use of data derived in this manner if the relationships are high. The

frequent lack of an adequate quantity of forage material to conduct

large animal digestion trials is another reason for use of digestibility

estimates from the summative equation. Finally, these comparisons

are based upon the high correlations between in vivo and in vitro

trials obtained by Bowden and Church (1962).

The correlations between the 12 and 24-hour in vitro dry mat-

ter digestibility values and those estimated by the summative equa-

tion were not significant (0. 1405 for the 12-hour period and 0.0648

for the 24-hour trial). Evidently for this particular forage where

differences, if they do exist, are small, the summative equation is

not adaptable and will not reflect accurately the actual digestion co-

efficients. Therefore, its use cannot be recommended until further

research has been conducted. Estimates of true digestibility from

the prediction equation are shown in Appendix Table 16. A record of
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the satistical data in relation to the correlation coefficients is lo-

cated in Appendix Table 17.

Chemical Fractions of Selected Forage Species

Realizing the possibility that there might be no significant dif-

ferences between varieties of the same crop, local samples of grass

and alfalfa, which might be expected to have widely different nutrient

characteristics, were submitted to analysis. The alfalfa was a

sample of cubed, second cutting obtained from the Umatilla Agricul-

tural Experiment Branch Station at Hermiston, and the grass was one

of mixed species that had been submitted by the Union Station. A

compilation of the data provided appears in Table 3.

Table 3. Chemical composition of selected grass and legume
samples. a

Constituent Grass Legume

Crude protein 5.39 20.11

Acid detergent fiber 39.57 27.48

Acid detergent lignin 5.89 6. 93

Cell wall constituents 65.01 34.44

Cell contents 34.99 65.56

Residual ash 4.97 0.49

Cellulose 28.71 20.06

Hemicellulose 26.97 8.95

a averages of duplicates for each constituent
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Some interesting interrelationships and principles, as estab-

lished by Van Soest (1967), are illustrated by this information. Of

primary importance is the evidence that detergent analysis of feed-

stuffs does, in fact, separate chemical fractions according to their

nutritional availabilities.

Cellulose-Hemicellulose Relationships

Observations of cellulose and hemicellulose contents in legumes

and grasses are of interest (Table 3). The hemicellulose level in

the grass was about four times that in the alfalfa. This is in agree-

ment with previous reports that legumes are characterized by low

hemicellulose values (Van Soest, 1967). This is important because

a part of the total plant hemicellulose appears to have a special rela-

tion to lignin. Evidence exists for chemical linkage of lignin with

the uronides and xylan (Bolker, 1963; Brauns and Brauns, 1960),

and most hemicellulose becomes soluble in water upon delignifica-

tion (Sullivan, Phillips, and Rout ley, 1960). Since lignin can only

be degraded by a limited number of aerobic fungi, that do not inhabit

the digestive tract of farm animals, it is indigestible to all species.

Some of the total plant hemicellulose is digestible by the microflora

of the ruminant gastrointestinal tract. Therefore, these chemical

constituents are important controlling factors for the nutritional

availability of the cell wall. The similarity in cellulose content
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between species also confirms the results of Van Soest (1967). Like

comparisons of the silage corn and alfalfa data reveal a relationship

analogous to that of the grass and alfalfa (Tables 1 and 3).

Since it is a component of the cell wall but not of acid deter-

gent fiber, hemicellulose can be estimated by difference. Determin-

ation and correction for cell wall protein is necessary, however,

especially if heat damage has occurred. Cellulose can also be esti-

mated from detergent analysis information. Since acid detergent

fiber is composed of cellulose and lignin, subtraction of the latter

from the total gives a cellulose value. An alternative, indirect

calculation consists of cell wall constituents minus the sum of lignin

and hemicellulose. In the latter method, estimation of hemicellu-

lose is a necessary prerequisite. Although Crampton cellulose

values (Crampton and Maynard, 1938) were not determined in this

study, Van Soest and Wine (1967a) reported that the values from

either method are interchangeable.

Silica and Its Effect on Digestibility

Van Soest and Jones (1967) have implicated silica, in selected

species, as a major factor limiting microbial degradation of the

structural carbohydrates and consequently limiting nutritive value.

Therefore, the silage corn samples were subjected to a residual ash

test (Van Soest and Wine, 1967a), and subsequent leaching with
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concentrated hydrobromic acid. This leaching removed the non-

silica matter, which consists primarily of iron and a small amount

of aluminum. In accordance with recommendations by Van Soest and

Wine (1967a), no correction for silica in the summative equation was

necessary since the insoluble ash values were less than two percent

(Table 1).

