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Summary

The purpose of this study was to determine how well various
laboratory methods estimate in vivo digestibility, Voluntary

Intake (VI), and performance (average daily gains) of beef cattle
fed mixed rations. The relationships among and/or between in vivo
digestibility, VI, Nutritive Value Indexes (NV!), total digestible
nutrient (TDN) intake above maintenance, laboratory evaluations
(in vitro DDM, acid insoluble lignin and dry matter solubility), and
average daily gains (ADG) also were determined. In contrast to
other studies of this type, which used forages alone, the present
study was conduded with mixed rations. All the data were based on
results from 43 different rations.

ADG were used as the standard to which results from other
methods were compared. In the present study, VI of the 43 rations
was determined from long-term feedlot trials rather than from
short-term studies used by most other workers. VI was expressed
as dry matter intake per unit of body weight, dry matter intake per
unit of body weight':., and dry matter intake per unit of body
weights'.

Total collection digestion trials, using Hereford steers of similar
breeding, type, and condition, had been used to determine the
digestibility of the 43 rations. Four measures of in vivo digestibility
-digestible dry matter (DDM), digestible organic matter (DOM),
TDN, and digestible energy (DE)-had been determined.

Unequal distribution of sexes, types, conditions, and body
weights among rations resulted in conSIderable confounding of
these effects in the feedlot data. Hence, where variables from
Jeedlot data were involved, the above-mentioned variables were
held constant and partial correlations were calculated. Simple cor-
relations were calculated between the in vivo measures of digesti-
bility and laboratory evaluations since there was no confounding
involved. Multiple regression equations for ADG and the expres-
sions of VI were developed from a multiple regression analysis.

Results of this study are as follows:
1. There was a high correlation between the in vivo expressions

of digestibility which indicates that it is feasible to calculate one
from another.

2. Acid insoluble lignin and in vitro DDM were significantly
(P <.05) correlated with in vivo DDM, DOM, and TDN. However,
dry matter solubility showed little relationship to any of the expres-
sions of in vivo digestibility.
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3. Little relationship between VI and the above-mentioned lab-
oratory evaluations of mixed rations was found.

4. Results from both in vitro DDM and acid insoluble lignin
show these laboratory methods to be useful estimators of NVl.
However, dry matter solubility probably should not be used to esti-
mate NVI when mixed rations are used.

5. Partial correlations between the four expressions of in vivo
digestibility and ADG were small and nonsignificant; however, both
DDM and DOM were more highly correlated with ADG than was
TDN or DE.

6. Relationships between VI and ADG were small and not sig-
nificant.

7. Small nonsignificant partial correlations were obtained be-
tween NVI or TDN intake above maintenance and ADG.

8. A highly significant (P < .01) partial correlation between
ADG and in vitro DDM and a significant (P<.05) negative partial
correlation between ADG and acid insoluble lignin were obtained,
suggesting that results from these methods may be used to esti-
mate ADG. However, the partial correlation between ADG and dr~'
matter solubility was low and not significant.

9. The inclusion of several other variables-percent concentrate
in the ration, length of feeding, pen'ent crude protein in the ration
and (length of feeding) "-in multiple regression equations, in addi-
tion to results from one of the laboratory evaluations, improved
the VI coefficients of determination very little.

10. A multiple regression equation containing VI (dry mattei'
intake per body weight';'), in vivo DDM, percent concentrate in the
ration, length of feeding, acid insoluble lignin content, (length of
feeding) ," and percent crude protein explained approximately GO' (
of the variation in ADG.

11. Based on the results of this study, the equation which seems
to be the most useful estimator of ADG is:

Y = 0.721 -I- 0.0194 X, - 0.0134 X~·I 0.0001 X..

Where Y = predicted value of ADG.
X, ::.~:in vitro DDM.
X, = length of feeding.
X, = (length of feeding)".
This equation explained 45.6'/( of the variation in ADG. It is

even more useful than equations containing VI, in vivo digestibil-
ity, and other variables, since this equation contains variables, the
measurement of which is simple, relatively accurate and inexpen-
sive, time-saving, and does not involve feeding animals.
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A Comparison of Various Methods of Estimating
Digestibility, Voluntary Intake and Average

Daily Gains for Beef Cattle Fed Mixed Rations

by

J. H. Clark, K. M. Barth, O. G. Hall,
W. L. Sanders, and C. S. Hobbs 1

Since feedlot trials are the most accurate method of determin-
ing the nutritive value of feeds, they are the standard to which

al1 other methods are compared. Considerable time, labor, and ex-
pense are required to conduct feedlot trials; hence, the number of
trials which can be conducted is limited. Therefore, accurate, sim-
ple, time-saving, and low-cost methods of estimating nutritive value
~)ffeeds should be available. These methods could be used to select
the more desirable rations. which can then be fed in the feedlot for
animal evaluation.

For many years, digestibility trials have been used to estimate
nutritive value of feeds. However, it has recently been recognized
that the amount of feed eaten by ruminants is also an important
factor in assessing its nutritive value. In addition, numerous lab-
oratory methods are being used to estimate in vivo digestibility
and forage intake. Using forages, several investigators have shown
high correlations between results from these laboratory evaluations
and in vivo digestibility and/ or feed intake. However, since forages
are seldom fed alone, it would be advantageous to have a laboratory
procedure to evaluate the total mixed ration rather than just the
forage alone.

Therefore, the major objective of this study was to determine
the relationship between various laboratory evaluations and in vivo
digestibility, feed intake, and performance of beef cattle (average
daily gains) when mixed rations are used. The second objective
\vas to determine the relationships among- and/or between in vivo

1 Research Felillw, Assistanl Prllfessllr or Anim,d Husbandry, Dcan or Resident Instruc-
tilln, Assistant in Animal Husbandry, and Ilead llr the Animal llusbandrv-Velerinary
Science Department. respectivelY.
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digestibility, feed intake, total digestible nutrient intake above
maintenance, laboratory evaluation data, and animal performance.

Review of Literature

Explanation of Terms
In order to better understand the material which is to follow,

a few concepts should be explained:

Voluntary Intake (VI) is that amount of food which an animal
voluntarily consumes. It is usually expressed on the basis of body
weight or metabolic size.

Relative Intake (RI) was calculated by Crampton et al. (1960)
as follows:

observed intake X 100
--- ------

80 (W",,''')
where W is body weight and observed intake is equal to VI.

RI=

Nutritive Value Index (NVI) was defined by Crampton et ai.
(1960) as the product of RI and percent energy digestibility. In
contrast, Ingalls et al. (1965) and Mohammed (1966) also cal-
culated NVI from RI and percent dry matter digestibility.

Animal Performance
The performance of beef cattle is influenced by many factors.

For many years in vivo digestion data have been used almost exclu-
sively in predicting average daily gains. However, the usefulness of
digestion data alone is limited. One reason for this is the fact that
digestibility measures do not include the voluntary consumption of
feeds. Also, Morrison (1956) stated that, on the average, fully one-
half the feed eaten by farm animals is used for maintenance, and
only the remainder can be converted into useful products. Therefore,
feed intake above the maintenance requirement should be a good
predictor of animal performance.

In Vitro Digestibility Studies
Studies on the role of rumen microorganisms have led to the

development of many artificial rumen techniques. These techniques
vary widely in the purpose for which they were developed. One of
the goals was to estimate in vivo digestibility of forages. Marston
(1948), Louw et al. (1949) and Burroughs et ai. (1950) first sug-
gested the use of artificial rumen techniques for measuring feeding
value. Since the development of these techniques, several workers
(Kamstra et aI., 1955; Barnett, 1957; Hershberger et aI., 1959;
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Quicke et aI., 1959; Reid et aI., 1960; Oh and Baumgardt, 1966; and
Chalupa and Lee, 1966)-all using forages-have reported high
correlations between various in vivo expressions of digestibility and
in vitro cellulose digestion.

In vitro dry matter digestibility also has been used as an esti-
mator of forage quality. Bowden and Church (1962) stated that
the within-trial variation of in vitro digestible dry matter (DDM)
of all substrates digested for 48 hours was generally small while
in vitro <:ellulose digestibility showed a slightly higher variability
within trials. Tilley and Terry (1963) developed a two-stage tech-
nique for the in vitro digestion of forage crops whi<:h resulted in a
very high correlation with in vivo DDM. With the use of this tech-
nique, Oh and Baumgardt (1966) reported a <:orrelation of 0.88
between in vivo DDM and in vitro DDM in forages. 'When other in
vitro fermentation techniques were used, Smith et al. (1965) and
Barth and Mohammed (1966) also obtained statistically significant
correlation <:oefticients between in vivo digestibility and in vitro
DDM.

Several investigators (Norman, 1935; Crampton and Maynard,
1988; Phillips and Loughlin, 1949; Meyer and Lofgreen, 1956; Sulli-
van, 1955 and 1964; Simkins and Baumgardt, 1963; and Baumgardt
and Oh, 1965) have indicated that the digestibility of any normal
plant material is inversely proportional to the degree of lignifka-
tion. Also, attempts have been made to relate solubility of forages
in various solvents with forage digestibility. Dehority and Johnson
(1964) found that dry matter solubility of forages in normal sul-
furic acid was signifkantly <:orrelated with in vivo DDM and DE.

Voluntary Intake Studies
Sin<:eadequate feed intake is essential for good animal perform-

ance, the VI of feeds has received much attention in the past few
years. It has been suggested that the VI of a forage has a greater
influen<:e on animal performance than its digestibility (Crampton
et aI., 1960; Byers and Ormiston, 1962; and Ingalls et aI., 1965).
Moore (1966) stated that VI may be the most important biological
criterion of forage nutritive value except for actual animal per-
formance.

