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ABSTRACT

Three rumen fistulated Steers fed an 80% concentrate 
wheat diet were used in a 3 x 3 latin square design to study 

the effect of NaHCO^ and dolomite on rumen pH, VFA.ratios 
and rumen buffering capacity. Measurements were made at two 
levels of feed intake (restricted and full-fed) at 0 , 1 , 2 ,

4 and 6 hours post-feeding.
Higher ruminal pH's and wider ruminal €2'^^ ratios 

were observed for the dolomite treatment as compared to the 

NaHCOj and the control treatments (P>.05). The NaHCO^ 

treatment gave the lowest pH’s and narrowest 0 2 :0  ̂ ratios.
The NaHCOj showed the strongest buffering capacity of the 
three treatments and dolomite the weakest (P>.05).

The full-fed system resulted in lower (P<.01) rumen 
pH, narrower ruminal C^zC^ ratios (P< .0 5) and stronger rumen 
buffering capacity (Pc.001) when compared to the restricted 
feeding system. All parameters were influenced (P<.05) by 

hour of sampling.

Simple regression analysis showed significant

(P<.0001) correlation between rumen pH and rumen 0 2 ^ ^  ratios
2for all treatments. The r values were 0.15, 0.22 and 0.50 

for the control, NaHCO^ and dolomite, respectively.



ix

Significant hour x treatment effects (P<.01) were 
observed for rumen pH and rumen buffering capacity at 
various sampling times.



INTRODUCTION

During the last 20 years, there has been a.marked 
increase in size of commercial beef feedlot operations. In 
19 77, 60% Of the fed cattle in the United States were from 
lots with more than 4000 head capacity (Anonymous, 1978). 

These feedl'ots use high grain diets, primarily for efficient 
production. Many diets may contain as much as 85% to 95% 
concentrate with grain levels as high as 85%. It is a 
routine practice to introduce high concentrate levels to 
cattle as soon as possible. Several management problems 
exist when high concentrate diets are fed. Among these are 
starting cattle on feed and changes from high roughage to 

high concentrate diets.

Economics also favor processing the grain portion of 

the diet by one of several methods, e.g.,steam flaking which 
will increase the starch availability. These processes will 
increase the rate of starch degradation in the rumen. Fre
quently, a problem associated with high concentrate feed is 
acidosis. Acidosis is considered to be due to a reduction 
in ruminal pH caused by the excessive consumption of ferment

able carbohydrates.

Some of the problems associated with acidosis are 
diarrhea, bloat, founder, incoordination, loss of appetite 

and sometimes death. From the standpoint of total loss,
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death of feedlot cattle due to acidosis generally represents 

a small percentage. However, it is generally agreed that 

losses due to decreased performance of cattle with acidosis 
problem constitute a substantial economic loss to the feed
lot cattle industry.

An approach to the problem of acidosis in cattle 
feeding is the addition of buffers to high concentrate diets. 
The theory is that the added dietary buffer replaces the 
loss of saliva buffer due to the reduction of saliva output 
when high concentrate levels are fed.

Considerable research has been conducted in attempts 
to evaluate the effect of adding buffers to beef cattle 
finishing diets. To date, the results have been inconsis
tent and, as a result, the use of buffers in beef cattle 
feeds is not widely accepted, although their use appears to 
be increasing. The exact role of added dietary buffers on 

rumen function is not well defined. More information is 
needed on the effect of buffers on rumen function as related 

to feed intake, time after eating and length of feeding 

period.
The purpose of this study was to evaluate the effect 

of sodium bicarbonate (NaliCO^) and dolomite in high wheat 
diets for beef cattle on rumen pH, volatile fatty acid ratios 
and rumen buffering capacity as related to time after feeding 
and feed intake.



LITERATURE REVIEW

There are numerous reports in the literature of a 
metabolic disorder, in ruminants associated either with ex
cessive ingestion of readily fermentable carbohydrates or by 
abrupt change in the animal diet due to certain factors such 
as inclement weather. Researchers and livestock owners have 

long recognized the danger to cattle from sudden overeating 
of materials such as wheat, corn, barley, starch, lactose, 
sucrose, glucose, silage, apples, mangolds, brewers grains, 
fodder beet, lush forages and grapes (Jensen and Mackey, 
1965; Mackenzie, 1967; Dirksen, 1970; Dunlop, 1972; Slyter, 
19 76) .

Acidosis and Related Problems 

Several problems in cattle are associated with over
eating, particularly if the animals are unaccustomed to such 
feeds. A variety of names has been given to the syndrome; 

such as overeating, acute impaction, grain engorgement, 
founder, overloading, acidosis, lactic acidosis and, more 

precisely, D-lactic acidosis (Dunlop and Hammond, 1965; and 

Mackenzie, 1967) .
Acidosis in ruminants has been described in many 

reviews: Dunlop and Hammond, 1965; Mackenzie, 196 7;. Dunlop,
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1972; and in several symposium papers: Dirksen, 19 70;
Dunlop, 19 70; Slyter, 1976; Huber, 1976a; and Brent, 1976.

