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ABSTRACT

Samples of wheat and barley grains grown in Arizona and Utah 

were used to investigate relationships between chemical composition and 
in vitro dry matter disappearance (IVDMD). Ranges in chemical composi

tion (%) for the 64 samples were: crude protein (GP), 7.1 to 22.0;
ether extract, 1.1 to 5.6; ash, 1.2 to 4.9; acid detergent fiber (ADF), 
2.4 to 12.2; cell walls, 6.8 to 21.7; and non-cell wall carbohydrate, 
72.2 to 89.2. The IVDMD determined by a two-stage technique ranged from 
75.8 to 90.4%.

Across grain types and locations, simple correlations with IVDMD 
were highest for ADF and cell walls, although the correlation with CP 
was also important. Ash was inversely correlated with IVDMD for barley 

samples only. Simple correlations accounted for no more than 50 to 60% 
of the variation in IVDMD.

Multiple regressions using ADF and CP accounted for approximate

ly 70%' of the variation in IVDMD.. Across grain types and locations, 
regressions were not improved by addition of independent variable other 
than CP and ADF.

Preliminary studies indicated that fiber values for cereals 
varied considerably depending on the method used for determination. 

Furthermore, there were large variations in the protein and starch con

tent of the fiber residue isolates by different methods. Methods 
selected for use were those which had the lowest contents of starch and 

protein in the residues.

vii
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Data indicate that fiber.content of cereals is probably more 
important in determining their nutritive value than previously thought 
and additional research in this area is needed.



INTRODUCTION

Cereal grains provide most of the dietary energy utilized by 
poultry, swine and cattle feeding industries. The energy value of 
grains is due primarily to their high content of starch which can be 
efficiently utilized by animals. Because of the importance of grains 
in human and animal nutrition, cereal breeding programs have been con

ducted to develop cultivars adapted to a broad range of environmental 

conditions. In most cases, the primary criterion for selection has been 
grain yield with little emphasis placed on nutritional quality of the 

grain. Although numerous digestion, metabolism and performance trials 
with animals which have demonstrated that significant differences in 
feeding value do exist within cereal types.

In recent years, selection of cereal cultivars for improved pro

tein quality has demonstrated the feasibility of improving nutritional 
value of grains by genetic selection. However, despite the overwhelming 

importance of energy value of grains, very little selection has been 
attempted on this basis. The greatest obstacle to using energy value as 
a selection criterion is the lack of rapid and accurate methods to

' ‘ ' ' ' V .measure the available energy in cereals, particularly in the small 
samples which exist in the early stages of plant breeding programs. Con

straints of cost, time and sample size limit evaluation by animals and 
dictate screening systems based on chemical composition or in_ vitro 
estimation of biological availability.

1
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The analytical system traditionally utilized for determining 
nutrient composition of feeds does not give an energy value; however, 
certain inferences can be made based upon the total amount of carbo
hydrates present and the relative percentages of readily available 
(nitrogen free extract) and less available (crude fiber) carbohydrates. 
This system is adequate for distinguishing between high and low energy 
feeds, but because of some inaccuracies in fractionation of the carbo
hydrates, it has not been satisfactory for identifying differences in 
energy value between feeds having similar fiber contents.

The inability of the We ende method to accurately predict varia
tion in forage quality was the impetus for development of an alternative 
analytical system based on differential solubility of nutrient classes 

in detergent solution (Van Soest, 1967). . This method separates a forage 
into a highly digestible fraction (cell contents) with uniform avail
ability among forages, and a less digestible fraction (cell wall) which 

varies in availability with plant maturity and forage type. The extent 
of degradation of the cell wall largely depends upon lignification and 

in some cases.silicification of this fraction. This detergent analysis 

system has been shown to be a reasonably accurate predictor of nutritive 
quality over a wide range of forages.

The concept of fractioning by cell walls and cell contents could 

also be useful in evaluating the nutritional quality of non-forage feed- 
stuffs but only limited investigations have been conducted to date. One 

obstacle is that the analytical systems developed for forage samples are 
not entirely satisfactory when applied to cereal grains, because of 

difficulties in completing the filtration steps. Another factor is that



the total crude fiber content of cereal grains is so low (2 to 4%) that 

it would appear, to have little bearing on the overall nutritive valtie of 
the grains. But, both enzymatic and detergent techniques have demon
strated that fiber content has a mote important influence on the energy 
value of grains than was previously believed.

The purpose of this study was to evaluate and compare analytical 

methods for determining fiber in cereal grains and to determine the 
relationship between fiber content and nutrient availability for 
ruminants as estimated by an in vitro technique.



LITERATURE REVIEW

Variation Within Cereal Types iii 
Energy Value for Animals

Differences in feeding value and digestible or metabolizable 
energy values among cereal grain varieties have been demonstrated in 
many studies. Since this study deals with screening grains for their 
nutrient availability to ruminants, the literature with these species is 
of particular interest. However, selected references to nonruminant 

species will also be presented to demonstrate existence and magnitude of 
varietal differences for these species and because most of the research 
which has sought to relate chemical composition and physical character
istics of grains to their energy value has been conducted with 

nonruminants.

Ruminant Studies
Much research has been conducted to compare the feeding value of 

different grain types for ruminants. However, relatively few studies 
have been conducted to quantitate differences in energy value among 
varieties within grain type, although it is generally recognized that 

such differences do exist.
Eng (1965) evaluated three varieties of grain sorghum grown with 

three levels of nitrogen fertilization in digestion trials with lambs. 

Dry matter digestibility ranged from 82.7 to 88.3% and increased as pro

tein content of the grain increased.
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McGinty and Riggs (1968) found significant differences in dry 

matter digestibility (from 50 to 72%) by steers among seven varieties of 

grain sorghum. The differences were directly related to differences 
among the varieties in digestibility of crude protein.

Saba (1970) compared varieties and hybrids of wheat, barley and 
milo using in vitro gas production, which is a measure of rate of rumen 
fermentation. Significant differences in gas production were shown be
tween varieties of wheat. A non-significant correlation, -.31, was 
found between gas production and crude protein percent. Of the barley 

varieties evaluated, only Arimar showed significantly lower gas produc
tion, and no correlation was observed between crude protein and gas 
production. An assay of 10 common hybrids of milo was conducted and 

only the two bird-resistant types, McNair 546 and Dekalb BR-64, showed 
significantly lower values for gas production.

Variation in nutritive value of sorghum grain has also been 

attributed to differences in endosperm types. For example, Nishimuta, 
Sherrod and Furr (1969) compared digestibilities of regular red sorghum 
grain, a waxy endosperm red grain and a white grain in trials with 

sheep. Digestibilities of organic matter and non-protein organic matter 
were higher (approximately 5 percentage units) for the waxy and white 
grains than for the regular red grain. Digestibilities of nitrogen free 
extract and gross energy followed similar, trends. Sherrod, Albin and 
Burr (1969) determined energy values for regular and waxy sorghum grains 
for steers and found the waxy grain had higher net energy values (1.5 vs 
1.43 meal NEm/kg and 1.24 vs .95 meal NEg/kg) than the regular grain.



No differences were observed in feedlot performance between the two 
grain types, although feed utilization was more efficient with the waxy 
grain.

McCollough et al. (1971) compared a white hybrid sorghum grain 
with three red hybrids in a feedlot trial with steers. No statistically 
significant differences due to grain source were observed in average 
daily gains, feed intake, feed efficiency or carcass traits. The 

authors concluded that although statistical differences were not ob
tained, the differences in feed efficiency could be of economical 
importance.

A series of studies on the value of different wheat varieties 

was conducted at the Kansas Agricultural Experiment Station (Anonymous, 

1971). Two varieties each of soft (Stradler and Gaines) and hard 
(Scout and Golden-50) wheat were compared in feeding and digestibility 

trials with steers. In the feeding trial, wheat comprised 50% of the 
total diet grain and in the digestion trials, 50 or 100% of the grain 
in 83% grain diets. Rate of gain from the two hard wheats was signifi
cantly higher than from the soft wheats (2.76 vs_ 2.58 lb/day). Rate of 
gain were similar for the two varieties within each wheat type. No 

differences were observed in digestibilities of diet dry matter, 
nitrogen free extract or crude protein at either the 50 or 100% wheat 

levels. A second feeding trial was conducted comparing Gaines, Scout 
and Golden-50 when included as 100% of the grain. In this comparison, 

Gaines appeared to produce a slightly superior rate of gain compared 
with the two hard wheats (2.23 vs 2.10 and 2.19 lb/day for Scout and
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Golden-50, respectively), but the difference was attributed to incidence 
of founder, not to a superiority in feeding value per se.

In 1972, the Kansas Agricultural Experiment Station workers 
(Anonymous, 1972) .continued these variety comparisons with feeding trials 
to evaluate Scout (hard red) vs either Arthur (soft red) or Gaines (soft 
white) when the wheat supplied either 50 or, 100% of the grain in a 73%
grain diet. In the comparison between Scout and Arthur., no differences

were seen in feed intake or average daily gain when the wheats comprised 
50% of the dietary grain. When wheat was the only grain, average daily 

gain was significantly less (2.28 vs_ 2.52 lb) from Arthur than from 
Scout. The net energy estimate for Scout was higher than for Arthur 
when wheat was 50% but not 100% of the grain in the diet. In the com- 
parison between Scout and Gaines, superior gains were observed from 50% 
Scout (3.29 vs_ 2.66 lb/day) compared with 50% Gaines, When wheat com
prised 100% of the diet grain, performance on Gaines was superior to 
Scout (2.70 va .2.53 lb/day). Estimates of net energy values for Scout 
were higher than for Gaines at the 50% wheat level, but Gaines was

superior to Scout at the 100% wheat level.
Fulton, Klopfenstein and Woods(1973) reported the results of two 

steer trials in which three different varieties of wheat were evaluated 

in 90% concentrate diets. Varietal differences among wheats were 
significant in both trials, confirming that differences do exist in 

feeding characteristics with different varieties.

