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ABSTRACT

A digestion study was conducted in three phases with 
beef steers to determine the digestibility of milo stover 
and barley straw. In phase I, ground alfalfa hay was fed to 
12 steers and the digestion coefficients were determined 
directly. In phase II and phase III9 a ration of ground 
alfalfa hay and varying percentages of milo stover and 
barley straw respectively, were fed to the same 12 steers 
and digestion coefficients for milo stover and barley straw 
were determined, by difference.

The total digestible nutrient value of the milo 
stover on a dry matter basis in the present study was 43»1^ 
as compared to the older values of 56®4$, The ash content 
of the milo stover appeared to be higher than usuals there- 
fore lowering total digestible nutrients somewhat. When 
corrected to a 10,0$ ash content basis0 the total digestible 
nutrients of milo stover was 47,1$,

The total digestible nutrient value of the barley 
straw on a dry matter basis in the present study was 45,6$ 
as compared to the older average values of 47,7$. The ash 
content of the barley straw appeared to be normal,

vii



INTRODUCTION

The output of commercial feedlots and range cattle 
production represent approximately 37^ of the crop and live
stock Income in Arizona and thus comprise its primary 
agricultural industry. In the last 14 years the cattle 
feeding industry in Arizona has increased by more than three 
times. The number on feed as of January 1,- 1953 was 1029000 
as compared to 346*000 head on January 1* 1967 (27), This 
rapid increase in cattle fed has resulted in the need for 
more roughage* even though the trend of roughage fed had 
declined as high energy rations have become readily accepted 
in feedlotso

In this same 14 year period there have been many 
changes in Arizona as to the types of roughages produced. 
Alfalfa has been the major source of roughage with a produc
tion in 1953 of 5 6 7 ,0 0 0 tons and in 1966 of 1*040*000 tons 
(2). This increase is nearly two times the 1953 production 
of alfalfa while the cattle feeding industry increased by 
over three times. The production of silage from corn and 
sorghum increased from 172*000 tons in 1953 to 373,000 tons 
in 1965, but this is less than half of the peak production 
of 790,000 tons in 1957» Cottonseed hull production, based 
on 460 pounds of hulls per ton of cottonseed (6), dropped 
from 9 6 ,0 0 0 tons in 1953 to 27*500 tons in 1966 due to

1



reduced cotton acreage by government allotment* This 
decreased roughage supply has caused a growing interest in 
the use of other low-quality roughages such as barley straw 
and milo stover.

Barley straw and milo stover are directly related to 
the number of acres of barley and mllOg respectively. Burt 
(7) calculated that one acre of barley would yield about one 
ton of barley straw. In 1953 there would have been approxi
mately l4lgOOO tons of barley straw in Arizona as compared 
to 1109000 tons in 1966. How much of this barley straw was 
used for cattle feed is not known but in past years much of 
the barley straw has been burned in the field. During the 
past three years8 as cotton acreage declined9 cropland 
devoted to grain sorghum has increased to almost 200 9000 
acres. This all-time high is approximately double the 1962 
acreage and five times that of 1953® Using a value of two 
tons of milo stover per acre of grain sorghum indicates that 
400$000 tons of milo stover could be used as a roughage in 
cattle feeding.

Very little recent information is available on the 
use of barley straw and milo stover. The digestibility 
values that are reported for barley straw and milo stover 
were established from 40 to 75 years ago. New varieties of 
barley and milo* modern production methods and fertilization 
rates have changed considerably during this period. Due to



these factors„ the older analytical and digestibility values 
may not be applicable today»

The objectives of this study were to determine the 
digestibility of the proximate fractions of barley straw arid 
mllo stover and to compare these values with the values that 
are presently in use.



REVIEW OP LITERATURE

Information concerning stover digestibility dates
back to 1888 when Armsby (4) of the Pennsylvania Agrlcul-

• . . itural Experiment Stations, using two steers weighing about
935 pounds each* reported the following digestion coeffi
cients for corn stover: dry matter9 62$; ash* 45$; crude
protein* 52$; crude fiber* 66$; nitrogen free extract9 64$; 
and ether extract* 52$.

Hoiter and Fields (16) in 1899 reported the follow
ing digestion coefficients of kaflr stover by four steers: 
dry matter* 56.3$; &sh9 19.0$; crude protein* 3 0.5$; crude 
fiber* 6 7.0$; nitrogen free extracts 58.2$; and ether 
extract * 79.3$. They also stated that kaflr stover contained 
as much digestible matter as average corn stover. The 
composition of the kaflr stover used was as follows: dry
matters 80.8$; ash* 8.0$; crude protein* 4.8$; crude fiber* 
26.8$; nitrogen free extract * 39 = 6$; and ether extract as 
1 .6$.

Praps (13) in 1916* reported the digestibility of 
three different types of grain sorghum stovers using two 
sheep on each ration. The Acuff sorgo forage coefficients 
of digestibility were: ash* 14.0$; crude protein* 9.1$;
crude fiber* 58.2$; nitrogen free extract * 4 5 .6$; and ether 
extract * 37°1$= The stalks averaged 1/2 to 5/8 of an inch
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In diameter at the butt end. The experiment indicated that 
Acuff sorgo forage has almost the same feeding value as 
kafir forage and less than milo forage« In this trial 
forage is used synomymously with kafir stover and milo 
stover, Kafir forage digestion coefficients were: crude
proteih9 18,2$; ether extract, 47,6$; crude fiber, 48,6$; 
and nitrogen free extract, 46,3$= The kafir stalks were 
coarse, averaging about one inch in diameter. The heads 
were fully formed, but the grain had evidently failed to 
develop. Praps also reported milo forage digestibility 
coefficients as: crude protein, ,0$; crude fiber, 65=8$;
nitrogen free extract, 49,2$; and ether extract, 5 6,6$, The 
composition of milo forage was; water, 6,41$; ash, 10,22$; 
crude protein, 3=3^$; crude fiber, 33=4?$; nitrogen free 
extract, 44,98$; and ether extract, 1,38$. He noted oonsid^ 
erable individual variation between the sheep in the study. 
The digestion coefficients were determined from direct feed.™ 
ing of the feedstuff in all three experiments,

Gatlin (8) of the Arizona Agricultural Experiment 
Station in 1925 determined the composition of Hegarl stover 
as; ash, 14.7$; crude protein, 4.4$; crude fiber, 30.7$; 
nitrogen free extract, 44.?$; and ether extract, 2.1$,

In 1932 Praps (14) compared some low quality Texas 
forages by composition as shown in Table li Prom these 
analyses he concluded that there was a greater variation in 
the composition of stover than of grain. He believed that



different soil types affected the composition of,stover more 
than the grain.,

Table I. Composition of Texas Forages 
Crude Crude

Protein E,E, Fiber NffE J20. Ash
Hegari stover 5*5 1*9 28,5 43 0 7 11,0 9,4
Kafir stover 5*2 2,0 30,9 45-7 6.4 9,8
Milo stalks 2,9 1,3 31*9 45*1 8.4 10.4
Corn stover ■ 3 0 8 1,1 19-7 31*5 40.5 3,5

The following year Jones8 Hall and Jones (18) com
pared three tests of hegari stover with sumac fodder using 
36 steers with an average weight of ?28 pounds„ In each of 
the three tests hegari stover produced larger gains than 
sumac fodder.