Several general chemical properties of feeds and 

ruminal end-products are likely to be the major contributors 

to acidosis problems in cattle. The early work in Australia 
by Turner and Hodgetts (1955) on grain engorgement With . 

sheep showed that following the intake of high levels of 
soluble carbohydrates, the pH of rumen contents decreased 
and lactic acid accumulated. At that time lactic acid was 
believed to be the sole cause of acidosis.

Bond, in 1959 , (from Dougherty, 1976) conducted a 
series of experiments to determine the ratio Of lactic acid 

isomers (L and D), as well as the effect of intravenous and 

intraruminal infusions of each isomer in sheep. Infusions 

of either or both forms did not product typical signs of 

acidosis.
Mackenzie (1967) and Slyter (1976) have stated that 

following the ingestion of readily fermentable carbohydrates, 

large quantities of volatile fatty acids (VFA) and lactic 
acid are produced in the rumen. This is accompanied by a 
decrease in rumen pH and a reduction of salivation. The 

concentration of VFA fell rapidly as the pH went below 5, 
while lactic acid concentration remained high (Ryan, 1964a).

The amount of feed required to cause acidosis in 

ruminants varies and is influenced by several factors; such 

as animal species, type of diet, amount of feed the animal



is accustomed to eating, the pre-existing, ruminal microbial 

population, individual differences in salivation, ingesta 
fill, intestinal motility, feed consumption rate, ability to 
excrete or use large quantities of a potential toxic com
pound, as well as the condition of the animal (Slyter, 19 76) .

In severe cases of acidosis, the pH of the ruminal 
contents may fall below 4, with lactic acid as the predomi
nant acid (Dunlop, 19 72) . Balch and Rowland (19 57) found 

only traces of lactic acid in the rumen of cattle fed a 
variety of diets. However, Dunlop (1961) found lactic acid 

in concentrations up to 240 mM/liter in the rumen of cattle 
after loading with corn. Substantial quantities of formic . 
and succinic acid may also be present (Ryan, 1964a).

The most popular concept of lactic acid accumulation 
is that bacteria which produce lactic acid outnumber lactic 
acid utilizing bacteria (Huber, 1976b). Turner and Hodgetts 
(1955) reported virtually complete replacement of the micro- 
flora of rumen and intestine by Lactobacilli when sheep were 

forcibly fed large amounts of wheat. Hungate et al. (1952) 

found that at low ruminal pH (5 or less), many of the rumen 

bacteria and protozoa are killed. Cellulytic bacteria . 
(especially the gram negative) and many other normally 
numerous forms are destroyed. The protozoa may serve a use
ful role by slowing down ruminal fermentation of 
carbohydrates to VFA (Slyter, 19 76).



Two of the, lactic producing organisms, Streptococci 

and Lactobacilli, acquire a selective advantage at a pH 
below 5.5, increasing in number at a more rapid rate than do 

the lactic acid utilizing bacteria which mainly convert lac
tic acid to the weaker VFA; thus, lactic accumulation is 
favored.. Initially, Streptococci outgrow the Lactobacilli , 
but are then inhibited by the high H+ concentration which 
the Streptococci produce; however, Lacobacilli continue to 
grow (Hungate et al., 1952; Huber, 1971a;. and Dunlop, 1972).

Ryan (1964a) showed that the end result of excessive 
consumption of fermentable carbohydrates and low pH resulted 
in the accumulation of ruminal glucose. Once the lower pH's 

are attained, free amylase of the rumen ingesta may increase 
and microbial glucose utilization rates decrease. There
fore, this leads to glucose accumulation in the rumen and to 

an increased number of lactic acid producing bacteria 

(Slyter, 19 76)
The lactic acid formed by the rumen microorganisms 

is a mixture of both the D(-) and the L (+) isomers. The 
proportion of the two has been observed to be nearly equal 
in cattle (Huber, 19 71a). It has been reported that mainly 
D-lactic acid is formed in the rumen contents of animals 
suffering with lactic acidosis; although, the proportion of 
D-lactic acid produced in animals engorged with grain is 
variable (MacKenzie, 1967). Turner and Hodgetts (1955) re

ported an isomeric composition of lactic acid ranging from



6 D :1L to ID:2L for sheep in forced grain engorgement. There 
has been the suggestion that the formation of the D-isomer 
is associated with the presence of free glucose in the rumen 
contents (MacKenzie, 196 7) .

In the rumen, most of the lactic acid (both isomers) 
dissociates into lactate anion and hydrogen ion. If not 

buffered, the hydrogen ions cause a decrease in the pH of the 

rumen contents. Sodium bicarbonate, which is present in 
saliva, provides protection against such changes, and will 

convert the hydrogen ions into water. However, when exces
sive lactic acid is produced in the rumen, hydorgen ions 
deplete the bicarbonate pool, and the pH of the rumen con

tents decreases to extremely low values, in which case, 
rumen motility may be almost completely inhibited. However, 
rumen stasis may serve as a protective mechanism, since 
lactic acid absorption from the rumen is dependent upon 

motility (Huber, 1971a).