Lofgreen (1974) found no significant differences in performance 
of steers or diet energy values when Durum wheat (a macaroni wheat) and



Anza (a soft feed wheat) were compared at levels of 62.5% in a high 
energy diet.

The studies cited demonstrate that differences in feeding value 
for ruminants do exist within grain types. However, some of the results 
suggest it may be difficult to accurately predict feeding values from 
chemical composition since relative differences between varieties often 

change when the level of grain in the diet was altered. In these cases, 
factors other than gross composition, such as rate of fermentation, rate 

of passage or differences in starch or protein structure, could have 
been important. In support of this latter statement, Varner and Woods 
(1975) reported that lactate production in vitro from eight varieties of 
wheat varied from 16.2 to 140.2 pg/ml. The authors suggest that differ
ences in fermentation characteristics in the rumen among wheat varieties 
is a major reason some types can be included in fattening diets for 
cattle at higher levels.

Monogastric Studies
Varietal differences in energy values of grains have also been 

demonstrated in monogastric animals. Sibbald and Slinger (1962) evalu
ated three varieties each of barley, wheat and oats for nutritive value 

for poultry. Metabolizable energy values (kcal/kg) ranged from 1150 to 

1230 for barley, 14SO to 1540 for wheat and 1280 to 1500 for oats. 

Carpenter and Clegg (1956) compared metabolizable energy contents for 

poultry of two varieties each of wheat and barley. There was little 
difference in metabolizable energy value between the wheat varieties 
(3.30 to 3.34 kcal/g), but a greater variation was seen between two



barley varieties (2.87 to 2.68 kcal/g). March and Biely (1973) 
examined effects of variety and location on metabolizable energy values 
for poultry using 33 cultivars grown at various locations in Canada. 
Metabolizable energy values varied from 3.00 to 3.80 kcal/g which is a 
21% difference. Weber (1975) found metabolizable energy values for 
poultry among 12 varieties of wheat ranged from a low of 1282 kcal/lb 
for Bluebird #2 to a high of 1576 kcal/lb. for Valley 103; a 19% differ
ence.

Newman (1975) compared Compana hulless barley and regular barley 
with com as a basal grain for swine starters. Differences in perfor
mance of pigs fed barley or com were not significant. Pigs fed hulless 
barley gained more rapidly (.93 ys_ .80 lb/day) and consumed more feed 
(1.70 vs_ 1.48 lb/day) than pigs fed regular barley. The data also in

dicated that hulless barley could successfully compete with corn as a 
basal grain in swine starter diets.

The literature cited has demonstrated that energy differences do 
exist among grain varieties for ruminants and monogastrics. Rapid, 

accurate methods for identifying the differences would be of economical 
importance to livestock producers and could also aid agronomists in 
selection of cereal varieties of superior nutritive value.

Relationships Between Energy Values and Chemical or 
Physical Characteristics of Grains

Recognition that variations do exist in energy values of various 
cereals, together with the amount of time necessary to make biological 
determinations of energy values have encouraged several workers to study 
the feasibility of estimating energy values from easily determined
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physical or chemical characteristics. By far, the greatest number of 
these investigations with cereal grains have been conducted using 

metabolizable energy values determined with poultry.
Carpenter and Clegg (1956) began an investigation into the 

relationship between chemical composition of poultry feeds and their 
metabolizable energy values with the conviction that energy values were 
not closely correlated with any of the proximate analysis fractions.
Their approach was influenced by the earlier work of Fraps (1931) who 
had observed that although great differences existed in digestibility of 
the nitrogen free extract in various materials, the starch, polysaccha
ride and reducing sugar portion of the feeds was over 90% digestible in 
all cases. Carpenter and Clegg (1956), therefore, related the metabo

lizable energy content of 13 feed samples (including cereal grains and 
mixed diets) to the content of energy yielding nutrients, carbohydrates 
(measured as starch and reducing sugars), proteins and fats. Through 
regression techniques, they derived an equation, metabolizable energy, 

kcal/kg = 5 3 + 3 8  (% crude protein + 2.25 x % ether extract + 1.1% x 

starch + % sugars), which predicted metabolizable energy within ± 190 
kcal/kg. No improvement in the prediction was obtained by including 

fiber.values in the equation.
Sibbald and Price (1976) evaluated the prediction equation of 

Carpenter and Clegg (1956) and found it to be satisfactory for estimating 

energy content of feeds containing less than 12% crude fiber. Attempts 
to improve the equation by including other variables, such as crude 
fiber, nitrogen free extract, gross energy and ash were not successful.
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March and Biely (1973) studied relationships between metaboliz

able energy (determined with chicks) of 33 wheat samples and physical 

characteristics (weight per volume, kernel weight, kernel surface area 
and kernel density) and chemical composition. Although the metaboliz
able energy values for samples in this study ranged from 3.00 to 3.80 
kcal/g, no significant correlations were observed between metabolizable 
energy and any of the chemical or physical measurements. The closest 
correlation (r = .34) was between crude fiber content and metabolizable 
energy.

Bhatty.et al. (1974) related digestible energy (determined with 
mice) of 17 cultivars of wheat and 29 cultivars of barley to several 
physical characteristics (bulk weight, 1000 kernel weight, plumpness 

and sedimentation), chemical composition (including protein, ether 
extract, crude fiber, ash and starch) and gross energy. In wheat, 

significant correlation coefficients were obtained between digestible 
energy and bulk weight (-.59), kernel weight (-.53), plumpness (-.55), 

fiber (.72), ash (-.52), sedimentation (-.57) and gross energy (.97). .
In barley, digestible energy was significantly correlated with protein 
(.41) and gross energy (.82)1' The authors concluded that for use as 

selection criteria, the most important correlations for wheat were be
tween digestible energy and gross energy or sedimentation, and for 
barley between digestible energy and gross energy. Even though the 
Correlation between fiber content and digestible energy content of wheat 
was higher than for any other chemical component, no discussion on the 
usefulness of this relationship was given.
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Sibbald and Price (1976) determined metabolizable energy (white 

leghorn roosters), dry matter, bulk weight, 1000 kernel weight, gross 
energy, nitrogen, ether extract, crude fiber, soluble sugars, starch, 
ash, calcium, phosphorus and phytin phosphorus in 35 samples of wheat,
28 samples of oats and 40 samples of barley. The composition data was 
used to predict metabolizable energy values using a series of published 
prediction equations and equations fitted to the data from this study. 
Regression equations fitted to the sample data did not perform signi
ficantly better than prediction equations found in the literature. For 
the wheat samples which ranged from 3.25 to 3.72 kcal metabolizable 
energy per g, the highest simple correlation coefficient was -.43 between 

metabolizable energy content and soluble sugars. For oats, the highest 

simple correlation between metabolizable energy (ranged 2.33 to 3.82 
kcal/g) and chemical composition was with ..crude fiber (-.83), but high 

correlations (.60 to .81) were also observed for starch, ether extract, 
nitrogen free extract and gross energy. For the barley samples which 
ranged from 2.36 to 3.47 kcal/g metabolizable energy, the only simple 

correlation coefficient higher than .50 was with crude fiber content 
(-.59). Metabolizable energy values predicted from regressions using 

several variables had correlation coefficients with the determined 
metabolizable energy values of .1 to .9. In general, metabolizable 
energy was predicted less accurately in wheat (r = .1 to .6 with most 
equal to .4) than barley (.2 to .5, with most equal to .5) or oats (.7 

to .9, with most equal to .8).
Sibbald and Price (1977) assayed true and apparent metabolizable 

energy in 30 samples of wheat and 28 samples of oats using white
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leghorn roosters. These values were compared with metabolizable energy 
values predicted from physical and chemical values of the grains using 
previously published equations, as well as equations derived in this 
study. Comparisons between experimentally determined and predicted 
values suggest that metabolizable energy values of wheat were predicted 
with insufficient accuracy and precision for practical use. Similar 
comparisons showed higher correlations between observed and predicted 
values for oats,, although the predictions were no more accurate than for 

wheat. For wheat, significant simple correlation coefficients were ob
tained between true metabolizable energy and ash (-.39), protein (-.43) 

and crude fiber (-.36). True metabolizable energy of oats was signifi
cantly correlated with crude fiber (-.86), starch (.74), ether extract 

(.67), nitrogen free extract (.50), protein (.49), ash (-.48) and sugar 
(.42). Multiple regression analysis revealed that the same combination 
of variables was not useful for both grains. Inclusion of up to five 
independent variables in the regression resulted in explanation of only 

50% of the variation in metabolizable energy values.
In summary, the literature indicates that despite some rather 

extensive studies, attempts to relate energy values of cereal grains to 

their physical and chemical characteristics have not been particularly 
successful. Over the range of cereals investigated, significant regres
sions were often observed between energy value and various combinations 
of the characteristics, but the correlations were usually so low that 

their practical usefulness was questionable. Most of the regressions, 
using even multiple independent variables, did not explain over 50% (and 

many times not over 25%) of the observed variation in energy values.
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Most of the studies reviewed used rather complete fractionation.• 

of the carbohydrate portion (into sugars, starches and polysaccharides) 
for use in the regression analyses. - This was due to the influence of 
the earliest studies which indicated the fractions determined with the 
proximate analysis was not sufficiently precise to yield useful informa
tion. Although it was not generally used in the regression analysis, 
crude fiber content of the cereals was often determined in these studies 

and related to metabolizable energy by Simple correlation. Despite the 
generally high correlations obtained (especially with oats and barley) 

this variable has not been extensively studies. Another suggestion that 
fiber level may be more important than previously believed comes from 
the more accurate prediction of energy value for high fiber cereals, 
such as oats and barley, than for low cereals such as wheat,

Methods for Partitioning Carbohydrate Types in Feeds

Traditional Methods
The most widely used system for describing the nutrient content 

of foods is that referred to as the proximate analysis or Weende System. 

