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Abstract:

Four feeding trials were conducted with finishing steers to evaluate the effect of ration calcium level on
feedlot performance, free-choice, high-calcium mineral consumption, fecal alkalinity, fecal pH, fecal
starch content, and carcass merit. In trial I, 64 head of 324 kg. Simmental cross-bred steers were fed a
92% ground barley-8% roughage finishing ration ad libitum for 119 days. The steers were allotted to
four treatments which consisted of the following: 1) .3% calcium in the ration, 2) .3% calcium in the
ration + free-choice mineral, 3) .6% calcium in the ration, and 4) .6% calcium in the ration +
free-choice mineral. Daily gain, feed per gain, daily ration intake, free-choice mineral consumption,
fecal pH, fecal alkalinity, fecal starch content, and carcass merit were not found to be significantly
different (P > .05) among treatments. Fecal starch was found not to be correlated (P > .05) with fecal
pH. In trial II, 48 head of 275 kg. cross-bred steers were fed an 85% ground barley and wheat, 15%
roughage finishing ration for 192 days. The steers were allotted to four treatments which consisted of
the following: 1) .15% calcium, 2) .3% calcium, 3) .6% calcium, 4) .9% calcium in the ration dry
matter. Among the four treatments there was no significant (P > .05) difference found in daily gain,
feed per gain, daily feed intake, or fecal starch content. Fecal pH for steers fed treatment 4 (6.7) was
greater (P < .01) than for cattle fed treatments 1 (6.1) and 2 (6.2). Fecal starch was found to be
negatively correlated (r =-.38; P <.01) with fecal pH. Regression analysis indicated that 38% of the
variation of fecal pH was due to a treatment effect. Quality grade for cattle fed treatment 4 was lower
(11.5 vs. 12.5 and 12.4) than for cattle fed treatments 1 (P <.01) and 3 ('P <.05). Also cattle fed
treatment 4 had a lower marbling score (P < .01) than did cattle fed treatment 3. In trial III, 40 head of
235 kg. cross-bred steers were fed a high-roughage, low-grain growing ration for 56 days. The
roughage was fed ad libitum and the grain mix intake limited to 1.0% of the steers’ body weight per
day. The steers were allotted to one of four treatments which consisted of the following: 1) .24%
calcium, 2) .6% calcium, 3) 1.0% calcium, and 4) 1.9% calcium in the ration dry matter. Average daily
gain, feed per gain, and daily ration intake were not found to be significantly affected (P > .05) by the
four treatments. In trial IV, the steers used in trial III were fed an 85% ground barley and wheat, 15%
roughage finishing ration for 178 days. The same ration calcium level treatments fed in trial IT were
used in trial IV. Neither of the four treatments were found to significantly (P > .05) improve daily gain,
feed per gain, daily ration intake and carcass merit, or reduce fecal starch content. Steers fed treatment
4 did have a higher (P <.05) fecal pH (6.6 vs. 6.2) than did steers fed treatment 1. Regression analysis
indicated that 24% of the variation in fecal pH (P <.01) was due to a treatment effect.



STATEMENT OF PERMISSION TO COPY

In presenting this.thesis in partial fulfillment of the require-
ments fo; an advanced degree'at Montana State University, I agree that
the Library éhall make it freely available.for inspection. I fur£her
agree that permission for extensive copying of this thesis for
scholarly purposes may be granted by my majof professor, 6r, in his
absence, by the Director of Libraries. It is understood that any
copying or publicétion»of this thesis-for financial gain shal; not be

allowed without my written permission.

. Date /Q/Ag/g/




CALCIUM LEVELS IN FINISHING CATTLE RATIONS
by

RANDALL KEITH DEW

A thesis submitted in partial fulfillment
' ‘of the requirements for the degree

of
MASTER OF SCTENCE
in -

Animal Science

Approved:

@%Mﬁm/ﬁ

Chairperson, Graduate Committee

Gt NS

Head, Major Department

Graduate Dean ’

MONTANA STATE UNIVERSITY
Bozeman, Montana

December, 1981




iii
ACKNOWLEDGEMENTS

I would like to express my sihcgre graditude to my major
professor, Dr. 0. O. Thémas, for his patience and”invalhable :
guidance throughout my'graduate;program in the organization and
implementation of the experiments and his suggestions in the prépara-l
tion of this thesis. My graditude also goes out to Dr. B. R. Moss
for his suggestions and time taken in proofreading, and to Dr.'i. L.
Jackson, Dr. R. E. Lund and Mr. Ray Aﬁsotegui for their helpful °
ideas and comments. I would also like to thank Mr. Ron Thofsqn for
his assistance with.my data and in using the computer.

-The lab analysis portion of this thgsis would not have Eeen
possible without tﬁe suggestions and encouragement of Dr. N. J. Roth
and Gayle Watts. I élso owe my thanks to Bob Richard and his staff
for their mahagement of and aséistanée with the trials.

My thanks also goeé out to Evelyn Richard for typing the
‘manuscript and to Anne Angerméyer fér her expértisé in handling
samplqs.‘ |

Finally, I owe my individual’and'Speéial thanksvto my wife
Nancy and my parents Kei;h E.énd Dorthy VT Dew for their encouragement,
support, and guidance; Wiﬁhout which ﬁo graduate program Woul& have

been attempted.




TABLE OF CONTENTS

Chapter - S Page
B = - O T &
Acknowledgements . + + 4+ ¢ + ¢« ¢ « ¢ 4 s e e e o o = iii
Table of ContentsS. « v & + ¢ & & o o o o o o o o o .0 iv
List of Tables « « « « + o « o ¢ o o o « o o o « o« o - Vi
ABSETACE & v ¢ v ¢ v e e e e e e e e e e e e e ix

1 INTRODUCTION . ¢ ¢ ¢ & & ¢ o o ¢ o o o s o o o o o o . 1
2 REVIEW OF LITERATURE .+ &+ « v & 4 « o o o o o o « « & 5
Degradation of Starch in the Digestive Tract . . . 5
Ruminal Degradation of Starch. . « « « « o « .« . 5
Small Intestinal Digestion of Starch . e 7
Large Intestinal Digestion of Starch . . . . 9
Carbohydrase Activity and Development in the
Young Ruminant. . . . . . e s e e e 11
Cereal Grain Starch in Ruminant Rations e e e e e 12
Site and Extent of Starch Digestion in the
Ruminant Digestive Tract . . . . e e e 14
The Influence of the Grain to Roughage Ratio . . 15
The Influence of the Level of Ration Intake. . . 18
The Influence of Grain Processing. . . . . 21
The Influence of the Type of Cereal Grain Fed. . 23
Digestive Irregularities and High Grain Diets. . . 26
Reticulorumen pH . . « . « « « .+ & . e e e 26
Reticulorumen Buffer Systems . . . . s e o 27
Reticulorumen Acidity and Volatile Fatty
Acid Production . . . . . . . . ~29
Acidity in the Lower Gastro—intestinal Tract . . 34
Impaired Saliva Production . . . . . . e« .37
Increased Rate of Passage With Finishing Rations 40
Impaired Activity of Pancreatic Alpha Amylase . 44
Exogenous Buffers in Ruminant Rations. . . . 50
The Relationship Between Fecal pH and Fecal Starch 52
Limestone in Ruminant Rations. . . . . « +%. «.0 & 53
The Influence of Limestone Characteristics . . . . 56
Calcium Levels in Beef Cattle Rations. . . . . . . 61
3 EXPERTMENTAL PROCEDURE A T 65
General. . . . . e i e e e e e e e e e e e e e 65

Rations and Feeding. ot e e e e e e e e e e e e 66




Chapter

- Characterization
Feeal pH .- . .

Fecal Alkalinity .

Fecal Starch .
Carcass Data . .
Trial I. . . . .
Trial IT . . . .
Trial III. . .
Trial IV . . .

Statistical Analysis . . .

RESULTS. . . . . .

Chemical Analysis of Feedstuffs.
Estimation of Daily Ration

of Limestone.

Finishing Trial I. . . . .
Finishing Trial IT . . . .
Growing Trial III. . . . .
Finishing Trial IV . . . .

DISCUSSION . . . .

APPENDIX . . .

 LITERATURE ‘CITED .

e o »

. SUMMARY AND CONCLUSION . . .

Intake.

.

Page

67 .-

68
69
70
71
72
77

81 -

83
85

87
87
90

90
96

101

104

111
121
124

130




vi

LIST OF TABLES

Table : ) ) .
Number : ’ Page

1 Design of Trial 1 o v v v v v v e e e e e e e e e e 73
2 Specifications of Supplements for Trial T . .. . . . 75
3 Specification of Free Choice Mineral for Trial I. . . 76
4 Design of Trial IT. . . ¢« v v v & ¢ v o ¢ v o o o o« 78
5 Specification of .Supplements for Finishing Trial IT . - 80
6 Design of Trial IIT . . . . . . . « v . v o o v o o . 82
7 Design of Trial IV. . . . .+ ¢ & ¢ v v v v o o o o o @ 84
8 - Proximate Analysis, Calcium and Phosphorus Content

of the Feedstuffs Fed in All Four Calcium Trials

As Fed Basis. « ¢« v ¢ v oo v o o o o o o o0 e 0. 88
9 Particle ‘Size Distribution and Calcium.Content of

the Limestone Used in All Four Calcium Tyrials . . . 89
10 The Rate of Reactivity and Acid Consuming Capacity

at pH 3 and 6 of the Limestone Used as the Source - _

of Calcium in All Four Calcium Trials . . . . . . . 89
11 Average Daily Gain, Feed Per Gain and Daily Ration .

Intake for Cattle Fed in Finishing Trial I. . . . . . 91
12 Average Daily Calcium and Phosphorus Intake From

the Finishing Ration, With Fecal pH, Fecal

Alkalinity, and Fecal Starch Content - Trial I. . . 93
13 Caréass Data for Steers Fed in Finishing Trial I. . . 95
14 Average Daily Gain, Feed Per Gain, Daily Ration

Intake, and the Incidence of Founder for Cattle
Fed in Finishing Trial IT . . . e e e e e e e e 97




Table
Number

15

16

17

18

19

20

21

Appendix
Table .
Number

1

vii

Average Daily Calcium and Phosphorus Intake from
the Finishing Ration, With Fecal pH, and Fecal .
Starch Content -~ Trial IT . . . . . . o . .

Carcass Data for Steers Fed in Finishing Trial II .

Average Daily Gain, Feed Per Gain, and Feed Intake
Per Day = Trial III . . . ¢ ¢ & ¢ v o o « o o »

Average Daily Calcium and Phosphorus Intake From
the Growing Ration - Trial IIT. . . . . . . . .

Average Daily Gain, Feed Per‘Gain; Daily Ration
Intake, and the Incidence of Founder for Cattle
Fed in Finishing -Trial IV . . . .

Average Daily Calcium and Phosphorus Intake From

. the Finishing Ration Along with Fecal pH and
Fecal Starch Content -~ Trial IV . .

Carcass Data for Steers Fed in‘Finishing Trial IV .

Analysis of Variance for Fecal'Starch Content,
Finishing Trial T . . . ¢ ¢ v ¢ ¢ v ¢« v o « s o &

Analysis of Variance for Fecal Alkalinity, Finishing
Trial T o o ¢ ¢ @ v 6 4 ¢ o o o o o ¢ ¢ o o o o

Analysis of Variance for High-Calcium, Free-Choice
- Mineral Consumption, Finishing Trial I. . . . .

Analysis of Variance for Fecal pH, Finishing Trial II

Analysis of Variance.for Quality Grade, Finlshing
Trial TI. « . & o 00 v v o v v v . e e

Page
100
102
103

105

106

108

110

126
126

126

127

127




Appendix
Table
Number

6

10

Analysis of
Finishing

Analysis of
Finishing

Analysis of
Trial IV.

Analysis of
Finishing

Analysis of
Trial IV.

viii

Variance for Dressing Percentage,
Trial II. . . . . .

Variance for Marbling Score,
Trial TI. . . . ¢ « ¢ o o o & . .

Variance for Fecal pH, Finishing

Variance for Fecal Starch Content,
Trial IV. . . . . . .

Variance for Carcass Weight, Finishing

Page
127
128
12"8

128

129




ix
ABSTRACT'

Four feeding trials were conducted with finishing steers to evalu-
ate the 2ffect of ration calcium level on feedlot performance, free—
choice, high-calcium mineral consumption, fecal alkalinity, fecal pH,
fecal starch content, and carcass merit. In trial I, 64 head of 324 kg.
Simmental cross-bred steexs were fed a 92% ground barley-8% roughage '
finishing ration ad libitum for 119 days. The steers were allotted to
four treatments which consisted of the following: 1) .3% calcium in
the ration, 2) .37 calcium in the ration + free-choice mineral, 3) .6%
calcium in the ration, and 4) .67 calcium in the ration + free-choice
mineral. Daily gain, feed per gain, daily ration intake, free-choice
mineral consumption, fecal pH, fecal alkalinity, fecal starch content,
and carcass mérit were not found to be significantly different (P > .05)
among treatments. Fecal starch was found not to be correlated (P > .05)
with fecal pH. In trial II, 48 head of 275 kg. cross-bred steers were
fed an 85% ground barley and wheat, 15% roughage finishing ration for
192" days. The steers were allotted to four treatments which consisted
of the following: 1) .15% calcium, 2) .3% calcium, 3) .6% calcium, 4)-
.9% calcium in the ratioh dry matter. Among the four treatments there
was no significant (P > .05) difference found in daily gain, feed per
gain, daily feed intake, or fecal starch content. Fecal pH for steers
fed treatment 4 (6.7) was greater (P < .01) than for cattle fed treat-
ments 1 (6.1) and 2 (6.2). Fecal starch was found to be negatively
correlated (r = -.38; P < .0l1) with fecal pH. Regression analysis
indicated that 387 of the variation of fecal pH was due to a treatment
effect. Quality grade for cattle fed treatment 4 was lower (11.5 vs.
12.5 and 12.4) than for cattle fed treatments 1 (P < .01l) and 3 (P <
.05). Also cattle fed treatment 4 had a lower marbling score (P < .01)
than did cattle fed treatment 3. In trial IITI, 40 head of 235 kg.
cross-bred steers were fed a high-roughage, low-grain growing ration for
56 days. The roughage was fed ad libitum and the grain mix intake
limited to 1.0% of the steers' body weight per day. The steers were
allotted to one of four treatments which consisted of the following:

1) .24% calcium, 2) .6% calcium, 3) 1.0% calcium, and 4) 1.9%Z calcium
in the ration dry matter. Average daily gain, feed per gain, and daily
ration intake were not found to be significantly affected (P > .05) by
the four treatments. 1In trial IV, the steers used in trial III were fed
an 85% ground barley and wheat, 157 roughage finishing ration for 178
days. The same ration calcium level treatments fed in trial II were
used in trial IV. Neither of the four treatments were found to
significantly (P > .05) improve daily gain, feed per gain, daily ration
intake and carcass merit, or reduce fecal starch content. Steers.fed
treatment 4 did have a higher (P < .05) fecal pH . (6.6 vs. 6.2) than

did steers fed treatment 1. Regression analysis indicated that 24%

of the variation in fecal pH (P < .0l1) was due to a treatment effect.




Chapter 1
INTRODUCTION

The existence of the beef indﬁstry'as it is known today is
threatened by such factors as rising feed costs,-interest fates,
labor costs and reduced consumer demand with increased competition
of meat from other.species. The challengé facing the beef iﬁduétry'
was expressed by Dr. wﬁ T. Berry, Jr., executive vice president of
the National Cattlemen's Association, who said' in 1981, '"Beef
producers have lost their market to tﬁe tune of 20 percent since
1974, beef consumption in this country has dropped from 96 1b. per
person to 78 1lb. of beef at the retail level. We are in a protein
battle and are being out produced, out ﬁrocessed and out merchandised

' The search for ways to

by protein products with a lower pricé.’
incrgase economy and efficiency in all phases of beef production must
be intensified in response to the various economic pressures being
placed:on the industry. |

The cattle feeder; in particular, is one component of the.beef
industry whose livelihood is threatened By these economic pressures.
Many advancements have'been made over the years in maximizing
production and improving the efficiency of feeding cattle for slaughter.
The most 6bvious improvemeﬁt has been a shift from high~roughage, low

i . N .

energy diets to more energy—dense rations consisting primarily of

cereal grains-and a limited amount of roughage. The more energy-dense
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cereal-grain based diets (comprised of at least 80 percent cereal
grain) would allow a faster and more economical'gain versus grass
or high roughage fattened cattle. As recently as 30 to 35 years ago,
a typical cattle finishing rétion would‘have.consisted of only 40 to
50 percent grain aﬁd 50 to 60 percent roughage.

As £he feeding of high grain diets became a more common practice,
researchers noted that expected rates and efficiencies of production
were not always realized (Noller, 1978). 1In fact, ration digestibil-
ity was found to decrease 10 perceﬁt or more when high-grain, low-
roughage diets have peen fed ad libitum to ruminants (Wheeler et al.,
1975).

Seve?al digestive disorders inherent with the feéding of high;
grain diets are thought to be the major cause of reduced ration
digestibility and animal performance. The primary physiological
anomaly associated with high—gréin diets is the prevalence of acidic
conditions throughout the diéestive tract of ruminants consuming diets
high in readily soluble carbohydrates such as starch. Exogenous
buffers have long been used in ruminant nutrition in an effort to
combat this acidity and return the pH of the digestive tract to a
level conducive for thimum nutrient utilization (Wheeler, 1980a).

Until recehtl&, the focus of attention in the use of bufferg
has been in the control of pH in the ?eticulorumen with little

concern for the pH environment of the small intestine. However,
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recent research has provided evidence that elevating levels of
calcium in ruminant rations using limestoné& (calcium carbénate)
results in a higher pH in the small .intestine, and imprpved per-
formance and raéion digestibility (Wheeler and Noller, 1977). This
.increase in small intestinal pH was accompanied by a ;eduction in
the amount of starch appearing in tHe feces. 1In addition, the pH of
the.small intestine was foundAto be reflected in.the pH of the feces.
Researchers have-theorized that acidic conditions prevalent in
the small intestine hamber the action of ghé enzyme alpha amylase on
%umen—bypassed:stareh. Thérefore, theoretically, ration digestibility
and animal performance should be improved by the use of an' exogenous
buffer such as limestone which is knd&ﬁ to be an effective small
intestinal buffer. -
In an effort to further define the effects of increased palcium
levels in finishing cattle rations, four feeding trials were conducted
with the following objectives under consideration:
1. Determine whether or not finishing cattle would exhibit
improved performance and carcass merit if fed a level
of calcium above that recommended by the National
Research Council.

2. Determine whether or not ration calcium levels and )
calcium to phosphorus ratios less than those recommended
by the National Research Council affect feedlot per-
formance. :

3. Determine whether or not increased calcium intake would

affect fecal pH, fecal alkalinity, and the amount of
starch .in the fecal dry matter, and whether or not these




4

varidbles were related to feedlot performance or
each other.

4. Determine whether or not ration calcium level would
influence the daily intake of a free-choice, high-

calcium (21 percent calcium and 7 percent phosphorus)
mineral mix.

The subject of this thesis.encompasses the results of those
four feeding trials in light of the preceding objéctives.

The review 6f literature will deal with the characteristics of
high-grain, low-roughage diets fed to rumiﬁants and fhe.various
digestive disorders. associated with their consumption.. The primary
disorder to be considered is the reduction of pH throughout the
entire ruminant digestive tract and the effect on ration starch
digestion. The sites of starch digestioﬁ in the ruminant digestive
tract will also be discussed. The review will conclude &itﬁ various
citings of the use of limestone as a lower tracf buffer and calcium

levels in ruminant rations.




Chapter 2

REVIEW OF LITERATURE -

Degradation of Starch in the Digestive Tract

Ingested starch is catabolized primarily in the rumen utilizing
hydrolytic enzymes produced by micro-organisms, or will be degraded -
in the small intestine via enzymes secreted in pancreatic fluid in

the small intestine, Keller, gg:gl, (1958).

Ruminal Degradation of Starch

In the rumen, starch is considered to be rapidly digested (Hungate,’
1966). Rumen micro-organisms produce alpha amylase, an enzyme that
will attack the interior of starch molecules. The end result will be
the production of maltose; dextrins, and oligosaccharides (French,
1973). Since glucose is not formed directly from the action of ‘this
alpha amylase, micro-organisms must also produce maltase and dextrinase
enzymes to yieid glucose.

Bacteria will provide the principal means whereby starch is
degraded to glucose, and-glucose in furn fermented to steém—volatile

organic acids and lactic acid. The bacteria species of Streptococcus .

bovis, Bacteroides amylophilus, Bacteroides ruminicola, Succinimonas

amylolytica and Selenomonas ruminantium are known to include many.

starch digesting strains (Hungate, 1966). The Streptococcus bovis

strain has been identified as producing an alpha amylase as well as




sucrose phosphofylase,'isomaltase, and lactic dehydrogenése. The

Bacteroides amylophilus strain is capable only of attacking starch

and not glucose. The Succinimonas amvlolyticé strain, like the-

Bacteroides amylophilus .strain, is unable to ferment glucose, but

\

can act on hydroiysis produc;s of starch (Hungate, i966).

A large portion of .the glucose formed in the rumen is fermented
via the Embden - Meyerhof glycolytic pathway to éteam volatile
organic acids, primafily écetic, propionic, and butyric (Baldwin, :
1965). Acids produced in smaller quantities include formic, |
isobutyri;, 2-methylbutyric, valeric and isovaleric (Church, 1969).
Theée acids are then absorbed through the rumen wall inté the portal
blood and utilized aé an enérgy or glucose source by the ruminant
(Blaxter, 1962). Vetter and.Stifel (1971) found significant levels

of fructose-l-phosphate, fructose~1;6—diphosphate aldolases,
hexokinasejglucokinase, frucfose—l,6—diphésphatase, pyruvate kinase
and glucosé—6—phosphate dehydrogenase in the rumen of corn fed steers.

Protozoa to a lesser extent will aigest ration starch. The
Entodinium species has been found to be the predominanf protozoa
in gréin fed ruminants (Hungate, 1966). Mould and Thomas (1958)
found that protozoa will synthesize stafch in the form of amylopectin.
The workers also detérmined the presence of alpha amylase, maltase,

. and amylo—1;6;glﬁc031dase in prbtazoa cell extracts taken from.-

sheep. Heald (1951), in studies with éheep, determined an




7

insignificant amount (5.to-6 g//24 hr.) of glucose was presented to the
small intestine from protozoa. However, it should be noted the sheep
in this trial were on all chopped hay'diets with no grain; Weller

and Gray (1954) also concluded that protozoa make insignificant
contributions of glucose to the small.intestine. 'HungateA(1966)

stated that éhe protoéoa will meet. about one percent of thé daily

carbohydrate'requirehents of the host.

Small Intestinal Digestion of Starch

The means by which:starch is degraded in the small intestine to
glucose appears to be quite similar between the ruminant and mono-
gastric animals. 1In both species.the pancreas will secrete an
aqueous and an organic phaée of fluid inﬁo the duodenum by the common
bile duct (Hill, 1970). However, it appears that in-addition to
the common bilé duét, ruminants also posséss a major duct from the
pancreas to the duodenum, thereby providing two routes for pancreatic
secretioﬁs to fhe,small intestine (Wass, 1965).

- The aqueous phase is high in sodium‘bicarbonate and will érovide
the major means of buffering the smail intestine‘from aéids produced
in the ruﬁen and the ébomasum. The organic bhase will ‘contain the
enzymes and zymogeps.responsible for digestion such as: trypsinogen,
chymotrypsinogen, procarboxypeptidase A and B, and carboxypeptidase

B; nucleolytic enzymes such as ribonuclease and deoxyribonuclease;
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lipolytic andAamylolytic enzymes. The amylo;ytic eﬁzyﬁes such as
alpha amylase will comprise less than two percent of the enzymes
present in:the_papcreatic secretions. - This is considered extremely
low compared to the concentration of amylolytic enzymes present in
the pancreatic fluid of man (Keller et al., 1958).