Dunlop, Hammond and Stevens (1964) and Dunlop and 

Hammond (1965) showed that lactic acid or lactate of either 
isomeric form can enter the body via absorption from the 
rumen or other parts of the gastrointestinal tract. . When 

lactic acid enters in the undissociated form, it ionizes at 
the pH of the plasma. The hydrogen ion released will combine 
with a bicarbonate anion to form carbonic acid, which will 
dissociate to water and carbon dioxide, the latter being 
exhaled. Thus, absorption of lactic acid reduces the body's



reserves of bicarbonate leading to acidosis. If such ab
sorption is sufficient in magnitude, lethal acidosis can 

result.

Very little difference has been reported in the rate 
of absorption of L- and D-lactic acids. However, the acids 

appear to be absorbed at a greater rate than the anions.
Both the L acid and lactate are readily metabolized by the 
ruminant tissue, while the D forms are poorly metabolized. 
Blood analysis has revealed that most of the elevated blood 
lactic acid and lactate which accompany lactic acidosis are 
the D forms. This is understandable since the L forms are 
readily metabolized and are, thus, constantly removed from 
the blood. The reduced rate of metabolism of the D isomer 
is presumably due to an absence or reduced activity of a D 

specific lactate dehydrogenase (Huber, 19 76a) . However, 
further studies are needed to investigate factors influencing 
the rate of removal of lactate (Huber, 1969).

Lactate anions increase the osmotic pressure of 
rumen contents, and water is drawn from body fluid compart
ments into the rumen resulting in tissue dehydration. The 
osmotic pressure of normal rumen contents is approximately 

25.0 to 2 80 milliosmoles per liter, and the osmotic pressure of 

body fluids is 300 milliosmoles per liter. Osmotality of 

rumen contents in animals with lactic acidosis has been re
ported as high as 400 to 500 milliosmoles per liter..
Profuse diarrhea is common and total body water losses of 10%



of body weight have been reported. Sodium, potassium and 
chloride appear to be lost from plasma in approximately iso
tonic proportions. As would be expected, loss of plasma 
water is reflected by an increased concentration of red blood 
cells (Huber, 19 71b) .

During the initial stages of lactic acidosis, there 
is often an increase in concentration of volatile fatty 

acids which would contribute to the fall in pH of rumen con
tents. In addition, a fall in the pH of rumen contents can 
occur without large accumulation of lactic acid when rumi
nants have become adapted to feeding on. concentrates (Ryan, 
1964a). Increased concentrations of volatile fatty acids 
tend to prevent the pH from falling below 4 8  (MacKenzie, 

1967) because the buffering capacity of the rumen contents 
at acid pH's has been shown mainly to be due to the volatile 

fatty acids.

Much of the research on lactate utilization in the 

rumen has been directed towards evaluating its role as pre
cursor of propionic acid. In vitro, Jayasuriya and Hungate 

(1959) and Bruno and Moore (1962) found acetate to be the 
major end-product of the metabolism of lactate labelled with
1 . However, Baldwin, Wood and. Emery (1962) suggested that 

the ratio of propionate to acetate increased with increasing 

dietary carbohydrates. Reid, Hogan and Briggs (1957) fed 

diets containing high proportions of wheaten starch to sheep. 

When the animals were first fed such diets, lactic acid



10
accumulated in ruminal fluid and was accompanied by a marked 
decline in the propionate and butyrate fractions of VFA. 
Continued feedings of such diets led to lactic acid accumula

tion and to a ruminal pH reduction, but the propionate 
fraction of the VFA increased.

Elsden (1945) observed that ruminal ingesta ferment
ed lactate in vitro with the formation of VFA. Propionate 
production exceeded that of the acetate or butyrate. Pazur, 
Shvery and Georgi (1958) and Baldwin et al. (1962) found 
that the acrylate pathway was the primary pathway of propio
nate synthesis from lactate in the rumen.

Absorption of VFA from the rumen is very rapid at
low pH and this results in a decrease in the rate of produc
tion,which lowers the concentration of VFA (Mackenzie, 1967).

At acidic pH values in the rumen contents, necrosis

■ of the rumen walls is often evident and in this way lactic
acidosis leads to rumenitis which, in turn, will lead to 

liver abscesses due to the migration of microorganisms 
across the rumen wall into portal circulation. According to 
Brent (1976), for the year ending June, 1973, about 10.8% of 

the cattle slaughtered in the United States had abscessed 

livers.
Polioencephalomalacia has been reported in cattle 

fed high concentrate diets, and it is believed to occur be
cause an enzyme, thiaminase, which hydrolyzes thiamine 
develops in the rumen. Signs include dullness and sometimes
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blindness (Jensen et al., 1956; Edwin, Lewis and Allcroft, 

1968; Edwin, Spence and Woods, 1968; and Brent, 1976).