Baker (5) in wintering steer calves compared Atlas 
and Leoti sorgo silage8 ground Early Kalo stover, ground 
•improved Coes stover, and prairie hay. On a replacement 
basis one ton of silage was worth as much as 748 pounds of 
ground Early Kalo stover plus 23 pounds of ground threshed 
Early Kalo and six pounds of soybean oil meal. The ground 
Early Kalo stover in this trial was worth slightly more than 
the ground improved Goes stover and slightly less than 
prairie hay. From this trial it was thought that stover 
from grain sorghums has a higher feeding value than is 
generally recognized.
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Sehneider (28) lists the digestibility coefficients 

of kafir stover on dry matter basis for cattle as follows: 
organic matter^ 60%; crude protein, 3̂ %', crude fiber, 67%> 
nitrogen free extract, 60%>; ether extract, 75%* and total 
digestible nutrients as 57%° No original reference could be 
found on the digestibility of milo stover from the hybrid 
varieties of grain sorghum in current use.

Snyder (29) in 189^ at the Minnesota Agricultural 
Experiment Station reported the following digestion coeffi
cients for barley straw: dry matter, bk*7%% crude protein,
2 9 .0$; crude fiber, 5 2.9$; nitrogen free extract, 53.9$; and 
ether extract, 42.1$. He also reported the dry matter 
digestibility for wheat straw as: 42.3$ and oat straw as
4 5 .8$. In this trial the composition of barley straw was: 
ash, 9.1$; crude protein, 3.45$; crude fiber, 40.66$; nitro
gen free extract, 35.43$; and ether extract, .95$.

Phillips and Goss (2 5) made a study of the composi
tion of the leaves and stalks of the barley plant at 
successive stages of growth. As the barley plant matures a 
large part of the more valuable nutrients are transferred 
from the leaves and stems and stored in the ripening seed. 
Therefore, the straw, which consists of the mature stems and 
leaves, without the seeds, has relatively little protein, 
starch, or fat, while the content of fiber and lignin is 
higher. Because of its high content of fiber and especially



of lignin9 straw supplies considerably less total digestible 
nutrients than good hay.

McAnally (22) treated barley straw with alkali and 
found the digestion of straw constituents and cellulose by 
ruminants much more digestible than the original straw.. By 
means of in vitro and also in. vivo experiments j, using one 
sheep with a rumen fistula9 she observed that straw frac
tions such as cellulose and hemlcelluloses were more 
digestible when separated than when fed in straw form. The 
digestibility of the lignin in the alkali-treated straw was 
71$ as compared with 30$ in the untreated straw.

Working with sheep9 Ferguson (12) determined wheat 
straw and alkali-treated wheat straw digestibility. The 
alkali treatment resulted in a marked increase in the 
digestibility of all constituents except lignin and ether 
extract. In direct digestion studies the digestion 
coefficients for the untreated straw were: cellulose9
6 2 .4$; lignin, 10.2$; crude proteinB 60.3$; nitrogen free 
extract, 46.8$; ether extract, 4-3.7$; and organic matter, 
51.8$. The digestion coefficients for the alkali-treated 
wheat straw were: cellulose, 87.7$; lignin, 0.5$; crude
protein, 81.0$; nitrogen free extract, 63.1$; ether extract, 
4-0.9$; and organic matter, 68.5$. The lignin appears quite 
indigestible in straw pulp which does not agree with 
McAnally6s findings.
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Rogerson (26)9 using 5 sheep„ reported direct 

digestion coefficients for barley straw ass dry matter*
47»3^5 crude protein, 26.1^; crude fiber, 54*0̂ ;; nitrogen 
free extract9 47»9^;.ether extract, 14,0^; and organic 
matter, 49*5^6 The dry matter analysis of this barley straw 
was8 ash as 9«32Xs crude protein* 5 = 96^; crude fiber,
39°57$; nitrogen free extract, 44*50$; and ether extract r 
0o65$e He noted considerable variation in barley straw 
analysis between South African and British samples.

Dent (10) worked on the changes of oat straw 
composition in relation to time of harvesting, nitrogen 
treatment and environment. Differences in composition • 
attributable to environment were very large. Crude protein 
content ranged from 1.9$ to 7=6$. Crops grown under cool 
and wet conditions always yielded a better quality straw 
than those grown under the warmer and drier conditions in 
the south part of England. A spring dressing of 200 pounds 
per acre of nitrochalk increased the protein content of the 
straw by 20$.

Morrison (24) lists the following digestibility 
coefficients for barley straw; crude protein, 19$; crude 
fiber, 57$; nitrogen free extract, 45$; ether extract, 42$; 
and total digestible nutrients 46.9$$ on a dry matter basis.

. Lofgreen and Christensen (21) found that in a 50$ 
roughage ration the substitution of 50$ alfalfa with half 
barley straw resulted in a lowered rate of gain, lowered
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energy content of the gain, reduced feed intake and caused a 
greater reticulo-rumen fill which resulted in a lowered 
dressing percent„ The trial noted that from estimated net 
energy values there seemed to be little justification, under 
most conditions, for the use of large quantities of barley 
straw in rations designed for high rates of production,

Burt (7) showed that the nutritive value of barley 
straw was considerably improved by grinding and pelleting. 
The main reason fbr the added response was thought to be a 
change in the proportion of rumen volatile fatty acids which 
favored a production of propionic acid.

Lamming, Swan and Clarke (20) -studied the effect of 
feeding ruminants pelleted diets containing ground barley 
straw, maize and soybean meal. The percentage of straw in 
the diets varied from zero to J>0 percent. The crude protein 
was adjusted in all diets to. 12$ on an air dry basis. The 
feed conversion for steers varied from 6.5:1 for 0$ straw to. 
7.7:1 for 50$ ground barley straw. Feed intake Increased as 
the percentage of straw in the diet rose above 20$. The 
digestibility trials with sheep showed a linear depression 
in the digestibility of diets as the percentage of straw 
increased.