In this system, samples are analyzed for their content of moisture, 
crude protein, ether extract, ash and crude fiber; while another frac

tion, nitrogen free extract, is calculated arithmetically as 100 minus 
the total of all the laboratory determined values (Maynard and Loosli, 

1969) .
In this system, carbohydrates are partitioned into both the 

crude fiber and nitrogen free extract fractions. Crude fiber is defined 
as the organic matter which remains following hydrolysis of a sample
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with weak acid and weak alkali, and is intended to represent the content 
of poorly digested celluloses and hemicelluloSe as well as the undiges- 
tible lignin. Nitrogen free extract is intended to represent the 
content of the more completely digestible carbohydrates such as starches 
and sugars. So important is the type of carbohydrate found in feeds
that the relative content of crude fiber is the basis for the most
common feed classification system. Feeds which contain less than 18% 

crude fiber (and thus are usually high in NFE and available energy) are 
classified as concentrates while those containing 18% or more crude 
fiber and, thus, have a lower energy density are classified as roughages 
[National Academy of Sciences (N. A. S.), 1971].

Unfortunately, the analytical system does not actually result in

such a distinct separation of carbohydrate types. For example, the acid
treatment has been shown to hydrolyze up to 40% of the cellulose and 
hemicellulose and the alkali hydrolysis solubilizes as much as 96% of 

the lignin fraction (Norman, 1935). To the extent that these substances 
are hydrolyzed, the crude fiber fraction is lower than it should be and 

the nitrogen free extract content is higher.

The significance of this analytical deficiency is probably 
minimal when distinguishing between feeds with widely different fiber 

contents, but it can become quite important when evaluating feeds of' 
Similar fiber contents, particularly when the content of fibrous compo
nents is high. For example, wheat straw is reported by Morrison (1959) 

to contain 37% crude fiber and 42% nitrogen free extract suggesting that 
the Content of sugars and starches exceeds that of cellulose, hemicellu
lose and lignin. However, the digestibility of the crude fiber fraction
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is listed as 52% compared with 47% for nitrogen free extract, clearly 
illustrating the inability of the proximate analysis system to accurate
ly distinguish between the content of nutritionally available and 

unavailable carbohydrates.

Alternative Methods
Recognition that the traditional acid-alkali hydrolysis method 

was inadequate for definitive determination of carbohydrate types has 
led to development of many alternative methods. One approach has been 
the treatment of feeds with enzyme preparations in attempts to simulate 
the digestive processes which occur in the animal’s gastrointestinal 
tract. Since enzymes capable of digesting cellulose, heimcellulose and 
lignin are not produced by animal tissues, these procedures are actually 
estimates of undigestible residue (fiber).

Remy (1931) developed a complicated digestion procedure which 

utilized pepsin-HCl, neutral malt diastase and pancreatin-NagCOg at a 

series of appropriate pH levels to determine fiber content in vegetables. 

This method resulted in higher fiber values than were found by the 
Weende method and it was suggested that approximately 50% of the enzy

matically indigestible residue was hydrolyzed by the Weende method. 
However, in critical analysis of the procedure, it was shown that large 
losses of hemicellulose occurred during the malt diastase treatment.

Williams and Olmstead (1934) modified the procedure of Remy 
(1931) by replacing malt diastase with animal diastase (pancreatin) when 
investigating fiber in wheat bran and feces. Pancreatin resulted in 
simultaneous digestion of protein and starch without a concurrent loss



17

of hemicellulose. These investigators reported that a predigestion with 
pepsin was crucial for optimum efficiency in the succeeding pancreatin 
digestion. Fiber value for wheat bran was 54.7% by their enzymatic 
method and 18.9% by the Weende method.

Horwitt, Cowgill and Mendel (1936) modified the Williams and 
Olmstead (1934) method by using takadiastase in place of animal diastase 
and adding an alkaline trypsin solution in the final digestion step. 

Their modified enzymatic method gave a fiber value of 28% in dried
spinach compared with 8% determined as crude fiber.

Woodson and Mackenzie (1944) further modified the enzymatic
fiber method of Remy's by substituting pangestine (an enzyme preparation
derived from hog pancrease) for the pancreatin. Fiber values for corn 
meal were 1.83% by the Weende method, 8.26% by the unmodified Horwitt 
method and 8.23% by the modified method.

Weinstock and Benham (1951) utilized Rhozyme S. which combines 

proteolytic and amylolytic activities for fiber determinations. The 
study revealed that proteins were not completely removed by the enzyme 

treatment and it was necessary to correct for this residue by protein 
determinations using the Kjeldahl method. Analysis of yellow corn meal 

yielded fiber values similar to those obtained by the Woodson and 

Mackenzie method (1944) which was 3.0%.
Hellendoom, Noordhoff and Slagman (1975) developed a simplified 

enzymatic method in which samples are digested with pepsin-HCl, neutra
lized and treated with pancreatin, acidified to stop enzymatic activity 
and then centrifuged and filtered to obtain the fiber residue. Fiber
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values for wheat bran were 56.0% by their method and 10.4% by the Weende 
method.

Each of these enzymatic methods for fiber determinations has 
been reported by its developers to be superior to the accepted crude 
fiber procedure. While these methods are theoretically sound and yield 
reasonable precision in fiber values, they have not been widely accepted 
because they do not lend themselves to routine analysis of large numbers 
of samples.

Another approach to fiber determinations has been to use differ
ent solvents and/or enzyme preparations to fractionate feeds. Southgate 
(1969) developed a very comprehensive system which yields values for 
water soluble polysaccharides, heimcellulose, cellulose and lignin. The 
method involves a series of extractions using water, methanol, ethanol, 
diethyl ether, sulfuric acid and takadiastase. The method was developed 

for analysis of human foods rather than animal feeds. While it is an 

effective method, it too is time consuming and does not lend itself to 
rapid, routine analysis of large numbers of samples.

Probably the most significant development in fiber analysis, 
and certainly the most accepted, has been the detergent analysis system 

developed by Van Soest (1963, 1966, 1967). The system was developed 

because of the inability of existing systems to adequately recognize 
variations in nutritive quality among forage samples. Detergent solu
tions were used to separate forage components into categories based on 

nutritional availability. The major distinction is made based on solu
bility of components in neutral detergent solution. Those components 

which are solubilized are classified as cell contents and are reported



to have a very high and constant availability (approximately 98%), 

regardless of the material being analyzed. Nutrients soluble in neutral 
detergent solution include starch, sugars, lipids, non-protein nitrogen 
and proteins. Those components not soluble in neutral detergent solu
tion (neutral detergent fiber) are classified as cell walls. The 
availability of this fraction is variable depending upon the relative 
contents of cellulose, hemicellulose and lignin. Quantitations of these 
latter components is accomplished by extraction of another sample using 
an acid detergent solution. The acid detergent solubilizes all compo
nents except cellulose, lignin and some acid insoluble ash, which are 
known as the acid detergent fiber. Acid detergent fiber can be further 
fractionated into cellulose and lignin fractions by treatment with 

either 72% HgSO^ or potassium permanganate. Thus, complete analysis 

using the detergent system yields values for cell contents, total cell 
walls (NDF), hemicellulose (NDF-ADF), cellulose, lignin and acid in
soluble ash. Proper interpretation of these values allows reasonably 
accurate evaluation of nutritive quality over a wide range of forage 
types. This system is applicable to routine, analysis and has rapidly 

gained acceptance by researchers in the forage area, and has almost com

pletely replaced the Weende crude fiber analysis for this application.
Use of these more appropriate fiber analyses, and even the con- =■ 

cept of fractionation of feeds into cell walls and cell contents, has 
appealed to workers in other areas. However, when these forage fiber 
techniques are applied to concentrate feeds, difficulties in completing 
the various filtration steps are often encountered (Fonnesbeck and 
Harris, 1970).
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Fonnesbeck and Harris (1970) made a thorough evaluation of the 
reasons for these filtration difficulties and concluded that incomplete 
removal of protein by the neutral detergent solution was the major prob

lem. They, therefore, designed a procedure for determination of total 
cell walls, similar to that of Van Soest (1967) but which utilizes a 
pepsin digestion followed by extraction with a detergent solution at pH 

3.5. Their data indicates this procedure efficiently segregates the 
hemicellulose, cellulose and lignin (cell walls) from other components 
over a wide range of feed types, including concentrates. Fiber values 

for barley, corn and wheat grains were 14.9, 9.3 and 9.9% using their 
method, compared to 5.6, 2.2 and 3.4% using pepsin (which requires 24 
hr), the procedure is more time consuming than that developed by Van 

Soest (1966) and has not yet been widely accepted and used.
Recently, Robertson and Van Soest (1977) reported a modification 

of the neutral detergent fiber procedure which is intended to facilitate 
filtration when concentrate feeds are analyzed. The original NDF pro
cedure is modified by adding a 30 min hydroylysis with Bacterial Type 
III-A a-amylase prior to filtration. To date, there are no literature

Areports in which this modification has been used.