Pancreatic alpha émylase catalyzes the hydrolysis of the alpha
1-4 linkages in the interior of the starch polymers presented to Ehe
small intestine. The products of this hydrolysis will be maltose,
maltotriose and alpha limit dextrans (since ﬁost of the ingested
starch is amylopectin). The ﬁajority of amylase écitivity takes
place in’the intestinal lumen (Gray, 1970). Dextrinase and maltase
enzymes will theg‘catalyze the‘hydrolysis of the maltose, maltotriose
and alpha limit dextrans to glucose (Siddons, 1968). Most likely
this hydrolysis takes'place within thé‘intestinal columnar cells
(Gray, 1970). 1In the presence of .adenosine triphosphate (A.T.P.)
and hexokinase, glucosg is phosphorylated and activeiy transported
across tﬁe cgll membrane (Hele, 1950; Gray, 1970);

In the monogastfic‘animal the absorption of glucose beéins in
the duodenum and is completed in the proximal 100 cm. of the jejunum
(Borgétrom_gg_gi., 1957). 'Hembry Eé.él- (1967) in studies with mature
sheep found phat'the greatest amount of glucose uptake occurred in the
jejunum.u These workers also noted that ‘amylase was the second most

abundant carbohydrase- enzyme in the small intestine next to maltase;
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and concluded that since maltase was plentiful, complete hydrolysis 6f'
starch is more dependent on amylase écidivity. Absorption.bf-glucose
from the colon was found to be extremely low.

Boréstfom_gg_gl. (1957), in intestinal intubation studies with
humans, found a wide variation in the.concentrétion of enzymes over
the length of the intestine. Hembry et al. (1967), in studies with
shegp, found the mucosa of the jejunum contaiﬁed the greatest amount -

of all enzymes with the duodenum containing the least.

Large Intestinal Digestion of Starch

Significant amounts of starch escape ruﬁen fermentation and are
digested -in the large intestine. However, Waldo (1973) indicated
that the caﬁacity of fhe large intestine to digest starch is not well
defined.

Karr g;_§£. (1966) suggésted that on high concentrate diets more
starch may reach thé small intestine of cattle than is able to be
- utilized. In their stﬁdy, total tract diéestion of starch ranged
from 97.7 to 98.8 percent, indicating the éarbohydrates passing the
small intestine undigested were digested qqite well in the iarge

intestine. It'was also noted 4.3 g/kg b.w. 3/4

of starch was pre-
sented in the large intestine, 83 percent of which was digested in

this regidn of’ the gut.‘ With increasing levels of starch in the

ration, post-ruminal digestion of starch remained high, but increasing
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amounts were'digested in the large intestine. McNeill et al. (1971),
in trials with various forms of sorghum grain, found an average of 6.5
g/kg. b.w.3/4. of starch was presented to the large intesting of 370 Eg.
Angus steers, of which 88 percent was digested.

The mode of starch digestion in the large intestine is primarily
that of fermentation by anaerobic'micro—organisms, with the subsequent
production of steam volatile organié acids such as acetic, propionic,
.and butyric. Theée acids are absorbed across the large intestinal
wall in the same manner as those produced in the rumen and utilized
as an eneréy source by the ruminant (Orskov et al.,1970). .

In cénsidering the economy of post-ruminal starch digestion,.
starch.degfaded via enzyme catalysis in tﬁe'small intestine with the
subsequent uptake of glucose will be more efficient than‘fﬁe fermenta-
tion of starch in the large intestine. Armstrong et al. (1960) infused
glucose iﬁto either the rumen or abomasum of sheep fed a basal ration
of dried grass. Rumen infused glucose was utilized with 54.5 percént
efficiency, with 42.3 kilocalories fat stored per 100 kilocalorieg
of giuﬁose administered. The abomasal infused glucose that bypassed
rumen fermentation was utilized with 71.5 percent efficiency with 61.6
kilocalories of fat stofed on the animal per 100 kilocalories of
glucose administered.

In addition to energy losses from heat, and gasses produced from

fermentation, microbial nitrogen synthesized would also be lost as no
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digestion. of microbes would take place beyond the large intestine.
In studies with sheep, Orskov et al. (1970) detérmined that 1.6 g. of
nitrogen was excreted in the feces,for‘every 106 g. of carbohydrate

fermented in the large intestine.

Carbohydrase Activity and Development in the Young Rumin;nt
| The young ruminant apparently has limited abilities fo degrade

'.starch in the small intestine due to limited amounts of‘amylase.and
maltase‘being produced. Dollar and Porfer (1957) gave oral solutiomns
of glucése, lactose, sucrose, maltose, dextrins, and soluble st;rch
to yoﬁng dairy calves. The workers found that during the first four
weeks of life the calves utilized.only glucose and lactose. At nine
weeks of éée the calves were-able to utilize maltose. The results of
this s#udy indicate,that in the young calf, amylase and maltase |
activity ié Qery low, and lactase aétivity very high; Huber et al.
(1961), using calves 22 to 600 days old, introduced slurries of
"glucose, lactose, méltose, sucrose, amylose, amylopectin, flojel
(aéid treéteﬁ_sparch), and tapioca sta?ch orallyt Stargh; maltose,
and sucrose were poorly utilized in contrast to glucose and lactose
that were well utilized in the small intesfine. Lactose ﬁtilization
decreased markedly with age. Maltase levels increased up to 6 to

8 weeks of age. Blood sugar responses to treétment were twice as
great at 6 to 8 weeks of age than at 2 to 4 weeks of age. Walker

(1959) found little amylase activity and no sucrase activity in
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" young 1ambs.‘ However, amylase'activity was found to increase with
. age.

Hgnschgl_ggngl. (1963) gave.lo g. each of several cérbohydrate
freatmeﬁts to 4 to 6 month old calves. - The carbohydrates administered
were: raw wheat starch, maltose, lactose, sucfose apd glucoée. Only
two percent and 14 percent of the glucose énd lactose respectively. ..
were recovered at the proximal end of‘re~entrant intestinal cannulas.
As much as 60 perceﬁt of the raw wheat stérch and 62 percent of the
sucrose were recovered. With the éddition of.amyloglucosidasé to the
starch treatmenté, only seven percent of the raw wheét starch was

_recovered. ‘Larsen et al. (1956) also found a limited ability of calves
to utilize.corn starch post—ruminaily and noted very 1imit§d amylaég
acti%ity in this.area.- Siddons (1968) noted that in‘young calves
aﬁylase activity increased with age and ;éached a maximum at 101.days
of age. Maltase activify was found-té Be indepeﬁdent of age’aﬁd quite

similar between the adult and calf.

Cereal Grain Starch in Ruminant Rations

'Ihe primary cereal grains fed to ruﬁinangs'in the United Statés
are: ' corn, barley,'sqrghum,.wheat,_ana oats. Starch présént in
each cereal grain e%preséed as a'percentage of dry matter is as
follows: corn, dent, yellow, all énalysis, 71.3 percent; barle&,
all anélysis, 63 pefcent;,sorghum, all analysié, 70 percent; Wheét,

all analysis, 63 percent; oats, all analysis, 50 percent. Corn and
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sorghum account for about 80 percent‘of the starch from cbncenfrates '
fed to ruminants with slightly more than 35 million metric tons. of
starch consumed by domestic animals in thé United States in 1970
(Waldo, 1973). Eighty-three percent of this starch was consumed by -
cattlé on feed (34 fercent) and milk cows (29 percent).

In ﬁlants, stérch exists as granules in cells known as plastids
(Banks and Greenwood, 1975). Frénch (1973) describedhthese discrete
water insolubie starch particles or granules as being from 1 um to
well over 100 uym in diameter. Gray (1970) indicated that starch
existed in.these granuleg in two molecular forms, that of amylose and
amylopectin. Approximately 20 percent of cereal grain starch is
amylose and 80 percent amylopectin. Amylose is a homogenuous, poly-
merized mplecule consisting of D-glucose units linked via alpha 1-4

glycosidic bonds (French, 1973). Each molecule will be comprised of

.approximately 1000 D-glucose residues and prefers a coiled helix

confirmation with 6 glucose residues per turn (Everett and Foster,

- 1959; Metzler, 1972). Amylopectin is a highly branched molecule

consisting of 1000 to 500,000 D-glucose residues. Amylopectin is
similar to amylose in that the vast majority of the glucose residues
are linked to each other via alpha 1—4 bonds. However,‘in amylopectin
branch points or chains will occur linked by alpha 1—6‘glycosidic
bonds; These chains will occur every 25 to 30 glucose'units, and

consist of 20 to 25 glucose molecules. The alpha 1-6 linkages will
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coﬁprise'ﬁp to 4 to 5 percenf qf the-tofal 1inkages‘p¥esent in -
amylopectin (Qser, 1965).

The majority of ingested sta?ch.is férmentedAin the tuﬁén by
anaérobié micro—orgaﬁisms to steam volatile fatty.acids. Micfobial
fermentafion can also téke plaée in the ceacum and colon of the
lower gut. In eithér_case, these acids afé’absorbed through the
gut wall into the porﬁal blood'sﬁream and utilized in the liver as
an energy or carbon source (Baldwin, 1965). Propionic acid serves
as the principal source of glucose for the ruminant but acetic and
_butyrig are coﬁsidered ketogenic (Topps et al., 1968).

The means by which ration starch is utilized as an energy source
depgﬁds on where digestion takes place. Significant amounts of
Qtarch will also undergo enzymatic degradation to glucose in the
small intestine in a manner similar to that of the monogastric
animél. The end result is the uptake of glucose in the small _
intestine (McDonald, 1969).. In this digestién, the iﬁefficiencies of
fermentétion resulting from heat, carbon dioxide and methane pr;—

duction are not present (Armstrong et al., 1960).

Site and Extent of Starch Digestion in the Ruminant Digestive Tract

It has become increasingly apparent that the lower gut (small

iﬁtestine, ceacum and-colon) makes a significant contribution to the
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nutritidnal we;l being of-the'rumiﬂaﬁt (Noller, 1978). Henschel

et al. . (l9§3)-conciﬁded through st@diéé with yohng ééeers thgre“was
exfensive'carbohydratg digestibn océurriqg poét—ruminally due ?d
digeétive enzyme:aétiéﬁ and bacterial fermentation. McCullough
(IQJB) speculéfed th§t-the gain and feed effiéiency ad%antége‘of-
.whole corn versus flaked corn aiefs W;; due to aﬁ increased'ru@en‘by—
pass‘of Whole-éorn.to thé small intestines. Mcéullough’s speéula;ion
‘was based.uppn his review of several ekpéfiment station research tri-

1 » !

le, Poutiaihep et al. (1971) when feeding young steers a mixed
diet of baflgy and gq;ss hay &ersus grassjhay only, thought it
intereéting that 14 percent more of the ﬁixed diet was~digestéd in .
the ceacum, and résulted in a 12 pércent greater carcasé’weight' |
géin. |

| The site 6f éfaréh degradation‘in the gaséro—jntestinal tfact
'appears to be infiuencéq b& fouf factors. These factors a;é as
foilows:. 1) tﬂe level or proportion qf grain to rpughagé in'the

ration, 2) the level of intake; 3) the type ‘of grain processing and

4) the type of cereal grain fed.

The Influence of the .Grain to Roughage Ratio

In general, as the proportion of. grain to roughage in a ration -
increases greater quantities of starch escape rumen fermentation.

Zinn and Owens (1980a) fed a 40 percent hay, 60 percent rolled corn
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~diet to steers }itted with dual re-entrant cannulas in fhe.smail
intestine. The workers found 443 g. of starch escaping rumen

. fermentation from this diet. When fhé hay was reduced to 20 percent’
' 6f-the ration, and the corﬁ increased t; 80 percent, undigestéﬂ
starch ieéving'fhe abomésum more than doubled to 956 gfams.
Poutianeh gg_gl;.(1971) found.similér ¥esg1ts Qith young calves.
In this stﬁdy the amount of dry matter.escaping rumen fermentation
increased 14 pefcent_when 50 pefcent barley was‘ipclgded'in a
previousiy all dried hay diet. Macrae and Armstrong (1969) foﬁnd
th;t an increase.of.rolled barley ffom 33 to 66 percent in rations
fed sheep inéreased‘théxétarch'escapipg to-the proximal duodenum
froﬁ 17.5 to.26.5 grams per 24 hours. Topps et al. k1§68) fed
either all hayvor'hay plus 298.g. of sﬁarch‘to sheep iﬁ ordér ta

evaluate the influence of the presence of concentrate on digestible

!
i

. eﬁergy disappgarance in the gastro—intéstiﬁal tract. Theré was nine
percent lesé digestiﬁlé energ& digapﬁéa%ing in the reticulo}rumen,.
gmasum, and abomésu@, apd 16 percent ﬁoré digeétible energy diséppearu
iﬁgzin the sméil iﬁtestinein Fhe‘hay plus starch diet than the‘alll'
hay dief._ Tuc#er et al. (1968) found as much as 35 percent of |
dietary starch eécaﬁed rumen fermentation in féur wethers.fed diets
fahging from 20 to 86 éercent corn.' These workers notedlthat.bost—'
.rdminal digestioh af étarch.was very efficient with oﬁlyHZO to 26 g.'

of starch appearing in the feces regafdless of the level'of,corn in
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the diet. Karr et al. (19662A£ed yearling Angus steers rations
consisting éf 19‘to 35 percent Starch,'and found that 16 to 38
percent oflthe starch escaped rumen fermentation. It was noted in
this study that as starch intake inéreased digestibility decreased

in the sméll intestine, and increased in the large intestine. Tegter
et al. (1980) found that with 554 kg.. Angus steers fed whole corn no
roughage diets significant amounts of starch escapea rumen, and
post-ruminal -digestion, and appearéd in the feces. The amount of
undigested starch present in the feces was reduced 85 percent when 40
percent roughage'washadded to the ration in the form of cottonseed
hullé or alfalfa hay.

In contrast, other workers havé shown forage level in the ration
to have little effect on the extent of ruminal bypass of stgfch.
prpé et al. (1969) fed diets of inéreasing sFarch contenf to steers -
and found the amount of starch reaching the abomasum undigested
.varied little among diets. It should be noted that ration intake was
restricted in this study which has been shown té limit‘the bypasé of
starﬁh from the rumen (Wheeler et al. 1975)L Nicholson and Sutton -
(1969) fed diets with either 80:20 or.25:75 rafios of concentrate
to roughage to sheep. The diets.with the higﬁest préportion of
concentrate showed only é slight increase in the amount of undigested
starch reaching the duodenum. All but 5 to 11 percent of the starch

was fermented in the rumen. However, there is evidence rumen
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fermentation in sheep is more extensive than cattle (Armstrong and

Beever,'1969).

The Influence of the Level of Ration Intake

Although with high grain rations, substantial amounts of ration
starch escape rumen degradation, most of the quk cited in the
preceding section indicate tqtal tract starch digestion is complete
and efficient. Most of éhé previouél& cited studies report total
trac£ digestibilities of étarch at 90 to 100 percent, with little
or no loss of starch in .the feces (Waldo, 1973). However, Wheeler
(1980a)indicated'that‘the majority of these trials wére done with
animals‘fed at or neaf maintenance levels of‘ration intake. There-
fore, 1in many frials, stresses are not placed on the ruminant
similar to'those found when full feeding high concentrate rations.

Karr et al. (1966) noted that total tract digestion of ration

starchlwas from 97 to 99 percent regardless of the level of starch

in. the ration. In theée tfials, only 12 to 62 g. of starch appeared
in the feces. Tucker et al. (1968) noted total tract digestibility
of starch was from 94.5 to 98.4 percént. Orskov et al. (1969), in
trials conducted using different forms of corn or barley fed to
sheep, noted a mean of only one percent of ration starch gépearing in
the feces, and total tract digestion of starch from 99.2 to 99.3

percenﬁ. It should be noted that in one lamb, 25 percent of the
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dietary starch eécaﬁed rumen fermentation in this study.

Wheeler et al. (1975) fed ratioms df forage—concentrate ratios
of 75:25, 60:40, 45:55, and 30:70 to Holstein cows. When these
rétions were fed at maintenance'lgvelé of intake, stﬁrch digestibility

averaged 96.2 to 96.8 percent. Stérch appearihg‘in the ‘feces ét
this. level of intake was only 5 percent of the fecal éry magter.
When the ¥ations-weré fed at 2.3 to 3.2 times mainten;nce 1¢ve1'of
intake, starch digestibility decreased ané ranged from 84.7 to 88.1
percent. The percenfage of starch appearing in the feces increased
to 13.4 percen£ of the fecal dry matter. Wheeler et al. (1976) again
fed high concehtfate diets ad 1ibitum to lactating dairy cows and
noted that the percent of fecal starcﬂ ranged from 19.0 percent

for barley rafions up.to 40.0 pefcent for‘corn based diets. 1In
aﬁother study with crossbred steers fed ad libitum a high moisture
corn and silage ration, Wheeler and Noller (1976b) found the percent
of starch in the fecal dry matter as high as 32.4 percent.

Zinn and Oﬁeﬁs(l980a) fed a 20 percent roughage; 80 percent
rolleq corn diet to Angus stéers at two levels of intake. At an
intake of 1.5 percent of body weight/day, 338 g. of ration starch
was presenfed to the small infestine.' Increasing the intake to 2.0
percent of thé steers bodyweight/day increased the amount of starch
presented to the‘émali intestine to 956 g./déy. Watsdn_gg al. (1972b)

fed what were considered a low level (5.08 kg. dry matter/24 hr.) and
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a high level (8.6 kg..dry matter/24 hr.) of rolled barley ratiéns to
mature cows. In the low level diét,91.4 percent of the ration starch
'was digested before the duodenum, and 9.0 percent in the small
intestine. The workers indicafed an appfeciable amount of dietary
starch escaped rumen fermentation with the high level of intake,

75.8 percent of which was digested in thé small inééstine, 22.5
peréent fermented in the ceacum, énd.on;y 1.7 percent appeared in the

. feces, |

Orskov et al. (1969) found that when intake of rolled barley or
rolled barley plus grass Hay'diets was decreased from ad libitum to
70 pércent of gg_libitﬁm intake, the amount of starch escaping the
rumen undigésted dec?eased an average of 38 percent. Little'gg_él.
(1968) infused 200, 400, and 600 g. of starch into the abomasum of
steers twice daily in order to estimate the digestion of starch-in
high concentrate rations. The workers found that as the level of
ration starch increased the digestibility of starch in the small
intestine decreased, with greater quantities being recovered in
the posterior ileuﬁ and the feces.

Nicholson and Suttoﬁ (1969) fed .9, 1.7 and 2.3 multiples of
maintenance intake of high grain rations to sheep.' In this study,
all but 5 to 11 percent of the ration starch was fermented in the
rumen regardless of the level of intake. As ﬁéntioned earlier, this

may be due to the species used since rumen digestion in sheep is.
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. apparently more extepsive than in cattle (Armstrong and Beever, 1969).

The Influence of Grain Processing

Various metﬁods'of processing cereal grains_fqr 1iveétock has
continued to improve the palatibiliﬁy or the utiliza;ion of gréins.
There are at least eighteen different means of processing grain;
including'grinding, steam rolling, pelleting, flaking or dr&lrolliné
(Hale, '1973). | |

Grains that have dﬁdergone extensive proceésing will be digested
more th6r0ughly in the rumen (MéCullough, 1973). McNeill et al.
(1971) evaluated the digestibility of sorghum grain processed by
fer different methods. The‘sorghum grain was either dry ground,
steam flaked, reconstitﬁfed whole kernel and ground prior to feeding
or micronized. kuminal.starch digestion was-greategt for steam-
flaked sorghum and least for the dry ground form. |

Galyean et al. (1976) compared the digestibilities of fbur :
prbcessed forms of corn. Evaluated were dry rolled, stéam fiaked,
- ground ensiled high moisture corn, and acid-treated high moisture .
whole'corn.‘ The wotrkers found that the groﬁnd high moisture, and
steam flgked corn had greater total tract digestibility reflécting
greater degradation in the rumen. There was no differepce in the
digestibility of starch in the small. intestine among any of the

different methods of processing.
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Beever et él. (1970) fed'aiets of féur parts corn and one part
dried grass to sheép. The corn was either‘ground or steam flaked.
Sfarch digestion in the rumen was 95.6 percent for the steam-flaked
corn and only 77.7 percent for the ground corn. Whén the steam flaked
form wés fed, only .8 g./24 hr. of starch appegred in the feces.

Total tract digestibility of starch was still 99.6 ahd 99.9 ﬁercent
for the ground and steam flaked forms respectively, despite 22 pércent
of ﬁhe starch paséing the rumen undigested from the ground corn diet.
McCullough (1973) fed either flaked corn or whole corn to yearling
steers ;nd found rumén, small intestine, ceacum and colon and fotal
tract starch digestibiliEy of 91.1 percent, 7.9 percent, 0.9 percent,
and 97.6 percent for the flaked corn 5iet and 61.1 percent, 34.0
perceng, 2.5'percentfand 99.8 percent for the Qhole ;orn ration.

Macréé and Armétfoﬁg (1969) fdund thgt, in triélé with sheep,
more undigested whole bar}ey versus folied‘barley appeared in the
feces. drskov aﬁd Fraéef (1972) noted that rumen breakdown of
’ pelleted béfley was greater than whole.b;rley in sheep feeding trials.
Mééiéod'gg_gl, (1972), in studies Qith growing steers, found-that
when ﬁhole barley diets were fed, there was a 10 éercenf'reduction
in dry:matter and niﬁrdgen digestibility when compared to the
digestibility of rolled barley. Orskov et al. (1969) fed either
flaked corﬂ, grouﬁd corn, or Crackéd corn to sheep and founa that

undigested starch reaching the abomasum was twice as great for the .
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lanbs fed gfound or cracked corn as -for those fed thelflakedfcorn

* diets.