Hale et al. (15) comparing 15$ barley straw with 15$ 
cottonseed hulls in 80$ concentrate fattening rations 
observed that the barley straw ration was extremely bulky 
and that feed intake and daily gain were less than on the



cottonseed hull ration® It was felt that since feed 
required per 100 pounds of gain was less for the barley 
straw ration than for the cottonseed hull rations the 
utilization of energy from barley straw was somewhat 
superior to that from cottonseed hulls. The 15$ barley 
straw level was thought to be too high for maximum feed 
intake.

Meyer and Lofgreen (23) studied the effect of lignin 
and crude fiber on the total digestible nutrients of alfalfa 
hay and suggested that as the lignin and crude fiber 
increasede total digestible nutrients decreased. It was 
also found that as per cent nitrogen in alfalfa hay 
increased there was an increase in the total digestible 
nutrient value.



GENERAL PROCEDURE

A digestion study was conducted in three phases to 
determine the digestibility of milo stover and barley straw. 
Phase I was conducted to determine the digestibility of 
ground alfalfa hay. Phases II and III were conducted to 
determine the digestibility of milo stover and barley straw# 
respectively9 by difference.

Twelve steers were housed individually on concrete 
floored pens measuring 8 feet by 16 feet. Each Individual 
pen was equipped with an automatic watering cup and an 
aluminum shade covered approximately one half of each pen. 
All animals on the trial were fed at least 21 days prior to 
the initiation of each total collection period. After at 
least 14 days of feeding ad libitum the steers were placed 
on constant feed intake for 7 days at 90% of the ad libitum 
intake followed by a 7-day total collection period. Block 
salt was available at all times. Sufficient amounts of 
roughages were ground and stored under roof on concrete 
floor to last the seven day constant feed intake and seven 
day collection period. A mineral mixture of 50% steamed 
bone meal and 50% salt was offered free-choice in addition 
to block salt in Phases II and III.

The pens were thoroughly cleaned prior to the start 
of fecal collections. The feces were collected with a dust

12
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pan and putty knife from the concrete floor at frequent 
Intervals during the day starting at 6:00 a.m. with the 
final collection being made at 8:00 p.m. The feces were 
placed in galvanized tubs and were composited over a 24-hour 
period, weighed and recorded. All pens were thoroughly 
washed after each 24-hour collection. After mixing the 24- 
hour collection, an aliquot was placed in an aluminum drying 
pan and dried at 45°C« in a forced air oven for three days 
or until a constant weight was obtained.

Feed samples were collected at each feeding period 
starting two days prior to the collection period and con
tinuing for five days during the seven-day collection . 
periods. Three alfalfa hay samples were composited during 
phase I. Two alfalfa hay samples and two milo stover or 
barley straw samples were composited during phases II and 
III. The composite samples of feces and feed were ground 
through a 1 mm. mesh screen in a Wiley mill, mixed and 
retained in glass containers for future chemical analyses.

Proximate analyses of the feed and feces were made 
according to A.O.A.G. 8th ed. (3)® Gross energy was deter
mined with an adiabatic bomb calorimeter. Acid detergent 
fiber (A.D.F.) and acid detergent lignin (A.D.L.) were also 
determined as outlined by VanSoest (30). Digestion coeffi
cients for milo stover and barley straw were determined by 
difference as outlined by Crampton and Lloyd (9). Standard
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deviations and coefficients of variation values were calcu* 
lated as outlined by Huntsberger (17)=

Digestion Trial Phase I 
The twelve steers averaged 613 pounds in weight at 

the Initiation of phase I and were fed a ration of ground 
alfalfa hay. The alfalfa hay was ground through a hammer 
mill without a screen. All the alfalfa hay was received 
from the same Arizona location on one truck load to last the 
complete feeding period of all three phases of the digestion 
study.

Digestion Trial Phase II 
The twelve steers in phase I were randomly allotted 

in blocks of three and fed varying percentages of alfalfa 
hay and mllo stover. During the first portion of this phase 
it was found that the steers could not eat high levels of 
milo stover. The percentages of alfalfa hay and mllo stover 
fed are given below.
Steers 14, 18s 19s 22 80% alfalfa 20% mllo stover
Steers 159 1?9 209 24 60%> alfalfa 40$ milo stover
Steers 13$ 169 219 23 40$ alfalfa 60$ mllo stover

The milo stover and alfalfa hay were processed in 
the same manner as the alfalfa hay in phase I. The required 
amounts of alfalfa hay and milo stover were weighed 
separately and mixed in the feed bunks.



Digestion Trial Phase III 
The twelve steers used in phases I and II were 

randomly allotted in blocks of ttiree and fed varying per
centages of ground alfalfa hay and ground barley straw. 
Early in the phase it was noted that the high barley straw 
ration was very bulky causing restricted consumption. The 
percentages of alfalfa and barley straw are given below.
The ration was mixed as in phase II.
Steers 153 16® 219 22 80$ alfalfa 20$ barley straw
Steers l4g 17® 19® 23 65$ alfalfa 35$ barley straw
Steers 13® 189 209 24 50$ alfalfa 50$ barley straw

The alfalfa hay and barley straw were processed as 
in phase I. Abbreviations used throughout this thesis for 
table headings are found in Table 13=



RESULTS AND DISCUSSION

Digestion Study Phase I
The digestibility of the alfalfa hay determined in/

phase I is reported in Table 2„ There was little steer 
variation in digestion of any of the nutrients as noted by 
the low standard deviations„ The coefficients of variation 
were also low except for lignim

The total digestible nutrients (TDM) of the alfalfa 
hay in the present study on a dry matter basis was 5806^, 
This value compares favorably with that of Lambeth (1 9) who 
found 6 0.2$ TDM and with Amavisca (1 ) who reported a value 
of 6l,0$ TDM. The lowered crude protein and higher acid 
detergent fiber content of the alfalfa hay in this study as 
compared to that used by Lambeth (19) and Amavisca (1) 
probably accounted for the somewhat lowered TDM values.

Digestion Study Phase II
The proximate analysis and gross energy of the 

alfalfa hay and milo stover are given in Table 3. The cal
culated proximate analysis of the three alfalfa hay and milo 
stover rations are also given in Table 3. The digestion 
coefficients and TDM of the various combinations of alfalfa 
with milo stover are reported In Table 4.