In vitro fermentation studies are often used to predict VI. One
would expect results from short fermentation periods to be more
closely correlated with the level of intake since short fermentation
periods measure differences in rate of digestion and they, in turn,
influen<:erumen fill which is believed to contribute to the regulation
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of VI. Several workers (Donefer et aI., 1960; Bratzler, 1961; John-
son et aI., 1962; Ram et aI., 1964; Reid and ,Tung, 1965; and Chal-
upa and Lee, 1966), who used short fermentation periods of 4 to
18 hours with forages, have reported significant correlations be-
tween this in vitro digestibility and in vivo VI. Reid et al. (19G0)
in an earlier pubication, however, indicated that there was no con-
sistent relationship between VI and the rate of in vitro cellulose
digestion of eight hays, at intervals of 4,8,12,20,82, and 48 hours.

Various investigators have suggested the use of specifi.c com-
ponents in forages as predictors of VI. Lignin appears to be one of
the most promising components. Van Soest (1964), Reid and Jung
(1965), and Van Soest (1965), have reported positive relationships
between lignin content and VI, when tall fescue was used. However,
between species there was a significant negative relationship be-
tween lignin content and VI (Forbes and Garrigus, 1950; Van Soest,
1964; and Van Soest, 1965). Also, Dehority and Johnson (1964)
found that the dry matter solubility of a forage in normal sulfuric
acid was significantly correlated with RI and other factors.

Nutritive Value Index
Crampton et al. (1960) and Byers and Ormiston (1962) stated

that the RI of a forage influenced NVI to a greater extent than
digestible energy. Therefore, these workers proposed the best indi-
cator of animal performance to be the product of RI and energy
digestibility, which is NVI. They reported correlation coefIicients
of 0.88 to 0.94 between NVI and animal performance. Ingalls et al.
(1965), however, reported a lower coefficient of 0.59 when individual
animal values were used.

Several workers (Donefer et aI., 1960; Johnson et aI., 1964;
Reid and Jung, 1965; and Chalupa and Lee, 1966) have indicated
high correlations between in vitro fermentation studies and NVI.
Dehority and Johnson (1964) found that dry matter solubility of
forages in normal sulfuric acid was highly correlated with in vivo
nutritive values.

Experimental Procedure

Various in vivo and in vitro feed evaluation methods were com-
pared as to their accuracy in estimating animal performance.
Average daily gains (ADG), obtained from feedlot trials, were used
as the standard to which results from other methods were com-
pared. Three laboratory evaluations were compared also as to their
usefulness in estimating VI and digestibility. Feedlot trials and

10



conventional in vivo digestion trials involving 43 rations had been
previously conducted in other studies. The forages used in these
studies were corn silage, alfalfa silage, alfalfa hay, and alfalfa-grass
hay. The all-forage rations consisted of three qualities of alfalfa
hay; the forage-concentrate mixed rations contained cracked or
ground ear corn with either silage or a combination of one silage
and one hay; the all-concentrate rations contained ground ear corn.
Protein supplement was added to rations as needed and salt had
been provided free-choice.

The feedlot trials using the 43 rations had been conducted by
the following people: B. B. Wilson (1964), rations 1-9 and 40-42;
Chamberlain et al. (1966), rations 10-25, 37-39 and 43; Corrick et
al. (1966), rations 26 and 27; Clark and Barth (1966), rations 28
and 29; G. R. Wilson (1964), rations 30-33; and Mohammed et al.
(1967), rations 34-36. Digestion trials using steers also had been
conducted with these rations by the same individuals who con-
ducted the feeding trials, with the exception of rations 10-25 con-
ducted by McConnell et al. (1967) and rations 37-39 and 43 con-
ducted by Barth and Prigge (1967).

Each ingredient in the 43 rations had been analyzed for proxi-
mate c.:omposition acc.:ording to A.G.A.C. (1960) methods and for
gross energy in a Parr (1960) oxygen bomb calorimeter. The nu-
trient c.:ompositionand gross energy of these ingredients are shown
in Table 1 of the Appendix.

Feedlot Trials
Description of Cattle. In the previously mentioned experiments,

317 Hereford, Angus, and crossbred heifers grading low Standard
to low Good in initial condition, low Standard to low Choice in type,
and averaging 388 to 741 pounds (176 to 336 kilograms) in initial
weight had been fed 32 different rations. Also included in this study
were 116 Hereford, Angus, and crossbred steers grading Standard
to high Good in condition, Good to low Choice in type, and averag-
ing 515 to 728 pounds (234 to 331 kilograms) in initial weight.
These steers had been fed the other 11 rations.

Feeder calf sales or University of Tennessee herds had been the
sources of c.:attle for rations 1-17, 26, 27, 30, 31, 34-39 and 40-43.
Cattle fed rations 18-25, 28, 29, 32, and 33 had been fed high rough-
age rations before being switched to these finishing rations.

Experimental Procedure. The various rations had been fed to
two replicate lots of animals, each lot consisting of 4 to 10 animals.
Within each feedlot trial, the cattle had been assigned to their
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respective lots on the basis of weight, type, and condition. All
cattle were graded for type and condition at the beginning and end
of the experiment and were weighed at 14- or 28-day intervals.
Averages of the two body weights determined on consecutive days
were used as the beginning and ending experimental weights. ADG
was calculated as the average change in body weight per day from
the beginning to the end of each feedlot trial. The cattle were
maintained on their respective rations from 42 to 141 days.

Voluntary Intake
VI was determined from the feedlot trials. Free-choice feeding

of one of the ration ingredients had been practiced in these trials.
while a constant amount of all other ingredients had been fed. In
this study, VI was expressed as Voluntary Intake-Body Weight
(VI-BW), Voluntary Intake-Body Weight-'~' (VI-BW"'), and Volun-
tary Intake-Body Weight'l (VI-BW'l). The average of the begin-
ning and ending body weights was used in the calculation of VI.
These measures were calculated as follows:

1. VI-BW=
kg. dry matter

100 kg. body weight

2. VI-BW"'=
gm. dry matter

body weight, I,,,· ,~,
(Crampton et aI., 1960)

3. VI-BWq=
gm. dry matter
body weight. I,,,. XI

(Reid, 1967).

Digestion Trials
Groups of either 3 or 4 Hereford steers of similar breeding, type,

condition, and body weight had been used to determine the digesti-
bility of the 43 rations. Metabolism stalls described by Hobbs et aI.
(1950) were used in these trials.

In each digestion trial, a 10-day preliminary period-during
which the steers were accustomed to the metabolism stalls and
necessary adjustments made-was followed by a 7-day total col-
lection period. With rations 30-33 the collection period had been of
a 5-day duration. The same ration ingredients as used in the feed-
ing trials were fed twice daily. The ingredient which was fed free-
choice in the feedlot was also fed free-choice in the digestion trial;
however, its consumption was usually less in the digestion trial.
The small amount of hay fed in the feedlot in rations 1-9, 30-33, and
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40-42 was not offered in these trials. The animals had access to
water twice daily at feeding time. Refusals had been determined
before the morning feeding and fecal material had been collected
and weighed once daily during the collection period. The feces had
been thoroughly mixed, and a 5'/; aliquot had been stored under
refrigeration. At the end of the collection period, two 500-gram
representative fecal samples were taken, dried for 3 days at 70'C.,
and allowed to air equilibrate.

All ingredients in the rations and all fecal samples were then
analyzed for nutrient composition according to A.O.A.C. (1960)
methods and for gross energy in a Parr (1960) oxygen bomb calori-
metel". Digestibility coeflicients were calculated for each nutrient,
and digestibility of the rations was expressed as DDM, digestible
organic matter (DOM), total digestible nutrients (TDN), and di-
gestible energy (DE).

Calculations of Nutritive Value Indexes and TDN Intake Above
Maintenance

Crampton et al. (1960) proposed that the product of RI and per-
cent energy digestibility of a forage be used as a NVl. In this study,
NVI was calculated four ways as shown below:

NVI (BW"'-energy) = RI x percent energy digestibility.
NVI (BW"'-dry matter) = RI x percent dry matter digestibil.

ity.
NVI (RW'I-energy) = RI x percent energy digestibility.
NVI (BW"-dry matter) = RI x percent dry matter digestibil-

ity.
The energy requirement in pounds of TDN for maintenance was

calculated using the equation of Winchester and Hendricks (1953) :
Maintenance = 0.0553 (pounds body weighF/:I).

The daily TDN maintenance requirement was subtracted from the
daily TDN intake to arrive at TDN intake above maintenance.

Laboratory Evaluations
A two-stage in vitro fermentation technique reported by Tilley

and Terry (1963) for estimating digestibility of forage crops was
used to determine in vitro DDM. Three replicate trials were con-
ducted. Acid solubility of the rations was obtained by using a
chemical method based on the solubility of dry matter in normal
sulfuric acid, which was developed by Dehority and Johnson (1964).
Acid insoluble lignin content in the rations was determined accord-
ing to the Van Soest (1963) procedure. In these three laboratory
evaluations (conducted in duplicate), the ingredients of the 43
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rations were used in the same proportions in whkh the~' had been
consumed in the feedlot.

Correlation Coefficients
Either partial or simple correlations among ADG, ;,\VI (BW""

energy), NVI (BW·'" - dry matter), NVI (BW" - energy), NVI
(BW'I - dry matter), TDN intake above maintenance, VI-BW, VI-
EW''', VI-BW", in vivo expressions of digestibility (DDM, DOM,
TDN and DE), in vitro DDM, acid insoluble lignin, and dr~' matter
solubility were calculated,

Unequal distribution of sexes, types, conditions, and body
weights among rations resulted in considerable confounding of
these effects in the feedlot data, Hence, in cases where variables
from feedlot data were involved, the above-mentioned variables
were held constant and partial correlations were calculated. Simple
correlations were calculated between the in vivo measures of di-
gestibility and laboratory evaluations since there was no confound-
ing involved.