The ‘Infiluence of the Type of Cereal Grain Fed

Wa;dd-(1973j indicated-corn, sorghum, Whéat, oaté, and barley
‘as tHe most commonly used cereal-gréiné.‘ The location and extent of .
staréh digeséion'ﬁill‘aléo:&epend in part on the type of‘grain uSed.i.
iﬁ.tﬁe faﬁipn. | - |

‘ Kaj;ggﬁ§£. (1972) fed pelleted diets'pf eitheriwhole wheat,

whole corn, whole batley or whole oats to 100 to 490 ké. Holspéin '
‘éteersL Thé amo;nt.(g./day and percent of intake) of undigesféd
sparéh passing the ébomasgm was: 395 g. (17 fercent), 1008 g. (40
vpéfceﬁt); 398 g; (19'percent)'and 417 g. (27 percent) for the Qheét;
éorn, bafley ana oats digts'respgctiveiy; , | |

Béfiey is morele#tensiveiy dégfaded-iﬁ the'rumen than. is corn. ;
Wéfson gE:§£; (l972a5 féd rolled Sarley or grohﬁd and:pelleted cdrnito
matgrg cows.- The bariey'and corn rations_cqntainéd-an ave£agé‘of'
73.0 percent -and 74.5 bercent‘apparent digestible energy..‘fhe.
.perceﬁtage_of apparent digestible energy‘disappearing before'tﬁe
duodenﬁm; in the ;méll intestine and the céacum and colon was 65.0
pérceﬁt, 23.0 perééht and 13.6 percent, respectively fd? the bariey
_ration. CQrfésponding values for the corn diets were 54.4 percenﬁ;-

- 34.7 bercent and 12.0 percent. Orskov gﬁ_gl. (1971a) fed diets
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consisting of. rolled barley'and various prdtein levels to shegp
fitted with abomasal and ileal cannulas. The workgrs noted that even
when fed at near.gg“libitum intake, 93 percent of the Barley starch
was digested in the rumen. Orskov et al. (197lb)vspudied véfious
rumen chéfactgriétics associated with barley or corn diets féd.té
sheep. The rumen fermentation values for the barley and corn were 91.6
percent and 78.0 pe}cent, respectively. The amount of corn digested

in the small intestine varied from 2 to 37 percent of the ration

intake. When large quantities of starch escaped rumen fermentation,

1 !
1

: ; ‘
an average of 6 percent of ingested starch was fermented in the large

intestine, and up to 2.0.p¢réeﬁt apoeared in the feces. These

fermentation values are in cioée agreement with Waldo (1973), who

indicated barley, flakéd corn, steam'fiaked sorghum,lwheat and oat

starches weré abouﬁ 94 percent fe£mented in the Tumen. Groﬁnd.corn ,

starch was said to be about 74 percenf fe;mentéd in the ruﬁen;
Tyrreli et al. (1972) compared barley and corn fof efficienéy

of fattening 416 kg. yearling ﬁeifers. The workers found little

difference in. energy utilization between barley and' corn.- Metaboliz~-

" able energy for corn was used with 53.2 percent efficiency and for

barley 47.5 percent efficiency. It was noted that as intake increased
for both barley and corn, available metabolizable ‘energy decreaséd.'
Sorghum starch is said to be the cereal grain starch most

resistant to rumen digestion. The extent of rumen degradation will
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be influenced by endospefm types of sorghum. This factor is
.exemplified by the following endosperm types for sorghum and their
associated rumen fermentation values: corneous, 48 percent; normal,
18 percené; waxy, 75 befcent; and flou;y, 80 percent (Waldo, 1973).
McGinty and Riggs (1968) sfudied the digeétion co—efficienﬁs of'-f
eighf different varieties of soréhum grain When fed to steers. The
co-efficients of digestion ranged from 50.0 percent to 71.58 percent.
McNeill et al. (1971) fed dry;grquna, steam~flaked, reconstituted or
micronized forms of sorghum grain as-four treatments to Ang;s steers.
They found rumen fefmentation values varied’greatly accordiﬁg to type
of ﬁrocessing; These values were 42.25 percent, 66.28 percent,
82.23 percent, and 43.38 percent for the dry groﬁnd; steam flakéd,.
feconstituted and micronized forms, fespectiQely.A There.was no
difference noted in total tract digéstibility of starch. Holmes
EE.EL' (1970) fedusteamed or pressure steamed.sorghum grain to sheep
énd cattle. Both the steamed and pressufe steamed forms of the
sorghum'had rumen férmentation values of 90'§nd 95 percent reSpeétive—
ly and total tract digestibility of 97 percent.

The extent of ruminal starch digestion for wheat starch is
thought to be similar for barley. Oat starch is also thought éo be

readily attacked in the rumen (Waldb, 1973).
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Digestive Irregularities and High Grain Diets

Digestive irregularities are often associated with hiéh intakes
of high-grain, 1owjroughage rations.. These digestive,anoﬁalies
include: 1) the development of acidiclconditions in the reticuléruﬁen
small and large intestine, 2) a marked reduction in fhé production‘l
of alkaline, buffering saliva, 3) an accelerated rate of passage
through the digestive tract at high intakes, and 4) a possible
decrease in the activiéy of pancreatic alpha amylase resulting in
poor hydrolysis of undigested étérqh preseqted to thé small intesfine 
(Noller, 1978). Wheeler (1980a) indicated the major digestive_
anomaly is tﬁe development of acidic conditions in the digestive
tract. The’gcidiC'condition in combination with the other digestive
disorders caqsé aﬁ unfavoraBle environmen£ to exist in the gaétro—

intestinal tract for the optimum utilization of nutrients.

Réticuiorumeﬁ pH

The pH of fhe ?eticulorumen area is the result -of volatile
fatty acid (VFA) produgtion and absorption, level of feed'intake,
and saliva production (Wheeler, 1980a). Reticulorumen pH is
maintained within the PH 5.5 to 7.5 range. Values associated with
the lower end of this range (PH 6.0 and below) often agcompany
reduced feéd intake, reduced réticulorumen motility, and impaired
fermentative capabilities for the ruﬁen_micré—organisms (Trenkle,

1979). Protozoal populations are lost or greatly diminished as pH
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-drops.- Hungate (1966) found protozoa were unable to survive at oH
5.5; Reduced pH‘oonditions in the reticulorumen often preoede the -
the.produotion.of lactic acid (oKa 3.8) from increased numbers of
Sﬁreptococcus and Laotobacillﬁs organisms. The production of large
amounts of iactic acid ofaen results in suddon death syndrome or V

lactic acidosis in feedlot cattle (Uhart and Carroll, 1967).

Reticulorumen Buffer Systems -

The rﬁmihant must‘posséss a means of maintaining a pH environ-
ment conducive to.microbial growth because large amounts of volafile
fatty acids are produced which are found to yieid’pH values of
2,78t0 3.03. Three major‘systems the ruminant utilizes to buffer
this acidity include the following: 1) the exchangerf bicarbonate
across the rumen Wall,'2) toe blood buffer.system, and 3) the salivat&
buffer system (Bartley, 1975). o |

Kay and Hobson (1963) described the 1n1£1;1 step.of the bicar-
bonate axchange system in.the'reticolofumen as the diffusion of’
carbon dioxide (COz>racross the rumen wall! Carbonic anhydrase,
an enzyme abundant in animai tissue, would catalyzé the hyoration
of CO2 to carbomic acid‘(ﬁ co ) (Metzler, 1977). Caroonic acid is

weak acid and would dissociate into the bicarbonate (H003 ) and |
lhydrogen ion (H ) in the following manner:
| 'HCOB‘———H + HCO,".

2
~ The result of the dissociation of carbonic,aoid is the esfablishmentA
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of a conjugate acid-base system between carbonic acid and the
bicarbonate ion (Trenkle, 19795.

The blood buffering system is present in the plasm# and eryfhro—
cytes, and maintains blood pH at pH 7.4 despite the abso;ption of
substéntial amounts of volafile fatty'acidshfrbm the reticulorumen.
Erythrocytes suéh as hemoglobin make use of the bicarbonate buffer
system, and the imidazoiium groﬁp of the amiﬂo'écid histidine as
proton acceptors. Blood plasma willlmake usé éf.the phosphate buffer

system (HZPOA_ / HPO, = pKa 7.2) but obtains 75 percent of its

4
buffering capabilities from the bicarbonate system (Trenkle, 1979).
Kay - and Hobson- (1963) described the role of the salivary buffer
system as.beingaa first;iinedefense against acidity.in the reticulor-
umen from the pro&uction of érganic-;cids. McManus (1959) diverted
saliva from the reticﬁlqrumen of sheep and noted, VFA levels rose
from 60 to 115 molér équivalenfs / liter of rumen fluid. The pH
of the reticulorumen-eﬂviroﬁmept 'décreased'from 6.7 to 6.2
after thé saliv; was divertéd. When saliva was not diﬁérted; VFA
1eve1§ decfeased approximately 30 mblar equiva1ents and thé pH
increased slightly. Simiiar effects were shown in later work by
.Mcﬂanﬁs (1962) when' saliva wis prevented from enfering the reti-
cﬁlorumen of sheep Fhat were fitﬁed with esophageal cannulas.

Saliva is a mixture of secretions originating from the parotid,

submaxillary, bucéal, inferior mplar,'éublingual and labial glands
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(Trenkle, 1979).. Saliva is strongly alkaline with a PH of 8.1
because the-secretibné of the parotid inferior molar, and buccal
glands are strongly buffered with bicarbonate and'phosphéte (Bartley,
1975)._ The biéarbonate‘bﬁffer system is the primary ﬁeéns used in
saliva to buffer reticuiorumenvacidity. Saliva is most effective

as a buffer in the pH_range of pH 6 to 7 (Trenkle, 1975).

Reticulorumen Acidity and Volatile Fatty Acid Produétion

The volatile fatty acids are produced in the reticulorumen iﬁ
sufficient quantities to'providé 60 to 80 percent of the metabblizablé
énergy required by the ruminant (Tﬁorlacius and Lodge, 1973). . Organic
acids produced in such quantities would have a marked efféct-on
reticulorumen aciditj unless they are sufficiently absorbed or
neutralizéd (Trenkle, 1979). Briggs gg_g;; (1957), in“studies with
rumen fistulated sheep,'found'an inverse relationship existed:
between volatile fatty acid levels and reticulorumen pH. Balch and
Rowland (1957) also found an inve;sé relationship existed between
volatile fatty acid levels and reticulorumen pH in their studies
with Shorthorn.cows.

The reticulorumen concentratiqn of volatile_fatty acids is in
the range of 60 to 120 millimoles-/ liter of rumen fluid.- The

conceéntration of volatile fatty acids in ‘the reticulorumen can

reach a maximum of 200 millimoles / litef of rumen fluid, especially
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when high conéeﬁtfaté finishing rations. are fed. Passive upfakglbf
volatile fatty acids occurs across the sqﬁaﬁ&us,'stratified;
reticulorumen. epithelium. (The diffdsion'of.volatile fatty aciaé
écrq;s the reticulpruﬁen wall is depehdeht on their concentration in
the blood (Trenkle, 1979). Tﬁe reticuiorumen epithelium is mpré,
permeable to the unionized than.the ionized form of the volatile
fatfy acids. The pKa'of the VFA is low (2.7 to 3.03); thgrefore,
absorﬁtion will teﬂd tO‘in;rease as réticulorumen'pH'decreasés
‘(Thorlacius and_Lodge, 1973). Suttoﬁ_gg_gi. (1963) using rumen
fistuléted qalves,_16 to 21 weeks of age, studied the ébsorption of
VFA across the retiéﬁlorumen wall at different pH levels. Phosphoric
acid or sodium hydroxide waésuSed to adjust the reticulorumen'pH_
environment. Absérﬁtion at pH 5.0 was_moré.than double the rate:éf
absorption at pH 6.6 and four times the rate of abéorption at pH
8.0. Tﬁese findings suggest that as pH in the reiiculorumen
. decreases, blood VFA leveis coﬁld increase to a point where absorption
would be hindered becéuse of rapidly increasing‘qohcentrationg in.
the blood. |

High-grain diets are readily fermented in the’retigulorumen;
resulting in the rapid é;oﬂuction of volatile fatty aqids.‘ The
relationship between ratiénAcharacieristics and reticulorumen VFA
levels ig apfly described in'thefdllowingquéte by Church (1969),

"However, it is probably safe to;conclude that the ingestion of
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immature grass, increasing amounts of_cafbonaceoqs or ﬁrofein éuﬁple—
ments,increasing levels of feed intake, and pélleted #oughages tend
to result in highef_VFA levels." Phillipson and McAﬁaliy (1942)
demonstratgd the differénces in the gffeét éf roughage versus'qbn—.
centréte on reticulorumen pH and VFA 1evels'when 100 g. of starch or
cellulose were infused into the reticulorumen of sheep. The‘infuéed
corn starch cagsed'é prolonged decreasé in reticulorumen pH and a
steady éustainéd rise in the VFA levels. The celluiose infusibn".
caused no such effect oﬂ‘pH or VFA levels. Kern et al. (1974)
demonstrated that near neutral conditions (pH 6.§) existed in fhe
reticulorumen of‘steéré fed an all rougﬁage diet consisting of -
timothy hay. Luther and Trenkle.(1967)'fed all-roughage ratioﬁs to
lambs and noted a'pﬁ of 6.5 in tﬂe reticuléfﬁmen. These workers
-added 40 percent concentrate to the'diet‘apd noted thét'pH levels.
. in the reticulorumen decreASed to fH 6.2. . o
Diets consisting of. part graiﬁ or all grain will usuaiiy résult
in increasea VFA levels and decreased pH in the reticulorumen.
Briggs 95_317 (1957) used rumen fistulated sheep to demonsfrate the
effect 6f including grain in a rétion on retiéulorumen éH éhd VFA
levels. The éheep first reéeived an all roughage ration which
caused reticulorumen VFA levels to increase.to a maximum of 104

millimoles'/ liter of rumen fluid and pH level to decrease’to'

5.85. The sheep: wére then adapted to a high grain diet
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(70 percent wheat grain, 30 pércent roughaée9 and 85 g. of starch)
which céused reticulorumen VfA ievels to rise to a maximum offl§37
ﬁillimoles./'liter of rumen fluid_ahd pH- to droﬁ as 16w'éth4.5.
Phillipson (1942) found reéults éimiiar to Briggs' results after.-
feediﬁg four tyﬁes of rations to rﬁmen fistulate& sheep. The diets
were éomposed gf ﬁhe following: oats and bran; pasture grass; grasé
hay; or‘mangold and cabbage. The mangold and cabﬁage diet was
'considered'a high-concentrate diet high in feticulorumen sélﬁble
carbohydrates such as-stargh. The mangold and cabbage diet caused a
rapid fall in reticulorumen pH accompanied.by increased VFA levels.
Work by Thompson' et al. (1967) suggests ration particle siéé.
will influence reticu}orumen PH and VFA levels. The workers fed
Angus steers ground dr flaked corn with no hay, or with 1.8 kg/day
of either chopped' or loné hay. Steersvfed corn'aﬁd‘long hay ﬁad‘
significantly higher rﬁmen pH'vélues tpH 6.3) and lower VFA 1evé1s
(126.5 millimoles / liter ofzruﬁen fluid) thén‘steeré fed the éorn-
plus ground hay diet (ﬁH 5.9 and VFA level of 155.7 millimoles / liter
of rumen fluid). Shaw et al. (1960) féd tﬁo groups of eight Holsfein
steers ground corn with coarsely choppéd alfalfa hay- (diet 1) or
flaked corn fed with finely ground gifalfa hay (diet 2). Diet 2
caused a twofold -increase in reticulorumen VFA levels (1357.4 gg./_
100 ml. rumen fluid) over diet 1 (580.4 mg./100 ml. ;umen-fluid);'_

Reticulorumen pH was not measured in this study. Rhodes and Woods
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(1962) fed long stem“alfelfa hay'to sheep and noted a reticulorqmen
pH level of.6.1. The saﬁe type hay was 'subsequently finely_ground
- and pelleted, with ground corn addeﬂ to the diet. fhe pelleeed hay
and corn diet caused rumen pH to decrease to 5.8. There was
little difference in to;el VFA levels betweeq the hay and ﬁelleted
hay and corn diet, but the molar percent propionic acid did increase
when the hay and corn ration was fed. Noller (1980) would interpret
the difference in reticulorumen pH between the diets to the greeter
production of propionic acid whicﬁ is often associated withlreduced
pH in the reticulorumen. Esdale and Satter (1972) decreased the -
reticulorumen pH of Holstein cows from 6.2 to 5.6 and foupd
the molar percentage of propionic acid to increaee from.19.8'to‘37.2
" percent. The molar percent of acetic acid decreased from 68,5 to
43.0 percent. Bailey (1961) would indicate the effect of raeioﬁ
particle size on reticulorumen pH and VFA production te be due to
a decrease in saliva'production and reduced buffering characteristics
in_the reticulorumen.

'The level of ration intake also influences reticulorumen pH.
and VFA production. Rumsey ggigl. (1970) fed steers all concentrate
diets consisting of cracked corn. The-levels of ratiop inéake were -
at .5, 1.0, 1.5, and 2.0 percent of steer bodyweight per day.
Reticulorumen pH and VFA levels (millimoles / 1iter of.rumen fluid)

for each increasing level of intake were as follows: 6.2, 115.9; -
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6.2, 136.6; 5.9, 163.2; and 5.7, 183.9. Bath and Rook (1963) .

increased the intake of all roughage rations fed to cows from 4.5

to 9.1 kg./hd./day. The higher level of intake céused reticulorumen
VFA levels to increase from 7.4 to 10.5 molar equivalénts / 106 ml.

or rumen fluid. Re£iculorumen pH decreﬁsed from 6.65 to 6.3 as

intake_increééed to 2.0 percent of bodyweight.

Acidity in the.Lower Gastro—intestinal Tract

The pH environmént of the lower gastfo—intestinal tract of the
ruminant was tﬁéught'to be of little qénsequence to ifs nutritional
well being (Nolle¥, 1978). However, Harrison and Hill (1962) noted
in their studies with sheep ‘that the duodenum is a highly acidic
environment which is poorly buffered by pyloric, duodenél, and
pancreatic secretions;‘ The workers concluded that enzyme activity
in the small intestine would be limited due to the acidic conditions.
Wheeler and Noller (1977)'indicatéd the desirable pH of the small
intesting to be from pH 6.5 to 7.0. This_pH range theoretically
would allow for .the optimum activity of pancreaticlalpha amylase-
and the efficient.degfadation of starch bypassing the reticulorumen
undigested. Theée workers demonstrated in slaughter studies ﬁitﬁ
cattle and sheep tﬁaf acidic conditioﬁs pfevail not only in the
reticulorumen but also in the small énd large intestine in ruminants

fed high grain rations, and that little change in pH occurs through
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the lower tract to the feces, In one trial, Holsiein steers were
_.fed ail—concentrate diets,'fé 1ibitum, coﬁsistinéléf either roiled
barley, whole kernal corn, or crackéd corn. The pH‘of the reticulo-
rumen (Rﬁ), small intestine (SI), colon (C), and feces (F) for each
of the fhree respéctive diets were as follpws: -RR: 5.84,«5;64,
5.38; sI: 6,;8?-5.75, 5;75; C 6.17, 5.93,-5.82; F: 6.11, 5.93, 6.00.
Wheeler et al (1976) fed eight crossbred-rém lambs a pelleted, 80
.percent corn grain diet for 84 déys. The lambs wefe guenly divided
into t@o groups with one.grbup fed ad 1ibi£um, and the second group .
fed at maintaipence'iﬁtake of digestible energy. .The pH levels of
the small intestine for both fhe'gé;liﬁitﬁm and maintainénce
intake groups were 6.16 and 6.25. Wheeler aﬁd Noller (1977) foynd
there was no significant difference‘(P >l;10) between the pH of
the small intes#iné and the feces in fhéir studies. The&héoncluded
that the pH of a fecél graﬁ saﬁple was an excellent indicator bf pH
in the small intestine. Ferreiia et al. (1980) also found no
signifiéaqt difference between fecal pH and small iﬁtestinal pH in
their studies with Holstein heifers and calvés;

Kern.gg_glﬂf(1974) demonstrated that near'neutral conditions
'not‘only prevail in the reticulorumen, but also in the small and
1arée‘intes;ineﬂof ;teerslfed all fiﬁothy hay diets at two percent
of bodyweiéht per day for 30 ﬂa&s. The. pH of the reticulorumeﬁ.(RR),

small intestine (SI); .-Cecum (CE), and terminal colon (TC) were the
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following : RR: 6.0; SI: 7.3; CE: 7.0; TC: 7.2. Armstroﬁg and
Beever (1969) noted that the pH in the jejunum of sheep fed grass
hay cubes ranged‘from pH 7.2 to 7.9. Ben Ghedalia:gg_gl. (1974)
added 600 g. of concentrate to a vetch‘héy diet fed to sheep and
noted the pH aid.not increase to 7.7 until the terminal’ileqm.
Digestion in noﬁruminants such as humans takgs place primarily o
by enzyme catalysis in the small intestine. The aéi&ity arising from
the acid secretions of the stomach is effectively buffefed'by
pancreatic and intestinal secretions. Borgstrom et al. (1957)

noted with humans that the pH of the stomach ranged from 2.5 to 3.0,

-,but:increased‘immediately'in the duodenum to 6.0. Kay (1969)

demonstrated the rﬁminaqt does not have the same buffering cépabil—
itiés'in-the small intestine as the nonruminant. In his studies with
sheep, Kay noted the secretions from the duodenum and jejunum were
weakly alkaline .and cqntained very little bicarbonate. The pﬁ in
the intestine of thesé sheep was found to increase gradually‘from
2.4, .05 meter from the pylérus to 5.2, 2 neter beyénd the bylorué

to 7.8, .5 meter'béfore the ceacum.

Copious and c&ntihuous influxes of acid chyme»from fhe.reticglo—.v
rumen and abomasum cémbinedfwith the weakly alkaline ngéure pf the
secretions enteriné the small iﬁtestine produce the lower pH'oftén_
existing in the smalllintésting (Noller, 1978). The abomasum is

comparable to the simple stomach in nonruminants, with the‘pH
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remaining close to 3 (Phillipson, 1977). The acid chyme leaving the
abomasum is a contiﬁuous process and is only partially neutralized in
the small intestine (Harrison and Hill, 1962). The secretion of
hydrochloric acid from the abomasum was_found to increasé as intaké
increased in studies wiﬁh:sheep by Asﬁ (1961)7 Using an iﬁervated
fundic pouch of the abomasum, the.workefs measured the secretion of
’hydrochloric acid. Increasing the intake of a dried gfass hay diet
from 700 g. to 1100lg. per day increased the secretion of hydro-
chloric acid from 15 to 45 molar equivalents per 24 hours. The-
increased ration intake also increased the rate of passagé of acid
chyme from the abomasum from 130 to 250 milliliters / 30 minuteé,
with a maximum outflow of 934 milliliters / hour; .Harrison and ‘
Hill (1962) noted the rate of passage of material throuéh the duo-
denum of sheeﬁ'increased from 13.3 to 26.0 miililiters:per-hour whén
feeding was increased from once per day to three times per-day. The
workers did'not stéte_whether or not the amount of ration was a150~
increased. The preceding work suggeéts the commbn praqticg of
" full feeding rations to ruminants‘woula increase the rate of digesta
passage and the secretion of hydrochloric acid from ﬁﬁe abomasum to

the small intestine. -

Impaired Saliva Production

Normélly, large Quantities of'salivavare produced by ruminants
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daily. Putnam‘gg.gl;(l966a9 found the production of saliva in‘350
kg. beef steérs varied from 33.5 to 54.1 liters per day. B5iley.
(1961) collected and dried boluses from the reticulorumen and
estimated the_daily sali?a output of a mature cow to range from 98
to 190 liters per day. Kay (1959) estimated sheep will secretejfrom
6 to 16 liters of mixed saliva per da&.