The data presented In Table 4 shows that as the per
cent of milo stover increased the digestibility of crude

16



Table 2„ Proximate analysis, digestion coefficients and total digestible nutrients
of alfalfa hay. All values on a dry matter basise

Phase I

C.P.
%

A=D.F»
%

A. Delia
%

GaE.
1o

C,
%

E.Ea N,F,E. O.M.
1°

T«D.Nc
%

Alfalfa hay 
(proximate 
analysis)

13-60 39.14 8 ,2 9 4343cal/gm
2 9 ,1 2 5.4? 32.08 90,29

Digestion
coefficients

Alfalfa hay 65.97 3 9 .6 9 : 6 .7 5 57.33 56.95 69.83 7 9 .4 7 59.61 58.60
Standard

Deviation lo09 0 .9 4 la 80 0.77 1.53 2,48 0,84 0.72 O.7O
Coefficient of 
Variation 1.65 2.37 26,67 1.33 2.69 3.48 1.06 1,21 1.19



Table 3» Proximate analysis and gross energy of alfalfa hay9 milo stover and
combined rations of alfalfa hay with milo stover® All analysis on a dry
matter basis.

Phase II

C. P. 
% '

A. D. P. 
%

0 Do D 0 
%

c.
%

E.E.
%

Ash
%

N.P.E.
%

G.E.
cal/gm

Alfalfa hay 15-24 38.79 7 .7 5 32.40 4.57 10.37 31-03 4425
Milo stover 2.26 57-39 7 .8 1 38.10 1.11 17-59 21.65 3681
a80$ alfalfa 
20$ milo stover . 12.64 4 2 .5 1 7 .7 6 33.54 3-88 11.82 . 29-15 4276

a60$ alfalfa
milo stover 10.04 46.23 7-77 34.68 3-18 .13.26 27.28 4127

a40$ alfalfa 
60$ milo stover 7.46 4 9 .9 5 7 .7 9 35-82 ' 2.50 14.70 25.40 3979

^Calculated from separate analysis of alfalfa hay and milo stover.

H
co



Table 4» Digestion coefficients and total digestible nutrients of the combined
rations of alfalfa hay with mild stover. All values on a dry matter
basis.

Phase II

No,
Steers

Co Po 
%

A0D.F0
%

AoD.Lo
%

Co
‘ %

EoE,
f

NoFoEo
%

GoE.
%

O.M, T 0D0N 0

80% alfalfa hay 
20% milo stover 4 64,82 43o70 13,74 65,29 5 9 ,9 8 7 7 ,7 5 57 .71 58,69 5 4 .6 7

60% alfalfa hay 
k0% milo stover 4 56o53 43,13 10,86 63,90 5 7 .62 78,59 54,53 56.37 51.18

k0% alfalfa hay 
60% milo stover 4 48,63 42,50 10,52 66 0 60 5 0 ,8 6 84,94 53,72 55.90 49,30

Hxo
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protein9 ether extract9 gross energys organic matter and 
total digestible nutrients decreased. This indicates that 
these fractions are less digestible from milo stover than 
from alfalfa hay* The increase in the nitrogen, free extract 
digestibility was due to the lowered crude protein and ether 
extract digestibilities. The sharp decrease in crude pro* 
tein digestibility as milo stover is increased in the ration 
indicates a low digestibility of protein from milo stover.

Digestion coefficients of milo stover as determined 
by difference for each of the levels of milo stover fed are 
given in Table 5® This data shows that as the percent of 
milo stover was increased in the ration there was a decreased 
crude protein and crude fiber-digestibility and an increased 
ether extract and nitrogen free extract digestibility. Con
siderable variation was observed as measured by standard 
deviation between the digestion coefficients of the 20$ milo 
stover ration and the 40$ and 60$ milo stover rations. 
Therefore it is believed that in the 20$ milo stover ration 
there was not sufficient stover in the ration to get accu
rate measurement of the digestion of the milo stover frac
tion by difference.

Digestion coefficients as determined by difference 
irrespective of milo stover level are reported in Table 6. 
The variation observed was high because of the variation in 
the 80$ alfalfa hay and 20$ milo stover ration as was shown 
in Table 5®



Table 5° Digestion coefficients and total digestible nutrients of milo stover as
determined by difference. All values on a dry matter basis.

Phase II

Mo.
Steers

C.P.
t

A.D.P. 
, %

A,D.L,
%

C.
%

E.E. 
' %

NeP.E.
%

G.E.
%

G.M. T.D.N.
%'

80% alfalfa hay 
20% milo stover 4 19.45 52.90 37.55 95.42 *114.13 6 8 .07 5 4 .72 53.12 42.69®

38.95°
Standard

Deviation 37.54 5.65 35.69 12.46 95.64 8 .9 5 2.22 3.85 3.08a
Coefficient of 
Variation 193.01 10.68 96.05 13.06 83.80 1 3 .1 5 4,06 7 .2 5 7.21a

60% alfalfa hay 
l4-0% milo stover 4 -31.97 47.37 18.84 7 2 .2 0 -1 7 .8 8 77 .06 50,36 51 .86

42.70® 
40.05°

Standard
Deviation 28.97 6.51 8 .7 8 7.83 27.59 5 .8 5 8.15 6.81 5.76a

Coefficient of 
Variation 90.62 13.74 46.60 10.84 154.31 7 .5 9 16.18 13.13 13.49a

k0% alfalfa hay 
60% milo stover 4 -30.79 43.79 12.77 ■71.92 0 .3 2 89.85 50.76 53.16

43.90®
4 3.10%

Standard
Deviation 33.95 3.24 14.35 1 ,6 9 9.29 9.7.1 2.80 2.33 1.94®

Coefficient of 
Variation 110.26 7.40 112.37 2.35 290 3 .1 2 10.81 5.52 4.38 4.42®

^T,D,N, by difference on an individual steer basis and used throughout this thesis. 
^T.D.N, calculated from group mean.
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Table 6» Summary of digestion coefficients and total digestible nutrients of milo
stover as determined by difference. All values on a dry matter basis.

Phase II

C.Po
%

A.D.P.
%

A.D.L.
%

C.
%

E.E.
%

N.F.El GoEo • O.M. 
' £

T.D.N.