Multiple Regression Equations

Multiple regression equations for ADG, VI-BW, VI-BW''', and
VI-BWq were developed from a multiple regression analysis using
the following model:

,.

Y, = a .+ , bi Xj

where
i = 1,2,3 and 4

.i = 1,2,., " k
"

a = Y + j bi (O-x,).

The bi's are the partial coefficients of regression of the depend-
ent variables on the independent variables.

The Xi'S are the independent variables measured from the feed-
lot, digestion trials, and laboratory evaluations (specifically defmed
later) .

The Y,'s are the dependent variables ADG and VI, defined above.

The Y,'s are the predicted value of the i'" dependent variable for
specified values of the X/so

The Y,'S are the means of the i'" dependent variable.
The x:s are the means of the k'" independent variable.
When predicting ADG and VI, the effects of sex, type, condi-

tion, and body weight were held constant, that is, the calculations
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were done on a within-subclass basis, the subclasses being those
with respect to sex, type, condition, and body weight.

Results and Discussion

A description of the rations, the cattle and their performance in
the feedlot trials, the in vivo digestibility of the rations, the VI of
the rations, the NVI and TDN intake above maintenance of the
rations, and the results of the three laboratory evaluations of the
rations are shown in Appendix Tables 2 to 7. In vitro dry matter di-
gestibility coeflicients (Tilley and Terry, 1968) of the three indi-
vidual trials are shown in Appendix Table 8.

Correia t ion Coefficients
Relationships Between Measures of In Vivo Dig-estibility. Simple

correlations were calculated between the four in vivo measures of
digestibilit~· (DDM, DOM, TDN and DE), using the data obtained
from the 4:3 previously mentioned mixed ration trials. These correla-
tions are presented in Table 1. The correlation coefficients obtained
between these measures of digestibility were highly significant
(P<.Ol). The correlation (0.89) between TDN and DE was similar
to those of Swift (1957), Markley (1958), Barth et al. (1959),
Heaney and Pigden (196:3), Stallcup and Davis (1965), and Barth
and Mohammed (1966) who reported correlations of 0.97, 0.86,
0.95, 0.97. 0.89, and 0.89, respectively for ruminant animals. The
correlations between DE and DDM (0.86), DE and DOM (0.86),
'I'DI\' and DOM (0.96), and DDM and DOM (0.99) also are similar
to those of Heaney and Pigden (1968), Stallcup and Davis (1965),
and Barth and Mohammed (1966) who also reported highly signifi-
cant relationships between these measures of digestibility. The
correlation (0.95) between DDM and TDN was of about the same
magnitude as the 0.87 and 0.98 simple correlations reported by
Stallcup and Davis (1965) and Heaney and Pigden (1968), respec-
tively. However, these correlations were considerably higher than
the nonsignificant correlation (0.57) reported by Barth and Moham-
med (1966). Therefore, there is a close relationship between these
four measures of in vivo digestibility which indicates that it is
feasible to calculate one from another.

Relationships Between In Vivo Digestibility and Laboratory
Evaluations. Correlations of the four in vivo expressions of digesti-
bility (DDM, DOM, TDN, and DE) with results from the three lab-
oratory evaluations also are presented in Table 1. Using forages
alone, other workers reported considerably higher correlations than
were obtained in the present study. Two facts may account for this:
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Table l. Simple correlation coeffkients" between In vivo and in vitro

expressions of digestibility

In Acid

vitro insoluble

DDM DOM TDN DE DDM liqnin

DOM 099

TDN 0.95 0.96

DE 0.86 0.86 0.89

In vitro DDM 0.46 0.41 034 0.12

Acid insoluble lignin -.65 -.63 -.56 -.29 -.86

Dry matter solubility -.11 -.09 -.05 -.24 -.76 063

--_ ... _---
" Coellicients ahove (Ull and helow -..'ll were 'ignilicant (I" .ll'i). and coell'cienls ah'1\ e

ll.39 and helow -.3'.) were highly 'ignilicant (I'<.ll I).

1) these laboratory techniques were developed to evaluate for-
ages and not mixed rations, and 2) in the laboratory evaluations the
ration constituents were used in the same ration as the~' had been
consumed in the feedlot and not as consumed in the in dvo diges-
tion trials. This was done because the major objective of this study
was to estimate animal performance. It was therefore considered to
be more important that the ratio of ration ingredients in the lab-
oratory evaluations be the same as that in the feedlot and not that
in the in vivo digestion trials. thus making possible a better esti-
mate of animal performance.

Correlations between in vitro DDM and in vivo DDM and DOM
were highly significant (P<.Ol). A significant (P<.05) relation-
ship was shown to exist also between in vitro DDM and TDK; how-
ever, the correlation between in vitro DDM and DE ,vas low and
nonsignificant. The low magnitude of the latter correlation cannot
be explained. Using this procedure on forages alone, Oh and Baum-
gardt (1966) reported a significant correlation of 0.88 between
in vitro DDM and in vivo DDM. Trends in the present data indicate
that the greater the proportion of concentrate in the ration, the
more this method overestimates in vivo digestibility of the ration.
In this study varying levels of concentrate were used. However, the
exact influence of the level of concentrate on in vivo digestibility
was not measured, since the ratio of ration ingredients used in the
laboratory evaluation was not the same as had been consumed in
the in vivo digestion trials. Therefore, a more meaningful determin-
ation of the effect of concentrate level and overestimation of in vivo
digestibility could be made in a study where the ratio of ration in-
gredients is the same in the in vivo and in vitro digestion trials.
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Using mixed rations, highly significant (P<.Ol) negative cor-
relations (-.65, -.63, and -.56, respectively) were obtained between
acid insoluble lignin and in vivo DDM, DOM, and TDN. The negative
correlation (-.29) obtained between acid insoluble lignin and DE
was approaching significance. The -.65 correlation between acid in-
soluble lignin and in vivo DDM from the present data is of a similar
magnitude to the -.68 correlation reported by Simkins and Baum-
gardt (1963) between acid insoluble lignin and in vivo DDM when
using forages alone; Oh and Baumgardt (1966) reported a lower
correlation of -.46. These correlations are slightly lower than the
-.79 reported by Van Soest (1963) between acid insoluble lignin and
in vivo DDM of forages alone.

Correlation coefficients between dry matter solubility and the
four measures of in vivo digestibility were generally low and not
significant. Trends in the dry matter solubility data indicate that
the use of concentrates in this laboratory evaluation could be the
reason for the low correlations, especially since this method was
developed to estimate the digestibility of forages only. Also, a
difi'erent ratio of ration ingredients was used in the laboratory
evaluation than was consumed in the in vivo digestion trials which
could have contributed to the lower correlations.

In summary, it is evident from this study that some laboratory
evaluations are significantly correlated with in vivo digestibility,
even when mixed rations are used. Both acid insoluble lignin and
in vitro DDM are significantly correlated with in vivo DDM, DOM,
and TDN. However, dry matter solubility showed little relationship
to any of the expressions of in vivo digestibility.

Relationships Between Voluntary Intake and Laboratory Evalu-
ations. In this study, partial correlations between three measures of
Voluntary Intake (VI-BW, VI-BW'~' and VI-BW"') and three lab-
oratory evaluations were calculated. These correlations are shown
in Table 2. Correlations between the laboratory evaluations and the
various measures of VI indicated that they were not significantly
related. Various workers (Donefer et at, 1960; Bratzler, 1961;
.Johnson et aI., 1962; Kam et aI., 1964; Reid and .lung, 1965; and
Chalupa and Lee, 1966) have indicated that short-term in vitro
digestion was highly correlated with VI. However, in this study the
results of the longer term in vitro fermentation method of Tilley
and Terry (1963) were correlated with VI, but this correlation only
approached significance.

Using forages, Van Soest (1964 and 1965b), Reid and Jung
(1965), and-using mixed rations-Barth and Mohammed (1966)
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Table 2, Partial Correlation coeffkie:lts" " between methods that evaluate ,'alion quality

TDN NVI NVI
intake NVI BW NVI BW"
C1bove BW" d,'y BW" d,.y VI VI VI

ADG maint. energy: matter enel'gy matter BW BW'" BW"
--_._-_._~-, ,--~_._-_._-

TDN intake above maint. 018
NVI ' BW',",energy 0,18 0,67
NVI IBW',"-dry matter 0,25 0,64 0,69
NVI BW"-energy 0,16 0,69 0,67 061
NVI BW"-dry motter, 0,22 069 063 0,63 068
VI BW 018 054 051 054 052 057
VI BW 0,20 0.47 0.46 050 045 050 063
VI BW", 0,18 055 045 0,46 053 058 066 063
DDM 0,27 062 0,62 059 0,61 060 020 0,18 0,23

DOM 0,21 0,60 0,60 055 060 057 o 15 013 0,19

TDN 016 0,62 0,60 0,55 0.59 056 0,19 0,17 021
DE 0,16 0,60 065 059 062 056 020 -,17 019
In vitro DDM 0,45 039 036 040 035 0,38 0,29 0,29 027
Acid insoluble ligni n -37 -,33 -,34 -,33 -31 -31 -07 -08 -,08
D,'y mo~ter" solubility -,16 -,15 -05 -10 -03 -15 -,1,4 -09 -15

'Initial hody weight. initial type and Cllnditilln. and -;e\ wcre held constan I III cdlcuLilini2 these c()rrc!'lti()!1'i.