The accepted practice of feeding proceséed'highfenergy, low-
fiber rations to ruminants often results in a marked reductiomn in
salivary secretion and reticuloruﬁen pH (Emmanuel, 1968). This
reduction in saliva production is due primarily to decreased time..
spent chewing or ruminéting (Bartiey, 1975). Putnam_gg.gl. (1966hb)
fed four steers (éverage weigﬁt 4QO kg.) a rafiqnvconsistiné éf 89'
percént hay at 1.5 percent of bodyweight dail& intake. The ﬁay was
coaréely ground,-of finely ground.(lo millimeter screen) and
pelleted. Saliva seeretion decreased from:2.0 to 1.4 liters / hr.,
and reticulorumen pH decreased significantly (P-<..10) when the
steers.were fed the pelleted hay. The workers also demonstrated the
effect of roughage level on éaliva production and reticulorumen pH.
The hay was reduced to 25.0 percent of the ration with 63.0 percent
cracked corn added to the diet. Saliva sécretion decreased from
2.0 liters / day for the ail.?oughage ground hay diet to-1.5 liters/
day for hay diet ﬁhich included grain. The pH of the réticulorumen

also decreased from pH 6.7 to 6.3. Baily (196lj also found that
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as the amount of coﬁcentrate in the diet increased the amount of séliva
secretéd~decreased. In ﬁis study, cows of unspecified breed of
weight weré fed a diet of 6.4 kg. of mediﬁm qualiﬁy hay or .9‘kg. of
hay and 5.4 kg. of flgked corn daily., The daiiy‘saliva secretion -
decreased from 149 t0I128‘liters when the all;hayvdiet ﬁas repiaced
with diet that inclﬁaed the flaked.éorn.‘ Balch (1958)-fe& either
concentrates or hay to Shorthorn cows and Holétein stéérs. The éows"
and steers secreted an average of 24.4 kg. of éaliva / kg. 6f dry
matter .consumed .from the all-hay diet. The diets were switched;to..
the one containing flaked corn, and saliva prdduétion was reduced
to 16.1 kg./kg. of dry matter consumed.> Jaw movements of the cattle
consuming the flaked:cofn diet were noted by the workers .to be less
pronounced than those consuming the'all hay diet, Yarns et al.
(1965) fed Angus, Shorthorn and Hereford steers (average weight 305
kg;) rations of 50 percent bermuda grass and 50 percent cfacked corn
or 100 percent finely ground and peileted élfalfa'hay. Saliva_ﬁas |
collécted every 15 minutes_aftér feeding'by an esophageai cannula
which prevented the entry of saliva into the rumen. Average daily
saliva secretion decreased from 56.6 to 41.8 liters/day when the
finely ground alfafla hay diet wasvsubstitufed for the bermuda grass
and cracked corn diet. The workers conéluded Fhe finely-ground,
alfalfa hay diet was of'a.lesé fibrous nature than the bermuda grass

‘and corn diet and was consumed more rapidly resulting in less saliva
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production. Baily ana Balch (1961) fed Shorthérn.cows féuf éiets

consisting of the.fbllowingﬁ 18 kg. 6f 1ucerné gilage or 6.5 kg.-of‘
| medium quality hay, 4 kg. of hay and 5.4 kg. of dai;y cﬁbes; 5.4 kg;
of flaked corn and .9 kg. of ground nut cake.and .9 ké. of hay, or a:
freshly cut ﬁixture of ryeéfass. The amount of saliva.secrgted was
greatest for the grass héy diét and,le;st for the 1ﬁcerne silage
Aiets;. Meyer et al. (1964) wéuld attribute the reduction of saliva
production to a reduced dryymatter intake from the silage vérsus.
the dried grass hay diet. These wbrkers.used Holstein csws féd .
either freshly cut alfalfa or mature hay and'nofédlsaliva secretion
decreased from 15.8 to 8.0 kg. per feeding when the freshly cut
sﬁéculent alfafla was suﬁstituted'for thg mature hay diet.

| Wilson and Tribe (1963) noted secretion- from the
pafotid gland décreaged frqm 1.95 to .32 liters per déy when meadow
hay ﬁas fed in a,fiﬁely-ground versus a coarsely choﬁpéd fprm; The
workers‘used Mérino wethers in which the left parbtid~duct was
" transplanted to thé cheek. A polyvinyl tube attached'to the paréﬁid
. fistula allowed the sa}ivalyo drip'frbm the.tubiﬁg into a plastic

bottle.

Increased Rate of Passage With Finishing Rations

.'Millgr et al. (1971) used 120 kg. calves of déiry-beef breeding

to study the movement of food material through the digestive tract
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in relation to time. fin‘this.study'the calves werelfed'alfalfa—mixed'
hay ad 11b1tum w1th 2 kg of concentrate per head per day. Radio~
cer1um (e1ther 141 Ce or 144'Ce)-was used as the nonabsorbed'narker
to follow foOd'material throughtthe digestive tract. In'an'eariier ,
study M111er et al, (1969) found this 1sotope w111 absorb onto
undigested food material and move w1th that material through the
gastr01ntest1nal tract. .Groups.of 4 to 6 calves were given oral -
doses of the isotope at 4 hour intervais from 4.to.72 hours before'
slaughter. At the_time.of slaughter the digestive tracts of the
«.calves'were‘removed,and sectioned to determine the amount of 1sotope
present; The-uorkers found that cerium‘in the runen‘decreased from'
>80 percent of the - total recovered. from the entire dlgestive tract
and feces at 4 hours ‘to 6 percent of the total recovered at 72 hours
after dosing. Cerium‘in the abomasum decreased from‘2‘percent of the ‘
total recovered at:4-hours.to .2 percent ath72'hours after dosingi
In the smail intestiné cerium'decreased from a peak of.6 percent -of -
the total'recovered hetween18 and lé hours and.decreased.to:.7
percent'by 72 hours'after"dOSing. Cerium in the iarge intestine.
peaked at 20 percent of the total recovered by 20 hours after d031ng
Cerium-did not appear in measurable amounts in the feces until 8
b-hours.atter dosing. | | |
'The*rate,of passage of digesta throughlthe digestive tract

often increases when high grain diets are fed, resulting in decreased
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ration diges't;bility,_ Mumford (1_9‘28-5 ‘studield ration digesﬁibility
and:rate of passage using four steerg. .Hé concluded f;om his study
that ration digeétibility would bé greater if péssagé through the
digestive tréct is slow, allowing more time for digesfivé enzyme
action. Noller (1978) indicated digestibility of high grain rations
is reduced in part because of an increased rate of passage through
the digeétive tfacf at high ration intakes. Andersoﬁ EETél. (1959)'_
‘fouﬁd rafién digestibi}it&vfo decrease as intgke increased. In
their study_181¥536'mbﬁ£h-61d Holgtein steers were fed rations of
either 40:60 or 20:50 ratios of forage to concentrate. The rations
were tﬂen fed at 1.1 to 3}1 times maintainence intake. _Dry matter-
.digeStibility of the 40:60 fofage to concentrate ration decreased
from 85.7 percent at .5 time maiﬁtenance intake to 74.3 pe?cén? at
2.7 times maintenance intake. Dry mattgr digéstibility of the 20:80
fo;age.to.cbncentrate ratioﬁ decreased-ffom 78.0 to 69.0 percénf when
intake was increased from 1.0 to 2.0 tiﬁes maintenance intake. The
workgrs conclﬁded animals derive 8 to 25 ?efcent less digestible dry
matter from high-concentrate ratibns fed for high-levels'of production.

ﬁwing and Smith (1917) conciuded,iafter their studies with |
Isteers, that ration'passage'through the.digestive tfaqt is a
function of particle éize and intake. ihe sﬁaller partiple size of
high gréin digns wogld tﬁefefdre be a faétor in.téée'offﬁassagé;

King and Moore (1957) found raté of passage through the digestive
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fracts of Hefeford steers to be greatly.influéncéd by particle siée
of ﬁhe ration. In their study, inert plastic pérticleé of 24.§ to
226.mg./pa;ticlé in weight were fed in the ration. The smaller
sized particles (28 mg./ﬁarticle) were found to have the gfeafest
rate of passage. '

Blaxtgr gnd McC. Graham- (1956),.in their studies with sheep,
found that dry matter digestibilit& was affected b& pafticle‘size
and intake level.. Grass hay Qaé fed to.the sheep in a coarsely
chopped or finely éround form at the rate of 600-g./hd./day. Dry
matter digestibility decreased from 80.6 percent for coarsely
chopped hay to 73.1 percent for finely ground hay. Intake of the
rations was incfeaséé to 1500 g./day, and dry matter digestibility
of the coarsely chopped hay dief decreased to 75}6 percent. The
dry matter digestibility of the finely ground hay diet at the i500
g./&ay intake level decreased to 64.3 percent. The workers
concluded the physical factors associated with the hay (particle
size) changed the rate of passage and reduced dry matter digeéti—
bility. Blaxter et al. (1956) feé'long, medium ground, and cubed or
finely ground and cubed grass hay to six wethers at intakes of 600,
1200, and 1500 g./hd./aay.' The apparent ration digeétibility of
the long hay diet decreased from 80.3 to 79.4 percent, and mean
time spent in the digestive tract (h0ur$) also decreased from 163

to 68 hours as intake increased to 1500 g./hd./day. The apparent
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fdigestibility of the medium ground’hay_diet'decreased from 76.9 to
. 69.9 percent, with‘mean time in the'digestiue tract-decreasing ffb@,
74 to 42 hours as intake 1ncreased to 1500 g/hd /day.’ :The'intake

of the f1ne1y—ground hay diet was increased to 1500 g /hd /day and
ration digestlbility decreased from 7559.to:65.4 percent, with mean
.time-in the digestive tract reduced from 53 to 34 hours. Rodridue

: and Allen (1959) fed coarsely- ground medlum—ground f1ne1y—ground

. or long hay to 1actating dairy cows. .The hay;was 1nc1uded 1n the N
ration at 2'parts corn to 1 part hay. Dry matter digestihility'naslz

'decreased for all forms of.the processed hay when>compared to the .

long hay in the d1et. The average-time spent in-the digestive tract
-was measured as the time in. hours 5 percent of the total dye sta1ned

g particles fed with each form of hay spent in the digestive tract

The average hours spent in the digestive tract for-the long hay;
_'coarsely'ground'ha&,'medium ground hay,- and finely'ground.hay was
21.5,‘16, 16, and 13 respectively. 'Thelpercentage of milk‘fat was

also'depressed for_the processed hay diets in comparison to the iongi

- hay ration.

Impaired Activitjwof Pancreatic’Alpha Amylase

. Wheeier_and Nbller‘(1977) noted in‘their studies with cattle and“

- sheep that a-low pi in the small intestine and feces was accompanied

by significant amounts of starch in the feces: The workers increased
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the ration calciuﬁ level with limestone from .3 to .9 percenf of the
‘ration dyry matter in high-moisture corn diéfs fed to steers. Small
' intestinéi_pH in these steeré increased from 5.61 for the .3 pefcent
calcium ration to 6:68 for the .9 percent calcium ration. The
workers noted that when pH of the small intestine wﬁs increased one
pH_ﬁnit, the aﬁount of éfarch appearing‘in ;he fecés (ﬁercent of
fecal dry matter) decre#éed from 32.44 to 9.18 percent: These
workers concluded that.thé limestone caused the pH of the smail
in#estine to be closer tp'the pH pf.optimum activify for pancreatic
alpha amylase, rgsuiting'in more efficient utilization of starch..

The pH of optimum éctivify for porcine pancreatic alpha amylase

is 6.9 (White et al., 1968). Zinn and Owens, personal communication,
provided evidence that thé pH of optimum activity is also 6.9 for
bovine pancreatiénalpha amylaser The pH of the intéstinal contents was
'increased from 6.0 to.6.5 and the'rafe of starch digéstion increased.
57 percent. When the pH waé increased to 7.0 or ébove, the rate of
starch disappearance was depressed.
The.concept that ‘enzymes possess a pH of optimuﬁ activity is,

not new nor unpro?en (Tauber, 1949). Proteolytic enzy@es present in
pancreatic secretions such as.trypsin, chymotrypsin, and carboxy-
pedtidase have pH opt;mups of 8.0; 8.0; and 7.6 fespectively |

(Ben Ghedalia EE.El-; 1974). A broad range exists in the optimum

pH for enzyme activity among enzymes. The enzyme pepsin will have a
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pH optimun}'of 1.5, while arginasg will have a pH optimum of 9;5 to
9.9 (White et al., 1968). o

Enzymes,  such as pancreatiq alpha amylase,'gre ampholytes (both
negatively and pqsitively charged) and possess many jonic groupings
contributed from the aﬁino acid fesiduésvcomprising-the primary
structurg of the enzymé.‘”Ihe catalytic effects of an enzyme are
the product of the ionié groupings'presgnt at the active site of
the enzyme. The ionié groupings (aﬁino or carboxyl groups present
on the side chain of ceréain amino acids) néed to exist in eithef an
ionized or unionized state for catalytic activity to occur (White,
1968).

No,déscription in‘the'litefature éould be fOpnd concerning fhe
specific ionic groups present at the ;ctive site of pancreatic
.alpha aﬁylase, or the effect pH would have on the catalytic activity
of the ionic groupings. However, similarities exist betﬁeen,pancreatic
alpha amylase and ﬁﬁe enzyme iysozyme'that enable 1ysozyme:to be
used aé'a médel in describing  the effegt_of pH on active site ionic
groupings in:alphé amylase; The enzyme lysozyme is similar to
alpha amylase in thaf both are hydrolytic endo enzymes capablg,of
catal&éing the hydrolysis of agetal iinkéges between sugar residUes.
The substrate for 1jsozyme is a polysaccharide consisting of.:
alternating glycosidic residues of N-acetyl glucosamine aﬁd
N—acetyl'mupamic acid joined by beta 1-4 glycosidic 1inkages.:

:'Lysozyme is also capable of catalyzing the hydrolysis of the

/
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beta 1-4 linkages'between‘repeétinélunits of N—acetyi glucosamine
(Bender ;hd Brubachérg 1973). Lysozyme and alpha amylase both
pbssess a binding groove in which the subétrate is held_by extensive
hydrogen bonding and noﬁpolar'interactiohs. The'binding sité for
alpha amylase willibind at least 5 glucose units from amylosé of
aﬁylopectiﬁ (Robyt and French; 1969); |

fhe pH of optimum activity for 1ysoéyme is 6;0-because of the
" side chéin carboxyl group of a glutamic acid residue preseﬁt at the
active sité. The glutamic acid residue is present at the bottom
of the binding groove -in a strongly nonpolar environment, giVing the
" “.side chain cafboxyi éroup a pKa of 6.3 rather than thelnormal pKa of
4.0 to 4.5. Therefore, %t the normal operating pH 6 of iysdzymél
the c;rboxyl group will have a gréater tendency to e#ist in Fhé
acidic form and willhbe.dapabie of donating a proton to ;he-br;dge
oxygen between sugar fesidueé'of the subétrate (Bender and Brubacher,
| 1973). Situated in close proximity of the cleéved'bond is an |
aspartic acid-residueT This aspartic acid-residﬁe is in a hiéhly
polar area of the bindiné pocket ﬁhich will alléw its side chéin
carBoxyl group . to héQé a pKa of 4.0_énd é negative charge at pH 6.
The close proximity_of.tﬁe éspartiq acid residue, with its negatiVé
charge, to the site of.bond cleavage allows the negatiﬁe chafgg fo -
neutgalize the developihg posifive charge on'the,anomeric'cérﬁon of

the cleaved sugar residue. The structure of this sﬁgar'residue is
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stabilized long enough for water hydrolysis to take place (Bender
and Brubacher, 1973). Pancreatic alpha amylase is_comorised of 25
percent aspartic and glutamic acid residues. Alpha amylase will make
use of the imidazoie:group (pKa 6.0) from a histidine residue to
protonate the bridge oxygen instead of the carboxyl group of a
glutamic acid residue (Bohinski, 1979).

Vallee et al. demonstrated that the activity.of porcine pancreatic -
alpha amylase is also denendent_on the presence of inorganic ions
such as calcium. hPorcine pancreatic amylase was found to contain a _
- minimum of ome gram atom of calcium per mole of enzyme proteln. Zinc
was the only other metal present in 31gnificant amounts. The amylase_
was incubated with the metal chelatlng agent ethylenediamine tetra
acetate (EDTA) The activity of the amylase was decreased 1mmed1ate1y
but was restored with the addition of .02 mole of calcium ions.

In order for a suboptimum‘pH to adversely affect the utilization
of'starch:in the small.intestine, the quantity of enaine must also
" be limiting. This- concept is defined by Michaelis—Menten principles
of first and zero order kinetics. The initial rate of a reaction is
dependent on the concentration of the substrate (first order enzyme
'kinetics); The plentiful-quantity 6? suhstrate will allow the rate
'of enz&me—substrate complex4formation to increase until a saturation '
point is reached .and there is no ionger sufficient enzyne present.

The addition of more enzyme will allow the rate of the reaction to
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increase further (zero order enzyme kinetics) Therefore,limpaired’
actlvity of. alpha amylase could be overcome by greater quantitles of
::the enzyme (Bohinskl, 1979)

Orskov and;Fraser (1968) suggested:there‘is a limit to the amount
of amylase:preSent in the intestine of sheep. The workers found when
. the amountvof starch reaching.the.abomasum equalled 5 percent of the
'dietary intake, starqh at the terminal ileum increased at an 1ncrea31ng
;rate._ Karr gt_al. (1966), in work' with 360 kg Angus steers found
that as the amount of starch in the abomasum exceeded 778 g., the
quantityiof starch appearing at the posterior‘ileum increased |
3 dramatically.~ larsen.et_al. (1956) , using 8 and 9 month old calves,h
-meaSured-blood glucose levels in response to diets.contalnlng com-
mercial or”ground yellom corn.‘.Blood sampleS'were”taken'from the
" Juglar vein at 0, 1 2, 4 6, 8, and 10 hours after feeding. There'-"
was no appreciable rise 1n blood glucose levels at any of the sample
ltlmes after the mornlng feedlng. These workers speculated that the
’hydrolysis of starch in the small 1ntestineiof the ruminant is slow - -
‘_because'of limited amounts or intestinal and pancreatic'amylases;.
Siddons (1963) found the'activity'of alpha'amylase in the small
intestine of the ruminant to be duite irregular.
| There is.eyidence'that the quantity or activity of pancreatic .

alpha amylase is not llmiting .Clary et:al. (l967}'fed'wethers'five

ratlons of increas1ng starch content. The‘rations'werean all alfalfa‘
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‘hay;'20 percent corn; 40 percent corn, oO_percent corn,. or 80 percent
corn, w1th the remainder of the ration as alfalfa hay._ The workers
found that . as the amount of corn increased in the ration amylase |

_activity in the small intestine also increased The volume of bile

. ,.and pancreatic juice also: increased from 558 to 1480 milliliters

Taylor (1958) found in sheep studies that’feeding would boostp
amylase activity in the small intestine.‘ The increasedlactivity, l
however, would be sustained for only 1lto 2 hours after feeding.
Delay (1972) fed Herford X Angus steers (average weight 330 kg )

' diets of either 95 percent or 70 percent concentrate (flaked corn)
and measured amylase activity in the duodenum Amylase activity was
defined as one-unit'of'gmylase activity when onelmicrofmole of . |

maltose was released, No difference between treatmenthin amylase—'

.activitthas'noted;.but belay concluded the amount_of amylasefwas not

limiting due to the uniformity of starch disappearance in the lower

.-tract regardless of the amount of starch presented: for. digestion.

‘Enogenous'Buffers iniRuminant”Rations
Exogenous‘buffers‘have‘been used-for many years ‘in ruminant"
irations in an effort to correct. the ac1dity problem present in the ;:
gastrointestinal tract when high—grain, 1ow—roughage rations are
fed (Wheeler, 19803) The focus of attention has been the control of'

“reticulorumen pH with chemical buffers such as sodium or potassium
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bicarbonate (Nicholson and Cunningham, 1961;.ﬁmery et al., 1964;
'_Huber et al., 1969). There are several excel;ent reviews concerning
the use of buffers'in ruminant rations (Wieﬁberg andeheffner; 1976;~
Muller and Kilmer, 1979; Trenkle, 1979). B

The principal buffering site for-iimestone (a minebal bﬁffer)
is in'the small intbstine. Wheeler and Noller (1977) used limestone .
tb increase the rabibn cglcium level in tbgir studies bith steers
fed all-concentrate ;atibns and-found that intestinal pH also‘
increased. Chemical buffers -such as sbdium h&dboxidé, sodiub, br
potassium bicarbonate are more.effective'in buffering acidity in
the retiéulobumen than in thé small intestine. Wheeler (1980a)
indicated 1ime$boné is used as a lower tracb buffer because of the
slow absorption raté of calcium from the'forepért'of the |
ruminant digestive tract. Sodium or potéssium,'ib contrast,
is readily absorbed froﬁ the reticulorﬁmen,‘ o

Nicbolson EE.Elt (1963), using :umen-fistulated steers, fed
‘all-doncentrate fatidné, compafed sqdiﬁﬁ bicarbonate to 1ime$tohe ‘
in buffering.the reticulordmén. Tbe”worke;s bdded.527 Peréent
sodium bicarbbnaté or 5.7 pércebt limestone to tbé steer rations.
Thg sédium'bibarbonate caused reticuldrumen'pﬁ to increase frop
5.8 to 6.5. The limestone treatment had no effect.on.reticulorumén
pH. - Emery_ég_él. (1964) also fbund limestone had'np'effect on

reticulorumen pH when included in a diet fed ad libitum to dairy
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cows in mid lactation. In this study, the limestone did increase the

blood‘glucose'levels of the cows when compared to a sodium bicarbonate
treated group. The increased blood glucose'levels-may boint to an

1ncreased uptake of glucose in the small 1ntest1ne because of more

eff1c1ent utilization of’ starch The workers did not suggest that

,'this increase in blood,glucose levels was due -to 1ncreased,effic1ency

Of-starch_ntilization;

The Relationship, Between Fecal pH and Fecal Starch

In the previously cited work by Wheeler and Noller (1977), the -
workers found that fecal pH.was highly correlated with the amount of .

starch appearing in the. feces. In two trials conducted with either

Holstein steers or crossbred steers and heifer calves, the correla-

tion coeff1c1ents relating fecal pH to starch 1n the feces were
.82 and -.92 (P < 01) respectlvely Wheeler et al (1976)

studied the relationship of fecal pH to fecal starch when lactating

_ da1ry cows were fed ad libltum ratlons of either 75 25 60:40, or

45:55 ratios of forage to concentrates. Fecal pH, the percent of

'starch per fecal dry matter, and-the-correlation coefficients for

each of the three diets’ were as follows. 75 25, 6.46, 4. 62 -.88;"

60:40, 6 09 7. 45 -.85; 45 55, 5.95, '10. 66 9 :. The 1ower fecal

.‘pH was associated w1th higher levels of'starch in the feces: :




53

Limestone in Ruminant Rations
Limestone (calcium carbonate) is routinely used in ruminant

rations as a source of calcium.” The use of limestone to raise

"ration calcium levels above those recommended by the National

Research Council (NRC,11976) in an effort to reduce small intesfinal

acidity and improve starch utilization has-beén receiving increased

attention.

Wheeler énd Noller (1976a), using laétatiﬁg Holstein cows?.studied
the effect of increasing rgtion calcium levels with limestone on
performance, fecai PH, and the’amount pf starcﬁ in fecal dry matter.
In oﬂe trial, 54 1actating'Holstein cows were fed ad libitum a
ground shelled corn and corn silage diét.'.The treatments were .5;
1.0, and 1.5 percent calcium in the ration dry matterl Tﬂe cows fed
1.0 and 1.5 percent calcium in the diet consumed less feéd‘aﬁd
produced the same amount of fét—corfected milk; indigating more
efficient use of the ration. The fecal pH valﬁeé_were”5.99, 6.25,

and 6.62lfor the .5, 1.0, and 1.5 percent calcium levels respectively.

The fecal pH values were all sighificantly different (P < .05);‘

Trial two was conducted with 36 lactating Holstein cows fed high
concentrate rations ad libitum with .5 or 1.5 pércent calcium in

the rétion‘dry matter. Dry feed intake and milk production pef day

were the same for both levels of calcium in the diet. However, the

cows recelving the lower level of calcium lost an average of -.27
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kg./day,_&hile the cews receiving'the higher level of calcium gained
an averege of .66 kg.)day. The ﬁigher calcium treatﬁént caﬁsed-the

v .

_ percent feeal starch to decrease from 7.96 percent to 3.0 perceqt}
and fecal pPH te*iecrease'frem 6.13 to~6.57.‘ Wheeler (1980b) using
1imestene, fed ration calcium levels 9f~'5 or 1.5 percent‘of.tﬁe ration.
dry matter to 40 lactating Holstein cows. The rations were fed.gé |
libitum and.consisted of a 50:50 ratio of corn silage fo‘roiled

" shelled corn. ~’Ifhe-.co"fzs feceivieg‘the'higher level of calcium pro- .-
duced 7.3 percent more milk. Starch digestibility.was‘also increased

'w1th the hlgher level of calcium from 85.9 percent to '94.6 percent.
Dry matter and cell wall digestibility were 1ncreased 3. 4 .and 3.8
percent respectlvely w1th-the higher calcium ration.