A common problem which follows lactic acidosis in 
cattle is laminitis. Many studies have been conducted in 

this field (Maclean, 1966, 1969 and 1971; Nilsson, 1963; 
Dirksen, 1970; and Jubb and Kennedy, 1970). They recognized 
that laminitis led to several physiological disorders: hoof
sloughing, hyperemia, hemorrhage, and thrombosis with edema 
in surrounding tissues. Histamine is associated with 
laminitis, because it has been found in the ruminal fluid of 

acidotic animals and is often considered responsible for 

laminitis. Serum histamine is elevated during acute lami
nitis of cattle. However, whether blood histamine comes 

from the rumen or other sources is controversial. The bio

chemical relationship of lactic acidosis and laminitis 
remains obscure.

Another problem in feedlot cattle which has been re
lated to acidosis is the sudden death syndrome (SDS) which 
was first reported in Canada by Niilo and Avery (1963).

Among the several problems related to acidosis, perhaps the 
SDS is the most obscure. Clinical signs have not been de

scribed because of the sudden death of apparently healthy 

animals. There is no evidence of struggling before death. 

Several researchers have incriminated clostridial organisms 
as the causative agent, but their role in SDS is still con

fusing (Turner, 1971; and Wilson et al., 1975).
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Other toxic substances which have been incriminated 

as playing a role in lactic acidosis include endotoxins, 
tyramine and alcohol (MacKenzie, 1967).

The several physiological changes that have been ob
served when acidosis develops in ruminants can be summarized 
as follows (Slyter, 1976; and Elam, 1976):

1. Reduced salivation.
2. Reduced intestinal motility.
3. Reduced intestinal ingestal turnover.

4. Increased level of lactic acid in the rumen and 
blood.

5. Reduction in rumen and blood pH.

6 . Increased osmotic pressure in the rumen.

7. Reduction in rumen protozoa counts.
8 . Destruction of gram negative bacteria and pro

liferation of gram positive bacteria in the 
rumen.

9. Rumenitis and sloughing of rumen epithelium.

10. Rumen stasis.
11. Reduced urine pH.
12. Dehydration and hemoconcentration.

Some breed differences appear to exist in the devel

opment of acidosis. Following the engorgement of high 
concentrate diets. Brahman cattle showed increased blood lac

tate levels, as compared with Herefords or Angus (Hentges,
19 70) . The highest incidence of acidosis observed in
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feedlots occurs during the warmer season. The reason for 

this is unknown, but is probably related to fluctuations in 

feed intake (Elam, 19 76).

Acidosis as Affected by Grain Type
Grain type has been reported as a factor influencing 

the presence of acidosis in cattle. Recent interest in 

feeding wheat has been due to a competitive price with other 

grains. Wheat has the highest energy value of all cereals 
(Brethour, 1977) and is fermented in the rumen at a very 

rapid rate. Wheat is reported to produce higher levels of 
lactic acid and lower pH values when compared with other 
grains. .Varner and Woods (19 71) studied the effect of an 
80% concentrate diet which differed only in type of grain: 
wheat (Gage) and corn. Ruminal lactic acid concentration 

was greater for the wheat diet ( 8 8 pg/ml vs 1 2 yg/ml) and 

rumen pH values were higher for the corn diet (6.67 vs 6.44).
The results of several studies clearly indicated 

that wheat varieties vary in their feeding characteristics.

At Kansas State Experimental Station, varieties were ranked 
from soft to hard (soft, weak gluten; hard, strong gluten). 
Brethour and Duitsman (1973) conducted trials in order to 

demonstrate differences between two hard wheats (Scout and 
Golden 50) and two soft varieties (Stadler and Gaines) with 

sorghum grain as a control. Rate of gain from the two hard 

red winter varieties was high (P<.05) than those from the soft
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varieties (2.76. lb. vs 2.58 lb.) . However, no difference 
was reported in gains between the hard wheats and sorghum 
grain. They concluded that hard wheat varieties appeared 
more likely to cause founder than soft wheats.

Buffers in Dairy Cattle
A common problem associated with lactating cows fed 

high grain diets is the so called low fat syndrome (Emery, 
1976). The.low milk fat is due to characteristic changes . in 
the patterns of rumen fermentation which result in high pro
pionic and low acetic acid proportions (Balch et al., 1955; 

Folley and MacNaught, 1961; Van Soest, 196 3; and McCullough, 

1966) .
The mammary gland of the dairy cow cannot utilize 

propionic acid for milk fat synthesis due to the absence of 
the enzyme ATP citrate-lyase. The absence of this enzyme 
restricts the feeding of high grain diets, where rumen pro
pionate production is significantly elevated, to lactating 

cows which are at high production levels (Davis and Brown, 

1970) .