"Coellic;ents ahove 1l,.1.1 and heloll -.J.' \\ere sif.!nilkant II' ,II' ), and coelfil'icllh aho\(' 0.42 ;lI1d hel(l\\ -A~ \\ere hi~hly "ii2nilicant II' ',Ill ),

.•----------~



indicated that lignin content could be used to predict VI. Dry matter
solubility was reported to be a good predictor of VI by Dehority and
Johnson (1964) who used forages alone and by Mohammed (1966)
,vho used mixed rations.

General conclusions from the present study are that there is
little relationship between VI of mixed rations and results obtained
from these laboratory procedures. However, of these laboratory
evaluations, in vitro DDM (Tilley and Terry, 1963) is the best esti-
mator of VI when mixed rations are used.

Relationships Between Nutritive Value Index and Laboratory
Evaluations. The partial correlations between either NVI (BW·7r.
energy), NVI (BW· "'-dry matter), NVI (BWS~-energy), or NVI
(BWSI-dry matter) and the three laboratory evaluations (in vitro
DDM, acid insoluble lignin, and dry matter solubility) also were
determined in this investigation and these results are presented
in Table 2. Essentially no difTerence was found in the correlations
between the four expressions of NVI. Correlation coefficients be-
tween the four expressions of NVI and in vitro DDM were signifi-
cant (P <.05), indicating in vitro DDM to be an estimator of NVI.
CoefIicients based on energy digestibility were slightly lower than
those based on DDM, and coefficients where 0.75 was used as the
exponent for body weight were slightly higher than those where
0.84 was used. Acid insoluble lignin also was significantly (P<.05)
negatively correlated with NVI (BW·'''-energy) and NVI (BW·'''-dry
matter), while negative correlations between acid insoluble lignin
and NVI (BWSI-energy), or NVI (BWS4-dry matter) approached
significance. Correlations between dry matter solubility and the
four expressions of NVI were low and nonsignificant showing little
or no relationship. This is in contrast with the results of Dehority
and Johnson (1964) who stated that there was a high relationship
between dry matter solubility and NVI when using forages alone.

In summary, these results show in vitro DDM to be a useful
indicator of NVI when using mixed rations. Acid insoluble lignin
can be used also to estimate NVI; however, in vitro DDM seems to
be the preferred method for mixed rations. Dry matter solubility
probably should not be used to estimate NVI when mixed rations
are used.

Relationships Between Average Daily Gains and In Vivo Di-
gestibility. Partial correlation coefficients between ADG and the
four in vivo measures of digestibility (DDM, DaM, TDN, and DE)
are presented in Table 2. It may be observed that these correlations
are quite small and nonsignificant. Of special interest is the fact
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that both DDM and DOM were more highly correlated with ADG
than was TDN or DE. This was especially surprising since, in the
past, TDN and DE have been the major criteria for determining
nutritive value of forages.

Relationships Between Average Daily Gains and Voluntary In-
take. ADG was correlated also with three measures of VI (VI-H\\'.
VI-BW"~ and VI-BWY I), and the coefficients are shown in Table 2.
These partial correlations were small and nonsig·nificant. The par-
tial correlation between VI-BW"~' and ADG, however. was slightl,\'
larger (0.20 vs. 0.18) than the correlations between ADG and the
two other measures of VI. In contrast. llsing forages, Crampton
et al. (1960), Byers and Ormiston (1962), and Ingalls et aI. (1965)
have indicated a high relationship between ADC and VI.

Relationships Between Average Daily Gains and Nutritive Value
Indexes or TDN Intake Above Maintenance. Cl'ampton et al. (19G0)
and Byers and Ormiston (1962) have reported a high relationship
between NVI and ADG. Therefore, partial correlation coeflicients
between NVI (BW'~'-dry matter). NVI (B\VSI-energy), and );'V1
(B\Y.sl-dry matter) and ADG were cakulated. These partial con'ela-
tions are presented in Table 2. Small, nonsignificant, partial corre-
lations were obtained. NVI (BW"'-dry matter) was the most highly
l~orrelated (0.25) with ADG, followed by NVI (HWSI-dry matter),
NVI (BW"~-energy), and NVI (BWSI-energy).

TDN intake above maintenance also was cOlTelated with ADG
Cfable 2), since intake above maintenance is generally considered
as that portion of the ration which determines production. How-
ever, the partial correlation obtained was low and not significant.

Relationships Between Average Daily Gains and Laboratory
Evaluations. Partial correlations were calculated between ADG and
the three laboratory evaluations, and the results are presented in
Table 2. The highly significant (P < .01) partial correlation (0.4:"»)
between ADG and in vitro DDM indicated this laboratory procedure
to be a useful estimator of ADG when mixed rations are feel. A
somewhat lower but significant (P<.05) negative partial correla-
tion was obtained between ADG and acid insoluble lignin, suggest-
ing that this variable also may be used to estimate ADG. However,
the partial correlation between ADG and dry matter solubility was
low and not significant. Therefore, this procedure most probably
should not be used to estimate ADG when mixed rations are to be
used.
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Multiple Regression Equations
Multiple regression equations were calculated for the three

measures of VI (VI-BW, VI-BW·75, and VI-BW·84) and for ADG,
using various combinations of independent variables. The purpose
of these analyses was to determine combinations of variables which
would be relatively easy to obtain and which would be useful in
estimating VI and ADG.

The general form in which these equations are presented is:

Y = a + b, Xl + b" X , + ... + bn Xn.

Where "a" is a constant, calculated as follows:

a = Y - b, Xl - b, X, - ... - bn Xn.

The b's are partial regression coefficients. For example, in Table
3, equation two is the equation for estimating VI-BW from in vitro
DDM, concentrate in the ration, and length of feeding; that is,

Y = 1.147 + 0.0224 XI - 0.0056 X" - 0.0018 X3.
A

Where Y = predicted value of VI-BW.
XI = in vitro DDM.
X, = percent concentrate in the ration.
X3 = length of feeding in days.

Voluntary Intake Estimated from Laboratory Evaluations and
Other Variables. Partial regression coefficients and constants for
multiple regression equations calculated to estimate VI-BW, VI-
BW·75,and VI-BW·84of mixed rations appear in Tables 3, 4, and 5.
The equations were calculated using either in vitro DDM, acid in-
soluble lignin, or dry matter solubility and one or more other vari-
ables, consisting of percent concentrate in the ration, length of
feeding, percent crude protein in the ration, and length of feeding)2.
The quadratic "length of feeding" term was included to determine
if a nonlinear reationship existed between length of feeding and
these measures of VI.

Coefficients of determination for VI-BW, VI-BW·75,and VI-BW·84
obtained using the same combination of variables were of about the
same magnitude. From these coefficients, it appears that anyone
of these three measures of VI can be estimated with about the
same degree of success when using these multiple regression equa-
tions. The magnitude of these coefficients of determination obtained
for VI-BW, VI-BW''', and VI_B\VT84 were low and nonsignificant,
suggesting that these multiple regression equations most probably
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Table 3. Partial regression coefficients and constants used in multiple regression equations' for predicting VI-BW

Equation number

2 3 4 5 6 7 8 9 10 11 12

Constant, (a) 1.071 1.147 0.883 0.237 2.266 2.265 2.289 2.481 2.429 2.408 2.178 2.087

In vitro DDM 0.0204 0.0224 0.0239 0.0241
Acid insoluble
lignin -.0119 -.0118 -.0107 -.0119

Dry matter
solubility -.0099 -.0098 -.0236 -.0238

Concentrate in
ration, % -.0048 -.0056 -.0058 -.0065 -.0003 -.0003 -.0003 -.0007 -.0016 -.0016 -.0034 -.0032

Length of
feeding, days -.0018 -.0017 0.0051 0.0000 0.0000 -.0019 0.0002 0.0007 0.0016

Crude protein in
ration, 0/0 0.0120 0.0131 -.0021 -.0012 0.0358 0.0358

(Length of
feeding)', days 0.0000 0.0000 0.0000

R"·· .159 .171 .179 .181 .006 .006 .006 .007 .025 .025 .048 .048

'Initial body weight, initial type, initial condition, and sex were held con stant in developing these equations.
bCoefficients of multiple determination.



Table 4. Partiul regression coefficients and constants used in multiple regression equations' for predicting VI-BW·57

Equation number

2 3 4 5 6 7 8 9 10 11 12

Constant. (a) 42.185 44.872 30.590 43.574 95.205 94.068 93.097 105.985 99.285 97.101 88.386 94.781

In vitro DDM 0.8947 0.9702 1.0503 1.0711

Acid insoluble
lignin -.6112 -.5846 -.6263 -.7886

Dry matter
solubility

-.3347 -.3288 -.8627 -.8461

Concentrate in
ration, % -.2368 -.2665 -.2767 -.3362 0.0429 0.0404 -.0407 -.0933 -.0791 -.0747 -.1447 -.1646

Length of
feeding, days -.0661 -.0606 -.3664 0.0093 0.0099 -.2585 0.0193 0.0381 -.0866

Crude protein in
ration, 0/0 0.6481 0.7408 0.0827 0.2082 1.3811 1.3834

(Length of
feeding)2, days 0.0016

0.0014 0.0006

R··b .149 .158 .168 .176 .009 .009 .009 .015 .015 .016 .032 .034

'Initial body weight, initial type, initial condition, and sex were held con stant in developing these equations.

bCoefficients of multiple determination.