Baker (1977) studied the use of the acid detergent fiber pro- : 
cedure for use with human foods and concluded that the 1.0 N H2SO4 
solution specified by Van Soest (1963) tended to hydrolyze a portion of 

the cellulose resulting in low estimate-of fiber. He modified the acid 
detergent solution by addition of a HC1/KC1 solution and reported that 
the milder action of this solution did not hydroylze cellulose and 
resulted in slightly higher fiber values. In a comparison study, fiber
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values for wheat grain, wheat bran and cellulose were: 2.7, 10.2 and
71.0% crude fiber; 3.2, 13.0 and 82.5% acid detergent fiber; and 4.1,

17.0 and 98.0% for Baker’s acid detergent fiber,
In summary, the literature cited indicates that the newer fiber 

techniques are more accurate than the traditional Weende method. Many 
of these techniques are theoretically sound and yield reasonable pre
cision in fiber values, but do not lend themselves to routine analysis 
of large numbers of Samples. The detergent analysis systems are suited 
to routine analysis and in most cases, efficiently separate forages into 
cell walls and cell contents. Their usefulness for non-forage feedstuffs 
remains questionable. Several modifications have been suggested to 
adapt them for use with concentrate feeds. There is often major dis

agreements in fiber values determined by various methods. In many cases, 
the discrepancies can be explained on the residue. However, it has not 
clearly been established whether or not all of the methods efficiently 

remove non-cell wall materials from the fiber. It is also unclear which 

of the fiber methods gives the best estimate of indigestible residue in 
concentrate feeds and whether or not the fiber content is an important 
factor in determining nutritive value of cereals.



EXPERIMENTAL PROCEDURE

Preliminary Study I

This study was conducted to evaluate four methods of determining 
the fiber content in cereal grains. For this purpose, large samples of 
Arivat barley, Cajeme wheat and Northern King, grain sorghum were obtain
ed from the University of Arizona Department of Plant Sciences. The 
grains were serially ground to pass a 20 mesh screen in a Wiley mill and 

a 1 mm screen in a Udy cyclone grinder prior to analysis. The methods 

evaluated were: (1) the neutral detergent fiber (NDF) method recently
developed for concentrate feeds by Robertson and Van Soest (1977)j 

(2) the total cell, wall (FCW) method described by Fonnesbeck and Harris 
(1970); (3) the acid detergent fiber (ADF) method of Goering and Van 
Soest (1970); and (4) the acid detergent fiber (BADF) method developed 

by Baker (1977). Triplicate determinations were made on each grain using 
each method. Criteria used to evaluate the methods were the relative 

amounts of starch and protein contained in the fiber residues.
In order to collect the necessary amounts of fiber -for analysis 

of starch and protein, it was necessary to modify the methods for hand
ling of large samples. Grain samples of approximately 10 g were used and 

the solution to grain ratios specified for each method were maintained. 
Samples were refluxed in a 1000 ml beaker using a 2000 ml round bottom 
flask for a condenser. Following refluxing, the liquid portion was re

moved by aspiration through an Oklahoma filter serpen. The residue was 

washed with water and then filtered through tared 50 ml sintered glass
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crucibles (porosity C) and dried. This procedure was repeated until 

approximately 5 g of residue had been collected for each grain. The 
dried residues were reground through a 1 mm screen in the Udy grinder 
prior to further analysis. It was determined that percent fiber yields 
for the grains by this bulk method were similar to those determined on 
small individual samples.

Crude protein content of the fiber residues, was determined as 
Kjeldahl nitrogen X 6.25 [Association of Official Agricultural Chemists 

(A. 0. A. C.), 1970]. Starch content was determined from the glucose 
yield following enzymatic hydrolysis. Approximately .5 g of fiber 

residue was weighed into a 400 ml beaker and hydrolyzed for 24 hr using 

Agidex as described by MacRae and Armstrong (1968). The hydrolyzates 
were filtered and glucose in the filtrate determined using the commer
cial hexokinase-glucose-6-phosphate dehydrogenase kit available from 
Calbiochem.1 Photometric readings were conducted using a Gilford 2400 
recording spectrophotometer. Samples of purified soluble starch were 
analyzed by this method, finding 1100 mg of glucose was recovered per 

gram of starch. Thus, glucose values for residues were converted to 
starch values by the formula: % starch = % glucose X .909.

Preliminary Study II

This study was conducted to determine the conditions which would 

result in maximum, in vitro dry matter disappearance (IVDMD) of cereal 

grains. Grains used were ground through a 20 mesh screen in a Wiley

1. Calbiochem glucose, S. V. R. #L03419. 10933 N. Torrey Pines
Rd., La Jolla, CA 92037.
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mill. Incubations were carried out in a constant temperature water bath 
(39 C) using 50 ml polyethylene tubes fitted with gas release valves. 
Inoculum for the digestions was prepared from ingesta obtained from a 
rumen fistulated steer fed a diet containing 75% wheat. Rumen ingesta 
was removed by hand 3 hr after the morning, feeding, filtered through 
four layers of cheesecloth and then refiltered through four layers of 
glasswool and two layers of cheesecloth. This strained rumen fluid was 
saturated with carbon dioxide by bubbling the gas through it for 3 to 4 
min and it was maintained at 39 G until used. The amount of rumen fluid 

inoculum added and length and type of incubation period(s) varied for 
different experiments. Blank tubes (no substrate) were included in each 

run to determine the blank correction factor. At the conclusion of the 
incubation period, contents of the tubes were filtered through six 
layers of glass wool in porcelain gooch crucibles. The residues were 
washed with water and then dried at least 8 hr 105 G in a vacuum oven. 
Results were calculated as:

o Tvrrs.m dry sample wt - (dry residue wt - blank correction) v 1nn
/0 IVDMD dry sample wt ‘ “  X 100

The first experiment was conducted to determine the effect of 
volume of strained rumen fluid used and length of the incubation period 

on IVDMD and final pH. Eighteen tubes containing .5 g Cajeme wheat and 
20 ml McDougall's buffer (McDougall, 1949) were used. Strained rumen 

fluid volumes of 2.5, 5.0 and 7.5 ml were added to six tubes each.

Three tubes at each rumen fluid level were terminated after 12 and 24 hr 
of incubation. The pH of each tube was determined using a Corning model" 

pH meter, prior to filtration for determination of IVDMD.



25

A second preliminary experiment was conducted to determine the 
effect of an acid-pepsin digestion following the incubation with 
strained rumen fluid on IVDMD of grains. This two-stage technique, 
first developed by Tilley and Terry (1963), is widely used for forage 
analysis but its relevance for concentrate feeds has not been estab
lished. Six tubes each of barley, wheat and sorghum grain were incubated ' * - ■ -
with 20 ml McDougal1’s buffer and 7.5 ml Strained rumen fluid for 24 
hours. Following this initial incubation, three of the tubes for each 
grain were immediately filtered for determination of IVDMD. The pH of 
the remaining tubes was recorded and they were titrated to a final pH of 

2.2 using 20% (v/v) HC1. Approximately .1 g of pepsin (1:10,000 units) 

was added to each tube using a calibrated scoop, the tubes were then 
carefully mixed and returned to the water bath for an additional 24 hr 
incubation. At the end of this incubation, IVDMD was determined in the 
usual manner.

Relationships Between Chemical Composition of Cereal Grains » 
and Bioavailability to Rumen Microorganisms

A total of 64 grain samples from the Western Regional Research 

Project "Genotype-Environment Interactions Related to End-Product Uses 
in Small Grains" were used. These samples were comprised of four repli
cations, each of two varieties of wheat (Siete Cerros and Cajerne) and 

barley (Arimar and Arizona 1970-1), grown at two locations (Yuma,
Arizona and Logan, Utah) in each of two years (1976 and 1977). The 

samples were ground through a 20 mesh screen in a Wiley mill prior to 

analysis.
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Duplicate determinations of dry matter, crude protein (N x 6.25), 

ether extract and ash were conducted as described by A. 0. A. C. (1970). 
Acid detergent fiber content was determined using the method of 
Robertson and Van Soest (1977) and cell wall content by the method of 
Fonnesbeck and Harris (1977). This latter method was modified slightly 
to adapt to the facilities and equipment available. The pepsin diges
tion was conducted in 600 ml Berzelius beakers, using a heavy plastic 
wrap and rubber bands for sealing. Incubation of the samples was con
ducted in a shaking waterbath maintained at 55 C. Filtrations were 

accomplished using an Oklahoma filter screen, as the fritted glass 

filters specified by the method were not satisfactory. Total carbohy

drate content was calculated as 100 - % ^ 0  - % crude protein - % ether 
extract - % ash. Non-cell wall carbohydrates (NCWC) were calculated as 
% total carbohydrates - % cell walls.