Balch et al., (1955) observed low ruminal pH values 

along with 1 ower saliva production in cattle fed high concen
trate diets. They also found that due to the low saliva 

production, there was a reduction of NaHCO^ entering the 
rumen. Van Soest (1963) suggested that the increased pro
pionate acid production on high grain diets was due to the
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lowered rumen pH, perhaps because of the: low ruminal NaHCO^•
This concept has led to research on the value of buffer

additions to lactating dairy cow diets.
Emery and Brown (1961) conducted three studies to

test the theory that normal rumen pH would result in normal
milk fat when cows were fed 24 lb. of a 77.5% ground corn 
- ./ 

concentrate plus 2 lb. of alfalfa hay per head per day and
1 lb. of NaHCOj. A similar ration was fed in a second trial,
except that 2 lb. of dehydrated alfalfa pellets replaced the

alfalfa hay and the buffer treatments were either 1 lb. of
NaHCOj or KHCOg plus the control. In trial 3, three rumen
fistulated cows were each assigned to three rations: (a) 1 2

lb. of alfalfa hay and 8 lb. of the above concentrate;

(b) 14 lb. of concentrate plus 1 lb. of alfalfa pellets; and

(c) same as b plus 1 lb. of NaHCO^• In all trials, decline 
of milk fat percentage was prevented with buffered diets, 
and the pH of the rumen was increased. However, the molar 

proportions of VFA were not appreciably altered.
Davis,. Brown and Beitz (1964) Conducted two experi

ments to investigate the mechanisms whereby feeding buffers 
prevented low fat milk production when high grain diets were 
fed. Twelve lactating cows were divided, into two groups of 

six Cows, each was fed either alfalfa hay ad libitum plus 

restricted grain (1 lb../2.. 5 lb. of milk) or grain ad libitum 
plus alfalfa hay restricted (5 lb./cow/day). Each group was 

further partitioned into two subgroups and one of each fed
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the concentrate with 3% of a buffer mixture (equal parts of 
sodium and potassium bicarbonate). In a second trial with 
16 lactating cows, diets and groupings were as above, but 

the buffer mixture was added at a 1.5% level of the concen
trate. Milk fat percentage and rumen VFA profile were the 
parameters determined. In both trials, bicarbonate addi

tions . prevented milk fat decline with the high grain diets.

A superior effect of NaHCO^ was found with the high roughage 
diets. In general, the molar proportion of propionate 

decreased with increase in acetate and butyrate as compared 

to the control. Based on these findings, the authors con
cluded that bicarbonate additions compensate the reduced 

saliva output due to the high grain intake. They postulated 
that the lower pH values of the rumen contents favored rumen . 
microflora which favored propionate production, this result

ing in a decrease in milk fat synthesis.
Emery, Brown and Thomas (1964) , after observing the 

success of NaHCOj additions for maintaining milk fat per

centages with cows fed high concentrate diets, fed 2 lb. of 

alfalfa hay and concentrate ad libitum. Buffer treatments 
were 1 lb. of NaHCO^, 1 lb. of CaCO^ and control. In trial 
2 , two groups of eight cows each were fed 3 lb. of alfalfa 
hay and either grain plus 1 lb. of NaHCO^ or grain alone ad 
libitum. The NaHCO^ treatments significantly improved milk 

fat percentage (3.66 vs 2.85 in tria.l l and 3.14 vs 2.28 in 

trial 2). Molar proportion of rumen acetic acid was
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significantly higher for the NaHCO^ treatments (63 vs 56.4 
and 47.9 vs 34. 7 for trials 1 and 2, respectively); whereas * 
the CaCOg had no effect. However, grain intake was depressed 

by 20 and 10% in trials 1 and 2, respectively, due to the 

NaHCOj feeding.
In later investigations, magnesium oxide (MgQ) on a 

weight basis was found about twice as effective as NaHCOg 
for prevention of low milk fat due to feeding high levels of 
concentrate feeds (Emery, Brown and Bell, 1965). Thomas and 
Emery (1969) reported that a combination of NaHCO^ and MgO 
added to the concentrate at 1.8 and 0.9%, respectively, were 
additive in their effects. They further reported that the 

mode of action of each buffer was somewhat different. 
Magnesium oxide was also found to be more palatable than 

NaHCOg.

Buffers in Beef Cattle Feeding
The initial interest in buffers for beef cattle 

feeding was stimulated when all concentrate diets were 

offered to fattening cattle. Digestive disturbances are 

common when all-concentrate diets are fed to beef cattle.
Due to management problems in feeding all-concentrate diets, 

the simple solution is to feed high levels of roughage in 
the initial phase of the feeding and systematically decrease 
roughage levels over a period of 3 to 4 weeks, at which time 

the cattle will be on all-concentrate feeding. However, if
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high concentrate diets are fed for long periods of time, 

acidosis may become a problem. The reason for this problem 
has not been clearly defined, but probably relates to long 
periods of low ruminal pH (Hale and Shell, 1976).