Wheeler and Oltjen (1979), in a 140 day tfiel with finishing
steers, demenstrated that cement kiln dust (27.3 percent celcium)
also will increase intestinal and fecal pH. They fed 32 steers
(average-eeight 308 kg.) ad libitum diets of 53.2 percent‘timothy
hay and 46.8 percent concentrate conteining cement kiln'dus£
prov1d1ng e1ther .37 pefcent or 1.3 percent ca1c1um in the ration.
dry matter.. Steers fed the hlgher calcium diet had a hlgher
ineestinai,pH (6.87 versus 6.37)-and a higher average fecal pH
(6.41 versus 6.45) than the 10Wer'caleium ratioﬁs. The éteers”
receivieg.the-higher—celcium diet also gained 36.9 percent faster,’

and were 32.4 percent more éfficient at converting feed to gain.
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Noller et al, (1980) found that the major form of calcium in cenent
,kiln dust was calcium carbonate. The' workers also mnoted . that 48 4
to "86.8 percent of the. total neutrallzlné capacity of cement klln'
duet can be’ attributed to the carbonate component. Zinn_et_él.
'(l979) conductei a-metaholism tr1al w1th four. steers (averaée.weight
295 kg.)-innorder:to investigate the influence of cenent.kilnfdust
on nutrient utilization of a high concentrate,rationt 'The-kiln
Aust was adned to“provine .63 or 1.49 percent calcium‘in the ration.
TThe steers fed the hlgher calcium ratlon d1gested dry matter and
starch 3. 2 and 5. 1 percent more eff1c1ently than the lower calc1um
treatnent.p | '

Increasing the calcium level'in.runinant~rations with'limestone
does not always result in 1ncreased performance. Colovos et al
-(1955) 1ncreased the calcium level in diets fed to 18— to 24—month
old,heifers by adding 2 percent-llmestone. The a#dition of llmestone
: decreasedjthe digestihility'of'the ration protein'ann energyl ' Zinn.
and Owens(l986b)vadded 2.5 percent calcium carbonate to.a hiéh |
concentrate diet k72,2 percent corn and -20.0 percent prairie hay)
fed to Anéus‘steers (ayerage weight'lOS kg.) that. were fitted nith .
dual're-entrant.cannulas. The workers found that distal ileal and
.fecal-phfnere‘not eignificantly increased_with the added calciun.

' Starch digestion did not increase in the small intestine but™ "

‘dicreased 30 percent.in the rumen. Thornmton et al. (1978) fed high -
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-moisture‘corn diets ad libitum to 10 Angus steers (average Weight-‘

395 kg ) and 1ncreased ‘the ratlon calc1um level with dolomitlc
1imestone from .36 to .44 percent ca1c1um in the rat10n dry matter.
The hlgher ca1c1um level 1uereased fecal pH from 6.2'to 6.9 but :

did not significantly impreve starch digestibilitv. Noller: (1980)

" would attrlbute the lack of results from thlS trial to the use of

dolomitiC‘llmestone which contalns 51gnif1cant ameunts.of magnes1um

and has a slower rate of reactivity than a calcitic limestone. .

The . Influence’ of Limestque'Characteristics
Noller (1980) indicated.that.the variable responses obtaiued_
usingfmineral-buffers such as limestqne may be'due to differences'p

in:their'chemieal and physieal-properties.':Factors which Will'

‘influence the efficacy of a mineral buffer ihelude the'folleving:

l):source;-2) partiEle size, 3) chemical preperties andi&):physieal"

'_properties.- S :. T - o,

Wheeler (1981) 1nd1cated the react1v1ty rate of limestone was ‘a

- eritical factor 1nf1uenc1ng its effectlveness as a: buffer. Noller‘

(l980) stressed“that given the 1ncreased rate of passage through-
the d1gest1ve tract of high gra1n d1ets, the t1me required for a ‘
buffer to react w1th ac1d would be a cr1t1cal factor. Wheeler

(1981) developed a method to evaluate the reactlvity rate of a f:

buffer_sueh,as 11meetone.. The time requlred for a buffer to’

neutralize 50 percent of a given acid solution'was measured in.
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seconds and was termed T50 or react1v1ty rate. The reactiv1ty of
'1imestone is dependent on "the ‘type of limestone used and on the'
.partlcle size of the limestone. L1mestones are either calcitic_.
(CaCO ) con31sting of alternatlng layers of calcium (Ca ) and

carbonate (CO ) ions or dolomitic (CaMg(CO ) with alternating

3)2 A
planes of ca1c1um, carbonate, and magnesium (Mg ) ions. Dolomitic
Ilimestone will have a slower rate . of reactivity than calc1t1c ,f-f"
‘1Imestones;l Finer partlcle limestone will have a greater.rate of
'reactiv1ty than will a coarser particle limestone.' The rate of :2
reactiv1ty of 1imestone has been improved when ground to a finer .
:partlcle size (Wheeler,'l981) | |

Wheeler (1979) evaluated'the effectiveness of three different_
limestonesEfrom'the.sameAsource, but with‘different particle siaes
and_rates of.reactivitv.l“Particle.size was defined as the percent |
of particles'passing a 280Jmesh screen.' lhe particle size and
reactivity'(measured in;seconds) of'the three.limestOnes were’as
. follows: (1) 4, '4110~ (2) 32, 1230; (3) 86, 60. This demonstrates
that as particle size decreases react1v1ty rate also'decreases. Three
different ca1c1um levels of .35, .70, and 1705 percent calcium in
the ration dry matter were used as treatments; In the trial 324
head of f1n1shing beef steers (average weight 264 kg ) were fed a

basal ration consisting of 25 percent corn silage and 75 percent

;concentrate. Average daily gain (kg /day) for the three different ,-'

7,




58
limestones at each of'the three ration calcium levels were as
follows: (1) .84; ;Qé, i;06; (2) 1.0, 1.1,71.3; (3) 1.3, 1;3, 1.4,
The values for fecal pH-and.fecai staréh.fof each of théylimestones
were as follows: (1) 5.83, 27.4; 6.08, 23.3; and 6.21, 18.6; (2)
6.26, 19.3; 6.47, 15.9 and 6.61, 13.3; (3). 6.56, 14.8; 6.74, 10.5
.and 6.89, 5.1. Averagé daily gain improved with increasing calcium
level in the ration, and with decreaéiﬁg’pafticle size and réactivity
rate. Wheeler et al. (1980a)'égaiﬁ gvéluate&‘threé'differeﬁt 1ime-
stones with differeﬁt particle‘sizes'and reactiﬁity rates as soﬁrqes
of calecium in finishing fatioqs for 294 kg. steers. Tpree treatments
used coﬁsistéd of eithéf ;35,_.65, 6r .95 percént calcium in the.
ration dry matter. .Thg rations were corn grain'and corn silage
based. The vélues fdrrpa;ticle size.and-reécfivity fatg for |
éacﬁ of the three 1iméstones Were‘as follows: (1) 4; 4110; (2) 36,'
60; and (3) 100, 5{- Average daily gains égain in;reaséd with
‘ iﬁcreasing calcium level. The steers fed limestone .3 had the highést
average daily gain, fecalsfH,’aﬁ& 16wesf percent fecal starch. The
finer 1ime$tone_a;so.ipcréased thg pH of the reticulorﬁmen'envirbnment.
Wﬁee;ér et al. (1980b) éonducted,a 168 day feedingztrial,vusing 263
kg; Simmental crossbred steérs,'tb evéiuate the influénce of ration
calcium level and/or raté of limestone reactivity on feedlot
‘performaﬂCe.and:gastréiﬁtestinal pH; The,stéergﬁwere féed a 2521

percent corn siiage-75 ﬁercent coﬁcentfate &iet‘gg libitum.“ The
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+ particle si%e (pércentage passing through a.53 um sieve) énd reactiv-
( ity-raté fofféach'of‘the'limestones e&aluated were as follows;

(1) 4, 4110; (2) 32, 1230; (3) 86, 60. Diets within each type. of.
.1imestoné were formulated to containl;35, ;70, or 1.05 percent
calcium in the ration dfy matter. Average daily gainé (kg;).for‘
each type of 1imestone a; eéch of the three ration calcium 1éveis

" were as follows: (1) .77, .92, 1.10;'(2) .85, 1.08, 1.29; (3) 1.16,
1.31, 1.24. Average d;ily ggin Qas‘found to increase With ratiaﬂ,

. calciﬁm level and limestone réactivity rate. The pH levellin the
reticulorumen of steers fed'liméstone_i did not incfease significantly
with increased ration calcium'level; Howevef, ;He pH of the
réticulorumen of é;eefs féd iimestoﬁeslz and 3 did increase signifi-
cantly from 5.97 to 6.64 and‘ffom'6.32lto‘6}84 fespecti&éiy as
ration calcium level increaged.- The workers:con¢lﬁded.the 1imestoﬁe$
of medium to fast reécti&ity ratés aré effective invbuffering the
reticu;orumeh. The pH of the smail intestiné, and feces were

foﬁnd to increase significantly as‘ration calcium level increased

' using all th;ee types of 1imestoné.:

Wheeler gE_él;(lQSOb) invéstigétgd #he:effectivéness of three
different geological types of limestones in finishing'caftle rations.
The type of 1iﬁe§tope évaluatgd and ﬁﬁeiy respective particle sizes
and reactivity'ratés Wé;e aé'fdllows: (1) dolomitic; 83, 4836;..

(2) hard.calcific, 82, 2150; (35 soft calcitic, 78, 40. The workers
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conducted a 112 day feeding trial using 108 beef steers fed a ration
consisting of a 25:75 ration of corn silage to concentrate. The.
ration calcium level waé .80 percent caléiﬁm on a‘dry mafter basis..

Average daily gains, 'fecal pH, and pefcent fecal starch (ekpressed

‘as a percenf of the fecal dry mattér) for each of the three.fypesrof

limestone were as follows: (1) .81, 6.09, 27.1; (2) 1.14, 6.38,
15.2; (3) 1.31,‘6.84, 8.6. The soft calcitic limestone pnoduced 
the highest daily gains, highest fecal pH, and lowest percenf fecal

starch. The workers concluded'the efficacy of limestone is dependent

on geological type, which iIn turn effects the rate of reactivity.-

Perry et al. (1980) investigate& the effects of two types of

limestone (feed'gradé versus finely ground) and two levels of cal-

cium (.46 and“1.06 percent of the ration dry matter) in the diet of
234 kg. finishing heifers. Each limestone was fed at the low and

high ration calcium level in simultaneous trials. The heifers

_fed the 1.06 percent calcium level of the finely ground limestone

gained 1.22 kg. per day, while those heifers fed the lower level of

.caipium éained 1.16 kg./day. Daily gain betweén heifers fed the

feed grade limestone at the 1.06 percent ration calcium level and

those receiving the finely ground limestone at the .46 percent
ration calcium‘leﬁel did not differ. ‘There ﬁas no difference ambng
treatments in fecal pH, but the heifers on the feed grade limestone

at the .46‘percenf éélciﬁﬁ-ievel_had a éligh;iy lower avgrage fecal
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pH (6.3 vé?sus 6.6)’fhan the other three treatments. Prdkop (1580)
compared fgedgfade limestone to é‘powdered 1imestoﬁe'ﬁhiéh would pass
a 200lmesh scfeen in a feeding trial with 48,286 kg. steers fed aA
90 ﬁercent concentrate ratiop_gg'libifum. The cattle were allotted
to fﬁree treatments which consisted of: (1) feed grade 1imestdne,.
47 percent,caléium per ration dry matter; (2) powdered limesténé)
.47'per6ent calcium per ration dry matter; (3) powdered limestone,
1.14 percent calcium per ration dry matter. Daily gain, ox feed
per gain betwéen the feed grade or powdered limestone grdupé did
not differ. However, the powdered iimes£one'fed at thé .47 percent
c#lcium ievel tended to‘increase.averége daily gain .O?lkg. and

reduce by .09 kg. the feed required per kg. of gain. A

Caléium'Leﬁels-in Beef Cattle Rations

The increased performance often.bbserved in cattle fed elevated
calcium‘leﬁéls from limesténe.may be due in part to méeting the
-calcium.requireménfs of the animal. Cereal gréins such as barléy,.
corn, milo, oats, and whéat containAnegligible amounts of calcium
(.OZ.to .10 percent). Therefore, high grain finishing rations will
be déficient:in caleium unless supplemenﬁed with a mineral source -
-such as 1imé§tone (Beeson et al., 1974).

The calcium requifements far beef éaftle will vary with age,

growth. rate, sex,'aﬁd'léctation. The recommended ration level of
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"calcium for a 350 kg. to 500 kg. finishing steer galning 1.3 to 1. 4

.“kg./hd./day is 22 to .34 percent calcium‘in thepration dry matter -

or 22 to 28 g. per day The recommended ration calcium levels for - -

350 kg. to 450 kg. finlshlng heifers gainlng 1 0 to 1.1 kg. /hd /day
is «22 to .26 percent of the ration dry matter or 19 to 21 g per
day (NRC, 1976) : Blizzard (1939), in early work at the Oklahoma

\
Experiment Station, found that when .08 kg. of f1nely ground llme— :

stone was added to a flnlshlng ration for steers, average daily gain

'increased from 96 to 1.03 kg./hd. /day Varner and Woods (1972a)

conducted. a 137 ~day feeding trial w1th steers fed a 85 percent

' .concentrate ratlon_ad_libltum w1th111mestone to vary calciumrlevels.

.Rations 1, 2 3, and 4lwere formulated to contain ;20 . 42 and
53 percent calc1um respectively on a dry matter- ba31s.. Average

dally gain (kg per day) and feed per gain (kg. feed/lOO kg, galn)

. were. as follows (l) .97, 907; (2) 1 lO 833 (3‘ 1.18, 785 and

(4) 1.06, 840. Average_daily gain increased and feed efficiency

improved with'increasing~ca1cium in'theuration.up to ,ez'percent-

calcium. . Average daily ga1n and feed efflciency of the ;53 percent

calcium level-was 1mproved over the..2 percent level but was still )

less than the. .31 and 42 calcium 1eve1, . The steers assigned to

the .42 percent calcium 1evel were -consuming 34.4 g. of-calcium per

day, more than 22 to 28 g./day. recommended by the National Research

'Council,=‘Varneriand'Woods(lg72b5 conducted a metabolism study with -
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Hereford steers fed 1ncreas1ng calclum levels in rations conslstlng
of 70 percent concentrate. The ration calcium 1evels.varied from
" .41 to .70 ca1c1um on.a dry matter ha81s. The d1gest1b111ty of i

" ration energy 1ncreased signiflcantly from 66.2 to 70 9 percent .

when the _calcium 1eve1 was 1ncreased to .7 percent calc1um.~ Protein

d1gest1b111ty also 1ncreased from 68. 8 percent to 74 2 percent when
the hlgher calcium 1eve1 was fed

Bushman et al. (1967) found .no dlfference in gain among treat—

ments when steers were fed diets consistlng of .15, 3, or'.6 percent3

caléium in the ration.dry matter. “Steers used were fed~a basal
ration of 84.4 pércent finely gr0und corn and 14.6“percent sopbean
meal with no roughage;. The steers recefving'the,.6.percent”leve1‘of'
calcium‘ln their diet had-a'l9 percent thinner‘bachfat cower than

_the lower calciun rations. | | |

-‘Beef cattle ate better ahle to tolerate'wider calciunlto'
phosphorus ratlos than are nonrumlnants (Beeson et al.,‘l975)

: Dowe et al (1957) found average dally gain decreased in Hereford
calves fed ratlons containrng calclun to phosphorus ratlos greater .
than 4.34 : 1. Wlsehgt_gl. (1963)‘fed~calcium to phosphorus ratios
ranging from ;4 : 1 to 14.d : 1 to 114 kg. Hereford calwes. -The
‘ratioslfroﬁ l'l'to 7;1 gawe similar and:satisfactory performance‘
results;‘ The authors d1d not spec1fy the galn per day or feed per

gain. - Calclum to phosphorus ratlos 1ess than 1:1 resulted 1n a
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marked.dééré§Se in performanéé;' Théisefum caléiumyleveié-wefe'ﬁqt
affected by thé dietary intake of caléium.\ However, when dietary‘
_phosphorus was.iné:eégéd,'g';inea:_&écréééeiin séruﬁ gélciumzlevél\
6§curred. |
| ‘Wheelelll' et al. (.igsiaj 'found:that' ration calciun level had' no
_effect on.blood séfum ié?els:of calcium or'bhosphorus in_feedlot'

cattle. Ip-this-Stqdy the workers fed .35, .70, or 1.05‘pércentf

calcium in_the-ratioh'drf matter for a period of 168 days t6 263 :

kg. Simmental crossbred steers. At the time of slaughter the right
radius—ulna was removed, and the specific grévity deterﬁihed; ~The
specific gravitj‘of‘th§7rédiﬁséuina was found to increase as the

ration calcium level increased. They noted that as calcium intake

exceeded 67 mg./ kg. of bodyWéight calcium absorption aﬁd reténtion,

‘increésgd. 'The?iﬁcreased calcium fgtention-Was thoﬁghtfthbe "
;sstiated.ﬁith grgéter aﬁbunts.ﬁeing réééined on the ékelefal
ffamewofk. Braithwaite and ﬁiaéuddin (197;5 in.studieé With sheép,
found thaﬁ.nea;1§~a11 dietary calcium aﬁsérbed above the 1e§é1‘-
.réquired fér_méintenaﬁcg,was retainea;'tThiS feteﬁtién wgé.fhe

result of increased accretion of calcium into bone. These workers

also found' that caléiﬁm absorption was directly related to calcium -

. intake for young wethers. HdWéver,'calqiumwintake héd‘no”effeqt,on"

absorption in @atﬁfe 16 month old wethers."




" Chapter 3

EXPERIMENTAL PROCEDURE

General

Fouf feeding trials evalﬁating various levels of calcium in the
diet of feedlot cattle wefe.conducted at Fhé Montana Agficultufal
Experiment Station Feedlot, Bozeman, Montana. Cattle usea were
produced at the Red Bluff’Researcﬁ Ranch, ﬁontaha_Agricultural
Experiment Station, Norris, Montana, or the University Agricultural
" Experiment Station Farm 1ocate& 1.6 km. west of the Mont;na State
University campus,’or at the Livestock énd Range Research Statiﬁn,
MilesICity, Montana. The cattle were ear tagged for idéntification
aftef their afrival at the-feedlot and vaécinated for IBR—PIB*(éed

nose and shipping fever), Bovine Virus Diarrhea (intramuscular),

Hémophilus Somnus (Somn%gen), and with a Seven Way Clostridial-
vaccine. Ruelene was poured on for grub control, and tﬂe steers
were implanted-with 36lmg. of Ralgro (Zeranol) in the left eaf.
Straw was used as bédding and added to the pens when néeded to keep
the cattle as dr& as éossible.

Initial and final weights of tﬁe cattle wepe.takeﬁ aftef an
- overnight shrink (12 houfé) whéﬁ the cat;le ﬁere restricted'fromx
feed‘aﬂd water at 8:00 p.m. the précéding evening. On Fhé evéning'
prior to taking the final'shrink weight,_fgea femaining in the bunk

was weighed and subtracted from the recorded amount fed. Individual
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check Weights ﬁithout a shrink were taken every 28 déys. The cattle

were inspected for the incidence of founder during each trial.

Rations and Feeding

Trace mineralized salt was offered free choice to the cattle
in eipher a 1oqse:or 22.7 kg. block'fprm.' The fepainiﬁg salt waé
weighed every 28 days tq-éetermine averagé‘dailf consumption. .The
.graiﬁ mixtufe,conéisted of 80 percent.grpﬁnd'barley:aﬂd 20'§ercent
beet flup in trial I, and 75 percentlground barley, éozpéfcent
grouna wheat and 5 pe¥cént beet pulp in trials 11, III; and IV.
Supplements were formulated‘to contaiﬁ 20 percent crude protein on
.a dry matter basis and were top dressed on the ration at the‘fate‘
of .91 kg. per head per aay...The supplements were formulated to
give 12 percent crude préteiﬁ on a‘drf matter basis iﬁ the total
finishing réfioné:in trials'I, IT, and TIV. Bésal ratiops éonsisted'of
the g?ain ﬁixture, meéium éualify'cﬁbpped ﬁative grass hay, and
: suppleménﬁ. Rétions Were:divided-eqUally between the,mprning aﬁd'.
vafternéoﬂ feéding; Grain mixtures were weighed into large cans
before béinngpread into fencgline bunks. Supplements were-weighed
into small rubber pails numbered accofding to the pen in which the}
.were fed. The chopped riative grass bay was weighed into_metal tubs
before being spréad‘ihto'the bunks."buring the 1a§t'28—day pgriod
of trial IV, tﬁe grain mikture‘ana chopped- hay Were'weigﬁéd into a

Bdtle; mixer wagon,,Modéi 1830, and fed once daily at the morning
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feeding from the Wagon. Supplements were top dressed over the. ration;:

Water was provided in each. pen by an electrlcally heated
automatlc waterer, which,was cleanedjperiodically during the trial,

Proximate anal&sis of the ration-ingredients were obtained

) accordingrto'A O'A C.. (1979) prpcedures.h Calcium percentages were
',determlned by a modified Kramer and Tisdall method (Clark—Collip,

1925) and phosphorus'percentages by'the method-pf Fiske and Subbardw

o2s). - oo

Characterization of Limestone

\

The squrce-and‘geolcgicai't&pe of‘limestone did not differ

throughout the fQur-feeding trials; Theilimestone was purchased

from the Peavey Company~bf Belgrade, Montana, who in turn obtain o

] . 1 o ; Ny .
their limestone from one quarry. The 11mestone used as the 'source

of calcium in the feeding trials was c1a551fied as a.hard ca1c1t1c

and characterized geologically as being from the Madlson Formation and .

the M1551551p1an Period
Physical degree of fineness of the limestone was determined‘by

passing a 100 g. dry sample through 710, 500, 250, 106, and 90

micrometer U.S. Standardized Seives. The rate at which the limestone-

. would react with-acid or the rate of limeéstone would consume protons

lBig Horn Calcium Company, Warren, Montana.
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was evaluated at fhe ﬁoodson—Tenent Laboratories, Inc.2 by using a pH-
Stat titfatién procedure.(ﬁollér et al., 1980). This ﬁrocedure is
described by Steinbérg et al., (1965) ;é the time in seconds-(TSO)
to add one-half tﬁe total amount of .3N hydrochloric acid néedéd to 
neutralize a solution of a specific pH info which a'O.S_g. sample of
1imest§ne has been added. Réactiyity'rate was detefmined at pH 3 and

6, since the first is indicative of pH conditions in the abomasum

and fore-part of thé small intestine, and pH 6 was representative

of the pH in the rumen of cattle consuming high grain—lo& roughage

diets (yoller et al., 1980).

Fecal pH

Fecal grgb samples were obtained for pH analysis from all-the
cattle in finishing trials I, II, and IV. Samples were taken once
during the trial in triél I and aé three times dﬁring trials II and
. IV. The saﬁples‘wefe obtained using ﬁlastic artificial inseminéfibn
gloves. After obtalnlng the sample, the glove was inverted and
tied, holdlng the sample until pH was determined. The pH was
determined shortiy after sampiing, or the'sample,was f;ozen ﬁntill

the pH could be determined at a later time.

2Woodson—Tenent Laboratories, Inc., 345 Adams, P 0. Box 2135 Memphis,
Tennessee, 38101 '
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One part fecal sample (9 ml,) was mixed with approximateiy one
part distilled water (11 ml.) in a 100 ml. beaker. The pH of the
sample was then determined as it was stirred with a magneﬁic stirer

using ‘a Beckman pH meter equippedlwith an all purpose combination

electrode.

Fecal Alkglinity.