Bioavailability of nutrients in the grains was estimated using 

a two-stage in vitro dry matter disappearance technique. Duplicate .5 
g aliquots of each sample were placed in 50 ml polyethylene tubes, to
gether with 20 ml carbon dioxide saturated, prewarmed (39 C) McDougall's 

buffer and 7.5 ml of strained rumen fluid. The rumen fluid was prepared 
from ingesta obtained 3 hr post-feeding from a rumen fistulated steer 

fed a 47% concentrate diet which contained 39% sorghum grain. Following 

the initial 24 hr incubation, contents of each tube were adjusted to pH 
approximately 2.2 using 20% (v/v) HC1. Four additional tubes for each 
grain type were included in each run to determine the amount of HC1 
needed to make this pH adjustment. Approximately .1 g pepsin was added 

to each tube using a calibrated scoop and the incubation was continued
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for an additional 24 hours. After the second incubation, contents of 
the tubes were filtered through six layers of glass wool in porcelain 
gooch crucibles. The residue was dried at least 8 hr at 105 C in a 
vacuum oven and IVDMD was calculated. Values used for statistical anal
ysis were the means from two separate runs.

Statistical evaluations of the data were conducted using the 
Statistical-Package for the Social Sciences (SPSS) (Nie et al., 1975). 
One-way and two-way analysis of variance was used to evaluate the chemi
cal and IVDMD data by location and variety within grain type. Simple 

correlations among all measures of chemical composition and bioavail

ability were obtained. Stepwise linear regressions, were calculated to 
determine whether combinations of chemical components were more closely 
related to IVDMD than single components alone.



RESULTS

Preliminary Study I 
Fiber values determined for the three cereal grains using the 

different analytical techniques are shown in Table 1. Within each grain 
type, values for FCW and NDF were similar and both considerably higher 
than the value for ADF. Values for BADE were generally intermediate 

between the ADF values and those determined by either FCW or NDF,

One reason for these differences is that the same components are
not measured by all of the methods. Both NDF and FCW are measures of 
the total cell wall content, which includes cellulose, hemicellulose and 
lignin (Fonnesbeck and Harris, 1977; Robertson and Van Soest, 1977),
The ADF contains only lignocellulose (Van Soest, 1963) and, thus, would 

be expected to give lower values than either FCW or NDF, Baker (1977) 

indicates that less cellulose is hydrolyzed by the BADF method than by 
the ADF method and his data indicates that a portion of the hemicellulose 

is also retained in BADF. These observations could account for the 
differences between ADF and BADF seen in this study.

An item of particular interest was the efficiency with which the

various methods excluded starch and protein from the residues. Van .
Soest (1966) states that these components are not normal constituents of 

the cell wall, thus, inefficient extraction would result in erroneously 

high estimates of fiber.
Starch content of the residues obtained by the various fiber 

methods are shown in Table 2. Starch was effectively removed from the

28
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Table 1. Fiber content of cereal grains determined by different methods.a

Grain Method
type ADFb BADFC FCWd NDFe

Wheat 3.0 5.8 8.7 10.8
Barley 6.9 13.4 16.2 18.2
Sorghum 4.0 9.7 7.7 9.8

aEach value is the mean of three observations

^Acid detergent fiber (Van Soest, 1963). 
cBaker acid detergent fiber (Baker, 1977).

^Fonnesbeck cell walls (Fonnesbeck and Harris, 1970). 

eNeutral detergent fiber (Robertson and Van Soest, 1977).



Table 2. Starch content in cereal fiber residues.a
50

Fiber method
Substrates ADFb BADFC FCWd NDFe

0 O L di V̂I 1 XII J. V O X Li Li v

Wheat 3.9 5.2 2.8 23.4
Barley 1.9 1.5 3.5 12.9
Sorghum 1.9 3.5 10.8 45.4

aEach value is the mean of three observations.
^Acid detergent fiber (Van Soest, 1963). 
cBaker Acid detergent fiber (Baker, 1977).
^Fonnesbeck cell walls (Fonnesbeck and Harris, 1970). 
eNeutral detergent fiber (Robertson and Van Soest, 1977).
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fiber residues by all methods except NDF. Starch accounted for approxi
mately 13% of the NDF residues in barley, 23% in wheat and 45% in 
sorghum grain. The failure of this method to remove residual starch was 
surprising since it included a hydrolysis step using amylase to remove 
starch and, thus, facilitated filtration of the fiber residues 
(Robertson and Van Soest, 1977).

Protein content of the fiber resiudes is shown in Table 3. All 
of the methods effectively excluded protein from wheat and barley 
grains, although protein content tended to be higher in the NDF residues 

than in any of the other fiber residues. The FCW and NDF methods re
moved protein from sorghum grain as effectively as from wheat and 

barley, but protein contents of ADF and BADF.residues from sorghum grain 
were very high. Over one-third of the sorghum fiber residue isolated by 
these two methods could be accounted for by crude protein.

The effect of the starch and protein residues on "fiber" content 

of the grains is shown in Table 4. For wheat and barley, correcting 
ADF, BADF and FCW. fiber values for residual starch and protein had a 
minimal effect. However, because of relatively high corrections for 
both protein and starch, "corrected" NDF values for wheat and barley 

were less than 80% of the original "uncorrected" values. Large correc
tions for either starch (NDF) or protein (ADF and BADF) caused 

"corrected" fiber values of NDF, ADF or BADF for sorghum grain to all 
be considerably lower than the corresponding "uncorrected" values.

The significance or desirability of making such corrections for 
residual starch and protein in fiber is not known. It is possible that 
these residues represent nutrients bound to the cell wall and are thus
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Table 3. Protein content in cereal fiber residues.a

Grain ■' - - ■ ■ Fiber method
type ADFb BADFC FGW4 NDFe

% Protein in residue

Wheat 2.9 4.2 3.4 11.0
Barley 3.8 5.0 1.5 7.9

Sorghum 32.0 41.9 3.8 9.2

aEach value is the mean of three observations.

^Acid detergent fiber (Van Soest, 1963).
CBaker acid detergent fiber (Baker, 1977).
^Fonnesbeck cell walls (Fonnesbeck and Harris, 1970). 
eNeutral detergent fiber (Robertson and Van Soest, 1977).



Table 4. Effect of residual starch and protein on fiber values determined in cereal grains by differ
ent methods.

Grain type: Wheat Barley Sorghum
Fiber method: ADF BADF FCW NDF ADF . BADF FCW NDF ADF BADF FCW NDF

Fiber, g/100 g grain 3.0 5.8 8,7 10.8 6.9 13,4 16,2 18.2 4.0 9.7 7.7 9.8
Residual starch, g .1 .3 .2 2.5 .1 .2 .6 2.4 .1 .3 .8 4.4

Residual protein, g .1 .2 .3 1.2 .3 .7 .2 1.4 1.3 4.1 .3 .9

"Corrected" fiber, 
g/100 g grain 2.8 5.3 8.2 7.1 6.5 12.5 15.4 14.4 2.6 5.3 6.6 4.5

"Corrected" fiber, % 
of original fiber 93.0 91.0 94.0 66.0 94.0 93,0 95.0 79.0 65.0 55.0 86.0 46.0
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unavailable and should be included in the fiber fraction. In this re
gard, it is interesting that sorghum grain ADF and BADF residues have 

especially high protein contents, since protein digestibility of sorghum 
grain is reported to be considerably lower than for other cereals (Saba 
et al., 1964). The significance of these residues certainly warrants 
further investigation.

For the purpose of this study, it was assumed that efficient 

separation of starch and protein from fiber components was desirable and, 
thus, the FCW method was selected in preference to the NDF method for 
determination of total cell wall content in test grains. The ADF method 
was selected to determine lignocellulose content because it gave 
slightly more efficient exclusion of starch and protein and because it 
was suspected the BADF residues contained varying amounts of hemicellu- 
lose.

Preliminary Study II
Effect of inoculum volume and length of incubation period on 

IVDMD of wheat grain is shown in Table 5. At all levels of inoculum, the 
24 hr incubation resulted in higher (P>.05) IVDMD than the 12 hr incuba
tion. With both incubation periods (12 vs 24 hr), IVDMD was greatest 
when using 7.5ml of inoculum, although only a small difference in per

centage units between inoculum level was found at 24 hours. Final pH 
(Table 6) was lower (P>.05) for the 24 hr incubation than for the 12 hr 

incubation.
Since 7.5 ml of inoculum resulted in the maximum IVDMD and pH 

was not significantly lower than if 5.0 ml of inoculum was used, 7.5 ml
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Table 5. Effect of inoculum level and fermentation time upon in vitro 
dry matter disappearance of wheat grain.a

Inoculum level, ml
Fermentation time^

12 hr 24 hr
-----  % IVDMD -----

2.5 47.2C

u00in

5.0 50.6C 78. 9d

7.5 57.3d 79. 7d

aEach value is the mean of three observations.
Ât each level of inoculum, the time effect was significant

(P<.05).
c’̂ Within a column, means with different superscripts are 

significantly different (P<.05).
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Table 6. Effect of inoculum level and fermentation time upon final pH 
in incubation tubes.a

Fermentation time
Inoculum level, ml 12 hr 24 hr

2.5
5.0

6.5C 
6.4d

---- Final pH -----

5. 8C 
5.7d

7.5 6.3d 5. 7d

aEach value is the mean of three observations.

Ât each level of inoculum, the time effect was significant
(P<.05).

c>̂ Within a column, means with different superscripts are 
significantly different (P<.05).
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of inoculum were used for the remainder of these studies. Previous 
studies (Huidobro, 1976) found no difference in relative ranking in 
IVDMD. of sorghum grain when incubations ranging from 4 to 24 hr were 
used.