Residual ash differences between the grass and alfalfa are also

of interest. The grass contained approximately ten times as much

insoluble mineral matter as the alfalfa (Table 3). However, certain

grasses are known to be natural accumulators of silica, which com-

poses the majority of the residual ash (Van Soest and Jones, 1967).

On the other hand, legumes are known to take up only very small

quantities of silica, and the residual ash is largely composed of in-

soluble mineral constituents of the soil including potassium, magne-

sium, iron, and aluminum.

Cell Wall Differences

Species differences can also be noted in cell wall content

(Table 3). The grass sample analyzed in this study contained twice

as much cell wall material as did the alfalfa. In fact the cell wall

constituents and cell contents for the two species were approximately

opposite. These data are in agreement with the reports of Van

Soest (1966a). To show differences in the content and digestibility
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of the cell wall between grasses and legumes, the summative equa-

tion (Van Soest and Wine, 1967a) was utilized (Table 4). The alfalfa,

which had the lower cell wall content, also had the lowest cell wall

digestibility. Cell wall digestibility for the prediction equation is

determined by the lignin to acid detergent fiber ratio. Therefore,

in this study even though the cell wall content of the grass was

double that of the alfalfa, its percentage digestibility was also higher

(Table 4). The low degree of lignification of grasses and the high

degree of lignification of alfalfa cell walls is primarily responsible

for this difference (Van Soest, 1966a).

Since the gross digestible constituents and the artifact lignin

of the two samples are not extremely different, the primary cause

of the differences in the final estimated true digestibility are the

differences in residual ash content (Table 4). The necessary cor-

rection effectively reduced the digestibility of the grass below that

of the alfalfa.

Importance of Chemical Constituent Information

At this point, the importance and value of conducting feedstuffs

analyses in terms of characteristic chemical components should be

recognized. The detergent analysis scheme is adaptable to the

forages considered in this study and emphasizes, in the proper de-

gree, the relationships of each chemical component to digestibility.
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Table 4. Analytical data for selected grass and alfalfa samples
using the summative equation.

Component Grass Alfalfa

Total Cell Contents % 34.99 65. 56

Total Cell Wall Constituents % 65. 01 34. 44

Digestible Cell Contents % 34.29 64.25

Digestible Cell Wall %a 43. 56 15.84

Gross Digestible Constituents % 77.85 80. 09

Silica Content % 4. 97 0. 49

Silica Correctionb 14.91 0. 02

Nitrogen Retained in Acid Detergent Fiber %C 0.24 0. 32

Artifact Lignin d 0.93 0. 74

Estimated True Digestibility % 62. 01 79. 33

Metabolic Fecal Matter e 14.50 14. 50

Estimated Apparent Digestibility % 47. 51 64. 83

a cell wall digestibility for grass was 67% while that of the alfalfa
was 46%

b correction based on an average decline of 3.0 units of digestibility
per unit of silica in the dry matter

cbasis for artifact lignin correction
dartifact lignin is apparent lignin minus nitrogen corrected lignin
e estimation is based upon true digestibility for cattle
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This nutritionally realistic system (it separates the digestible from

the indigestible) divides a feed in a systematic manner allowing

identification of a fraction on the basis of its availability to the ani-

ma 1.
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SUMMARY AND CONCLUSIONS

Statistical analysis showed no significant differences in chemi-

cal composition between silage corn varieties which had been ana-

lyzed by the detergent and Kjeldahl nitrogen schemes. If intervarie-

tal nutrient content differences do exist, they are sufficiently small,

so that these analyses are not sensitive enough to detect them. The

author has no suggestions for procedural modifications to improve

their accuracy, and questions the need for such sensitivity in pro-

viding data for use in present livestock feeding programs.

Biological availability of silage corn nutrients was measured

by the in vitro (artificial rumen) technique. No significant differ-

ences were found among varieties in the 24-hour trials. But varie-

ties two and four were significantly (P < . 05) greater than coeffi-

cients one, five, six, seven, and ten in the 12-hour trials. Pre-

viously a 24-hour incubation period has been demonstrated to be

necessary for an accurate reflection of digestibility. Therefore,

the author tends to disregard the significance of the results obtained

in this experiment until further work substantiates them.

In search of a rapid and accurate means of determining digesti-

bility on forages from experimental plots, coefficients from the in

vitro (artificial rumen) and those estimated from the summative

equation were compared. But calculated correlations were not
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highly significant for either the 12 or 24-hour trials. This work

indicates that for intervarietal comparisons, where differences are

minute, if they do exist at all, the summative equation is not adap-

table. Further study and comparisons will be required before it can

be accurately utilized in this manner.