The effect of treatment on fecallalkalinity Wg;‘determined only
in Trial I. This determination was méde by use of the potentiometric
method for low alkalinity (APHA, 1971). The pH of thg samplé was
first determineq accoréing to the methods'previously describéd; After

the initial pH was read, a 50 ml. bﬁret containing .01 Nofmal'sulfuric

. acid ﬁas placed over the beaker containing the sample and distilled

water. The acid was titrated into,the'beakeruin 1 ml. increments
:while being stirfed wiéh the magmetic stirrer and alloWing~;hé pﬁ
‘to- equilibrate. “The miliiliters of sulfuric acié needed for the

éample to reach pH 4.5 and 4.2 were recorded and used to determine

a fecal alkalinity value derived by the following equa;ion:
(2c-D) X N X 50,000

mg. CaCO, per liter of sample =

3 ml, of sample
C = milliliters of acid titrated for sample to reach pH 4.5. .
D = total milliliters of acid titrated for sample'to reach
- pH 4.2
N = normality of the acid (0. ¢1)
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Fecal Starch

A subsample, (sufflcient quantity to yield at least .8g. of alru
dry sample) was placed on an aluminum f01l pan-before a small fan
for a period of three to four days and air dried. Subsambles were
turned and broken periodically to _prevent tne growth of nold-and aid

drying. . Air dried samples were ground in a Warlng coffee mill and

placed in a plastlc Whirl pack w1th each Whirl pack numbered
according to the ear tag number of the steer f:om Whlcn the sample
was obtained. |

| Fecal starch content nas determined on an air dry basis using
the enzymatic digestion of Sminh (1969) with alpha—1,4?g1ucan_
glucohydrolase. Determination of fedueing suéars was conducted
using the phenol%sulfuric colorimetric proCedure'of Hodge and
Hofreiter (1962). Absorbance was determined with.a Eausch and Lomb
Spectronic 20, spectrophometer at 490 nm WaVeieugth. Twenty-one
culture tubes (20 mm. o.d. and 150 mm. length) were standardized
according to absorbanee. The tubes were chosen accerding to
similar absorbance thn filled with 10 ml. ef dietiiled water and
placed in the epectndphotdmeter.

A one gram sample was oven dried at 100 C for 24 hours. The

3Sigma Chemical Company, P.0. Box 14508, St. Louis, MO. 63178.
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resultlng dry matter values were then used to convert the percentage

of starch in each fecal sample to a dry ‘matter bas1s.

_Carcass Data;.

: Carcass data were eoliected at:the terminatiou of fiﬁishing
trials I,_Ii, and IV after the eattle were‘shipped a distance of
I'193.km. te_Midland Packing Company:of Billings, Montana,ifer-
slaughter.'-The cattie were sold ou‘the basis of carcass grade and
weight with slaughter occurring withih-12 hours after arrival at
-the plant. 'Steer.ideutity was maintained by transferring the ear
tag to the carcass. at the trﬁe of slaughter. Hot carcass welghts
-were determlned at this t1me, and the number of abseessed 11vers
were~recorded. ' .

Carcass.data were celiected 48'h6urs after slaughter in trial
I, and 24 hours after slaughter in trials II, and IV. Quality grades
‘were assignedhto the_careass iu one—third increments and a marbling
~seore.or the_rib-eye seetiened betweehithe.iZth and 13th ribs b§.a

U.S.D.A. grader. Numeriéal values were a351gned to the slaughter

grade and marble score to aid in stat1st1cal analysis (A. M S. A.,
1977). ‘Backfat thickness‘was,ueasured at the 12th rib tp the nearest
.l rueh~aud converted to~centimeters. ,The rib eye was traeed at the

12th r1b by using a number 2 lead penC11 and .003 matte acetate

paper frosted on one side. " The rib eye area- was then determlned
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from‘the‘tracing by using'the ayerage‘of three planimeter measure—

. ments.

Trial I

’ SiXty—four head of 323 kg. Simmental cross steer calves (produced A |

- at the leestock and Range Research Station) were used in a high— ,
’ grain, 1ow—roughage finishing trial lasting 119 days. The cattle had
_-been used_in a'previous'experiment in which a high—roughage; low- -
grain growing ration‘had been fed.. | o o ; i“ A f
The cattle were separated by 1n1t1a1 shrink welghts into 11ght | - v.v \

(352 kg.) and heavy (376 kg. ) groups allowing a- 11ght (L) and heavy

(H) replication of four treatments. The cattle were then stratlfied . i f

by weight and s1re, and randomly alloted w1thin each welght grOuping
to one-of four pens or a total of eight pens used in the trial with

- eight steers per pen. The four treatments evaluated were assigned to

each of the four pens within each repiication.
The-pens measured 5.3 m by 8.4 m'anq alloweo each steer;an'area . a _ | E
of 5.6m2; Fence.line bunksaprotected by‘partialuroof cover pronined ' "A
.+67 m of hunk space per steer. A board fence 2.4 m in height at the.
south of the pens prov1ded a partial wind break. Water was provided':
by automatic Waterers.{ Loose,‘trace mineralized salt'was‘proViied-

free choice-in wooden:Boxes-located-at*the_east end of each bunk. .
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‘Table 1. Design of Trial 1°

'Replication w @ - W o@® @ @ @ @
Lot Nos. 9. °5 10 16, . 11 7 12 8
" No. Steers 8 -8 . - 7% 7 .. 8 8 .8 8
% Ca. in ration .3° - .. .3 . 6 .6
% P. in ration .3 - . .3 . .3 3
‘Ca:P ratio _-'- 1:1 . ,l'lﬁl : i Co2:1 - 217
Free choice ml. - , X X

#Steer #120 died 5/28/80. Bloat diagnosed as cause of-death.‘

: bSteer #104 was diagnosed as a chronic bloater and removed from. test
7/24/80. :

A Nat10na1 Research COuncil recommendation for the 1evel of ca1c1um in

the diet of flnishing steers.
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) Two‘snpplements'(Tahle.iflwere fotmulatéd-to:contain 20 percent
cfude protein, and provide .3 or .Q'petcent calcium in the ration on
a dry matter basis. In addition, a hiéh'calciUm mineral- mix kZl'-

percent Ca and 7.percent P.) was provided free choice to one pen each

of cattle receiving“the .3 and . 6'percent ration calcium levels within o

'11ght and heavy repl1cat1ons (Table 3)

The comp031t10n of the supplements and the h1gh calc1um free-v
choice m1nera1 are shown in Tables 2 and 3 respectlvely.-

Samples of the grain mixtntes, grass hay, 8upplements and the
'ftee choice mineral Wefe.taken_every_three weeks and:analyzed'for.
calclum and'phosphorus content. .The results of the analyses wete'
averaged and used to:determine-average daily calcium intake (grams)
based'on‘the calculated ayerage daily'intake'of rationvat the end of
each_trial. The.free—choice; high—calclum mlneral was welghed every

28 days to determine average daily mineral consumption for the trial.

‘ The cattle Wefe gradually adapted from a high—roughage, low—grain

diet to a-highegrain, 1omfroughage'finlshing diet by increaslng the
érain-mikture .45-hg17hd./day~every tmo days until appetite capacity
had been teached. 'Ihe level of chopped hay in‘the diet was maintained
‘at approximately 8.0-pefcent'of the total ration on an as fed hasis.
The hay and gra1n m1xture were: fed in comb1nat1on ad libltum.

Fecal samples were obtalned from all cattle and analyzed for pH
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Table 2. ‘Specifications of Supplements for Trial I -

| MSU Formula No.. - | 780 . 803
Treatment~(2 Ca. in ration) _ -.3 o 6
Iﬁgredients ‘ . R -- Percent of Mixt;re -
Barie&v R | | .:~ 56.5 ' “48.0 |
Wheat Millren . 3000 3000
Soybean mgal' B N : A ‘_’. 5.65 o - 1 7.35
Urea . - - '. T A 2.6 | ‘ :~ 2.0 -
Liestone - | 3.0 " so0
Dicalcium Phosphate o - 1" . 5.0
Trace Minerals - .i '1 .1 | 1
VitamiﬁiA sp* o 05 - .05

" Molasses S as T as

| 100.0 100.0

aVit;amin A added to provide 10,000 I.U. per .91 kg. of supplement. -
Vitamin D added to provide 2,000 I.U. per .91 kg. of supplement.
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MSU Formula No.

802

Ingredients
Dicalciﬁm Phbséhatéf
_Limés;oné

Sait

Wheat Millrun.

Trace Minerals

,-4“Péréént éf Mix —
40.8
30.0
25.0
4.0
.2

100.0

Approxmiate Composition:

,Calciuﬁ e 21qpér¢ent'
Phosphorus - 7 percent
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alkalinity,'and starch. The sauples were obtained at the end of the
. trail when the'final'shrink weights-were being taken.
At the termination of the experiment ‘final shrink weights were
obtained, and the cattle Were shipped to the Midland Packlng Company

- for. slaughter and the collection of carcass data.

Trial IT

orty—eight head of 275 kg. crossbred steer calves were used in - -

the finishing trial II which 1asted for a period of 192 days. The

' cattle were obtained from the Red Bluff Research Ranch, and from the.'
University Experiment Station Farm.- The calves were initially
divided into ‘two groups according to breed. The heavier group (H)
averaged'282.kg.'in weight-and consisted of Tarentaise cross:cattlea”
The'lighter'group @) averaged 269 kg. in weight and consisted of .~
. crossbred cattle'using Hereford Angus, and Shorthorn breeds. tThe
calves’ were stratified by weight and randomly alloted to one of four
pens ‘within each replication, or.a total of eight pens with six '
steers per pen.

The steers.were housed-in'pens with the‘same'dinensions as the

pens in trial I ‘ Fence line bunks protected by partial roof cover .

provided 89 m of bunk space per steer. .The pens afforded 7,5m. of
area per steer. Water was provided as in trial I. Trace mineral salt

in 22 7 kg. blocks .was provided free choice at the end of each bunk.
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Tablé 4, Design of Trial II

. Replication (L) - (H)

@ W

() (H) L)y @
Lot Nos. , 21 17 22a 18b S23 19 24 20
No. Steers 6 6 5% 4 6 6 6 6
% Ca. in ration .15 .3¢ .6 .9
% P. in ration - 4 ' 4 4 A4
Ca:P ratio . - .37:1 .75:1 2.2:1

" 1.5:1

85teer #105 removed from trial 4/9/81, diagnosed as chronic bloater.

Psteer #219 removed from trial 3/13/81, diagnosed as qﬁronic bloater.

Steer #525 died 4/24/81, caused of death diagnosed as bloat.

c . ' . : . . .
National Research Council recommendation for -the level of calcium in

the diet of finishing steers.
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Four SUpplements (Table 5) were formulated to contaln 20 percent
crude protein, . and prov1de .15, .3, .6,-or .9 percent~calc1um;1n the:
‘ration dry matter per day. ‘The ration phosphorus'level'was malntained'.r
'at a constant 4 percent of the ratlon dry matter.. |

Prior to the beglnnlng of tr1a1 II 1t was necessary to reduce
_'the amount of«beet pulp in the gralnrmlx to 5 percent, with this
level of'beet'pulp beiné'fed.with_75hpercent ground barley, and 20
percent.groundlwheat; .Thislwas“done because the érain mix'used in
'_Trial I (80 percent barley and 20 percent beet pulp) contalned too

' much ca1c1um to allow a 15 percent ratlon calcium level treatmenti
_to-be formulated. The new grain mlxture was - formulated to contaln.

less than 14 percent ca1c1um because of the reduced 1eve1 of beet;

'pulp.' The gra1n-mli, supplements, and chopped . native grass hay were o
analyzed for calc1um content at the beglnnlng of the tr1a1, with the.
analyses results used to determ1ne.average daily .calcium 1ntake
(grams) based upon the calculated average daily ration intake at the
end of the-trial. |

lhelcattle_adapted to a high~grain, low—roughagedfinishing ddet_
according'to the method described in trial I. The‘chopped native

' grass hay was 11m1ted to l5 percent of the total rat1on on an’ as

fed bas1s. The.hay and gra1n mix were then fed in comblnatlon

ad libitum. Trace,minerallzed salt in block form was kept before the

cattle at all times throughout the trial. The salt was weighed




80

Table 5. Specification of Supplements for Finishing Trial;II{

. MSU Formula No.
' Treatment (% Ca.) -

804

.15

805

ce 3.

806 -

.6

. .807

.9 .-:

| ‘:Inérediénts'%

. Barley '.’

" Wheat ﬂilirun :
Soybegn Méal‘.
Uféa | B
.Mbﬁdso@iuﬁ,Bhosphate

' Limestone -

" Trace -Minerals

Vitamin A & D?

Molasses

69.0f

© 20.0

6.2

2.2

1

.05

2.5

---- Percent of Mix ---=

' 62.1

20.0

‘8.1

2.2

005

2.5

.100.0

100.0

48.0°
20.0
11.9 .

2.2

' .‘25

.15.0“

.1

.05
2.5

100.0

© 33.8
20.0

15.6

2.2

25.3

1

.05 '

2.5

- 100.0

. aVitamin A addedgéo_proviQe-lb;OOO‘I.U; per.FQl‘kg; of:sﬁﬁplément.-
Vitamin D added to provide 2,000 I.U. per .91 kg. of supplement. - .
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" every 28 days to determine average daily salt consumption;
Fecal grab samples were obtained from all cattle at three
' separate times during.the~trial for pH analysis..'The samples.were
'obtained at the time the 28-day_eheck weight was being:taken; ‘Midnay
through the trial after it was determinee the cattle were On.rull
feed, fecal samples were taken for starch analysis;

| At the terminatlon'of the trial, final shrink weights were taken
and the cattle were shipped to Midland Packing Company for slaughter,

'and the collection of _carcass data.,

sl 111 |

.Forty_head"of 235_hg. crbssbred steers-produeed at the Red Bluff -
Research Ranch and the Universitj Eaperiment Station Farm:were.used
in a 56-day high—rnghage, 10w—graln growing trial. The cattle were
stratifiee_by weight and breéeed, and randomlp alloted.to one .of four
pens with 10 steers per.pen. Initial shrink weights were taken at
the start of the trial. - |

.The four pens eomprislng‘the'experimental area measured 10.9 by
. 7.9 m andxprovided 8.7 m2 efwarea per steer. Fenee line bunks pro-
‘vided 1.1 m of bunk space per steer. Water was provided_as-in‘trials
I and IT with automatic waterers. The steers were given aceess.tol.
trace mlneral salt free choice in 22.7 kg. block form. The pens

.were protected‘on the_south_by a board fence 2.4 m in height.
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e

_.Table 6. .Design of Trial III

Lot No. " - 1 . 2 3 4

No. Steers 10 10 10 - 10
Treéatment (% Ca.) .24% .60 . 1.0 1.9
% P. in ration .22 .22 .22 22 ¢
Ca:P ratio 1.1:1 2.7:1 . 4.5:1 8.6:1

aThe National Research Council recommendations = .31 percent Ca. and
+28 percent P. in the ration dry matter of a high roughage growing
diet for cattle of this size.
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The four suppleﬁents used in Trial II (Tabie 5) wefe used in
Trial III ailowing four tréatments with ration calcium‘ievels of .24,
.60,‘1.0, i.é_percen; of the ration drj-mafter.

The objective of Trial III was to determine the effect of ration -
calcium 1évels énd Ca:P ratios below and abéve those recommended by the
National Research Council oﬁ feedlot performance of growing cattle fed
high roughage diets. The grain mix daily intake was restricted to 1.0.
percent of the steeré bod&weight. -The chopped grass hay was fed ad
libitum. The supplements were fed at thé rate of .91 kg. per head per

" day. Final shrink weights were taken at the termination of the trial.

Trial IV
| The-forty head 6f cattle used in.Trial,III were also used .in
Trial IV, with the steers remaining in the same pens. Triél'IV was a
high-grgin, 1ow—roughage.finishing trial lasting a period of 178 &ays.
The final shrink weights from Trial III were used as the initial .
weights for Trial IV. |

The four supplements used in,Triais II and III were also used in
Trial IV to give treétment ration calcium levels of .15, .3, .6, and
.9 percent in the ration dry matter. The four supplements were fed-
to the same pens as in'Tfial IIT. ) .
The cattle Weré adapted to é high—grain; low—roughagé diét by the

same method used in Trials I and II. The chopped native grass hay .

o

-~
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Table 7. Design of Trial IV

Lot No. 1, - 2, 3 4
No. Steers _ .9 i 9 10 10
Treatment (% Ca.) .15 ' '.3c .6 : .9
%Z P. in ration 4 A A A
Ca:P. ratio 37:1 «75:1 ©1.5:1 2.2:1

8Steer #117 removed from trial because of excessive weight loss.

bStéer #816 removed from trial because of excessive weight loss.

“National Research Courcil recommendation for the percent calcium in
the diet of finishing steers. ’




85
was restricted to lS-percént of the total ration on én as fedAbasis;'.
The grain ﬁix ana hay were then fed in combination ad libitum. The
.cattle had access to trace mineral salt ffeé éhoice in 22.7 kg.
block form. The salt was weighed every 28 days to determiné éveyége
daily sglt consumptioﬁ, The supplement was fed at the rate or level
of-.91 kg. per heéd pef day.

Thé calcium and phosphorus analysis of the gfaip mix, chopped
hay, andssupplgments, as conducted'ﬁor Trial II, was used ih'Trial v
to determiné average daily calcium consumption based upon the calcu-
‘lated average daily ration conshmption at the end of the trial.

Fecal grab samples Qere obtaiﬁéd from all cattle as in Trial II,
at three different times during the trial. :As.in Trial II, feéal
samples fof starch aﬁalysis were obtgihed well after the cattlé were |
considered to be on a full feed of the finishing rationm.

The trial was concluded wﬂen the final shrink weight was taken.
The remaining feed and.salthwére aiso weighed at that time. The
cattle were then shipped to the Midland Paéking for‘élaughter and

"the collection of carcass data.

StatisticallAnalysis
Procedures used for determining regression coefficients,
correlations between variables, and detecting differences among more

than two treatment means with analysis of variance -are found in
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Statis‘ticél‘ Packages fof ‘thé Social'S-ci.ences (Nie _eigl., 19755"; The .
NéWIﬂan—Keuls,. t'ne‘thlod was usec.l: tp‘ sepé_rgte the means in the event | '
' sigﬁ'ificani: d:i_.ffefe’nées -v.nlare detected ,(Sne..de'éor' anci- Cocflfaﬁ', 196'7) ‘.
i
i
A




~ Chapter 4

RESULTS

‘Chemical Analysis of Feedstuffs

Proximate dnalysis, calcium and phosphorus .content of fhe grain
mixtures chopped nativé grass Hay; free-choice minetal, and supplements
fed in the four calcium trials are shown in table 8. Reducing the
amount of beet pulp in.fhe grain mix in trial I from 20 percent to

5 pefcent in ;rials II, III, and IV also-caused a 48 pgrcent‘réduction
in crude fiber content. 'This méy have been a factor iﬂ the increased
incidence of bloat occurring in trials II, III, and IV. |

Thg particle size distribution and calcium content of the 1ime—
Istopé use&-éé a éouxce of calcium in the foﬁr feeding tria}s are
sﬁown in table 9,'énd the reactivity rate and aéid consuning capacity
shown in tabie 10. The particle size of the limestone used in these
trials was greater ;han-the.limestqnes used by Wheeler (198la), in
which the wsrkers fOund'increased,feedlot perforﬁance resulting
from highe? calcium levels in the ration. These workers found tﬁat
as mﬁch és 86 percent of their limestone would pass a 53 um screen
and be retained 1in the pan. }n COntrasf, only 4.6 percent of our

‘_,1imestone was foﬁnd to ﬁass through a,90_um screen and be-retaiﬁed

in the'ﬁan. However, the reactivity rate of our limestone (T 124,

50
and 69) was_comparable'(T5060) to the limestone used by Wheeler (1979)

in which gain and feed efficiency were improved with 264 kg. steers




Table 8. Proximate Analys1s, Calcium and Phosphorus Content of the F

All Four Calcium Trials. As Fed Basis

eedstuffs Fed in

AshA

Ite!:® M @ O - EE  NFE ca P
. , - - — — ' —
. Grain Mix - Trial T 91.0 11.3 6.6 1.6 68.4 3.1 .17 .30,
Grain Mix + Trials I, ; . . o ) , . .

' 11, III, and IV" - 90.6 124 . 3.4 1.8 " 69.7 3.3 .13 . .36
Chopped Hay. (All Trials) 96.0 8.0 33.7° 1.6  44.5 8.2 .33 .3
Supplements 'and Free-

Choice Mineral Fed in

Trial I-MSU Formula # _ N
780-Supplement 91.8  20.0. 5.2 - 2.4 55.9  8:3 1.5 ° .47
803-Supplement 93.0 17.3 5.2. 2.2, '55.3 "12.7 - 3.0 1.0
- 802-Free-Choice Mineral . : C - 17,7 7.9

SUpbleménts Fed in Trials -

11, III, and IV - MSU

Formua # _ -

804 L 90.1 20.8 _ 4.5. 2.5 58.3 4.0 13 .47

805 ) - o 90.7 21.4 4.6 ‘2;3v 52.9 9.5 - " .2.7. .45

806 : ‘ L 92.1 . 21.9 4.3 2.1 42.2 ..  21.6 5.6 . .51

807 - E o 93.0 21.0 4.3 1.6 35.1 31.0. 12.0 48
= hry ﬁatter, CP .= crude protein, CF = crude fiber, EE =.ether ex;racf,

. NFE = nitrogen-free extract, Ca = calcium, P = phosphorus

88
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" Table 9.. Particle Size Distribution and Calcium Content of the
. " Limestone Used in All Four Calcium Trials.é

' Particle Size of Screen, um C
710 500 . 250 106 .90 Pan - Calcium %

— o —
29.2° . 147 . -22.2 . 21.0 . 8.3 46 . 4L

8percent of the total sample that is retained on the screen or in the
pan after continuous shaking for 10 minutes. ’ :

Table 10: The Rate of Reactivity and Acid Consuming Capacity at
pH 3 and 6 of the LimestoneaUsed as the Source of Calcium
in All Four Calcium Trials

éﬂ:- - i Consuming Capacity T, Stat Seconds”
"‘mEQ,H+ per mole of calcium--- '
3 - ' . . -596..0 : . o 124

A his analysis was’ conducted at the Woodson-Tenent Laboratories, Inc 5
345 Adams, P.0. Box 2135, Memphis, Tennessee 38101. ‘

bTh_e rate of reactivity expressed in seconds.
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‘fed higher calcium levels in the ration.

Estimation of Daily Ration Intake-

In trials I and II it waé assumed céttle removedlfrom test
‘consumed appyoximately'gﬁe same amount of dail& ration as those
remainipg on test. fhefefore,.dailf ration intake waé estimated by .
dividing the ;ofal feéa intake qf tﬁe’pen by the numbe? of steers'in.
theipenf Hdwever, in triai IV.gaiﬁ of steers removed from~tes; was
not found to be compafabiévto stéers rémaining on teéﬁ, and in some
. instances these.sfeers lost ﬁeight during the'period, It was décided
that by determining théANEm and'NEg content of fhe ration, dail& feeq
consumption in triql v cduld mofe accurate;y be determined by
éstimating the-daily.fged fequired for maiﬁtainence and gain for.

each animal.

Finishing Trial I

ihe feed;ot‘performance results of the cattle fed in trial I aré
shown in taBie 11. . There were no significant differenéeé (P‘>'205)
found émong.the four treatments in average &aily gain, feed per gain,

daily ration intake or the éonéumption of the high-calcium, free-

choice mineral. However, the steers fed the .3 percent calcium with-

out free-choice mineral and the .6 percent calcium with free-choice
mineral required an average of .6 kg. less feed per kg. of gain than

did the steers fed the other two calcium treatments. Cattle fed the
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Tablelll:- Average Daily Gain, Feed Per Gain and Daily Ratlon Intake
for . Cattle Fed in. Finishing Trial I.