The comparison of single and two-stage in_vitro techniques are 

shown in Table 7. Inclusion of the pepsin digestion resulted in higher 
(P<.05) IVDMD values for all grains. The degree of increase was highest 
(15 percentage units) for barley and approximately the same (10 units) 
for wheat and sorghum. The greater improvement for barley can be 
attributed to its higher crude protein content (12.6 vs_ 9.5 and 8.7% 
for wheat and sorghum, respectively). Tilley and Terry (1963) reported 

that the difference between single- and two-stage in vitro techniques 

for forages were greater for high protein than for low protein forages, 
and that for high protein forages especially, values determined by the 

two-stage technique were closer to observed in vivo digestion 
coefficients.

Since considerable variation was expected in crude protein con
tent of the grains evaluated in this study, the two-stage technique was 
used in all IVDMD determinations. a

Relationships Between Chemical Composition of Cereal Grains 
and Bioavailability to Rumen Microorganisms

Mean values for chemical composition and in vitro dry matter 

disappearance for the grains are shown by genotype within grain type and 

location in Table 8. Two-way tables were constructed from these data to 
simplify their evaluation.



Table 7. Effect of a second-stage pepsin digestion on in vitro dry 
matter disappearance of cereal grains.a

____________ Treatment^_____________
Grain type No Pepsin With pepsin

------ % IVDMD--------------
Barley 63.0 78.3
Sorghum 45.6 55.2

Wheat 71.9 82.9

aEach value is the mean of three observations.
^Within each grain type, IVDMD with pepsin is significantly 

different (P<.05) from IVDMD without pepsin.



Table 8. Mean chemical composition and iii vitro dry matter disappearance of two genotypes each of
barley and wheat grain grown in Arizona and Utah.a

Grain type: Barley Wheat
Genotype: Arimar Arizona 1970-1 Cajeme Siete Cerros
Location: Arizona Utah Arizona Utah Arizona Utah Arizona Utah

Dry matter, % 93.1 92.6 98.0 92.5 92.8 92.0 93.2 92.7
Components, % of dry matter 

Crude protein 7.8 16.4 8.9 16.7 9.5 16.3 9.2 13.7

Ether extract 3.6 3.8 2.9 4.0 2.5 3.4 2.2 1.9

Ash 3.2 2.5 2.9 2.6 2.5 2.7 2.6 2.7

Cell walls 17.5 13.6 14.3 12.6 8.1 7.2 9.2 8.3
Acid detergent fiber 8.1 5.8 7.4 6.6 3.5 3.3 3.7 3.2

Non-cell wall carbo
hydrate 68.0 63.7 71.0 64.1 77.4 70.4 76.7 73.4

IVDMD 80.3 84.8 80.9 84.5 85.2 87.0 85.0 88.2

aEach value is the mean of eight observations (four field replicates in each of two years).

Ol<£>
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Table 9 shows that across locations there was no difference 

between the two genotypes of barley in chemical composition or in vitro 
dry matter disappearance. Between the two genotypes of wheat, the only 

differences (P<.05) were the higher ether extract (2.9 vs_ 2.1%) and 

lower cell wall (7.7 ys_ 8.7%) content of Cajeme compared with Siete 
Cerros. Table 10 shows that across genotype within a grain type, both 
wheat and barley grown in Utah contained more protein and less non-cell 
wall carbohydrate (NCWC) and had a higher IVDMD than the grains grown in 

Arizona. The only significant grain type X location interaction was in 

protein where barley grown in Arizona had less protein than wheat grown 
in Arizona (8.3 vs 9.3%), but when grown in Utah, barley had more pro

tein than did wheat (16.6 ys_ 9.3%).
Table 11 shows simple correlations between IVDMD and chemical 

components by grain type and location. Coefficients for crude protein, 
ADF and cell wall components were generally found to be significant for 

both grains. The correlations for these components were generally 
higher for barley grain than for wheat grain. Ash was inversely cor

related (P<.05) with IVDMD of barley but not wheat or combined grains. 
Correlations with NCWC were significant for barley grown in Arizona and 
for wheat at the combined locations.

Although several of the simple correlations were significant, 

they generally accounted for no more than 50% of the variation in IVDMD. 

Stepwise multiple regression was used to determine whether combinations 

of chemical components would more accurately relate to observed IVDMD 

than did any simple component. Preliminary regressions were calculated 
using all six chemical fractions as independent variables. In all cases,
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Table 9. Mean chemical composition and in_ vitro dry matter disappear
ance of grains by genotype within grain type.

Grain type: Barley Wheat
Genotype: Arimar Arizona 1970-1 Cajeme Siete Cerros

Components, % dry matter 
Crude protein 12.1 12.8 12.9 11.5
Ether extract 3.7 3.4 2. 9b 2.1°

Ash 2.8 2.7 2.6 2.6

Cell wall 15.5 13.4 7. 7b 8.7C

Acid detergent fiber 6.9 7.0 3.4 3.5

Non-cell wall carbohydrate 65.8 67.5 73.9 75.0

IVDMD 82.5 83.7 86.1 86.6

aEach value is the mean of four replications at each of two 
locations (Arizona and Utah).

k,cMeans on the same line, within wheat or barley, with differ
ent superscripts are significantly different (P<.05).
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Table 10. Mean chemical composition and in vitro dry matter disappear
ance of grain by location within type.^

Grain type: Barley Wheat
Location: Arizona Utah Arizona Utah

Components, % dry matter
Crude protein 8. 3b 16.5C 9.3b 15.0°

Ether Extract 3.2 3.9 2.3 2.6
Ash 3. 0b 2.6° 2.5 2.7

Cell wall 15.9% 13.lc 8.6 7.7

Acid detergent fiber 7.7% 6.2= 3.6 3.3

Non-cell wall carbohydrate 69.5b 63.9C 1 77.0 71.9
IVDMD 80.6b 84,6̂ 85. lb 87.6=

aEach value is the mean of 16 observations.
k,cMeans on the same line within wheat or barley, with differ

ent superscripts are significantly different (P<.05).



Table 11. Simple correlation of chemical composition on in vitro dry matter disappearance of grains
and their locations.

Grain type Location na
Chemical components

CP EE Ash CW ADF NCWC
Combined Combined 64 . 47b -.17 -.13 -. 73b -. 76b -.25

Barley Combined 32 .59b .02 -.79b _.66b -. 72b -.04

Barley Arizona 16 .18 -. 49b -. 71b -. 76b -. 62b . 82b

Barley Utah 16 . 50b .19 -. 74b -.28 -. 73b -.27

Wheat Combined 32 . 57b .16 .22 -. 38b -. 47b -. 52b
Wheat Arizona 16 . 63b .30 .38 -. 49b -.23 -.38

Wheat Utah 16 -.22 -.07 .06 .11 -. 63b .14

^Number of observations per treatment. 

^Significant (P<.05).
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ADF entered the regressions before CW. Since these two fractions are 
closely related, the multiple regressions reported were calculated using 
only CP, EE, ash, ADF and NCWC as independent variables.

The stepwise multiple regression for data pooled by location and 
grain type is shown in Table 12. The order of variable entrance into 
the equation along with the resulting multiple R2 was: ADF (.57), CP
(.69), NCWC (.70) and ether extract (.70). Ash did not enter because of 
an insufficient F-tolerance level. Based upon the R2 values and 

standard deviations, inclusion of variables other than ADF and crude 
protein did not significantly improve the accuracy of the regression. 

These two variables together were associated with nearly 70% of the 
variation in IVDMD for the pooled grains at both locations, compared with 
25% and 50% of the variation accounted for by CP or ADF alone.

The stepwise multiple regressions were also conducted for each 
grain separately. The data for barley are shown in Table 13. For the 
combined, locations, the multiple regressions including ash and ADF 
accounted for almost 70% of the observed variation in IVDMD. Addition 

of other variables did not improve the accuracy of the regression 
significantly. There was little agreement between the regressions cal

culated for barley at the two locations. In Arizona, NCWC alone 
accounted for 68% of the variation in IVDMD of barley and this was not 

significantly improved by inclusion of any other variables. For barley 
grown in Utah, no combinations of variables gave a better fit with IVDMD 

than did ash alone, although the R2 value was improved (P>.05) from .55 
to .70 by including crude protein and ADF in the equation.



Table 12. Stepwise multiple regression of chemical composition on in vitro dry matter disappear
ance of combined barley and wheat grains.a

Step Constant
Regression coefficients

CP EE ADF NCWC R2 SD

1 90.0 --- -- -1.02 -- .57 2.04
2 86.2 -.27 -- -.93 -- .69 1.75

3b 73.0 .41 -- -.68 .14 .70 1.73

4b 75.3 .40 .98 -.71 .12 .70 1.74

^Regression with both grains and locations combined included 64 observations. 

^Added variables do not make a significant (P<.05).



Table 13. Stepwise multiple regression of chemical compostion on in vitro dry matter disappearance
of barley grain, with combined locations.a

Step Constant
Regression coefficients

CP EE Ash ADF NCWC R2 SD

1 102.0 -- --- -6.73 --- -- .62 1.94

2b 100.2 -- --- -4.79 -.52 -- .68 1.80

3b 101.6 -- -.30 -4.89 -.53 -- .69 1.80

4b 96.3 .16 -.47 -3.34 -.60 -- .72 1.77

5b 81.6 .30 -.34 -2.78 -.50 .15 .73 1.76

^Regression of barley grain with both locations combined includes 32 observations.

^Indicates step which variables added does not make a significant (P<.05) improvement in 
accuracy of the regression.
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The multiple regressions for wheat alone are shown in Table 14. 