Table 5. Partial regression coefficients and constants used in multiple regression equations" for predicting VI-BW'S<

Equation number

2 3 4 5 6 7 8 9 10 11 12

Constant, (a) 23.749 27.710 22.517 16.192 56.622 62.671 63.993 57.498 61.791 66.297 60.261 52.163

In vitro OOM 0.5524 0.6636 0.6927 0.6896
Acid insoluble
lignin -.3975 -.5390 -.4823 -.4344

Ory matter
solubility -.3205 -.3329 -.7011 -.7239

Concentrate in
ration, 0/0 -.1397 -.1834 -.1871 -.1783 -.0207 -.0340 -.0337 -.0181 -.0616 -.0708 .-1191 -.0917

Length of
feeding, days -.0974 -.0954 -.0502 -.0495 -.0503 -.0290 -.0408 -.0279 0.1442

Crude protein in
ration, % 0.2357 0.2220 -.1123 -.1495 0.9524 0.9492

'Length of -.0009
feeding)', days -.0002 0.0004

R"" .141 .189 .192 .193 .008 .021 .022 .023 .032 .041 .061 .067
---------------
"Initial body weight, initial type, initial condition, and sex were held constant in developing these equations.
"Coefficients of multiple determination.



should not be used to estimate VI of mixed rations. On the basis
of these results, evidently more work needs to be done concerning
the estimation of VI of mixed rations from laboratory evaluations.

Coefficients of determination obtained with multiple regression
equations in which in vitro DDM was used were larger than coeffi-
cients obtained with equations in which acid insoluble lignin or dry
matter solubility was used. This indicates that even though these
equations containing in vitro DDM are not acceptable for estimat-
ing VI of mixed rations, they are more useful than equations in
which acid insoluble lignin or dry matter solubility were used.
These data show also that percent concentrate in the ration, length
of feeding, percent crude protein in the ration, and (length of
feeding) ~ contribute little to the estimation of VI, when either in
vitro DDM, acid insoluble lignin, or dry matter solubility also has
been included in the regression equation.

Average Daily Gains Estimated from Voluntary Intake and
In Vivo Digestibility. Partial regression coefficients and constants
for multiple regression equations and coeflicients of determination
were calculated for ADG Crable 6) by combining one of three
measures of VI (VI-BW, VI-B\\T7;; and VI-BW~I) with 1 of 4
measures of in vivo digestibility (DDM, DaM, TDN, and DE) in
regression equations, until all possible combinations of VI and
in vivo digestibility were used. These coefficients of determination
for ADG were low and nonsignificant, indicating that VI and
in vivo digestibility explained only a very small amount of the
variation in ADG.

Since equation five, consisting of VI-B\'!'" and in vivo DDM,
explained more of the variation in ADG (11 %) than did any of
the other 11 regression equations, it was chosen to be expanded
with other variables in order to establish the most accurate means
of estimating ADG from several variables. In contrast to these
results, it was indicated in the literature that VI and digestibility
make a large contribution to animal performance. Therefore, this
would indicate a need for additional work to determine the contri-
bution of VI and digestibility on animal performance when mixed
rations are fed.

Average Daily Gains Estimated from Several Variables. VI-
B\V-''', in vivo DDM, and one or more other variables were used in
calculating regression equations and coefficients of determination
for ADG. These regression equations and coefficients of determina-
tion are presented in Table 7. Since several of the independent
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Table 6. Partial regression coefficients and constants used in mu Itiple regression eq uationsa for predicting ADG from voluntary

intake and in vivo digestibility

Equation number

2 3 4 5 6 7 8 9 10 11 12

Constant, (a) -.340 -.268 -.066 -.045 -.445 -.381 -.179 -.163 -.261 -.181 0.007 0.006

VI-BW 0.1872 0.2142 0.2181 0.2207
VI-BW75 0.0060 0.0066 0.0067 0.0068
VI-BW" 0.0064 0.0075 0.0078 0.0080

DDM 0.0097 0.0093 0.0095
DOM 0.0076 0.0074 0.0073
TDN 0.0045 0.0043 0.0043

DE 0.0941 0.0899 0.0951
R2 b .096 .078 .061 .U59 .113 .098 .080 .079 .093 .076 .060 .060

aInitial body weight, initial type, initial condition, and sex were held constant in developing these equations.
"Coefficients of multiple determination.



2

Equation number

3 4 5 6

-.539 0.496 1.121 1.356

0.0069 0.0072 0.0063 0.0063

0.0100 -0004 0.0010 -.0017

0.0055 0.0040 0.0010 0.0002

-.0029 -.0035 -.0192 -.0221

-.0480 -.0513 -.0713

0.0001 0.0001
0.0260

.343** .408** .462** .498**

Table 7. Partial regression coefficients and constants used in multiple regression equations' for predicting ADG from several
variables

Constant, (a)

VI-BW15

DDM

-.445

0.0060
0.0093

-.683
0.0068
0.0078
0.0060Concentrate in ration, %

Length of feeding, days

Acid insoluble lignin

(Length of feeding)2, days

Crude protein in ration, %
R2,b .113 .293**

'Initial body weight, initial type, initial condition, and sex were held constant in developing these equations.
hCoefficients of multiple determination.
**P<.Ol.



variables included in the regression equations were highly cor-
related with one another, some of the variables included last pos-
sibly would have explained more of the variation had they been in-
cluded earlier. Hence, when considering the percent of variation
explained by regression on a particular independent variable in
these regression equations, the above considerations as to order of
incorporating variables should be kept in mind. The percent con-
centrate in the ration accounted for more of the variation in ADG
(18 %) than did any other variable in these regression equations.
Each of the variables, length of feeding, lignin content, (length of
feedingF, and crude protein in the ration explained from 3 to
6.5% of the variation in ADG when using these regression equa-
tions. These percentages were determined by subtracting the co-
efficient of determination for one equation from the coefficient of
determination of another equation, when there was only one extra
variable added to the last equation. For example, the coefficient of
determination for equation 2 was subtracted from that of equation
3 yielding 5%. Since length of feeding was the only variable in
equation 3, which was not in equation 2, its contribution to ADG
in this regression equation is 5 'X'.

The coefficients of determination for multiple regression equa-
tions 2-6 calculated using the above variables were significant, and
when all variables were combined in one equation (Equation 6),
they explained approximately 50',~ of the variation in ADG. These
equations are useful in estimating ADG, when mixed rations are
fed, since all the variables composing these equations can be easily
determined.

Average Daily Gains Estimated from Laboratory Evaluations.
Regression equations and coefficients of determination for estimat-
ing ADG from laboratory evaluations are presented in Table 8. Re-
gression equations 1-4, containing in vitro DDM as the major lab-
oratory evaluation, explained more of the variation in ADG than
did similar equations containing either acid insoluble lignin or dry
matter solubility as the laboratory evaluation. Coefficients of deter-
mination for multiple regression equations 1-4, containing in vitro
DDM and combinations of the variables length of feeding, (length
of feeding) 2, percent crude protein in the ration, and percent con-
centrate in the ration, were highly significant (P < .01). Equations
3 and 4 showed slightly higher coefficients of determination than
did equations 1 and 2. However, equations 1 or 2 would most prob-
ably be used in estimating ADG when mixed rations are being fed,
since the addition of percent crude protein in the ration and per-
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cent com:entrate in the ration explained only 3% of the variation
in ADG.

A considerable portion of the variation in ADG was explained
when acid insoluble lignin was the laboratory evaluation. These
coefikients also were highly significant (P<.Ol). In cases where
in vitro DDM cannot be determined due to a lack of ruminant ani-
mals from which to obtain rumen microorganisms, or due to a
lack of appropriate equipment, equations 6, 7, or 8 could be used
to estinwte ADG when mixed rations are fed. However, if these
micl'Oorganisms are available, then in vitro DDM seems to be the
variable of choice, since it gives a more accurate estimation of
ADG and is an easier determination to conduct in the laboratory.

When elry matter solubility was used as the laboratory evalua-
tion in regression equations, the coefficients of determination ob-
tained were low. Since these coefficients were so low (the largest
,,'as 0.27). these equations probably should not be used to estimate
ADG.

On the basis of the results of this study, regression equations
2-G in Table 7 and regTession e(luations 1-8 in Table 8 are useful
in estimating ADG when mixed rations are fed. Regression equa-
tion 2. containing in vivo DDM, length of feeding, and (length of
feeding)~, in Table 8, seems to be the most useful estimator of
ADG-even more useful than equations containing VI, in vivo
digestibilit~· and other variables-since this equation contains
variables the measurement of which is simple, relatively accurate
and inexpensive. time-saving, and does not involve feeding animals.
This equation explains almost as much of the variation in ADG
as does any other regression equation developed from these data
(Tables 6, 7, and 8).
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Table 8. Partial regression coefficients and constants used in multiple regression equations' for predicting ADG from laboratory

evaluations

Equation number

2 3 4 5 6 7 8 9 10 11 12

Constant, (a) -.326 0.721 -.345 -.191 1.440 2.067 1.904 1.226 1.114 1.831 1.931 1.057

In vitro DDM 0.0220 0.0194 0.0207 0.0244

lignin -.0630 -.0588 -.0713 0.0722

Acid insoluble

Dry motter
solubility

-.0081 0.0002 0.0020 0.0156

Length of
feeding, days -.0042 -.0134 -.0137 -.0190 -.0042 -.0216 -.0230 -.0237 -.0028 -.0224 -.0230 -.0154

(Length of
feeding)', days 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

Crude protein in
ration, % 0.0147 0.0175 0.0261 0.0265 -0053 -.0290

Concentration in
ration, % -.0030 -.0003 0.0056

R'·b .425** .456** .470** .487** .290* * .415** .455** .456 ** .085 .211 * .212 .273
------------- .-_ ..-

'lnitia1 body weight, initial type, initial condition, and sex were held constant m developing these equations.

"Coefficients of multiple determination.
*P<.05.