An approach to the feeding problems associated with 
high concentrate feedings has been the additions of buffers. 
Wise et al, (1961) studied different levels of buffer supple

mentation in high concentrate diets for steer calves. . In 
trial 1, two groups of steers were fed for 91 days, either a 
control diet based on 95% ground shelled corn or the same 

diet plus a buffer mixture of 4% NaHCO^ and 7% KHCO^. Deter
minations of VFA, as well as performance data, were 
collected. In trial 2, calves were assigned to four treat

ments: Control (same basal diet as trial 1), control plus
5% mixture of sodium and potassium acetate, control plus 2.5 

lb. coastal bermuda grass (long), and control plus 2.5 lb. 

coastal bermuda grass (ground) during 119 days. Performance 

data and carcass evaluation were determined. In trial 1,
11% buffer mixture depressed feed intake (11.0 vs 9.2 lb.), 
but acetic acid proportion was higher for the buffered diet 
(56.4 vs 49.1), as compared to the control. However, aver
age daily gains favored the control diet (1.9 vs 0.7). In 
trial 2, performance of calves was the same for all the 

treatments, but feed conversion was slightly more efficient 
for the control than for those containing buffers or hay.
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Nicholson, Loosli and Warner (1960) initiated a 

series of experiments to determine the effect of buffers in 

beef cattle diets. Two month old Calves were fed a 48% con

centrate diet based on corn cobs, corn starch and soybean 
oil meat plus 3% of a mineral supplement (equal parts of 
calcium and magnesium carbonate and sodium and potassium 
bicarbonate). Calves fed the mineral supplement had higher 
feed consumption and more rapid rate of gain than the con
trol animals.

Nicholson and Cunningham (1961) used sodium 

propionate and mixtures of ground limestone, NaHCO^ and 
K^COg fed to beef steers in three trials. Diets were based 

on ground oats and barley with buffer levels from 2% to 9% 
of the diet. Addition of 9% buffer mixture decreased gains 
significantly, but 6% of the buffer mixture increased gains 

when compared to the control. Sodium propionate addition 
improved feed efficiency significantly (trial 1). In trial 
2, addition of 7.2% buffer (equal parts NaHCO^ and ground 

limestone) improved feed intake significantly and tended to 

improve gains and feed efficiency. Additions of were
found unpalatable by cattle. In trial 3, contrary to 

results of trial 1, the 9% buffer level in the diet led to a 
40% improvement in feed consumption as well as increased 

gain and feed efficiency.
Nicholson, Cunningham and Friend (1963) determined 

the effect of 3% NaHCO^ plus 2% ground limestone plus 1%
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KHCOg in rations based on 84% rolled barley and fed to 18 
month old steers. In a second trial, three rumen fistulated 
steers were fed the same treatments as in trial 1. In the 

first trial, 3% NaHCO^ resulted in significantly increased 
feed intake when compared with the other treatments. In the 

second trial, no difference was found in nutrient digesti

bility or nitrogen retention among treatments, but rumen 
acetic acid percentage was significantly higher for the con
trol diet; however, pH and rumen buffering capacity were 

higher for the buffered diets, although not significantly.
Preston et al. (1962) studied the effect of 1.25% 

and 2.5% of NaHCO^ in 90% concentrate weaning diets with 

bull calves. There were no differences in feed intake, 

gains or feed requirements among diets. However, when early 
weaned calves were fed similar diets supplemented with 

either 7.5% or 2.5% NaHCO^, nitrogen retention, dry matter 
and nitrogen digestibility were increased with buffered 
diets and the highest level of NaHCO^ increased rumen and 

urine pH.
Recently, interest has been shown by researchers in 

investigating the role of dolomite, a limestone high in mag

nesium, as a buffer in high concentrate diets for beef 

cattle. The reason for this probably relates, to the success 

of MgO as a buffer in lactating dairy cattle diets .

Several performance trials have been conducted with 

NaHCOj supplementation of high concentrate wheat diets.
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Brethour and Duitsman (19 72) conducted two trials to evalu

ate additions of 1 g thiamine and 100 g NaHCO^ per steer 
per day in wheat finishing diets containing 7 to 10 lb. of 

sorghum silage per head daily. Results showed that the 
thiamine plus NaHCO^ combination significantly improved 
average daily gain in trial 1, but not in a second trial.

In both trials, feed intake was higher for the treated diets 
than for the control. The same authors (19 73) tried to par
tition the effect of thiamine and NaHCO^ using the diets 

previously mentioned with a 100 g and a 200 g NaHCO^ per 

head per day treatment. Results showed that steers receiv
ing NaHCCU gained more rapidly and were fatter at the end of 
the test. However, there was no advantage of the 200 g 
level when compared to the 100 g NaHCO^ level. The thiamine 
treatment gave no response. The authors concluded that 

after nine comparisons to evaluate NaHCO^ in high wheat 
rations, NaHCO^ increased feed intake 3%, weight gain 4%, 
and energy gain 5.6% (Brethour and Duitsman, 1973).