Milo stover 48.02 23.05 79.85 -4 3 .9 0 78.33 5 1 .9 5 52.72 43.10

Standard
Deviation 39.42 6.20 24.22 13.86 74.00 1 0 .1 1 5.08 4.31 3 .61

Coefficient of 
Variation 272.99 12.91 IO5 .O8 17.36 I6 8 .56 1 2 .91 9.78 8.18 8.38

22
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Crude protein digestibility and ether extract 

digestibility of milo stover determined by - difference was . 
-14„4^ and -43<>9$ respectively. This can be accounted for 
by a number of reasons. One reason could be that when milo 
stover was mixed with alfalfa hay it causes the digestibil
ity of alfalfa hay to be less* therefore the assumption that 
was made in using the same digestibility of alfalfa hay 
alone and when alfalfa hay is in the mixed ration with milo 
stover does not always hold true. In this case total 
digestible fractions of protein and ether extract were less 
than should have been digested from alfalfa alone, thus 
giving the negative digestion coefficients for milo stover.

Another reason could be that a larger portion of the 
fecal protein and ether extract was from metabolic origin on 
the milo stover ration than on the alfalfa hay ration since 
alfalfa contained greater quantities of both fractions, In 
addition.the higher crude fiber levels on the stover ration, 
compared to the alfalfa, may have increased the metabolic 
nitrogen independent of dry matter intake although no 
estimate of that factor can be determined from these 
studies.

Nitrogen free extract digestibility as determined by 
the acid detergent crude fiber method of this trial was much 
higher than the previous work that has been done using the 
Meende crude fiber method. This can be explained since in 
the Meende crude fiber method of crude fiber determination a
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considerable portion of the lignin is included in the 
nitrogen free extract fraction* With the acid detergent 
crude fiber method the lignin is Included in the fiber frac
tion, Praps (13) reported nitrogen free extract digestion 
of milo stover with sheep of 45,0$ and Bolter (16) reported 
nitrogen free extract digestion of kafir stover with cattle 
of 58,2$, In this study the nitrogen free extract digestion 
value determined by the acid.detergent method was 78,3$,

All previous work on crude fiber digestion of milo 
stover has been done with the Weende method which does not 
include lignin in the crude fiber fraction as does the acid 
detergent crude fiber method. Since lignin is usually con
sidered undlgestlble, the acid detergent crude fiber 
digestibility is lower than by the Weende method. Schneider 
(28) reported crude fiber digestion of kafir stover as 67=0$ 
where the crude fiber digestion coefficient determined by 
acid detergent method in this study was 48.0$.

There was considerable steer variation in lignin 
digestibility. Lignin is usually considered indigestible 
and no digestibility values for lignin are available for 
milo stover. In this study alfalfa hay showed a lignin 
digestion of 6.8$ and milo stover showed a 2 3.0$ lignin 
digestion. These results suggest that lignin is digestible 
in milo stover to a considerable extent. In this study the 
cellulose of milo stover was highly digestible with a value 
of 79=8$ cellulose digestibility.
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The TDN of milo stover as determined by difference 

in this trial on a dry matter basis was 43.1^. This value 
was thought to be too low because of the high ash content of 
the milo stover which was 17»6^, This high ash content was

5 -thought to be caused by too much soil being picked up when 
the milo stover was baled. A separate milo stover sample 
free of soil .was found to contain 10 = 0^ ash. If 10,0$ ash 
is used in calculating TDN of milo stover then on a dry 
matter basis there is 47-1^ TDN in milo stover. This 4-7.1̂  
value is lower than those reported in Morrison (24) of 55°X̂ > 
and in Feed Bag. Red look. (11) of 57°0^. for TDN of milo 
stover.

It appears that milo stover has changed in digesti~ 
bility since the original digestion studies which may be in 
part due to variety changes and improved cultural practices.

Digestion Study Phase III
The proximate analysis and gross energy of the 

alfalfa hay and barley straw are given in Table 7» The 
calculated proximate analysis of the three alfalfa hay and 
barley straw rations are also given in Table 7« The diges
tion coefficients and total digestible nutrients of the 
various combinations of alfalfa with barley straw are 
reported in Table 8,

The data presented in Table 8 shows that as the per
cent of barley straw increased, the digestibility of crude



Table 7= Proximate analysis and gross energy of alfalfa hay, barley straw and
combined rations of alfalfa hay with barley straw. All analysis on a dry
matter basis.

Phase III

C.P.
$

A.D.F.
$

A © D 0 L 0 
$

c.
$

E.E.
%

Ash
- $

H.F.E.
$

G.E.
cal/gm

Alfalfa hay 15 = 07 37 = 09 7=23 31=71 4.12 9 = 45 34.37 4453
Barley Straw 4.73 47.34 5=32 37.94 1 = 93 13 = 23 32.77 3955
a80/£ alfalfa hay
20$ barley straw 13 = 01 39 = 14 6.85 32.96 3 = 69 10.21 34.05 4353

a65$ alfalfa hay 
35$ barley straw 11.46 40^68 6.5? 33 = 89 3 = 35 10.77 33 = 81 4278

a50$ alfalfa hay
50$ barley straw 9 = 90 42.21 6.28 34.83 3=02 11 = 33 33 = 56 4204

^Calculated from separate analysis of alfalfa hay and barley straw.



Table 8» Digestion coefficients and total digestible nutrients of the combined
rations of alfalfa hay with barley straw. All values on a dry matter
basis.

Phase III

No. C.P. A.D.P. A.D.L. C. E.E. N.P.E. G.E. Q.M. T.DJI*
Steers % % % % % % _$ % %

80$ alfalfa hay
20$ barley straw 4 66.94 41.75 3439 58.45 69.77 71.77 56.45 57.87 52.28

65$ alfalfa hay35$ barley straw 4 6 5 .2 8 42.05 3.48 58.31 72.38 70.84 55.42 57.02 54.01

50$ alfalfa hay
50$ barley straw 4 6 1 .5 8 44.55 2.04 59.78 75 .0 6 68.94 55.32 5 6 .6 9 54.01
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protein and nitrogen free extract decreased. This indicates 
that these fractions are less digestible from barley straw 
than from alfalfa hay. Acid detergent fiber and ether 
extract digestibility increased as the percent of barley 
straw was increased in the ration. These findings indicate 
that the barley straw fractions of crude fiber and ether 
extract are more digestible than those of alfalfa hay.