**P<.Ol.
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w Appendix Table 1. Ration ingredients and their nutrient composition

.•..
Ration Ingredient

Percent Dry Ol-gonlc Crude Ether Crude N-free Ash"
Gross

number
in ration;' mattei' matter " protein

I, extractl
) fiber" extract

h enNgy "

----_._.- 0 c

0
c

kcol.! gm.

I' Corn silage 459 224 183 84 25 287 560 4.1 4.29

Alfalfa-gross hoy " 143 89.7 81.6 150 2.9 354 387 81 4.85

Concentrate mix 39.8 87.7 852 16.5 36 4.1 734 2.5 4.46

2' Alfalfa silage 445 243 163 9.3 2.1 375 431 8.0 4.26

Alfalfa-grass hay d 153 89.7 81.6 150 29 354 38.7 81 4.85

Concentrate mix 402 895 85.7 168 39 46 709 38 446

3' Corn silage
74.7 240 199 105 25 27,5 55.5 4.1 4.34

Alfalfa-grass hay" 163 89.7 816 150 29 354 387 8.1 446

Cottonseed meal 9.0 94.3 879 439 36 152 309 64 4.85

4' Alfalfa silage
73.7 255 164 153 33 363 360 91 4.35

Alfalfa-gross hay " 172 897 816 150 29 354 38.7 81 446

Cottonseed meal 91 943 87.9 439 3.6 152 309 6.4 4.85

5 Corn silage 459 249 208 85 3.2 24.4 599 4.1 460

Alfalfa-grass hay " 154 89.7 816 150 29 354 387 81 446

Concentrate mix " 387 895 85.7 168 3.9 4.6 709 38 445

6' Alfalfa silage 466 232 126 188 4.7 313 346 106 4.84

Alfalfa-grass hay " 152 89.7 816 150 29 35.4 38.7 8.1 4.46

Concentrate mix
.. 382 895 85.7 168 39 46 709 38 4.45

7' Corn silage
72.5 21.4 16.7 99 26 273 556 4.7 454

Alfalfa-gross hoy
, 183 892 823 161 19 355 392 69 4.46

Cottonseed meed 92 922 863 433 44 12.7 33.7 59 497

8 Alfo1fo siloge 677 20 1 8.2 141 2.;' 38.9 323 119 4.92

Alfolfo-gr05s hay f 215 89.2 82.3 161 19 :,55 392 6.9 446

Cottonseed meal 108 922 86.3 43.3 4.4 127 33.7 5.9 4,97



Apperldix Tobie 1 (continued

Ration
Ingredient

Percent Ol'y Or-qcHlic CI'cde Ethel' CI'ude N-frce Ash"
Gross

number in ration matter motter"
I,

protein " extractl' fiber I, extroetl. energy "
c

0
O' kcolJgm.0

9 Corn silage 382 237 19.5 90 23 262 583 4.2 4,38

Alfalfa-gross hoy 1 167 892 823 161 19 355 392 69 4A6

Concentrate mix 45. I 87.9 853 200 4.3 39 692 26 479

10'·1' Alfalfa hay 100 927 836 200 2.2 27.0 417 91 4A3

Gl"Ound ear cOI-n 850 92-2 908 7.9 38 103 766 1,4 437

Urea supplement 50 94.6 79.1 498 5.9 2.2 267 155 3A9

11'-" Ground ear corn 943 92.2 908 79 3.8 103 76.6 IA 4.37

Urea supplement 57 94.6 79.1 498 59 22 267 155 3A9

12,·1, Alfalfa hoy 10.0 927 836 20.0 22 270 417 9. I 4A3

Ground ear corn 837 922 908 7.9 38 103 766 IA 4.37

Cottonseed meal 6.3 94.9 937 40.3 36 141 407 12 4.88

13'·" Ground ear corn 93.0 92.2 908 7.9 38 103 766 1.4 4.37

Cottonseed mea I 7.0 94.9 937 403 36 14.1 407 12 488

14'-" Alfalfa hay 113 927 83.6 20.0 22 270 41.7 91 4A3

Ground ear CQI-n 83.0 92.2 90.8 7.9 38 103 76.6 IA 4.37

Urea supplement 57 94.6 79.1 49.8 5.9 2.2 267 155 3A9

15'," Ground ear corn 947 92.2 908 7.9 38 10.3 76.6 IA 4.37

Urea supplement 5.3 94.6 791 49.8 5.9 2.2 267 15.5 3A9

16'." Alfalfa hoy IIA 92.7 836 20.0 22 270 41.7 9.1 4.43

Ground ear carll 81A 92.2 90.8 7.9 3.8 10.3 76.6 lA 4.37

Cottonseed mea I 7.2 94.9 93.7 40.3 36 14. I 407 12 4.88

17'-" Ground ear corn 92A 92.2 90.8 7.9 3.8 10.3 76.6 IA 4.37

~ Cottonseed meal 76 94.9 937 40.3 3.6 14.1 407 12 4.88
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~ Appendix Tobie 1 (continued)
en

Ration Ingredient
Percent Dry Organic Crude Ether Crude N-free Ash"

Gross

number in ration " matter " protein" extractl
' fiber " extract1• "matter

en8l"gy

--~._--_._ .._-~'--'-'-
0, 0

0
0

0
0

0 ~.~ kcolJgm,
'0

18,,1, Corn silage 50,1 277 229 9,1 2,7 287 547 4,8 4,45

Alfalfa hoy 12,0 92,7 83,6 20,0 22 270 41.7 9,1 4,43

Ground ear corn 31,9 922 90,8 7,9 3,8 10,3 766 1,4 437

Urea supplement 6,0 94,6 79, 1 498 5,9 2,2 267 155 3,49

19',1' Corn silage 59,2 27,7 22-9 91 27 28,7 547 4,8 4,45

Grou nd ear corn 34-3 92-2 908 7,9 3,8 10,3 766 1,4 4,37

Urea supplement 6,5 94,6 79,1 49,8 59 22 267 155 3,49

20',1' Corn silage 49,1 277 229 9,1 27 287 547 4,8 4,45

Alfalfa hay 12,4 927 83-6 200 22 27,0 41.7 9,1 4,43

Ground ear corn 32-3 922 90,8 7,9 3,8 103 76,6 1,4 437

Cottonseed meal 6,2 94,9 937 40,3 3,6 14,1 40,7 L2 4,88

21',1< Corn silage 58,9 277 229 9,1 27 287 547 4,8 4,45

Ground ear corn 346 92,2 90,8 7,9 3,8 103 766 1,4 4,37

Cottonseed meal 6,5 949 937 40,3 36 14,1 40,7 12 488

22',1< Corn silage 458 277 229 9,1 27 28,7 547 48 4,45

Alfalfa hay 13,2 927 83,6 200 2,2 27,0 41.7 9,1 4,43

Grou nd ear corn 34,4 922 908 7,9 38 10,3 766 1,4 437

Urea supplement 6,6 94,6 79,1 49,8 5,9 2,2 267 155 3,49

23,,1' Corn silage 553 277 22-9 9,1 27 287 547 4.8 4,45

Grou nd ear corn 376 922 908 7,9 3,8 10,3 766 1,4 4,37

Urea supplement 71 946 79,1 49,8 59 22 267 155 3,49

24).:·11 Corn silage 447 277 229 9,1 27 287 547 48 4,45

Alfalfa hoy 13,3 927 836 200 22 270 41.7 9, I 4,43

Ground ear corn 353 922 908 7,9 3,8 10,3 766 1,4 4,37

Cottonseed meal 67 949 93,7 403 36 141 407 12 4,88

",,*e



Appendix fable 1 (continued,

Ration Percent DI'y Organic Crude Ether Clude N·free Gross

number
Ingredient in rotioll matter matter " p!·otein " extract]; fiber

,.
extr-ucth Ash)1 energy

,.

0
0

0 0 .. 0
0 kcol.lCJm.

25,:,11 Corn silage 541 277 229 91 27 287 547 48 445

Ground eat" corn 385 922 908 7.9 38 10.3 766 14 4.37

Cottonseed meal 74 94.9 937 403 3.6 14.1 407 1.2 488

26' Corn silage 527 35.0 30.8 85 1.3 286 574 4.2 4.53

Alfalfa hoy 126 92.0 85.3 178 2.2 273 460 6.7 4.55

Crocked corn 252 898 88.5 10.8 46 2.1 813 1.3 4.55

Cottonseed meo! 9.5 92.5 86.7 41.2 4.0 234 25.5 58 4.86

27' Corn silage 456 30.0 24.8 87 1.1 257 593 52 4.30

Alfalfa hoy 13.6 92.0 853 17.8 22 273 460 67 455

Crocked corn 340 89.8 88.5 10.8 4.6 21 81.3 1.3 4.55

Cottonseed meal 6.8 92.5 867 41.2 4.0 234 255 58 4.86

281 A Ifa Ifo-g ross hoy 20.1 897 81.6 150 2.9 354 387 8.1 4.46

Crocked corn 69.9 87.0 85.6 100 44 1.6 827 1.4 445

Cottonseed meal 10.0 915 85.3 44.2 3.9 12.8 33.0 62 4.82

291 A Ifa Ifa-grass hay 73.8 897 81.6 15.0 29 35.:' 387 8.1 4.46

Cracked corn 157 87.0 85.6 10.0 4.4 1.6 827 14 445

Cottonseed meal 10.5 91.5 85.3 44.2 3.9 12.8 33.0 62 4.82

30' Corn silage 48.0 30.8 26.4 80 2.6 25.5 595 44 4.58

Alfalfa hay" 14.8 89.3 82.9 15.9 15 354 40.1 6.4 4.61

Concentrate mix I 37.2 89.2 86.7 17.9 4.0 45 71.1 2.5 4.65

31' Corn silage 45.7 27.6 22.7 8.0 2.8 24.8 597 4.9 4.67

Alfalfa hoy d 15.5 89.3 82.9 15.9 1.5 35.4 40.1 64 4.61

Concentrate mix
I 38.8 89.2 867 17.9 40 4.5 71.1 2.5 4.65

32' Alfalfa hoy" 11.0 89.3 82.9 15.9 1.5 354 40.1 64 4.61

Corn silage 1.9 30.8 26.4 8.0 2.6 25.5 59.5 44 4.58

W Concentrate mixm 87.1 89.2 867 179 4.0 4.5 71 1 2.5 4.65
-l



Appendix Table 1 (continued

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

Ration Percent Dry Organic Crude Ether Crude N-free Gross

number Ingredient in ration:t matter motterh pl"otein " extract}, flberh extract
ll Ash" ener~/I