Lofgreen (19 75) conducted two trials to study the 

effects of NaOH, NaHCO^ and dolomite on growing steers per
formance .' In trial 1, a 90% concentrate diet based on 
rolled barley was used as a control and additions were 0.75% 
MaHC0^ or 0.375% NaOH. Results showed that NaHCO^ reduced 
feed intake significantly without reducing gains and, as a 
result, improved feed conversion significantly (5.83 vs 5.56 

lb.), as compared to the control. The NaOH had no effect.
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In trial 2, dietary formulation was the same as.in trial 1, 
hut NaHCOj was replaced with 2% dolomite. The NaOH treat
ment depressed gains significantly when compared to the 
control. Dolomite resulted in gains similar to the control 

and feed requirements were similar for all treatments.

Hale et al. (19 76) found that addition of 2% dolo

mite to a high concentrate diet fed to starting steer calves 
had no effect on daily gains, feed intake or feed conversion 
when the entire 232 day feeding trial was considered. How
ever, during the first 56 days, the dolomite additions 
resulted in a 1 lb. per day of increase in feed intake and 

a G.4 lb. increase in average daily gain with a 9% improve

ment in feed efficiency when compared to the control.
The effect of adding a combination of buffer and 

monensin to high concentrate diets has received recent atten
tion due to the fact that monensin is now considered a 
standard additive to cattle finishing diets.

Lofgreen (1976) utilized steer calves in a 130 day 
trial, and the treatments were control (based on 62.5% 
rolled barley), monensin (30 g/ton), 0.75 NaHCO^ and a com
bination of both additions (30 g/ton monensin plus 0.75% 

NaHCOj). All treatments significantly reduced feed intake 

without affecting gains, thus, significantly improving feed 

conversions when compared to the control. However, the im
provement reported for the combined treatment was not 
additive. ,
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Hale et al. (1977) found that additions of either 2% 

dolomite or 30 g/ton monensin with steers fed a 12% roughage 
diet resulted in higher gains on the monensin diet (2.47 vs 
2.63) with feed conversion also in favor of the monensin diet 
(6.05 vs 6.44). The dolomite did not show the effect noted 
in a previous trial (Hale et al., 1976).

Hale et al. (1978) studied the effect of 0.75%
NaHCOj added to a 12% roughage diet containing 30 g of 
monensin per ton when fed to steer calves. Addition of 
NaHGOy increased feed intake by 1.8 lb. per steer per day, 

thus, increasing gains, but feed requirements were increased 

slightly (6.0 5 vs 6.23). The authors concluded that such 
comparison did not indicate undesirable interaction between 

monensin and NaHCO^•

Effect of Buffers in Ruminant Physiology
Inconsistent results have been obtained as a result 

of feeding buffers to cattle. However, the research has 
shown some of the metabolic and physiologic changes that 
occur due to feeding buffers.

Lassiter, Burananmanas and Hamdy (1961) studied 

the effect of additions of NaHCO^ on microbial population, 
pH and ruminal VFA when a pelleted ration Was fed to rumen 

fistulated steers. Results showed highly significant 
regressions of acetic, propionic, butyric and valeric acid 

concentrations on NaHCO^ consumption and on time of



24

post-feeding, indicating microbial shifts in the rumen 
following buffer administrations.

Prigge et al. (19 75) attempted to produce acidosis 
with rumen fistulated steers by force feeding high moisture 
corn diets through the rumen fistula at twice the level of 
voluntary intake. Buffers used were KHCO^ (trials 1 and 2),. 

NaHCOj and CaCO^ (trial 1) and dolomitic limestone and 
sodium bentonite (trial 2). All buffers were added at a 2% 

level of the diet (on an "as fed" basis) and pH and lactic 

acid concentrations in the rumen were measured at 0, 1, 2, 4, 
8,12 and 24 hours post-feeding. Results indicated that rumen 
pH values for all the treatments reached their lowest at 8 

hours post-feeding and the highest rumen lactic acid concen
tration. occurred at the first hour post-feeding. KHCO^ was 
the most effective buffer in both trials; however, acute 

acidosis was never observed.
Gordon et al. (1976) fed an 85% ground high moisture 

corn diet to four ruminal fistulated steers. Buffers evalu

ated were 2% sodium bentonite (SB), 1% SB plus 1% dolomitic 

limestone (DL) and 1% SB plus 1% KHCOg. Values of rumen pH, 
lactic acid, glucose concentrations and osmolarity of the 

rumen at 0, 1, 2, 4, 8, 12 and 24 hours post-feeding were re
corded. Blood samples were taken at the same times 
(neglecting the first hour) and pH, pCC^ and HCO^ concentra
tions determined. Results showed that none of the buffers 

gave consistent differences for the rumen measurements
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across sampling time when comparing to the control. However, 

blood HCOj was significantly lower for the buffered diets at 
8 hours post-feeding. The authors suggested that blood 
measurements must be considered along with ruminal parame

ters in evaluating acidosis.
Pryor and Laws (1972) studied the effect of NaHCOj 

on incidence of digestive disturbances when wheat grain was 

used. Thirty-two 15 month, old steers were assigned to diets 
with three different wheat grain and barley straw ratios 
(85:15, 50:50 and 15:85) fed ad libitum. The grain was 