Digestion coefficients of barley straw as determined 
by difference for each of the three levels of barley straw 
fed are given in Table 9» This data shows that as the per
cent of barley straw was increased in the ration there was a 
decreased crude protein and ether extract digestibility and 
an increased nitrogen free extract and organic matter 
digestibility and total digestible nutrients. Unlike the 
mllo stover ration, very little variation was observed as 
measured by standard deviation between the digestion coeffi
cients of the 20% barley straw ration and the 40% and 60% 
barley straw rations. The 20% barley straw ration was 
thought to be an accurate measurement of the digestion of 
the barley straw fraction by difference. The barley straw 
ration was extremely bulky resulting in a lower feed intake 
than expected.

Digestion"coefficients as determined by difference 
irrespective of the barley straw level are reported in Table 
10, Crude protein digestibility of barley straw determined 
by difference was 63*2%. This is considerably higher in



Table 9. Digestion coefficients and total digestible nutrients of barley straw
determined by difference» All values on a dry matter basis.

Phase III

No,
Steers

C,P,
$

A.D. P. 
$

A«D w L 0 
$ %'

E.E.
. $

N<P.E.
$

G.E.
$

O.M.
$

T.D.N.
$

80$ alfalfa hay 
20$ barley straw k 84,38 48.19 -1 6 .72 6 1 .8 7 86.80 39=07 52 = 84 51.25

43.38a 42.00°
Standard

Deviation 24.22 2.14 13=34 4.86 32.63 10.33 3 = 45 3 = 61 2.93a
Coefficient of 
Variation 28.70 4.44 79 = 78 7 = 86 37 = 59 26.44 6 = 53 7.04 6.75a

65$ alfalfa hay 
35$ barley straw 4 ' 58.33 45 = 73 —3 = 80 61,42 8I .78 5 4 .4 9 52.06 52.18 45.81&45.48%
Standard

Deviation 20.15 4.05 13 = 56 8,44 20.53 7 = 28 5 = 55 5=02 4.29a
Coefficient of 
Variation 34.54 8.86 356.84 13 = 74 2 5 .1 0 13=36 10.66 9=62 9 = 36a

50$ alfalfa hay 
50$ barley straw . 4 46.84 48.28 -3=73 62.02 81.29 58.04 52 = 71 53=48

47.62a
4 7.68%

Standard
Deviation 15.17 6.11 6,47 7 = 14 13 = 31 3.08 5=47 4.79 4.l4a

Coefficient of 
Variation 32.39 12.66 173=46 11.51 16.37 5 = 31 10.38 8 .9 6 8.69a

aT,D,No by difference on an individual steer basis used throughout this thesis.
T̂-.D.N, calculated from group mean,



Table 10. Summary of digestion coefficients and total digestible nutrients of
barley straw as determined by difference. All values on a dry matter
basis.

Phase III

C.P. A.D.F. A.D.L. C. E.E. N.F.E. G.E. O.M. T.D.S.

Barley Straw 6 3.18 47.^0 -8.08 61.77 8 3 .2 9 50.53 52*54 5 2 .5 3 4 5.60

Standard
Deviation 24.55 4.18 18.28 6.31 21.46 10.96 3.98 . 4.20 3 .92

Coefficient of
Variation 38.86 8.82 1 5 1 .9 8 10.22 2 5 .7 7 21.69 7-58 8.03 8.60
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digestibility than the 19»0/£ and 26*lfo reported by Morrison 
(24) and Rogerson (26) respectively» The reason for this 
high value could be from the quite high crude protein 
digestibilities for steers 15 and 16 of 112<,4$ and 95 = 2^ 
respectively. Both of those steers were on the 20$ barley 
straw ration. When only the other ten steers were used a 
value of 55»0$ crude protein digestibility was found.

The results of this study indicate that the ether 
extract of barley straw was highly digestible* However9 the 
percent true fat in ether extract of barley straw is not 
known. The ether extract digestibility of 83*3$ obtained in 
this study was much higher than the 42.0$ ether extract 
digestibility reported by Morrison (24).

With the use of the acid detergent crude fiber 
method of determination in this trial, the nitrogen free 
extract digestibility was higher than with the use of the 
Weende crude fiber determination which has more of the 
indigestible lignin in the nitrogen free extract. The acid 
detergent crude fiber method retains most of the lignin in 
with the crude fiber fraction. Rogerson (26) and Morrison 
(24) reported the digestibility of nitrogen free extract of 
barley straw as 47=9$ and 45=0$ respectively. In this study 
the nitrogen free extract digestion value determined by the 
acid detergent method was 5 0=5$° . ■

Crude fiber digestion is directly related to the 
method of determination. The acid detergent crude fiber
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method has lower digestibility values for crude fiber 
because more of the undigested lignin is present in the 
crude fiber fraction than with the Weende crude fiber method, 
Morrison (24) and Rogerson (26) reported barley straw crude 
fiber digestibilities of 57?0% and respectively9 while
the digestion of crude fiber in this study determined by the 
acid detergent method was 4?,4$0

Lignin is usually considered indigestible and no 
digestibility values for lignin are available for barley 
straw. In this study alfalfa hay showed a lignin digestion 
of 6,8$ and a lignin digestion for barley straw of -8,1$, 
These results suggest that the lignin of barley straw is 
less digestible than that of alfalfa hay. The alfalfa hay 
contained 7*2$ lignin while, the barley straw contained 5®3$ 
lignin. VanSoest and Wine (31) when working on digestibili
ties of alfalfa meal and grass hay believed the lowered 
digestibility of dry matter from the grass hay could have 
been caused by the higher silica content of the grass hay.
The grass hay contained 5»^$ silica and 4,4$ lignin while 
the alfalfa meal contained 2,0$ silica and 10,0$ lignin. 
Therefore, the silica content in the lignin of the barley 
straw could have caused the low digestibility since most of 
the silica is found in the lignin when the acid detergent 
lignin method of determination is used.

In this study the 61.8$ cellulose digestibility of 
barley straw indicates that this fraction is highly



digestibleo No digestibility values for cellulose are 
available for barley straw.

The total digestible nutrients on a dry matter basis 
as determined by difference for barley straw in this trial 
was 45.6^0 The total digestible nutrient values on a dry 
matter basis are lower than those reported in Morrison (24) 
of 46 = 9% and Schneider (28) of 49.4$.



GENERAL DISCUSSION

Table 11 shows digestion coefficients for various 
fractions and total digestible nutrients of milo stover as 
determined in the present study in comparison with corre
sponding values for Morrison (24)a Schneider (28) and The 
Feed Bag Red Book (11), It is apparent that the nutritive 
value of milo stover in this study (17.6% ash) as measured 
by total digestible nutrients is considerably less than 
values frequently used. Even when TDN was calculated on an 
ash content of 10$, which is thought to be more typical of 
milo stover ash content 9 the total digestible nutrient value 
is still lower than the usually accepted values. The higher 
ash content in this study was a result of too much soil 
being picked up with the milo stover at the time of baling. 
The higher ash content of the milo stover probably resulted 
in reduced palatability, The reported grain sorghum stover 
digestion studies have been largely with kafir stover which 
has about the same digestibilities as milo stover.