----_._._-------_.~-~.--_.__ ._--

---_._------------_ ..._-------
0' ~/~

c/o ~/~ % % c;,'S kcal.! gm.
0

33' Alfalfa hay .[ 109 89.3 82.9 159 15 354 40.1 64 4.61

Corn silage 1.7 276 22.7 8.0 2.3 24.8 597 4.9 4.67

Concentrate mix m 874 892 867 17.9 4.0 4.5 71.1 2.5 4.65

34" Goad olfolfa hoy 100.0 90.1 82.6 187 19 294 41.7 7.5 4.55

35" Fair alfalfa hoy 1000 89.3 82.9 159 15 354 40.7 64 4.61

36" Poor alfalfa hay 100.0 915 87.1 137 1 I 46.7 33.7 44 4.59

37'·" 1st cut corn silage 67.3 23.3 17.3 III 14 247 569 6.0 440

Alfalfa hoy 140 94.1 860 179 1.5 294 431 81 446

Cottonseed meal 187 94.9 937 403 3.6 14.1 407 1.2 4.94

38'," 2nd cut corn silage 68.5 25.9 198 II 1 16 237 577 6.1 443

Alfalfa hay 135 94.1 860 17.9 1.5 294 431 81 446

Cottonseed meal 18.0 94.9 93.7 403 36 141 40.7 1.2 4.94

39'," 4th cut corn silage 654 327 25.0 97 1.2 27.7 53./' 7.7 4.27

Alfalfa hay 149 941 860 17.9 1.5 294 43.1 8.1 446

Cottonseed meal 19.8 949 937 403 36 141 40.7 1.2 4.94

40' Corn siloge 754 263 22.7 90 27 240 607 36 4.46

Alfalfo·gl'Oss 164 897 81.6 150 29 354 387 3.1 446

Cottonseed meol 82 897 341 433 33 165 439 56 4.80

41" Alfalfa silage 754 228 123 163 4.1 306 335 10.5 4.71

AIfa Ifo·g rosS hoy d 164 897 31.6 150 2.9 354 387 8.1 446

Cottonseed meal 32 897 841 34.3 33 165 439 56 4.80



Appendix Tobie 1 (continued

--------

Ration Percent Dry Organic Crude Ethel' Crude N-free Gross

number
Ingredient in ration" matter matter " protein " extractl, nber " extract), Ash"

I,
energy

--------_._--- -----------~-- kcal./gm.

42' Alfalfa silage 33.6 15.8 4.3 140 3.0 400 314 11.5 4.86

Alfalfa-grass 17.9 892 82.3 ] 6.1 19 354 392 69 446

Concentrate mix 485 87.9 853 20.0 4.3 39 692 26 4.79

43'·" 3rd cut corn silage 70.1 29.8 232 105 1.8 241 571 6.6 4.38

Alfalfa hay 128 941 86.0 17.9 15 294 43.1 8.1 4.46

Cottonseed meal 17.1 949 93.7 403 36 14.1 40.7 12 4.94

-------_.~.- ------------------"----_ ..._--- - --------------

"Feedlot and laboratory evaluations, dry matter basis.
hDry matter basis,
'8. H, Wilson, 1964,
"This hay was substituted in the laboratory evaluations. The nutrient

composition of the hay used in the feedlot is not known,
"Four parts cracked corn and one part cottonseed meal.
'Nutrient composition applies to hay fed in the feedlot. In the labora-
tory evaluations, the hay as described in footnote d was substituted.
"Chamberlain ef ai" 1966,

":VJcConnell ci al., 1967,

'Corrick cI al" 1966.
'Clark and Barth, 1966.
'G. R. Wilson, 1964.
I Four parts ground ear corn and one part cottonseed meal.
"'Seven parts ground ear corn and one part cottonseed meal.

":Vlohammcd el al .. 1967.
"Barth and Prigge, 1966,



Appendix Table 2. Description of the rations

Ration
number

1
2
3
4
5
6

7
8
9

10
11
12

13
14
15
16
17
18

19

20
21
22
23
24

25
26
27
28
29

30

31

32
33
34

35
36

37
38
39
40
41

42

43

Maiar
forageH

11

12
11

12
]1
12

11
12
11

22

22

22

22

11

11
11
11
11
11
11

I]
11
11

23
23
11

11
22
22
22
22
22
11
1 I
11
11
12
12
1 I

Number
of

foragesh

2
2
2
2
2
2
2
2
2
1
o
1

o
1
o
1
o
2

1
2
1
2
1
2

1
2
2
1
1
2

2
2
2
1
1
1

2
2
2
2
2
2
2

"Corn silage = 11, alfalfa silage
hNumher of forages fed per ralion.
"Dry matter hasis.

40

Dry
matter

in
silage

22.4

24.3
24.0
25.5
24.9
23.2

21.4

201
23.7

27.7

27.7

27.7
27.7
27.7

27.7
27.7

277
350
300

30.8

276
30.8
276

23.3
25.9
32.7
26.3
22.8
15.8
29.8

Roughage
in

ratione

60.2
598
910
909
613
61.8

908
89.3
54.9
10.0

0.0
10.0

00
I 1.4

0.0
1 1.4

00
621

592
615
58.9
590
553
580

541

653
592
20.0
73.8
62.8

612
] 2.9

126
100.0
100.0
100.0

813
820
802
91.8
918
51.5
829

Concentrate

in

rCltion

39.8
402

9.0
9.1

38.7

382

92
107

451
900

100.0
90.0

1000
886

1000
886

1000
379

40.8
38.5
41 1
41.0
44.7

420

459
347
408
800
26.2
372

38,8
871
87.4

0.0
00
0.0

18.7

180
198

82
82

48.5
171

1~, legu me hay = ~2, alfalfa-grass hay
"No forage fed.
"No silage fed.

Crude
protein

in
ration

12.3
131

14.2
17.8
126
17.5

141

17.8
14.9

11.3
10.3
11.2

102
lL7
101
11.6
10.4
J 2.4

113
11.9

107
127

11.5
122

110
13.3
12.8
146
17.4

125

12.8
175
17.5
18.7

15.9
13.7

17.4

17.4

166
12.0
176
17.2
16.4

23.



Appendix Table 3. DEscription of animals and feedlot trials

Length Av.

Ration Initial Initial Initial of daily

number Sex:! weight cond.il typeh feeding gain

kg. days kg.

I I 230 8.0 I 1.8 113 0.61

2 1 231 8.0 12.1 113 0.51

3 2 234 7.4 10.6 113 0.60

4 2 236 7.3 10.4 113 0.36

5 1 209 8.2 11.0 112 0.64

6 I 207 8.0 11.2 112 0.65

7 2 241 8.1 i0.6 141 0.68

8 2 239 8.1 11.1 141 0.39

9 1 176 7.4 10.5 141 0.73

10 I 330 6.3 8.4 48 1.06

11 1 315 6.6 8.0 48 0.96

12 1 336 6.6 8.4 48 1.04

13 324 6.7 8.2 48 0.83

14 280 56 7.0 48 1.13

15 295 6.3 7.7 48 0.94

16 285 6.0 7.7 48 0.90

17 281 5.4 6.3 48 0.99

18 266 6.3 8.4 112 0.55

19 258 6.6 80 112 0.52

20 266 6.6 8.4 112 0.63

21 262 6.7 8.2 112 0.55

22 207 5.6 7.0 112 0.65

23 217 63 7.7 112 0.69

24 208 6.0 77 112 069

25 1 202 5.4 6.3 112 0.71

26 I 205 8.4 106 140 0.75

27 1 207 8.3 103 140 0.93

28 2 325 10.4 12.0 42 1.16

29 2 331 10.6 11.7 42 0.59

30 1 213 7.8 11.0 113 0.80

31 1 213 7.5 11.0 113 0.79

32 I 305 8.5 11.0 80 0.73

33 1 302 8.5 11.0 80 0.74

34 2 258 7.7 10.2 71 0.84

35 2 262 7.6 10.1 71 0.68

36 2 257 7.9 10.1 71 0.00

J7 I 212 8.4 10.7 98 0.70

38 I 213 8.5 10.6 98 0.76

39 1 212 8.5 10.6 98 0.56

40 2 248 8.6 12.1 112 0.58

41 2 250 9.1 12.2 112 0.49

42 I 177 7.6 10.5 141 0.66

43 I 212 8.4 10.7 98 0.72

"Heifcr--·J, stccr-2.
"Low Standard-6, high Choicc-14.