Lot .No.. . 589 . 6&10 781l 8 &12

Treatment (% Ca) ) W3 .3_+ffcm.a. 6 .6+ fem.
MSU Formula # =~ = - ‘ 780 780+ 802 803 ‘ 803 + 802
No. Head - 16 14 16 ... 16
Average_Wéights, kg . T ' ;
Initial ' 369 - © 355 . .366- -+ 366
Final o 548 527 - 540 - 544
Gain _ S 179 -172 - - 174 . - 178
' Daily Gain . :' 1.5 # 15 1 45i'.19 1.46+ .21 1. 50+ 20
‘ Average Daily Ration, kg . : e 5' '
Supplement - Lo .88 . .97 . .89 - . .87
Grain Mix 8.78°  8.70 = 8.69 . 8.66 -
Chopped Ray “..01.79 ¢ 2.0 . 1.93 . 1.82
Salt . .- ..05 - . .05 . .05 .05
Mineral - C .08 ... o .13
Average Daily Ration, kg . 11.5 - - 11.8  11.6  11.5

Kg Feed Per Kg of Gain  7.68+..75 8.24+ 1.2 8.10+ 1.5.7.12* .95

: aFfee—cﬁoiée_mingral

- PAé—fed basis
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.h percent ration calcium level did‘consume .05 kg/head/day more of'
the free-choice mineral than did the steers that were fed thé .3 per-
cent calcium treatment | |
The daily calcium and phosphorus intake from the finishing ration
and fecal pH, fecal alkalinlty, and fecal starch content are shown
in table 12.. The daily calcium intake for all'treatment.groups except
for cattle fed the .3 percent calcium level With no free—cholce , |
mineral, was much greater than the minimum of 22 to 28 g/head/day
recommended by the National Research Council_(NRC; 1976). -All of the
calciun-to-phosphorus ratios would be considered to be within a range'
‘not detrimental to performance (Beeson et al., 1975). It appeared
‘that the cattle fed the .3 percent'calcium level with free-choice |
mineral_consumed sufficient mineral to equal approximately (50 versus.
47 g.) the daily calcium intake of cattle fed thé .6 percent calcium
level with no free;choice'mineral. Theuninck et al. (1977) would
possibly interpret this to mean that'the cattle fed the .3 percent
level of calcium were fed a slightly calcium deficient ration and
therefore consumed the free-choice mineral to make-up this calcium
deficit.
There were no significant differences (P > .05) found among treat-
ments in fecal pH, fecal alkalinity, or fecal starch content but
there was a wide variation among animals for these three variables

Regression analysis indicated there was no significant relationship




Table 12.
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Average Daily Calcium and Phosphorus Intake Froﬁ the

Finishing Ration, With Fecal pH, Fecal Alkalinity, and
"Fecal Starch Content - Trial I.
Lot No. . 589 . 6&10 7811 8 & 12
Treatment (% Ca) .3 .3 + fem, .6 - .6 + fem.
MSU Formula # 780 . 780 + 802 803 803 + 802
No. Head 16 14 16 16.
Calcium Intake Per
Day, ‘'g. . .
Grain Mix 14.9 14.8 14.8 14.7
-Chopped Hay 5.9 - 6.6 6.3 6.0
Supplement 13.1 14.5 26.3 26,2
" Free—Choice '

Mineral 14.1 21.2
Total Calcium Per Day 33 9 50.0 “47.8 "68.1
Total Phosphorus o '

Per Day - 32.7 39.5 37.3 41.8
Ca:P Ratio 1.0 1.3 1.3 1.6
Fecal pH 5.6 + .29 5.9+ .67 5.8 .39 5.9 + .42

Fecal Alkalinity 1532 8'*745 1964.7 +1384 1748.1 + 1051 2232. 8'*1412

% Fecal StarchP * 4.2. o 4,

9+ 2.6 4.8%4.4 3.4 2

aExpress_ed as milligrams of calcium carbonate per liter of sample.

bExpressed as a ﬁercent of the fecal dfy matter.




94
(P > .05) betneen treatment and fecal starch content. However, it
should be‘noteg that the.feces of.cattle fed the .6 percent calcium
h'level with'access to the free—choice mineral (68. l é /head/day of
Ca.) contained 38.2 percent less fecal starch than did the feces
" of cattle fed the .3 percent calcium level (33.9 g. /head/day of
Ca.) with no access to free—choice mineral. Fecal starch content
'was not found to be correlated (P > .05) with‘fecal_pH. As might
be expected fecal pH and fecal alkalinity were found to be positively
correlate& (r = ;63; P s'.Ol); The feces‘of the cattle fed the .6
percent calcium level with free—choice mineral did have a higher

(2232 8 versus. 1531 8 mg. CaCO per liter of sample) alkalinity '

3
value than did the feces of cattle fed the .3 percent calcium level
with no, free—choice mineral. However, regression analysis indicated
there was no significant (P'>..05) relationship between fecal . .

.alkalinity and treatment.

Carcass data for ‘cattle fed in finishing trial I are shown in

" table 13. There were no significant differences found among treat-
‘ments in carcass merit. 'Steers fed the .6 percent calcium level with
no.free-choice mineral did have slightly less fat cover at the 12th-
rih'than cattle fed the other calcium levelltreatments. There

appeared to be no noticeable difference between treatments in the .

number of cattle found to have abscéssed livers.
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_ Table‘lS._ Carcass Data for Steers Fed in Finishing Trial I.

‘Lot No. . 5&9

o | 6 & 10 7811 8. &

Treatment (% Ca). . 3 .. W3+ fem. .6 6+ fem.

No. Head . . 4 16 16 -

'Item. -

Carcass Weight, kg  309.2  299.5 . 308.4 | 309.6
Dressing Perceat 56.5 + 1.3 - 56.7 + 1.2 56.9:+ 1.4 56.8 *2.2
Ribeye Area, cm? 79.3 * 8.5 74.5 + 8.9..77.4 + 8.6 77.2 + 8.6 -
Fat Cover, cm 1.07 + .27. 1.12 + .39 .97 + .28 1.12 +..31
Quality Grade 10.2 + 1.7 10.9 1.7 '10.7 +.1.2 10.7 & 1.1
Marbling Score =~ 4.2°* .58 ~ 4.5 ¥ .76 4.4 % .63 4.4+ .50

."Abscessed-LiVérs 3 . 2. 3 - 4

aHdt-carcass weight.
bDressing'perceﬁtage was calculated using the hot carcass weight.
_~cQﬁality grade score: '9; 10, 11 = good low, average and high.

dMarbliﬁg score: 3, 4, 5, =1traces,:siight and sméll.
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- Finishing Trial IT

The feed lot performance results of cattle fed-in trial II are
~ shown in table 14. ‘There were no significant differences (P > .05)
fbund among.treatments in daily'galn, feed per gain, or daily ration
intake. However, cattle fed the .3 percent calcium level required
slightly less feed per kg. of gain than did the steers fed the other
- calcium treatmenta. The steers fed the .15 percent calcium treatment
required 1.0, .5, and 6 kg. more feed per kg. of gain than did
' steers fed the .3, .6, and .9 percent calcium level treatments
respectively. A greater number of ateers were more noticeably
foundered ln the .15 percent calcium level treatment than in the-
other calcium treatments.

Ration palatibility was a problem at the beginning of trial IT

for the cattle fed the 9 percent calcium level treatment., The

supplement CMSU Formula # 807) formulated for the .9 percent calcium

'treatment contained,as much as 25.0 percent limestone. As a result
of this high level of calcium the ration was very dusty and there
appeared to be some settling of the limestone out of the ratiom.

'Thisnpalitability problem subsided as the amount of grain mix fed

increased. Nicholson et al. (1960) also found that ration palatibil-

ity was a problem with cattle fed .9 percent calcium in the diet.
In this study, palatibility was also found to improve as the trial

progressed and the amourit of grain fed increased.
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" Table 14. Average Daily Gain,Feed Per Gain,'Daily Ration intake,
- and the Incidence of Founder for Cattle Fed in Finishing

Tria; II.

" Lot No. S 17821 18 & 22 19 & 23 20 & 2
Treatment (% Ca) . .15 .3 .6 9
MSU Formula #: 804 805 806 807
No. Head 12 9 12 12
Average WEights, kg :

Initial . 279 - - 273 273 275
Final 494 509 495 508
Gain - . . 215 - 236 222 233
Daily Gain .1,12% ,12  1.23 #..17 1.15 * .121.21 * .11

Average Daily‘Ratior.i,'kga -

" Supplement .81 .82 .84 .84
Grain Mix . 7.22 6.95 ) 7.03 7.33
Chopped Hay '1.67 1.66 1.64 1.63
Salt | 01 .01 .01 .01

Average Daily Feed, kg 9.7 9.4 9.5 9.8

Kg of Feed Per kg ~ - ' ' - S

Gain 8.76 + .99 7.81+ 1.0 8.30+ 1.0 8.17% .79

No. Foundered N 5 ’ 2 , 3 _ 2

" Bps-fed basis.




Thé incidénéé ofkbloat in trial IT could partially be aitri—
butéd to the low beet pulp'gontent of the bériey grain based':
finishing.fatisn. "This most likely reduced the'crudé fibef contenf
of the érainlmix;‘ Howéver; all cétfle rempved from test due to bloat
were beiﬁg-fed"éhe .3 percent calcium 1evél tfeaﬁmeﬁt{ None of the .
qattie fed the lower or highef levels of calciﬁm were removed frpm'
test because of bloat. Increased feed intake and/or reduced saliva
production méy also ekpléin the gfeater incidence of bloat for these
cattle. The greater ash iﬁtéke from the .6 aﬁd .9 percent céiéium
treétménts may have frevented bloat from occurring in these #feat-
ments. Nicholson, E al. (1960) noted when a high level of alfalfa -
ash (5.0 percent) was added to a diet fed to yearling steers and
bulls the percentage of water in the'¥umen éontents ihcreaéed as
did ration digestigibility. |

During.fhe early part of trial II,it was necesséry to feed
350 mg;/head/day of-the antibiotic Aureomyéin to all of the cattle
fér a period of 28 days. Tﬁis recqmmendea level of the antibiotic
was fed w&th .91 kg. of ground barley grain per head fer day ta

combat respiratory congestidn present in most of the cattle which '

* was pfobabiy'bfoughf on by stress caused by fluctuations in the

weather. The barley-antibiotic premix was fed with the morning

and afternoon feedings.

" Daily calcium and phosphorus intake from the finishing ration.'
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" along with fecal pH and fecal stercn content are shown in table 15.
The daily calcium‘intake.of,16 g. for cattle fed the .15 percent
calcium level was 1ese'than the 22 tc 28 g./head/day minimum level
recommended by tne National Research Ccuncil (NRC;_1§76).. The deily_
celcium.intake of cattle fed the';3 percent caicium level was
slightiy:above.the recommended mininun inteke, nhereas cattle fed .6
. ‘and .9 percent:caicium in the ration respectively consumed epprox—'
imately 2.5 and 4.5 times the minimum_recomnended daily intake of
‘calcium. The celcium—to-phospnorus rétio in:the .15 percent calcium
treatment (.5:1) would be considered by Wise et al. (1963) to be'
less than the ninimum ratio needed for optimum performance. - Theee
) Workers‘found that Ca;P ratios 1ess than 1:} reduced thezperformance_
of,Hereford.calveSL |

. Fecal .pH for cattle receiving the .9 percent calcium level was-
'eignificantly higher (P < .Oi) than-the fecal pH (6.7 versus 6.1 °
.andn6;2) of cattle'fed the ;f5 andv.3 percent calcium treatments;
Fecal.pH of cattle fed the .6 percent calcium-treatment was not
significantly different than the pH of the feces of cattle fed the
two lower or the higher calcium 1eve1 in the ration. Regression
analysis indicated that 38 percent of the variation (P < .01) in
fecalupﬁ was due to e treatment effect. There was no.significant-'
difference found among treatments in the amount of starch appearing

in the_feces. However, it should be noted that the feces of cattle
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Table 15.° Average Daily Calcium and Phosphorus Intake From the
Finishing Ration, With Fecal pH, and Fecal Starch
Content - Trial II.

Tot No. " 17821 18622 - 19 & 23 20 & 24

Treatment (7% Ca) .15 .3 .6 .9

MSU Formula # 804 805 - 806 - 807

No. Head , 12 9 12 12

Caicium Intake Per Day, g,a

Chopped Hay .. - 5.5. 5.5 5.4 5.4

- Supplement . - 1.0 - 22.3. 47.2 98.1
. Total Calcium Per Day 16.0° 36.8 61.7 113.0
_Total Phosphorus.Per Day 32.0 ° 31.0 31.6 32.4

Ca:P Ratio - _ .5 1.2 2.0 3.5
_Fecal pH R 6.1%+ .37  6.2° + .38 6.5°% .41 6.7° + .16

% Fecal Starch . 5.7 + 3.2 7.1 5.4 5.8 2.4 5.1 2.1

aAs-fed basis.:
bcM’eans in the same row with unlike superSéripfs are different. (P >.05)

dE_xpressed as a ﬁercent of the fecal dry matter.
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fed the .9 percent calcium level did héve the least amount of starch
of cattie fed in trial II. ‘Fgcal starch was foPnd to be negatively
correlated with (r-=—.38;-P < .,01) fecai pH.

Caréass data for cattle fed in finishing trial ITI are shown in

table 16. There were no significant differences found among t;eét-

_meants in carcass weight, dressing percent, ribeyé area or fat

cover at the 12th rib. Steers fed the .9 percent calcium level had

- the lowest quality grade score and marbliﬁg score in trial II. The

quality grade for cattle fed the .9 percent calcium level was
significantly lower than for cattle fed the .15 (P < .Ol)and-;6 '
percent (P < .05) calcium levels. The mafbling_score for steers

fed the .9 percent calcium treatment was significantly'lower than

‘the marbling score (4.8 versus 6.0) for cattle fed the .6 peréent

calcium level. There were no significant differences found between

the .15, .3 and .9 percent calcium treatments in marbling score.:

. Regression analysis indicated that 11 percent of the variation

in quaiity.grade (p < .OS)Iénd 12 percent of the.variation in

marbling score (P < .05) was due to a treatment effect.

Growing Trial IIT

The feedlot performance results of cattle fed in the high-.

‘roughage trial III are shown in table'l7. There were no sigﬁificént
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Table:16. Carcass Data for Steers Fed in Finishing Trial II.

Lot No. : 17 & 21 18 & 22 19 & 23 20 & 24
Treatment (% Ca) . .15 .3 ' .6 9.
No. Head C 12 9 12 12
Item
Carcass Weight, kg® 282.1 294.5 289.4 . 289.2
Dressing Percenf 58.7 + .67 57.8 £ 1.2 57.3 £ 2.7 56.9 1.9
. -Ribeye Area, cm 81.0 £ 9,3 75.3 +11.7 71.5 £ 7.7 77.8 + 10.2
Fat Cover, cm, 1.1ei .38 1.3 £ .47 1.3ei 47 - -1.2fi .53
Quality Grade .. 12.5e¥ .67 12.22§i.83 12.4fi .51 ll.Sei 1.2
Marbling Score™ 5.977£1.0 5.9 1.4 6.0°+ .85 4.87% .94
Abscessed Livers - 1. 1 1

aHot éarcgss weight.-

bDressing percehtage was calculated using thé hot carcass weilght,
cQuality grade score: choice low, average and higﬁ = 12, 13 and 14..
dMarbling score: . small, imdest and poderate = 5, 6 énd.7.1 -

efMEaﬁs in the same row with unliké superscripts are different . -
(P < .05). '
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Teble.17: Average Daily Gain, Feed’ Per Gain, and Feed Intake Per
Day - Trial. III :

Lot No. SRR SRR 2 3. 4
_ Treatment (% ca) - L 24 .60 - 1.0 . 1.9
~ MsU Formula # - - 804 I 805 - - 806 807 - -
o Headm - 10 10 00 - 10
Average Weights, kg o o B I S I
Initial : : 237 . . "235 ) 236 . 231 :
Final - . 277 .. 215+ - 279 270,
Gain - 40 - 40 43 .- 39
Daily Gain ' ~.71 £ .10 C W71 .16 i75 % .08 .70 + .10
Average Daily Ration, kga; - ‘ S . , :
Supplement . W91 W91 .89 - . 9L
Grain Mix . : 1.32 "1.32 77 1.30 . 1.32.
Chopped Hay _ 5 10 . ~5.10. © -, 5.00- 5.12
Average Daily Feed, kg 7.3, 7.3. 7.2 . 7.3

Kg. Feed Per Kg:. '
" of Gain - lO 52 * 1. 6 11. 00 3.6. ‘9 69 + 1. 0 10. 75 £

®As~fed basis.
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.differences (P > .05) found between treatments in average daily gain,
feed per gain, or daily ration intake. However; cattle receiving
the 1.0 percent calcium level gained slightly more and had better
feed conversion than cattle receiving the other treatments.

Table 18 shows the average_daily.calcium and phosphorus intake
'from'the high—roughage growing ration fed in,trial'IlI. The daily |
calcium intake of 19.7 g. for steers receiving the'.24 percent
calcium, treatment was at the daily 1eve1 recommended by the National
Research Council. Calcium intake was approximately 2.1, 3. 4 and
6;4 times the recommended level for the .6, 1.0, and 1i9 percent
calcium.treatments‘respectively. .The calcium~-to-phosphorus ratio
of 8.1:1 for the 1.9 percent calcium treatment would be conSidered
to be above'thelmaiimum ratio needed for optimum performance (Dowe

et al., 1957).

:' Finishing Trial v

The feedlot performance:results for cattle fed‘in finishing

‘: trial IV are shown in table '19. Average daily gain, feed per gain,

and daily ration intake were not found to be significantly different
(P > .05) among treatments. However, steers receiving the .15 and
.9 percent calcium 1evels required approximately 1.0 kg. more feed

per kg. of gain than did steers’ fed the .3 and .6 percent calcium

level treatments. It should,also-bewnoted-that the cattle fed the
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Table 18. Average Daiiy Calcium and Phosphorus Intake From the
Growing Ration-Trial III.

Lot. No. ' : i _ 2 -3 4

Treatment (% Ca) - .24 .60 1.0 - 1.9
No. Head 10 10 10 10

Calcium Intake Per Day, g.a

.Grain mix 1.7 1.7 1.7 1.7
Chopped Hay . 16.8 16.8 16.5 16.9
Supplement 1.2 24.5 "50.0 . 109.0
Total Ca./day, g. 19.7 43,0 68.2 127.6
Total P./day, g. 15.6 15.4 15.4 - 15.7
Ca:P ratio 1.3 2.3 4.4 . 8.1

8)\s-fed basis. .
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Table 19. Average,Daily-Gain,‘Feed Per Gain, Daily Ration Intake,
- and the Incidence of Founder for Cattle Fed in Finishing

‘Trial IV. . . .
‘Lot No. 1 2 3 4
Treatment (% Ca) . .15 .3 .6 .9
MSU Formula # - 804 805 806 807
No. Head . 9 9 10 .10
Average Weights, kg ' ' : '
Initial 279 ) 278 279 270
Final 467 500 488 471
Gain 188 222 209 . 201
Daily Gain 1.06 + .13 1.25 + .05 1.17 + .13 l;lB + .29
Average Daily Ration, kg? _ ,
Supplement. .91 .94 .89 .89
Gain Mix ©7.13 . 7.5 - 7.10 . 6.99
Chopped Hay 1.72 1.76 1.68 1.65
Salt : 04 .02 .03 .02
Average Daily Fedd, kg. 9.8 10.3 9.7 9.5
Kg. Feed Per Kg. o :
of Gain 9.35 £ 1.4 8,24 * .35 8.38 + 1.0 9.,17-% 3.2

No. Foundered 4 3 - 3 o 2

aAsffed basis.
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.3 percent calcium 1e§el consumed an average of ;5 kg. more ration
per day than steers fed the other calcium levels.

The daily calcium and phosphorus intake from the finishing
ration along with fecal pH and fecal starch content ére shown in
table 20. The daily calcium'intake and calcium—-to-phosphorus ratio
'for steers fed the ,15Apercent calcium level were 1esé-than the
recommgnded intake (22 to 28 g.) and ratio (2:1) by the National
Research Council (NRC, 1976). Daily calcium.intake for the steers
fed the .3, .6, and .9 percent calcium levels respectively were 1.6,
2.6, and 4.8 times the recommended daily intake. | |

There was no significant difference found amqné treatments in
the amount of starch present in the'féces. However, as calcium
intake increased, fecal stérch did show a tenaency to decrease. The
fece; of steers fed the f9 percent calcium level contained 30.0
percent iess starcﬁ (4.6 versus 6.6 percent) than did the feces of
cattle fed the .15 percent calcium.trea;ment. There ﬁas only a
6.0 percent differeqce in fecal starch content between the feces. of
cattle fed the .3 and .6 percent calcium treatments. Regression
analysis indicated that there was no significant relatioﬁship.
® > .05 betﬁeen treatment and fecal starch content.

Fecal pH for cattle fed the .9 percent calcium—treafment was
significantly highe? (6.6 versus 6.2) than fecal pH of cattle fed

the .15 percent calcium level. There was a trend noted of increased
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Table 20. Average Daily Calcium and Phosphorus Intake From the
Finishing Ration Along with Fecal pH and Fecal Starch
Content -~ Trial IV, '

Lot No. ‘ 1 2 3 4

Treatment (% Ca) S I .6 .9,
MSU Formula # _ 804 805 806 807
No. Head 9 _ 9 10 ' 10
Céicium Intake Per Day,g;a
Grain Mix 9.3 9.8 9.2 9.1
Chopped Hay 5.7 5.8 5.6 5.4
Supplement 1.2 25.3 49.6 106.2
- Total Calcium Per Day 16.2. - 41.0 64.4 120.7
Total Phosphorus Per Day 32.2 33.5 32.0 31.4
Ca:P Ratio ) .5 1.2 2.0 ’ 3.8
Fecal pH 6.2° .22 6.3°°£.40 6.5°%% .24 6.6 .29
% Fecal Starch 6.6 + 5.1 6.1 +'3.3 4.9 * 2.2 4.6 % 2.4

aA_s—fed basis.

bcMe'ans in the same row with unlike superscripts are different
(P < .05). ‘ .

dExpressed‘ as a percent of the fecal dry matter.
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fecal'pH with increased calciﬁm intake; 'Regressién analfsis'-
indicated that 24.0 percent of the variation in fecal pH (P < .01)
.was:due to a treatment effect. Fecal starch content was not found to
be éorrelated with (P > .05) fecal bH‘aé in Trial iI. |

Carcass dété for cattle fed in finishing trial IV are shown in
table él.. None of the carcass characteristics listed in_tabie 19
were found to be significénily different among treatmeﬁts. Hdwe;er,_
steers fed the .3 percent'ané .6 ﬁercent levels of calcium tended
to yield heavier ;afcasséé (290'and 292 kg. versus.273'énd 279 kg.)
than cattle fed the .15 aﬁd .9 percent'calci#m treaiﬁents. In:
contrast to trial II, stéers fed the ,9 célcium level exhibited ‘a
higher and ﬁot lower marbling score than steers fed the othgr :
treatments. Hoﬁever, as in.tfial I, sfeers fed the~.6 peréent
calcium levellhad less .fat cover at the i2th rif thaq céttle fed
the other treatments.: Steers fed the .15 percent and .3 percent
calcium levels showed a greater tendengy to gradé cholce than did

steers fed the .6 and .9 percent ration calcium levels.
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Table 21. Carcass Data for Steers Fed in Finishing Trial IV.