For both locations combined and Arizona alone, the regression containing 
crude protein and ADF was as accurate as those containing additional 
variables. The magnitude of R2, when crude protein and ADF were used, 
was higher in Arizona than in both locations combined (.62 vs_ .45). In 
Utah, ADF alone accounted for 40% of the variation in IVDMD and addition 
of NCWC to the regression resulted in an R2 of .52. Additions of other 

variables, including protein, did not improve the accuracy of the 
regression.

The stepwise multiple regressions generally confirmed the infor
mation obtained from simple correlations. That is, that crude protein 
and ADF content were most useful in explaining the variation in IVDMD 
for combined grains at both locations and for wheat in Arizona and both 
locations combined. For barley, the relationship between ash and IVDMD 

dominated the regressions for the combined locations and Utah alone. In 
general, the multiple regressions accounted for approximately 70% of the 

variation in IVDMD which is a considerable improvement over the simple 

correlations which accounted for only approximately 50% of the variation.

It would be advantageous if the same chemical components could 
be used to predict IVDMD of both grains at both locations. Since crude 

protein and ADF were the most useful for the combined grains at both 
locations and for wheat alone at both locations and Arizona only, it was 

decided to examine the relationships of these two components with other 

chemical fractions by simple correlation analysis.
The correlations between ADF and other chemical components is 

shown in Table 15. The most important observation was the consistently



Table 14. Stepwise multiple regression of chemical composition on in vitro dry matter disappear
ance of wheat grain with combined locations.

Step Constant
Regression coefficients

CP EE ADF NCWC R2 SD

1 82.12 .34 --- --- ,33 1.72

2 87.71 .30 --- -1.46 --- .45 1.58

3b 95.29 .22 --- -1.51 -.86 .46 1.60

4b 97.85 .19 -.53 -1.55 -.11 .46 1.63

^Regression with wheat grain, with combined locations, includes 32 observations. 
b c' Indicates step which variables added does not make a significant (P<.05) improvement 

in accuracy of the regression.



Table 15. Simple correlations of acid detergent fiber with other chemical compositions.

Grain type Location na
Chemical components

CP EE Ash CW NCWC
Combined Combined 64 -.18 .25b .22b .85b -.58

Barley Combined 32 -.38b -.14 .68b .65b -.12

Barley Arizona 16 .19 .12 . 54b . 79b -.34b

Barley Utah 16 -.20 -.24 . 82b .06 .19

Wheat Combined 32 -.21 -.24 .05 . 38b -.47b

Wheat Arizona 16 -.35 -.10 .47b .40b -. 63b

Wheat Utah 16 .14 -.31b -.28 .20 .31

^Number of observations per treatment.
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significant correlations between ADF and ash. The correlations were 

highest (r = .54 to .82) between these components in barley suggesting 

that ADF might be nearly as useful a prediction of IVDMD in this grain 
as in ash.

The simple correlations of crude protein with other chemical 
components is in Table 16. Significant correlations with ash and cell 
walls were obtained consistently, although the magnitude and direction 
of the correlations differed consistently. Perhaps more importantly, the 
correlations with ADF were consistently low with one exception non

significant.
Because of these observations, multiple regression analyses were 

conducted with IVDMD as the dependent variable and both crude protein 
and ADF as independent variables (Table 17). The regression equations 
for the combined grains at both locations and for wheat alone at both 

locations and barley only are the same as shown previously in Tables 12, 
13 and 14. These two variables accounted for approximately 70% of the 

variation in IVDMD of combined grains at both locations, 45% of the 
variation for. wheat at both locations and 60% of the variation in IVDMD 

of wheat in Arizona.
For barley, R2 for the regressions using only crude protein and 

ADF were generally in the same range (.6 to .7) as those obtained from 
the significant stepwise regression which included ash. Only for barley 

in Arizona was the R2 obtained using crude protein and ADF lower than 
that obtained using the optimum combinations of variables (R2 = .47 vs 

.73).



Table 16. Simple correlations of crude protein with other chemical components.

Grain type Location na
Chemical components

EE Ash CW ADF NCWC

Combined Combined 64 ,24b .08 .28b -.18 -. 58b

Barley Combined 32 .35b -. 69b ,49b -. 38b -.69b

Barley Arizona 16 -.15 -.32 .06b .19 -. 05

Barley Utah 16 .41 -.32 .54b -.20 -. 66

Wheat Combined 32 .11 .43b .55b -.21 -.92
Wheat Arizona 16 -.04 .73b .29 .35 -. 75b
Wheat Utah 16 .01 . 68b .67 -.14 i 00 a*

aNumber of observations per treatment.



Table 17. Stepwise multiple regression of crude protein and acid detergent fiber on in vitro
dry matter disappearance of grains and their locations.

Grain type Location an Constant CP
Regression coefficients 

ADF R2 SD

Combined Combined 64 86.2 .27 -.93 .69 1.75

Barley Combined 32 86.2 .25 -.90 .63 1.95

Barley Arizona 16 80.0 1.23 -.86 .47 2-17

Barley Utah 16 84.9 .42 -1.18 .67 1.63

Wheat Combined 32 87.7 .30 -1.46 .45 1.58

Wheat Arizona 16 81.0 1.12 -1.79 .62 1.23

Wheat Utah 16 97.3 -.20 -2.05 .49 1.09

^Number of observations per treatment.



DISCUSSION

While it is generally agreed- that significant differences in 
nutritive value do occur within grain types, research in this area has 
been limited. One reason is that cereal grains as a group have high 
energy values in comparison with other feedstuffs and even "poorer" 
quality grains are likely to result in satisfactory (although not 

necessarily optimum) animal performance. Another reason is that large 
variations in nutritive value of grains probably do not occur as fre
quently as in other feedstuffs such as roughages. Thus, most of the 

studies which have been conducted to determine relationships between 
energy value and chemical composition of grains have been hampered by 

inclusion of numerous samples which do not differ significantly from 

one another.
Mean values for chemical components of barley and wheat used in 

this study were within normal ranges listed in tables of feed composi
tion (Morrison, 1959; N. A. S., 1971), but there was still considerable 
range in some of the chemical components such as protein (7.1 to 18.5), 

ADF (2.4 to 12.2) and IVDMD (75.8 to 90.4).
The main objective of this study was to determine whether differ

ences in chemical composition and IVDMD were related. It was hoped that 
any relationships established could be useful in preliminary screening 
of grains to be used in ill vivo evaluations so that only those grains 
likely to be different would be included. This could be very helpful in
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facilitating grain improvement by minimizing time and expense spent on 
in vitro studies.

The validity of using IVDMD as an estimator of nutritive value 
has not been firmly established with grain as it has been with forages. 
Nevertheless, in his review of the influence of processing method on. 
grain utilization by ruminants, .Hale (1973) observed that, in vitro assay 
techniques appear to be good estimators of in vivo grain utilization.

Simple correlations between IVDMD and chemical components of the 
grains at both locations were highest for ADF (r =-.76) and cell wall 
(r = -.73). While other components were correlated significantly, the 

magnitude of the coefficients were not as large (. r = .25 to .47). When 
grain types were analyzed separately, crude protein (r = .57) and NCWC 
(r = -.52) were the most highly correlated with IVDMD in wheat but not 
barley. In barley, the highest correlation was with ash (r = -.79), but 

the next highest was with ADF (r = -.72).
Other studies have shown that energy availability of cereals is 

most highly correlated with fiber content of wheat (March and Biely, 
1973; Bhatty et al., 1974), barley (Sibbald and Price, 1976) and oats 
(Sibbald and Price, 1976, 1977), although the correlations coefficients 

were not always high (r = .34 to .83). In this study, the best single 
predictor of IVDMD (ADF in grains combined or wheat alone and ash in 
barley alone) accounted for 50 to 60% of the total variation in IVDMD. 
This maximum value agrees with results of Bhatty et al. (1974), Sibbald 

and Price (1976, 1977), but is higher than that reported by March and 
Biely (1973) whose highest correlation coefficient was .34.
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Stepwise multiple regressions of the data pooled by both grain 
type and location indicated that use of both ADF and crude protein ex
plained more of the variation in IVDMD (approximately 70%) than did any 
single variable. This same observation was made when wheat samples only 
were analyzed, but when barley samples were analyzed, ash and ADF were 
the most important. It was further determined that because of the high 
correlation between ash and ADF in barley, use of ADF and crude protein 
alone gave an R2 which was approximately the same (.68 vs_ .63) as was 

obtained, with ash and ADF. Thus, it was concluded that with determina
tions of crude protein and ADF, one could predict IVDMD as accurately in 

both grains as with any other combination of variables. It remains to 
be determined whether regression equations such as those developed in 
this study which account for only 70% of the total variation in IVDMD 

will be sensitive enough to be of practical use in identifying cereals 

with superior feeding value.
In other studies, use of multiple chemical components (although 

not necessarily multiple regression) has been fairly successful in pre
dicting energy values of grains for poultry. Carpenter and Clegg (1956) 

related metabolizable energy to the sum of % crude prdtein + 2.25 X % 
ether extract + 1.1% starch + sugars and found metabolizable energy 
could be predicted within ± 190 kcal/kg. Inclusion of fiber in the equa
tion did not improve the accuracy. Janssen and Terpstra (1972) 

incorporated crude fiber into a prediction equation for poultry as a 

variable in oats and barley, but not for wheat. Titus (1955) included 
crude fiber as a variable in his prediction equation for all grains. 
Sibbald and Slinger (1962) and Sibbald and Price (1976, 1977) attempted
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without success to improve on these published equations by including 
more components or substituting other chemical components. It is inter
esting that these workers have not included fiber in their multiple 
variable analysis even though their data indicated that fiber by itself 
is highly correlated with energy values.