41



Appendix Table 4. In vivo expressions of digestibility of the rations

Ration
number DDM" DOM" TDN" DE'
------_ •.. -

% 0' 0/::' keal! gm./0

1 69.4 70.9 71.2 3.02

2 54.4 56.1 53.7 2.34

3 69.4 71.0 70.8 3.04

4 54.7 56.0 535 2.41

5 72.5 73.6 79.4 3.25

6 67.3 68.0 720 3.10

7 62.3 641 656 2.84

8 53.0 528 492 2.65

9 77.1 77.9 78.5 3.48

10 69.3 70.2 65.0 291

11 68.4 79.1 656 2.85

12 60.3 60.8 57.4 225

13 63.6 643 61. 7 :)38

14 693 70.2 650 2.91

15 68.4 69.1 656 2.85

16 60.3 608 57.4 225

17 63.6 64.3 61.7 2.38

18 74.2 75.6 74.4 323

19 72.9 745 74.4 3.11

20 68.4 69.6 695 299

21 65.9 67.4 68.8 293

22 74.2 75.6 74.4 3.28

23 72.9 74.5 74.4 311

24 68.4 69.6 695 299

25 65.9 67.4 68.8 2.93

26 69.8 681 697 299

27 67.5 660 682 292

28 63.2 63.5 64.2 ~.73

29 63.1 63.9 625 270

30 68.2 688 707 311

31 69.4 713 71.8 320

32 68.2 688 70.7 3.11

33 69.4 713 71.8 320

34 59.5 601 566 263

35 59.5 596 56.7 2.67

36 45.0 46.8 44.9 197

37 68.9 70.8 68.9 3.11

38 68.0 69.2 68.0 3.01

39 66.7 68.1 66.5 2.90

40 71. 1 71.8 70.6 3.15

41 59.0 60.0 57.1 2.84

42 66.0 66.9 65.8 3.19

43 66.4 67.5 66.7 2.91

" Dry I1ntter has is.
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Appendix
Appendix Table 5. Voluntary intake of the rations

Jtion VI" Vlb

Imber (BW) (BW·7C
)

1 202 81.5

2 1.95 78.5

3 1.76 71.2

;) 1.85 74.2

5 2.17 85.9

6 2.19 86.7

7 1.89 77.4

8 1.82 74.5

9 2.09 81. 1

10 2.36 102.6

11 2.16 92.6

12 2.32 110.2

13 2.18 93.9

14 2.41 1005

15 2.49 105.3

16 2.41 100.6

17 2.28 95.2

18 2.44 101.3

19 2.37 97.7

20 2.34 97.7

21 2.31 95.3

22 2.71 106.9

23 2.41 96.7

24 2.65 105.1

25 2.45 96.6

26 2.59 103.9

27 2.29 92.9

28 2.29 96.5

29 2.26 97.2

30 2.25 90.4

31 2.12 85.4

32 2.19 93.8

33 2.22 94.6

34 2.43 101.6

35 2.34 96.3

36 1.88 75.2

37 1.91 75.6

38 1.87 79.6

39 1.91 74.9

40 1.82 74.7

41
1.82 74.3

42 1.95 75.2

43 2.09 83.1

'Kj! dry matter intake
J 00 kj!. body weight

'(jIl1. dry matter intake

body ,,:cight,
(im. dry matter intake

hody weigl1t,

VI'
(BW·"j

49.3
47.5
43.0
45.0
52.3
52.8

39.3
35.1
49.8
60.5
54.8
59.5

55.5
60.0
62.7
60.1
56.9
60.7

58.7
58.2
57.2
65.2
58.6
62.5

58.9
63.0
56.1
58.3
57.5
54.8
51.6
55.6
56.2
60.2
57.9
45.6

46.2
45.4
46.1
45.0
44.8
46.3
50.9
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Appendix Table 6. Nutritive value indexes and TDN intake above maintenance
of the rations

Ration
number

1
2
3
4
5
6

7
8
9

10
11
12

13
14
15
16
17
18

19
20
21
22
23
24

25
26
27
28
29
30

31
32
33
34
35
36

37
38
39
40
41
42
43

NVI"
IBW"-'-

energy)

70.2
50.1
61.4
50.4

77.1
71.9

67.5
56.0
77.3
86.4

76.6
75.8

69.1
84.7

87.1
69.2
70.1
94.5

93.9
81.1

86.2
99.8
92.9
873

87.3
87.7
76.3
73.3
72.7
76.4

73.5
79.3
81.4

73.5
69.7

40.3

65.1
67.7
62.4
65.2
55.8
62.2
68.9

NVI"
iBW'c,.

dry matter

70.7
50.7
61.8
50.7

77.9
72.9

68.8
60.7
78.1
88.9
79,2
83.1

74,6
87.1
90.0
75.9
75.7
93.9

89.0
83.5
78.6
99.2
88.0
89.8

79.6
90.6
78.3
76.3
76.7

77.1

74.1
80.0
82.1
76.6
71.6

42.3

642
67.4

67.3
66.4

54.8
62.1
61.6

NVI"
IBW·"·
energy)

42.5
320
37.1
30.5
47.0
43.8

30.3
23.6
47.4
51.0
45.4

40.9

40.9
506
51.9
41.4
41.9

56.6
56.4

483
51.7

60.8
56.3
51.9

53.2
53.2
46.1
44.3
43.0
46.3
44.7

47.0
48.3
43.5
41.8

24.5

396
41.2
37.4

39.2
33.7

38.3
41.9

NVI"
IBW·"·

dry matter)

42.8
32.3
37.3
30.7
47.4
44.4

30.6
23.3
48.0
52.4

46.9
44.8

44.1
52.0
53.6
45.3
45.2
56.2

535
49.8
47.2
60.5
53.4

53.5

485
55.0
47.4

46.1
45.4

46.8

44.3
47.4
48.7
44.7
43.0
25.7

39.8
38.6
38.4

39.9
33.0
38.2
42.3

TDN
intake

above
maint.

Kg.

2.06
0.99
1.58

0.83
2.56
2.20

1.15

0.12
2.15
3.32
2.72
2.65

2.54
2.86
3.22
2.30
2.37
3.52

3.21
2,98
2.77
325
2.89
2.87
2.43

2,93
2.44

3.02
2.76
2.40

2.21
3.13
3.26
2.11
1.95
0.44

1.58
1.51
1.41
1.79
1.08
1.29
1.80

"Product of energy digestion coefficient and Relativc Intake hascd on metaholic Si/C.'fi.
"Product of dry matter digestion coefficient and Relative Intake hased on metaholic size.".
'Product of energy digestion coetlicient and Relative Intake hased on metaholic size,".
"Product of dry matter digestion coefficient and Relative Intake hased on metaholic si/e·".
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Appendix Table 7. Laboratol'Y evaluations of the rations

Acid
Ration In vitro Dry matter insoluble

number DDM" solubilityb ligninC

°10 ~~
637 14.7 45
57.0 14.3 6.4
589 230 4.9

4 49.2 24.0 9.0
5 63.4 14.3 4.2
6 621 19.2 6.5
I 573 19.1 5.9
8 54.1 27.6 9.9
9 64.7 15.1 4.6

10 75.7 9.1 25,) 79.2 6.4 2.1
12 75.1 10.0 2.8
1~ 772 5.9 2.4
14 76.6 9.1 2.8
i5 77.9 6.4 2.1
16 75.8 10.0 3.4
II 76.8 6.4 3.4
18 686 18.2 4.4
19 668 16.9 3.3
20 67.0 17.9 4.4
21 65.7 16.8 3.9?:? 676 18.2 4.8
23 68.0 16.9 3.8
24 65.3 17.9 4.8
25 668 16.8 5.1
26 720 14.7 4.4
27 730 12.9 4.1
28 80.4 8.9 3.3
'?9 643 15.8 7.6
30 67.1 16.2 5.4
:31 66.2 17.1 5.2
32 752 16.2 4.2
33 13.5 17.1 3.8
34 59.8 26.9 8.0
35 55.4 24.0 ] 0.4
36 38.5 15.6 13.5
37 54.1 31.8 5.7
38 585 280 5.8
39 52.3 23.7 6.0
40 63.4" 14.3" 4.2"
4' 62.1" 19.2" 6.5')
42 54.1" 27.6" 9.9"
43 554'" 269 5.9"

~
"Tilley and Terry, 196,.
"Dchority ~lI1d Johnson, 1%4.
, Va SOl's!. 1%,.
"bl mated from :-.!milar ration fed III till' same ycar.
"Est mated ;IVl'r~I~l' of rations .'X and .'l) .
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Appendix Table 8. In vitro dl'y matter digestioll of the rotiolls"

Ration
Trial number

number 2 3

% l% 0,

I 64.7 62.5 63.8

2 58.6 56.8 557

59.9 615 55.3

4 52.6 47.8 47.1

5 64.7 62.9 62.6

6 65.5 597 61 I

7 6l.l 561 54.7

8 57.4 508 540

9 66.2 65.0 62.8

10 77.4 74.1 75.5

11 78.5 77.0 82.0

12 758 74.0 755

13 77.1 77.7 768

14 75.5 775 76.9

15 77.8 78.1 77.9

16 75.1 77.9 74.3

17 75.6 79.0 75.8

18 687 71.5 65.7

19 70.7 648 64.9

20 69.0 67.8 641

21 68.4 63.6 65.2

22 70.2 66.2 66.4

23 72.5 656 65.9

24 68.5 648 62.7

25 68.4 671 650

26 73.2 71.7 71.0

27 75.5 73.0 70.4

28 8l.l 81.2 790

29 65.4 65.0 62.6

30 69.9 660 655

31 64.6 688 65.1

32 74.2 77.1 74.2

33 72.6 74.5 73.5

34 59.9 59.8 598

35 55.0 56.5 54.7

36 37.5 39.4 38.6

37 55.0 56.3 51.1

38 60.6 609 54.1

39 52.5 533 51.0

40 - b

41 - b

42 - b

43 - b - b

"Tilley and Terry, 1963.
"In .itro digestible dry matter was not dell"rillined on these rations due tn a JacK of samples.
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