Table 12 shows digestion coefficients for various 
fractions and total digestible nutrients of barley straw as 
determined in the present study in comparison with corre
sponding values for Morrison (24), Schneider (28) and The 
Feed Bag Red Book (11), The total digestible nutrients of 
barley straw in this study are very similar to the values
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Table 11. Digestion coefficients and total digestible nutrients of milo stover as
determined by this study compared with accepted values. All values on a
dry matter basis.

C.P.
%

C.F.
$

E.E.
$

N.P.E.
$

G.E.
%

O.M.
%

T.D.N.
%

Morrison (24) 
Weende Crude Fiber = CO =» 55-1
Schneider (28) 
Weende Crude Fiber 
(kafir stover) 34.0 6 7 .0 75.0 6 0 .0 60.0 57,0
Feed Analysis Table 
Weende Crude Fiber 
The Feed Bag Red Book (11) 
(kafir stover) 57 o0
Current Study
Acid Detergent Crude Fiber
17.6$ Ash -14.4 48.0 -43.9 7-8.3 51 = 9 52.7 4 3 .1

10.0$ Ash 47. ia

aT„DoN, calculated using ash composition as 10,0$ which was found to be closer to 
normal ash content of milo stover than 17.6$,



Tabl6 12o Digestion coefficients and total digestible nutrients of barley straw as
determined by this study compared with accepted values. All values on a
dry matter basis*

C.Po
%

C.Fo
%

: E.E.
%.

l.F.E.
$

G.E.
%

O.M.
• %

T.D.N.
%

Morrison (24) 
Weende Crude Fiber 19-0 57*0 42.0 4 5.O COS, 46.9
aSchneider (28) 
Weende Crude Fiber 1?.0 56 .0 ' 43-0 51-0 ' 5 1 .0 4 9 .4

Feed Analysis Table
Weende Crude Fiber
The Feed Bag Red Book (11) «= c=» CO 46.9
Current Study
Acid Detergent Crude Fiber 63-2 4 7 .4 83-3 50-5 52-5 5 2 .3 45.6

^Digestibility with sheep.



frequently used. The usually accepted values are based on 
averages obtained from several species of animals and are 
from 40 to 70 years old. The types of barley straw used in 
the early digestion studies are not known but it is gener
ally believed that present day barley straw is quite similar 
as no hybrid varieties of barley have been produced. The 
barley straw used in the present study was good quality and 
free of soil particles. The high barley straw ration was 
extremely bulky9 which probably lowered feed intake.

Due to the fact that milo stover and barley straw do 
not lend themselves for direct digestibility determination 
it would be difficult to determine precisely the nutrient 
digestibility of those forages. The direct values might be 
of limited use due to the associative effect of other feeds 
on the digestibility of milo stover and barley straw.



SUMMARY

A digestion study was conducted in three phases with 
cattle to determine the digestion coefficients of the 
proximate fractions of milo stover and barley straw. Phase 
I was conducted to determine the digestibility of ground 
alfalfa hay. Phases II and III were conducted to determine 
the digestibility of ground milo stover and ground barley 
straw by difference by varying the percentages of alfalfa 
hay and milo stover or barley straw in the ration.

The results of phase I indicated that the values for 
the digestion coefficients of alfalfa hay agree favorably 
with those previously determined at the University of 
Arizona for alfalfa hay grown in Arizona. Total digestible 
nutrient value of the alfalfa hay in this study was higher 
than the values reported in standard texts.

The results of phase II indicated that the values 
for the milo stover digestion coefficients vary considerably 
with the work reported previously. Most of the variation 
was caused by the negative digestibilities of crude protein 
and ether extract« Also earlier crude fiber and nitrogen 
free extract digestibilities have been determined by the 
Weende crude fiber method whereas in this trial the crude 
fiber and nitrogen free extract determinations were based on 
the acid detergent crude fiber method which correctly
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classifies more of the undigestible lignin in the crude 
fiber fraction® The total digestible nutrients of milo 
stover as determined by difference in this trial was 43«1^. 
This value was considered low because of the high ash con
tent in the milo stover. When corrected to a 10.0^ ash 
content the total digestible nutrients of milo stover was 
47.1$ which was considered more accurate® The addition of 
milo stover to the alfalfa ration decreased crude protein 
digestibility and increased ether extract and nitrogen free 
extract digestibility. The digestibility values of milo 
stover in the present study appear to be the first set 
determined for hybrid grain sorghums. In general the values 
are lower than those reported for the open pollinated 
sorghums. The lower values could be the results of a 
variety difference or due to changes in tillage management 
practices,

The results of phase III indicated that the barley 
straw digestion coefficients and total digestible nutrients 
agree favorably with those previously reported at other 
locations. In this trial the acid detergent crude fiber 
determination resulted in a lower crude fiber and a higher 
nitrogen free 'extract digestibility than previously reported 
where the Weende crude fiber determination was used. The 
total digestible nutrients of barley straw as determined by 
difference in this trial was 45.6^. The addition of barley 
straw to the alfalfa ration decreased crude protein9 gross



energy and nitrogen free extract and increased crude fiber 
and ether extract digestibilityo.



APPENDIX

Table 13* Abbreviations used throughout this thesis for 
table headings„

D<,M0 = Dry matter

EoEo = Ether extract

CoP» = Crude protein

CoPo = Crude fiber

A.DoPo = Acid detergent fiber

A.D.L. = Acid detergent lignin

Co =r Cellulose

N.FoEo = Nitrogen free extract

G.Eo = Gross energy

QoMo = Organic matter

ToDoNo =s Total digestible nutrients
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Table l4e Proximate analysis and gross energy of feces on ground alfalfa hay ration.
All analysis on a dry matter basis.

Phase I

Steer
No.