Abscessed Livers

Lot No. 1 2 3 4
Treatment (% Ca) .15 .3 .6
No. Head 9 9 10 10
Item
' . Carcass Weight, gga_ 273 . 290 292 - 279
Dressing Percen 58.2 + 1.9 58.0 + 1.0. 59.4 + 1.7 59.8 = 3.7
Ribeye Area, cm 65.7 * 5.6 68.5 + 3.1 70.3 + 5.2 65.9 * 4.3
Fat -Cover, cm - 1.3+ .35 1.4 % .30 1.1 £ .23 1.5 .64
Quality Grade 12.1 + .93 12.8 + .67 10.7 * 3.9 10.3 * 5.5
‘Marbling Score 5.2 £ .67 5.6 * .53 5.0 .71 5.9+ 1.1

2Hot carcass weight.

bDressing'percentage was calculated using the hot carcass weight.

cQuality,grade score: choice low, average and high = 12,’13 and 14.

,dMErbling score: small, modest and moderate = 5, 6 ;nd 7.




Chapter 5 . .
DISCUSSION -

Results of the qur frials wogld-seem to indicate there is no
behefit to feeding increased levels of calcium in the diet of
finishing cattle. However,’it should be considered thafrin trials
" IT and IV there was a.slight (2.0 to 2.6 percent) reduction in the
caquic density of thé finishing ration as calcium ievel increased;
frokoﬁ (1980) considered this a factor_&hen he fed either .47 or
1.14 pércent calciﬁm inlthe ration ofA286 kg.|finishing_steers. In
trialnII the ca}oric*density of the ratién decreased from 1.91 Mcal.
Nﬁﬁ and 1.16 Mcal. NEg per kg. of ration for the .15 percent calcium
treatmgnt to 1.88 Mcal._NEm and-1.13 Mcal.'NEg per kg. of-ratioﬁ
for the .9 pércént calcium treatment. The caloric density of the’
ration in triél ;V-decfeased from 1.91 Mcal NEm and.l.15 Mbai. NEg per
kg. of ration to 1.86 Mcal._NEm and 1.12 Mcal NEg per kg; of ?ation
fo; the .9 percent calcium level treatment. The caloric density of
-the'finishing ration in trial I:did not change, Eut remained constant
a£ 1.85 Mcal. NEm and 1.12 Mcal. NEg per kg. of ration. Prokop (1980).
concluded that if there was no.édvantage-to feeding the higﬁer level
"of calcium the sligﬂt ¢aloric dilution of the ration with.the
higher calcium level would produce a lower response thén the
contfol group. Sigce he fouhd no éignificant'difference_in-gain

or feed efficiency'between the .47_ahd'l.l4 percent caleium
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~

treatments, he concluded that the higher calcium level did improve

-ration digestibility.‘ The same conclusion could perhaps be made

concérning trials IT and IV, és ;here weré ﬁo significant-différehces
betweeﬁ treatments:in dgily'gain, daily ration intake, or fgéd |
efficiency. . |

_Consgmption.of Ehe high-calcium, free—chbice mineral . in

finishing trial I was sporadic throughout the trial. This is in

‘agreement with Crawford et al. (1977) who also found consumption‘

of a high—calcium, free-choice mineral to be sporadic in a trial
conductgd with 296 kg; yearling bullé. In aédition, the wérkers
also found that bulls fed.g calcium deficient ration would consume
sufficient high—calcium;free-choiqe mineral to équal the daily .
calcium ihtake of bulls fed a calcium adequate ratibn with no accesé
to a free-choice mineral. Theuninck'gg_gl..(l977) also found th#t
lambs féé a_caléium déficiént ratioﬁ would coﬁsume more (P < ,055
high—calcium, ffee—choice mineral than lambs fed a-ration adéquate
in calcium.. In trial I steers fed the .3 percent calcium 1eve1‘

consumed sufficient free-choice mineral to enable daily calcium

‘intake (50.0 g.) to equal approximately the daily‘calciuﬁ in;ake

(47.8 g.) of cattle fed the .6 percent ration calcium level with no

. free-choice mineral. Had performance of cattle fed these two

treatments been éuperior to that of the cattle fed the .3 percent

calcium, or .6 percent caléium treatment with access to .free-choice
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'mineral, it couldmpossihly be concluded“the”cattle-consumed.the free;
"choice mineral~in.order,to meet their_calcium needs, and that .6 |
percent calcium_in the ratiOn is the'optimum level. It should be
noted that despite.there being no significant difference betweengtreat—,
'ments;‘in’consumptiohvof the”free—choice mineral,'cattle,fedfthe';
-_.6.percent.calcium leuel-consumed .05 kgf/head/day more ioial
minerallthan.did thehcattle fed the .3.percent-calcium level treat%
ment. : | |

-.In trials IT and lv?cattle fed'thej.lS percent ration calcium
.'levels required slightly more‘feed per.hg._of gain than did cattle
. fed the other calcium treatments This is in agreement with l
Theuninck (1977) who found that 1ambs fed.a calcium deficient ration
required more feed (P < 05) per kg of gain than those fed a calcium
adequate ration. The poorer feed efficiency exhibited by cattle fed: .
the_.15 percent calcium 1eve1 in trials II and v might be expected
as thlS 1eve1 is 1ess than the minimum 3 percent’ calcium 1evel
recommended by-the National Research Council (NRC 1976). Varner
and Woods (1972a) found cattle fed 21 percent calcium in the ration
had poorer gain and feed efficiency than cattle fed either .31, 42
or .53 percent calcium.

In trial III there ‘'was a slight advantage in gain and feed

efficiency for cattle fed the l O percent ca1c1um 1eve1 than for

cattle fed the other calcium treatments Cattle fed the 1.0 percent
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'ca;éium-levél gonéumed apprgximately ?hféé times (68.2 g.) the feédm-'
men'ded-"dla‘lily,. intake (20 gi) of caleium (NRC, 1976).. Tiis could indi-
'.cate fhe célcium feguiréments fbr growihé calQes may be ﬁighér';hén o
previoqsl&'thqught (Beesgn_gglél.;'l975)kl A lohgef,growing'pe;ébd
fthanl56'da§s.WOuid_nQ;doubt.be qee&edVto,éqbsténfiate such an ébée;;
“irvéfibnr. | | |

" The laqk of improyed.pérfofmanéé.fro@ the higﬁér célcium levels
’;ontfasts'results'pbfained-by Wheelér gg_gl; (1981a). ' They found“thaf,
with 263_kg3'Simmeﬂfai crdés—ﬁred‘sfegrs;“as'fation caleium level in-
éfeaséd.ffomflﬁé ﬁd'l!O& percenf éalqium;:daily gain.aﬁd:feed efficiency
' imp;dved signifiéantlj.. ﬁowevéf, tﬁe.léék of'sighificaﬂt bérformanée‘A
impiovémgﬁt_is in agreemenf.ﬁith Bushmaq-ég_gl. (1967) who found no
'diffgrencé in gain-amohé.stgérs fed .15; ,3'6r .6 péfteh; calciuﬁ iﬁ'
‘the ration dry m;ttér. 'Varne; and.Wobds:(1972a§.fouﬁ& that gain,aﬁd‘ '
feed éffiéiéncy‘ﬁéré not'improvéd when feeding fiﬁisﬁiﬁg steers éalé
cium'lgvels.greatér'than V42 péfcé&f in the r;tion'dry ma;tér; fhé
lack of ;ésglts may be-due“in pért'to.differenées'in'limestone char- .
actefistics-as_Noiler (1978) w;uld suggest. Hard caléitic 1%ﬁestoqg"
ﬁas-used:in:these'friéls; whéfeas éoft-calcitig iiméstdné hgé'bégn',_,'
found (Wﬁeelef?_1981j.td be more réac£iVé;ﬁ HQwéver,:thgziimesfone:
ﬁéed~in these trialslwas.éomparabie'iﬁ réte'of'reaétivity'to ﬁhe :
soft iiﬁestoﬁe used by Wheelgf éﬁ;gl}-(1981a)‘in.which performance Wéé,

-

improved with increased ratioﬁ calcium levels with finishing steers. -
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If indeed a:more favorable pH is created in the small intestine
for amylase activity by feeding higher levels of limestone, then
perhaps benefits would have been realized if corn and not barley
. had been fed. ln trials I, I1 and IV the_average amount of starch
appearing;in the feceslwas 4.6, 5.8 and-5.5 percent of the fecal dry
matter respectively. These values are much less than those reported:
by other workers. Wheeler and Noller (l977) have reported_fecal -
_starch.values as great as 32;4 percent of the . fecal dry natter with
finishing cattle. Ferreira et-al (1980)'found fecal starch values
at 10:8 and 18.2 percent of the feecal dry matter with dairy heifers.
Zinn et al: (1979) reported fecal starch values of 15.5 to 23.9
percent of the fecal dry matter for 289 kg. feedlot steers. The
' smaller amount of fecal starch reported'in these trials may be'due to’
the‘fact barley and not corn was fed. In the previously‘cited‘work '
corn was used as the energy concentrate in the ration. Cattle
' receivingvcorn would have greater'qaantities of starch presented to
the small intestine to be degraded'by the more efficient alpha
'amylase enzyme. This hypothesis is based npon ‘the finding that
barley is apparently degraded in the rumen more exten51vely than is
corn (Xay et al. l972 Watson et al. 1972a)

The fact fecal starch was not significantly reduced with :
:increasing calcium intake‘is in'contrast to the findings of

Ferreira”et_al. (1980). They found fecal starch in dairy heifers to
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decrease'significantly from l6.7 to 12.3 percent'of the fecal”dry
A matter when ration calc1um level was increased from .3 to 9 percent
calcium . Wheeler and Noller (1977) found the percentage ‘of starch
‘1n the fecal dry matter: of 404 kg. cross-bred steers and heifers

“to decrease 31gn1ficantly from 32.4 to 9 2: percent when the. ratlon

. calc1um level was 1ncreased frOm 3 to .9 percent calcium However;

.in trials-I and IV the amount of starch appearing in the feces was
38 percent and- 30 percent less respectively when comparing feces of'
cattle fed the highest calcium level treatment to those rece1v1ng :
‘the lowest level- of calcium in-the-ration. In tr1al 11, cattle fed
the .9 percent calcium level had the lowest amount of. fecal starch

‘.when compared to other cattle in the trial This may 1nd1cate a .
tendency toward 1ncreased digestlon of starch 1n the small 1ntest1ne,
but that the.amounts of starch presented to this region were not
sufficient to prowide a significant energy contribution.

‘Even if starch digestion.improved,.it-cannot'he proven'fron our
trials that the.inprowementvin digestibility occurred in.the'region
of the small 1ntest1ne since digestion studies were: not - conducted
Wheeler et al. (1981a) found that starch digestibility increased
" an average- of 5 0 percent in trlals with finishing steers fed ration~
calcium levels from .35 to‘l 05 percent calcium. Zinn and Owens
(1980) found when 2.5 percent calcium carbonate was added to the

':‘flnlshing ration fed to 308 kg. Angus steers starch digestibllity
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increaééd 30 perceﬁt in the rumen and not in the small intestine.
The wo?kers cdnclu&ed tﬁat smaller quantities of starch were .
.ﬂaturally being found iﬁ the feces-of cattle receiving the céicium
cérbonate becausé less starch was escaping the rﬁmen undigested.

Thét fecal pH‘Was increased significantly_in'triais 1T and IV
is-in agreement with Wheeler et al. (1981a) who found feéal PH to
increase significantl& an average of .54 qnits when 263 kg.
Simmental cross-bred steers weré fed diets ranging from .35 to 1.05
percent calcium in the’ration'dry ﬁattér. In trials IT and IV
fecal pH was inc;eased .6 and .4 pH'units,respéctiyely between the
.15 and .9 percent ration calcium levels. Eﬁen‘thqugh fecal pH
was not increased in irial I, the feces of steefs fed the ﬁigﬁeé; :
-éalcium le§e1 treatment were more éikaline'(2232,8 versus 1531.8
mg. CaCO3 per 1ite? of samplé) tﬁan the feces of cattle fed the
lowest calcium level treatment.

Only in trial II was fecal starch fdund to be'negatively'
correlated (P < .01) with fecal pH. ‘However, the correlation
,cpefficient of r = -,38 was much smaller than coefficienté obtgined
by Wheeler and Nollef.(;977). These workers found coefficients
| of r = ?.82 an&i-.92 in two finishing trials.conducted'ﬁith cattle.
The lack of correlatién between fecal starch and ﬁecai PH in-trialé
1 anq IV'agrées with reéuits obtaiﬁgd by Zipp and Owgns‘(1980).'f

They found that when fecal pH_increaéed the dmount of starch digested
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in the small intestine actually.decreaSedl(r = .71; P> .Of) in
308 kg..Angus'steers; | |

" In trials I and IV‘cattle fed the .6 ‘percent ration’calciumi
" level had sllghtly 1ess (16 percent) fat cover at the 12th r1b
than cattle fed the other calcium treatments. Even though - this
dlfference was. not significant in either tr1a1 the results are in N
agreement.with hushman EE.El- (1967) who found that cattle. fed 6
percent calcium in the ration had 19.percent less fat-cover at
| " the 12th rib than did cattle fed e1ther .15 or .3 percent calcium‘in
the ration However, Wheeler et al (l981a) found that cattle fed
higher 1evels of" calcium in the diet. had greater fat cover at the
12th‘rib. These workers also found that cattle fed the higher |
calcium levels (.70 and 1.05lpercent-versus .35 pércent calcium)
" had heav1er carcass Weights Carcass‘weight'waS'not‘fOund'to be-:
signiflcantly different among treatments in finlshing trials I II.
“or IV. In tr1a1 II cattle fed the .9 percent calcium treatment had f
a lomer marbling_score (P .<-,01) and quality grade (P < 05) than
.cattle fed lower calcium‘levels._ In contrast Wheeler et al. (198la)
'found quality grade and marbling score to increase with increased '
ration calcium level. " |

Blood samples were not taken during the trials as ration calcium

level apparently has no effect on ‘blood calcium level (Wlse et al.,-

l963; Wheeler.et‘gl., 1981)




119

Feedlot performance .did pot seem to be affected by.suboﬁtimum
or excessiﬁely high calcium to phosphorus ratios. 1In trials IT and
IV, Ca:P fatios for the .15 percent calcium treatment was .5:1. The
.Ca:P ratio for the.;.9 percent calcium treatment in trial III was
8.1:1. Tﬁe fact that pérformaﬁce was not signifibantly affected by
fhe extreme Ca:P ratios differs from observations of Wise et al.
(1963) who found Ca:P ratios less than 1:1 -reduced perfofmqnbe in
. Hereford calves, and bowé.ggnéi.'(1957) who found that Hereford
calves did ﬁoorly on Ca:P ratios greater than 4.3:1.

Since the pH of the feces of cattle in trials IT and IV was
decreased, it can.be assumed that the pH of the small intestine w;s
é}so'incfeaséd (Wheelér anq Noller, 1977). Perhaps the effect.of
this increased pH on the populétion balancg'between indigeﬁdus
and nonindigenous micro-organisms in the small intestine sﬁould be
explored. Questions Fﬁat may be coﬁsidered include: is the growth
inhibiting factof of -a lower pH removed, and certain pathogenic
species of.bactéria (such as E. Coli§ Salmonella, and Staphylococcus)
allowed to.flourish, or is the utilizatién of nutrieﬁts_ih the small
intestine hampergd or enﬁanced by a change in microbial pqpulation?
A more acidic gastrointestinal tract in infants has beeﬁ associated
.with'reduced numbers of E. Coli, accompanied by fewer-digesfive
disorders gﬁd gpeatef numbers of lagfobacillus bifidus_organisms.

Also, patients suffetiﬁg from achlorhydria have been found to have a:
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more profﬁse growth of bacteria in the small intestine (Donaldson,
1964).

Should the production of methane from manure become a common and

'accepted_practice, feeding limestone might help to provide a more

ideal pH environment in the feces for the growth of methane.produéing
bacteria. Some methanogenic bacteria are unable to grow at a pH

less than 6.0, but thrive at a more neutral pH (Ljungdahl, 1979).




Chapter 6
'SUMMARY AND CONCLUSION

The effects of supplying more‘or less than fhe minimum recomﬁeﬁded
level of .3 pgréent ca;cium in the ration dry matter for finishing |
sfeers'was studied in four feeaing trials. Daily.géin,:Qaiiy feed
intake, feed ber gain, fre;-choice mineral consumptioﬁ, fecél pH,
fecal alkalinit§, fecal starch content, and carcéés merit were
_ meésured in fésponse to various ration calcium leével treatments.

' Limesténe ﬁas.used as the:source of calcium throughout the trials.

Unlike resuité obtéined.by Whee;er et al. (198la), feedlot
performaﬁce was not significantly (f > .65) improved with increased
intaké of cglcium in the four trials, but fecal pH ﬁas significantly -
(P < .05) increased in tﬁo of the three fiﬁishing trials when
calcium level was increased from .15 to .9 percent in the»fatién dry
‘ mattet. Regression analysis indicated that 38 and 24 percent of the
variation'in fecal pH in trials II (P < .01) and IV (P < .05) was
due to a tredtment effect.

Fecal starch content did not ﬂiffér significan;ly (P > .05) °
among treatments, but a trend of a reduced fecal starch content as
ration calcium level increésed was noted in two trials: Starch
appearing in the féc;l dry matter Qaé 38 and 30 percent 1éss in
trials i and IV wheﬂ'comﬁaring the feces of cattle fed the highest'

level of calcium to those fed the lowest. Only in one trial was




122
fecal starch'coﬁtent found to be negatiVeiy correlated_(P';’.Ol;
r = -.38) With fecal pH.

In one'trial only were carcass traits found to differ signifi—
éantly (P < .05) among the four caicium treatmeﬁts. Cathe that were
fed the .9 percent calcium level had the 1oyest marbling scorée
® < .dl) énd qualify grade score (P < .05) of all cattle in the
triél. | |

Daily consumption of free-éhoice.miﬁeral did nof differ signifi-
cantly (P > .05) between cattle fed thé .3 and‘.6 percent célﬁium
1e§els. However, céttle fed the .6 percent calciﬁ@ ievel did consume
.05_kg;/head/day more of the mineral than did cattle receiving tﬁe
-3 percent calcium treatment. Cattle fed the .3 percent calcium
treatment consumed sufficient free-choice mineral gd enable their ,,:
daily calcium intake (50 g.) to équal approximateiy-the daiiy intake
(47.8 g.) of cattle fed the .6 percent calcium treatment with no
access to freé-choice mineral.

Lack of obvious benefité in thege trials of feeding higher'
‘calcium 1evels‘;o feedlot éattie may be due in part to the character-
istics associated with the sourcé of calcium. Noller -(1978)
suggested thatl50urce, partic1e size, éhemical propgrtieé and physicai :
properties will vary aﬁqng'limestoﬁes and influence their effective-
ness as a buffer in the small intestine. However, thé reactivity

rate of limestone.used in these trials had similar reactivity
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".( 50 69 versus 60 seconds) to the limestone used by Wheeler (1979)
who found that ga1n and feed efficiency 1mproved with f1nlsh1ng
cattle fed higher levels of ca1c1um.

Even thoughino'significant differences were noted among treat—
ments,'calcium.intake-did_appear'to haye some inflnence:on‘fecal
starch content‘in these trialsl. It cannot be ignored that in-two.of
the three finishing trlals a trend of reduced fecal starch content |
nas,noted”as calciumlintake increased - Also, in all three of the '
flnlshlng tr1a1s the feces of cattle’ fed the highest calc1um level

contained the least amount of starch when compared to theffeces of

cattle fed lower calcium levels.

If the activity-of~a1pha amylase was improved in these trials_ )

there nay not have been.sufficient-starch presented to-the small.
intestine from the.barley grain based.rations to make' a signlficant
energy contributlon to the animal. -Perhaps benefits:from feeding
) the hlgher levels of calc1um would have been real1zed 1f corn and'

not barley had been,fed as the energy concentrate. | Thls,hypothes1s

is based upon the fact corn starch is not degraded in the rumen ast'

'extens1vely as - is starch from barley gra1n (Kay et al., 1972a
" Watson gt_al,, 1972a; McCullodgh,_1973). Theiresult of‘feedlng
corn and not barley would be more starch presented to the small
' intestlne to be acted upon by the alpha amylasevenzyme, theoretic—:‘

ally more eff1c1ent due to the bufferlng effect of the limestone.
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The analysis of variance of data is

-shown in the Appendix only if significant »

or near significant differences were

detected among treatments, or if a trend

-was noted.
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APPENDIX TABLE 1. Analysis of Variance  for Fecal- Starch Content
S Finishing Trial I. ’

Source of . - ‘ Degrees of © Mean _ . Significance,
Variation "+ . Freedom - © ' Square . F of F

Main Effects , ‘ T - _ ;
Replication, = =~ -1 16.95 1.371 <248

Treatment = . " 3 .~ . 11.665 - .943  .427
ﬁifhin Treatment 47 - B 12;364-

Total } © 51 . 412.333

'APPENDIX TABLE 2. Analysis of Variance for Fecal Alkalinity;".
: Finishing Trial I. ' ‘ '

Source of- ' . Degrees of ' . Mean : Signiflcance
Variation . .. Freedom . Square " F.  of F
Main Effects .. . ) ‘ . ' . o
Répliqation . S 646978.266 465 .499
Treatment . 3 . ‘ 1233538.750. -.886 - .455
Within Treatment 51 . 1392775.620 K

Total . = "~ © o B5. . 1374287.370

APPENDIX TABLE 3. Analysis of Variance for High-Calcium, Free-Choice
' o . Mineral Consumptlon, Finishlng Trial I.

Source of ) o Degrees of - * Mean . - Slgnificance
Variation ) . Freedom . Square F' ofF g

Between Treatment 1 . ,0025 " 3.125 :'.2191 .
Within. Treatment .2 © .0008 . C
Total ' 3 .00136°
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Analysis of Variance for'Fecal pH, Finishing

Total

44

_ - Trial IT '
Source of - Degrees of . Mean Significance.
Variation " Freedom Square - * F . of F '
'Main-Effeéts : A oo
Replication -1 .069 577  .452
Treatment 3 885 - 7.411 .000
‘Within Treatment. . 40 119 ‘
: . .170-

APPENDIX TABLE 5.

Analysis of Variance

for Quality Grade, Finishing

.Trial II .

Source of  Degrees of Mean : ~Significance
Variation __Freedom. Square F of F . -
Mﬁin‘Effecfs- _ . : N

Replication - 1. 7.041 12.062 ..001

Treatment. . 3 2.056 3.522° .023
Within Treatment 40 . 584

‘ &4 .831

Total .

_ APPENDIX TABLE 6.

Analysis of Va:iance

. Finishing Trial IT

for Dressing Percentage,

Mean- = Significance

$ota1

44

Source of :_ -Degrees of
Variation " Freedom . Square F . of F
Main Effects S o
Replication 1 o .212 .064 . .801
Treatment 3 "7.568 2.286 .0933
‘Within Treatment. 40 3
' 3.531
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Analysis of Variance fof‘Marbling Score, Finishing

Total .

‘ . .Trial II
_ Source of " Degrees of Mean -Significance
Variation Freedom Squdre F of F.
Main Effects
Replication 1 2.278 2,211 .145
. Treatment 3 3.577 3.474 .025.
Within Treatment . 40 1.030
44

1.234

APPENDIX TABLE 8.

Analysis of Variance

for Fecal pPH, Einiéhing

C

. Trial IV
Source of, Degrees of Mean Significance
Variation "~ Freedom Square F of F
Between Treétment 3 «339 3.923 017
Within Treatment 34 . 086 :
Total

.37

.107

APPENDIX . TABLE 9.

Analysis of Variance for Fecal Starch Contenf,

" Finishing Trial IV

Source of Degrees of Mean Significance
Variation . 'Freedom Square F -of F

- Between Treatment 3 7.858 - .708  .554
Within Treatment 33 11.104 -

" . Total

36

'10.833
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Ana1y51s of Variance for Carcass Welght,A'

Finishing Trial IV

Source of-

Degrees of
-Freedom

Mean B ' Slgnlflcance
Square F of F

Variapion

. Between. Treatment

Within Treatment

Total

5
33
36

734,202 1.237 .314
593.654

606,431 .
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