Results of detergent analysis on grass and legume samples

indicate its usefulness and accuracy in detecting chemical constituent

differences between forage types or species, in which widely varying

differences are expected. Hemicellulose levels of the grass were

more than four times that of the alfalfa studied, but the cellulose

values were only slightly larger. When alfalfa and the silage corn

were compared, a situation analogous to the grass-alfalfa relation-

ship developed. Such a relationship could be expected since grass

and corn are both monocotyledons.

Although residual ash was not considered as a factor limiting

nutritive value in the silage corn or alfalfa (content was less than

two percent), the values for this constituent in the grass were about

ten times that of the alfalfa. Evidently this species of grass is an

accumulator of silica, which in high concentrations has a negative

effect on digestibility. Species differences in cell wall content were

also noted. The alfalfa had both the lowest cell wall content and the

lowest digestibility of the cell wall. The grass contained twice as

much cell wall material as the alfalfa, but its percentage
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digestibility was also higher. The reason for this relationship, that

the ratio of lignin to cell wall material determines the availability of

the cell wall, is suggested by Van Soest (1966b). In other words, the

alfalfa cell wall level was low but highly lignified, while the grass

cell wall content was high with a lower degree of lignification.

These data on grass and alfalfa substantiate the contentions of

Van Soest (1967) and Van Soest and Jones (1967) that detergent analy-

sis is precise and sensitive enough to accurately reflect chemical

constituent differences between forage species. Furthermore, the

detergent analysis scheme separates chemical fractions according to

their nutritional availability. Since feedstuffs analysis is a basic leg

in the program of providing properly balanced rations for livestock,

maximum production is dependent, in part, upon an accurate and

reasonably precise system of analysis. The critical objective of

scientific livestock feeding is defeated if the nutritional content and

availability of feeds cannot be accurately predicted. The convention-

al crude fiber method is subject to such criticism. Yet transitions

to improved methods are slowly accepted because of the large

amount of available digestibility data based upon the Weende system.

In addition, new procedures are not widely accepted until many years

of experience have demonstrated their merit. However, sufficient

evidence exists on the accuracy of the detergent analysis and the

serious limitations of crude fiber determinations to justify universal

adoption of the former.
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Appendix Table 1. Percent crude protein of silage corn.

Variety

Replications

I II III IV

1 6. 51 6. 54 5. 89 5. 87
2 6. 83 5. 70 5.83 6. 68
3 7.85 5.87 6.22 5.70
4 5. 70 6.92 6. 36 6. 56
5 6.87 7.08 5.76 6.54
6 7.92 6.48 6.78 6.21
7 5.98 6.41 6. 41 6. 63
8 7.16 6.40 6.30 6.02
9 6.94 6.46 5.88 6.89

10 6.30 6.65 6.17 6.24

Appendix Table 2. Percent acid detergent fiber of silage corn.

Replications

Variety I II III IV

1 24.80 25.04 28.94 24.35
2 25.87 27.85 27.93 24.81
3 29.12 28.23 24.68 26.70

4 28.30 29.29 25.35 26.07
5 25.86 23.08 29.44 24.38
6 24.87 25.51 24.48 23.07
7 26.91 25. 64 24. 33 24.83
8 23.99 23.78 22.53 23.44
9 26.52 25.02 26.21 24.08

10 29.11 24.23 24.33 24.47
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Appendix Table 3. Percent acid detergent lignin of silage corn.

Variety

Replications

I II III IV

1 3.34 4.35 3.96 3.47
2 3.69 4.34 4.36 3.66
3 4.28 4.90 3.48 3.39
4 4.35 4.92 2.99 4.10
5 3.14 2.79 4.73 2.88
6 3.88 3.22 3.44 3.68
7 3.94 3.69 3.44 3.75
8 3.09 3.44 3.16 3.01
9 3.85 4.18 3.72 4.04

10 4.45 3.10 3.40 3.40

Appendix Table 4. Percent dry matter of silage corn.

Variety

Replications

I II III IV

1 33.89 36.57 34.14 35.52

2 31.12 28.95 30.73 29.21
3 29.13 36.05 36.40 31.42
4 34.11 29.45 28.30 28.43
5 35.06 36.65 36.80 34.29
6 34.53 39.31 35.41 37.92
7 35.12 33.31 33.49 34.40
8 39.80 39.10 39.83 40.10
9 29.85 29.61 32.80 32.21

10 48.33 35.79 40.75 41.14
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Appendix Table 5. Percent cell wall constituents of silage corn.