C.P.
%

E. E. 
%

C.F.
% ja"

C.
%

Ash
%

N.F.E.
"  %

G.E.
cal/gm

13 10.93 3.45 55.46 1 8 .0 6 2 9 .7 6 14.36 15.80 4344 .
14 11.17 3.85 54.82 1 8 .3 0 28.57 14.17 15.99 4415
15 11.18 3.93 54.73 18.20 28.58 14.36 15.80 4358
16 1 1 .0 6 4.30 55.94 18.57 29.64 1 3 .6 8 1 5 .02 4363
17 10.6? 3.95 55.97 18.01 2 9 .8 6 13.96 15.45 4364

18 10.58 3 .6 1 55.94 18.66 31.45 13.88 15*99 4339

19 10.90 3.51 56.14 18.46 32.35 13.42 16.03 4402
20 1 1 .2 5 3.80 5 6 .0 0 18.49 28.56 14.30 14.65 4378
21 11.15 4 .06 55.72 18.18 29.52 13.33 1 5 .7 4 4394
22 10.84 4.40 5 6.OO 17.58 28.92 13.83 14.92 4374
23 10.46 4.24 56.34 18.16 29.31 13.85 15.11 4410
24 10.90 3.64 55.65 18.31 2 8 .6 5 13*84 15.97 4351



Table 15» Proximate analysis and gross energy of feces on ground alfalfa hay and
ground milo stover ration. All analysis on a dry matter basis.

Phase II

Steer
No,

C,P.
%

Eo E* 
%

C,F,
%

C.
%

Ash
%

N.F.E.
%

Go E 0
cal/gm

13° 7,50 2,43 53,86 13,50 23.37 2 6 .11 10.09 3610
l4a 9*55 3,09 53,40 15 = 98 26.16 19,07 14.88 404?
15b 9,11 2,91 5 2 ,66 13.84 23.61 22.95 12.37 3844
16 c 7,85 2,36 55 = 55 15 = 37 22.93 25,56 8 .6 7 3668
l?b 8,90 2,62 55=16 15.35 26,72 20.64 12.68 3937
I8a 10,08 3 = 58 5 2 .2 2 15.39 25.15 20.48 - 13.64 4038
19a 9,93 3 = 74 53,20 15 = 46 25.33 19.12 13 = 99 4050
20b 9,10 3 = 04 54.90 14.37 25»44 22.22 10.74 3829
21° 8,23 2,40 55,27 12.19 23.73 2 7 .21 6.88 3537
22a 9,98 3 = 40 53 = 91 1 5 .5 2 2 6 .8 6 17.58 15.13 4l4l
23° 6,30 2,41 59,97 13 = 42 23.50 2 7.ll 4.20 3572
24b 8,73 2 ,5 2 53,32 13.48 2 7 .0 1 23.37 12.06 3796

^-Steers on 80^ alfalfa hay and 20% milo stover,
^Steers on 60% ‘alfalfa hay and kOfo milo stover,
°Steers on k0% alfalfa hay and 60% milo stover.



Table l6„ Proximate analysis and gross energy of feces on ground alfalfa hay and
ground barley straw ration. All analysis on a dry matter basis.

Phase III

Steer
No,

C.P,
%

E.E.
%

C.P.
%-

L.
*

c. Ash
%

N.P.E.
%

G.E.
cal/gi

13c 8,0? 2 .0 7 5 2 .3 4 13.85 3 0 .0 3 15.15 22.37 4149
l4t> 8,81 . 2.28 51.84 13.26 3 0 .1 9 1 5 .9 3 21.14 . 4155
15a 9.46 2.75 52.55 15.12 3 1 .50 14.13 21.11 4300
l6a 9-59 2.77 5 2 .58 15.14 32 .20 13.82 21.24 4332
l?b 8.41 2.33 52.81 14.25 30.92 14.94 2 1 .51 4229
18° 8.06 1.37 52.30 13.85 31.22 14.57 2 3 .70 4152
19b 8 .7 6 1.86 53.30 14.36 31 .37 1 4 ,76 21 .32 4223
20° 8.38 1.62 49.88 13.66 2 9 .50 1 6 ,6 9 23.43 4082
21a 10.14 2.32 49.87 15.06 31.09 14.00 23.67 4285
22a 9-92 2 .3 2 5 2 .5 1 14,85 29.84 13.90 21.35 4329
23b 9-37 ' 1.77 5 1 .68 14.44 33.11 13.53 23.65 4338
24° 8 .8 3 1.58 5 1 .0 0 12 .72 32 .07 16.48 22.11 4107

aSteers on 80% alfalfa hay and 20% barley straw,
^Steers on 65% alfalfa hay and 35$ barley straw,
°Steers on 50% alfalfa hay and 50% barley straw.
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Table 17° Peed consumed and feces excreted during the seven 

day digestion trial for Phase I and Phase II,
All values on a dry matter basis,

Steer
No, Alfalfa Hay

Gms° Fed
Milo Stover

Gmso
Excreted

Phase I
13 59,823 25,39314 52,772 22,509
15 53,840 23,176
16 53,840 22,647
17 47 9 004 20,414
18. 47,858 19,715
19 53,413 22,33920 53,840 22,413
21 59,823 25,49922 47,858 20,128
23 65,805 27,45924 65,805 28,740

Phase II
13° 15,454 23,367 19,528
l4a 38,042 9,587 22,197
15^ 24,964 16,776 21 ,1 9 1
1 6® 15,293 23,128 19,979
I7b 22,863. 15,364 17,638
18a 33,286 8,389 1 8 ,5 6 6
19g 38,041 9,586 21,468
20 20,833 14,003 15,614
21° 12,609 19,066 16,77922a 33,286 8,387 18,25523° 14,117 21,343 17,51824b 31,987 21,493 ' 2 8 ,4 5 6

aSteers on 80$ alfalfa hay and 20$ milo stover, 
^Steers on-60$ alfalfa hay and 40$ milo stover.
°Steers on 40$ alfalfa hay and 60$ milo stover.
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Table 18„ Feed consumed and feces excreted during the seven 

day digestion trial for Phase III* All values on 
a dry matter basis*

Steer
No*

. Gms * Fed Gms*
■ ExcretedAlfalfa Hay . Barley Straw

13° 159248 16,436 14,297
I4b 25,207 13,730 18,237
15a 47,729 1 2 ,0 7 1 2 6 ,1 6 1
l6a 47,559 12,027 25,845
17b 21,329 11,619 14,627
18 6 13,424 13,579 12,283
19b 27,146 14,786 18,035
20° 13,424 13,579 11,667
2la 37,758 9,548 21,478
22a 38,013 9,613 20,642
23b 31,024 16,899 21,948
24° 16,407 16,598 16,434

aSteers on 80% alfalfa hay and 20% barley straw* 
^Steers on 65% alfalfa hay and 35$ barley straw*
°Steers on 50$ alfalfa hay and 50$ barley straw*
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