When data from this study were separated by location within 
grain type, different variables (e.g,, ash, NCWC) became important. The 
significance of these observations is probably minimal since as shown 

in Table 11, chemical composition was substantially different for grains 
grown at different locations. Thus, it cannot be determined whether 

the variables identified by stepwise regression as being important at 
the two locations are in fact due to location or merely reflect that 
the importance of these components is not the same at all concentration 
in the grain.

Results of this thesis clearly indicate that the non-nutritive 

residue (fiber) in cereal grains is an extremely important factor in
fluencing IVDMD. It remains to be determined whether this relationship 

is as important in vivo. Results of the preliminary study on fiber 
methods indicates that additional research is needed to ascertain what 
components should be included in the fiber fraction of grains and which 
of the methods would yield the most appropriate value.



CONCLUSION

On the basis of the results reported in this investigation of 
chemical composition of grain in relation to their IVDMD, the following 
conclusions were formed:

1. Multiple regression equations using ADF and crude protein pre
dicted IVDMD of wheat and barley grain as accurately as any other 

combination of variables. Together these two variables accounted for 
approximatley 70% of the total variation in IVDMD.

2. Simple correlation coefficients between IVDMD and chemical com
position were generally highest for ADF (r = -.76) and cell wall (r = 

-.73), although ash was important, for barley grain alone. Single com
ponents usually accounted for no more than 50% of the observed variation 
in IVDMD.

3. The same chemical components were not shown to be equally impor
tant for grain grown at different locations, however, since chemical 
composition was significantly different for grains grown at different 
locations, it could not be determined whether this was an effect of 
location per se.

4. Cell wall content (Fonnesbeck and Harris, 1977) and ADF (Van 

Soest, 1966) were selected as fiber methods for this study because 

residues obtained by these methods contained less crude protein and 

starch than those determined by other methods. Additional research into 
the applicability of the various fiber methods is warranted.
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5. Inclusion of a second-stage (pepsin digestion) in the IVDMD 
procedure, significantly increased dry matter disappearance of wheat, 
barley and sorghum grains.

6. Fiber content of cereals appears to be an important factor in
fluencing their digestion in vitro; however, it remains to be determined 
whether the relationship is as important in vivo,
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Table 18. Fiber techniques analyzed fof residual starch content by enzyme and acid hydrolysis.a

Item
Acid hydrolysis % starch/g Enzyme hydrolysis % starch/g

Barley Wheat Sorghum Barley Wheat Sorghum
Whole grain 48.8 57.7 64.0 48.1 62.3 66.2
Acid detergent fiber 2.0 7.3 5.3 1.9 3.9 1.9
Neutral detergent fiber 16.4 25.9 40.8 12.9 23.4 45.4
Buffered acid detergent fiber 1.9 5.9 2.2 1.5 5.2 3.5
Fonnesbeck cell walls 5.9 5.7 12.5 3.5 2.8 10.8

aMean of two observations.



Table 19. Simple linear correlation coefficients between chemical components and in vitro dry matter
disappearance for barley and wheat grains (pooled data).

Component
Component CP EE Ash CW ADF NCWC

CP --- --- --- --- --- ---

EE .24b --- --- --- -- ---

Ash .08 -.07 --- --- --- ---

CW 00(NJ1 .24b .08 --- --- ---

ADF -.18
b

.25b
b

.22b
b

.85b
b b

---

NCWC -.58 -. 25 -.25 -.59 -.58 ---

IVDMD .47b -.17 -.13 -.73b -. 76b .25b

aNumber of observations -- 64.

^Significant at (P<.05) level.



Table 20. Simple linear correlation coefficients between chemical components and in vitro dry matter
disappearance for barley grain.

Component
Component CP EE Ash CW ADF NCWC
CP

EE .35b

--- --- --- --- ---

Ash -.69b -.15 --- --- --- ---

CW -.49b -.20 .65b --- -- ----

ADF -.38b -.14 .68b .65b --- --

NCWC -. 69b -,46b ■ .17 -.25b -.12 ---

IVDMD -.59b .02 -.79b -,66b -. 72b -.04

^Number of observations -- 32.
^Significant at (P<.05) level.
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Table 21. Simple linear correlation coefficients between chemical components and in vitro dry matter
disappearance of wheat grain.

Component
Component CP EE Ash CW ADF NCWC

CP

EE .11

--- --- --- --— ---

Ash .43b -.15 --- —-- -- --

CW .55b -.14 -.54b --- --- ---

ADF -.21 -.24 .05 .38b --- ---

NCWC -.92b -.32 i 4̂. 00 c
r

.35b .12 ---

IVDMD .57 .16 .22 -. 38b -.47b -. 52b

aNumber of observations -- 32.

^Significant at (P<.05) level.

ONw



Table 22. Correlation coefficients between 
of barley grown in Arizona.

chemical components and in vitro dry matter disappearance

Component
Component CP EE Ash CW ADF NCWC
CP --- --- --- --- --- --

EE -.15 --- --- --- --- --

Ash -.32 .34 --- --- --- ---

CW -.06 .08 ,69b --- --- ---

ADF .19 .12 .54b .79b -- — ---

NCWC -.05 -.33 -.73b -.95b -.34 ---

IVDMD .18 -.49b -,71b -.76b -,62b .82b

aNumber of observations -- 16.

^Significant at (P<.05) level.



Table 23. Correlation coefficients between chemical components and in_ vitro dry matter disappearance
of barley grown in Utah.

Component
Component CP EE Ash CW ADF NCWC

CP

EE

Ash

.41

-.32 -.36

--- --- -- ::::
CW -.54b -.39 .13 --- --- ---
ADF -.20 -.24 .82b .06 --- — -
NCWC -.66b -.50b .27 -.17 .19 ---
IVDMD .50 .19 -.74b -.28 -73b -.27

aNumber of observations -- 16. 

^Significant at (P<.05) level.
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Table 24. Correlation coefficients between chemical components and in vitro dry matter disappearance
of wheat grown in Arizona.

Component
Component CP EE Ash CW ADF NCWC

CP ---

EE -.04

Ash .73b -.30 --- --- --- ---

CW -.29 .14 -,45b --- --- ---

ADF .35 -.10 ,47b .40 -- — ---

NCWC -.75b -.33 -. 51b -.28 -. 63b ---

IVDMD . 63b .30 .38 -.49b -.23 -.38

^Number of observations -- 16.

^Significant at (P<.05) level.



Table 25. Correlation coefficients between chemical components and in vitro dry matter disappearance
of wheat grown in Utah.

Component
Component CP EE Ash CW ADF NCWC
CP ---
EE .01

Ash . 68b .08 ---- --- --- --

CW -. 67b -.28 .64b --- --- ---

ADF -.14 -.31 -.28 .20 --- — — — —

NCWC i 00 'vl o
'

-.33 -.72b ,54b .31

IVDMD -.22 -.07 .06 .11 -.63b .14

^Number of observations -- 16.

^Significant at (P<.05) level.



Table 26. Stepwise multiple regression of chemical composition on iin vitro dry matter disappearance
of barley by location.

Location Step Constant CP
Regression coefficients 

EE- Ash ADF NCW-CH0 R2 SD

1 43.7 --- -- — --- --- .55 .68 1.63

2b 49.3 v -.61 --- --- .49 .73 1.55

Arizona 3b 41.6 .76 -.51 -- --- .51 .77 1.51

4b 45.7 .68 -.51 -.49 --- .48 .77 1.57
sb 47.3 .70 -.52 -.48 -.46 .46 .77 1,65

1 109.6 --- — — — — -9.74 —-- -— — .55 1.83

2b 100.8 .34 --- -8.51 —-- --- .64 1.72
Utah 3b 92.8 .37 --- -3.71 -.78 --- .70 1.63

4b 95.3 .45 .46 -4.56 -.75 --- .73 1.62
sb 84.2 .53 .37 -4.50 .76 .15 ,74 1.67

^Regression with barley grain includes 8 observations for each grain in location.

^Indicates step which variable added does not make a significant (P<.05) improvement in 
accuracy of the regression.
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Table 27. Stepwise multiple regression of chemical composition on in_ vitro dry matter disappearance
of wheat from Arizona and Utah.

Regression coefficients
R2Location Step Constant CP EE Ash ADF NCW-CHO SD

1 77.0 .87 --- --------- --------- --- .39 1.50
2 81.1 1.12 — --- --------- -1.79 --------- .62 1.23

Arizona 3b 79.2 1.12 .61 --- -1.70 .70 1.14

4b 80.7 .86 .76 .54 -1.91 --- .73 1.13
5b 76.8 .90 .80 .53 -1.86 -.04 .73 1.18

1 93.9 —  — ---- — -- —  —  —  — -1.92 —  —  —  — .40 1.15

2 80.4 --------- — ------ --------- -2.28 .20 .52 1.07

Utah 3b 83.6 --------- -.22 — ------ -2.42 .17 . 56 1.07

4b 100.0 -.21 -.33 --------- -2.34 .01 .58 1.09

5b 94.5 -.20 -.28 -.13 -2.29 -.06 .58 1,14

^Regression with wheat grain includes 8 observaions for each grain in location,

^Indicates step which variable added does not make a significant (P<.05) improvement in 
accuracy of the regression.
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