Variety

Replications

I II III IV

1 52.76 53.49 55.70 51.51
2 51.60 54.85 52.11 52.33
3 60.53 55.03 51.09 53.19
4 51.81 56.90 53.29 53.03
5 53.22 49.74 58.28 49.75
6 53.26 52.73 52.10 49.81
7 53.35 53.36 53.97 51.04
8 50.53 49.76 51.75 49.44
9 53.94 52.03 55.49 49.94

10 57.85 51.84 54.63 52.46

Appendix Table 6. Percent cell contents of silage corn.

Replications

Variety I II III IV

1 47.24 46.51 44.30 49.49
2 48.40 45.15 47.89 47.67
3 39.47 44.97 48.91 46.81
4 48.19 43.10 46.71 46.97
5 46.78 50.26 41.72 50.25
6 46.74 47.27 47.90 50.19
7 46.65 46.64 46.03 48.96
8 49,47 50.24 48.25 50.56
9 46.06 47.97 44.51 50.06

10 42.15 48.16 45.37 47.65
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Appendix Table 7. Percent dry matter digestibility of silage corn. a

Variety

Replications

I II III IV

1 28.46 29.64 28.55 33.70
2 32.84 38.35 32.41 41.77
3 29.83 33.73 28.51 33.60
4 35.12 36.04 33.46 37.56
5 30.47 29.71 26.29 32.50
6 28.09 33.10 35.87 24.17
7 28.28 25.82 30.65 35.34
8 32.35 30.90 36.70 31.47
9 33.72 34.35 34.28 28.18

10 31.44 28.91 28.73 31.08

a 12 hour in vitro (artificial rumen)

Appendix Table 8. Percent dry matter digestibility of silage corn. a

Variety

Replications

I II III IV

1 37.16 43.52 40.35 50.69
2 44.25 45.88 43.00 50.82
3 42.28 43.11 48.97 46.71
4 44.86 44.60 46.76 50.50
5 42.38 44.57 39.76 46.66
6 39.61 44.71 53.80 38.72
7 36.22 35.61 38.43 49.79
8 44.72 46.09 49.31 42.55
9 47.11 52.84 45.05 37.74

10 47.05 44.48 42.99 46.97

a 24 hour in vitro (artificial rumen)
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Appendix Table 9. Crude protein analysis of variance.

Source d. f. SS MS F

Total 39 10.8153

Variety 9 1.2077 0,1341 0.4188 N. S.

Error 30 9.6076 0.3202

Appendix Table 10. Acid detergent fiber analysis of variance.

Source d. f. SS MS F

Total 39 142.8364

Variety 9 48.8921 5.4324 1.7348 N. S.

Error 30 93.9443 3.1314

Appendix Table 11. Acid detergent lignin analysis of variance.

Source d. f. SS MS F

Total 39 12.0028

Variety 9 3.2694 0.3632 1.2476 N. S.

Error 30 8.7334 0.2911
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Appendix Table 12. Cell wall constituents analysis of variance.

Source d. f. SS MS

Total 39 185.9722

Variety 9 56.4428 6.2714 1.4525 N. S.

Error 30 129.5294 4.3176

Appendix Table 13. Cell contents analysis of variance.

Source d. f. SS MS

Total 39 243.0112

Variety 9 55.6438 6.1826 0.9899 N. S.

Error 30 187.3674 6.2455

Appendix Table 14. 24 hour in vitro trial analysis of variance.

Source d. f. SS MS

Total 39 782.1704

Variety 9 140.5267 15.6141 0.7301 N. S.

Error 30 641.5437 21.3848
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Appendix Table 15. 12 hour in vitro trial analysis of variance.

Source d. f. SS MS

Total 39 522.2879

Variety 9 208.6552 23.1839 2.2176a

Error 30 313.6327 10.4544

asignificant P ( 0.05

Appendix Table 16. Summative equation digestibility estimates for
silage corn varieties, a

Variety True Digestibility Apparent Digestibility

1 54.77 31.97
2 52.65 29.85
3 51.39 28.59
4 50.75 27.95
5 56.26 36.16
6 58.93 38.83
7 56.16 36.06
8 71.61 54.31
9 53.08 30.28

10 53.90 31.10

afor cattle
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Appendix Table 17. Correlation coefficients for in vitro dry matter
digestibility and the summative equation.

Component 12-hour Comparison 24-hour Comparison

N 10 10

Ex 319 445.16

Ey 559.5 559.5

Exy 17,892.6915 24,899.7471

1-sx
2 10,228.2848 19,851.9020

Ey
2 31,630.8366 31,630.8366

r 0.1405 0.0648