either ground or fed whole and the diets were supplemented 
with 1% NaHCOg. Steers fed the high wheat diet gained more 

rapidly and showed improved feed conversions and dressing 

percentages when compared with the two lower grain diets.
In a second experiment, Shaw and Pryor (1972) studied the 
physiological role of the above diets and treatments. In 
this case, rumen pH, lactic acid concentration and VFA pro
duction were determined. Results indicated that addition of 
1% NaHCOg had no effect on rumen pH, VFA molar proportions 
and lactic acid levels. However, rumen pH and acetate: 

propionate (C^iC^) ratios were significantly less for the 
highest wheat diet than with the other two, and total VFA 

concentration was greatest with the highest level of wheat.
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Summary of Previous Buffer Research

The research literature indicates that with lactat- 
ing cows fed high concentrate diets, dietary buffers 
increase milk fat percentage without an apparent decrease in 
other milk components, although total milk production may be 

decreased somewhat due to reduced feed intake. The effect 
of buffers is due to reduced propionate production in the 

rumen. Studies with beef cattle are not clear in this 
respect and several reports show an increased propionate 
production due to the use of buffers. The reason for this 
difference in rumen propionate between the lactating dairy 
cow and finishing beef cattle is not known but may relate to 
the difference in total feed intake by the two animals. The 

effect of buffers on feed intake may depend upon feed in

gredients, physical form and feed, regimen.
With beef cattle, buffers appear effective in reduc

ing acidosis early in the high concentrate feeding period. 
Buffer additions maintain a high ruminal pH, arid the, most 
useful to date are NaHCO^, KHCO^ and MgO. Dolomite is also 
effective, probably due to its magnesium content. The use 
of buffers in high concentrate diets for finishing beef 
cattle holds considerable promise, but much more research is 

required before definite recommendations can be made for 

their use.



MATERIALS AND METHODS

Three rumen fistulated steers were utilized in a 
3 x 3  latin square to study the effect of buffer additions 
and two levels of feed intake on rumen pH, rumen VFA ratios 
and rumen buffering capacity. Rumen sampling times were at 
0, 1, 2, 4 and 6 hours following the morning feeding.

When feed intake levels and sampling times were in

corporated into the latin square design, the two levels of 
feed intake split each of the nine plots of the latin 
square. The main plots were the cells of the latin square 

and the sub-units the levels of feed intake. The five sam
pling times were then allocated to each sub-unit forming a 
Split-split plot with the sampling times as sub-subunits.

The plastic cannulaes for the rumen fistulas were 
tight fitting and no problems were encountered in maintain

ing the steers on an 80% concentrate diet. The steers were 

15 months of age, weighed approximately 425 kg and were 
maintained in individual concrete-floored pens (2.44 m x 
4.88m) with one-half of the pen covered with shade.

The steers were fed twice daily at 0630 and 1500 
hours the experimental diets shown in Table 1. Block salt 
and water were available at all times. Durum: wheat was 
Steam processed flaked to 60% of the original volume weight. 

For each diet, sufficient feed was mixed at one time to feed

27
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Table 1. Experimental diets.

International 
Ref. No.

Treatment
Ingredient (%) Control NaHC03 Dolomite

Ground alfalfa hay 1-00-063 20.0 20.0 20.0
Steam flaked wheat 4-08-183 74.1 73.85 72.5
Molasses 4-04-696 5.0 5.0 5.0
Salt 0 . 5 --- 0.5
Limestone 6-02-632 0.4 0.4 ---

Sodium bicarbonate 6-04-273 --- 0 .75 ---

Dolomite -- -- 2.0

Calculated Analysis 

Protein, % 
Calcium, % 
Phosphorus,

,. all diets : 
14.5 
0.51 

% 0.35
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for an 8 to 10 day period. No spoilage of the feed was ob

served and it was readily consumed by the animals. There 
was a 2 week adjustment period on all diets prior to sam

pling.
Three hundred ml of rumen fluid were taken per steer 

at each sampling time. The pH was recorded with a glass 
electrode pH meter immediately following removal of sample 
from the rumen. Samples were then strained through four 
layers of cheesecloth and the filtrate immediately treated 
with one part saturated mercuric chloride solution to 50 
parts rumen fluid to prevent further microbial activity.

A portion of each rumen sample was centrifuged at 

5000 rpm and the supernatant fluid treated with a 25% solu
tion of methaphosphoric acid and frozen until analyzed for 
VFA by the method of Erwin, Marco and Emery (1961) .

One hundred ml of the treated filtrated sample was 
used to determine rumen buffering capacity by titrating with 
IN HCL to a final pH of 4. Results were expressed in Meq of 

H+.
Rumen buffering capacity is defined as the relative 

ability of ruminal ingesta from feeds to resist changes in 

pH (Ammerman and Thomas, 1955). The experimental determina
tion of the buffer value of the rumen fluids obtained in 
this study were achieved by calculating the slope of samples 

titrated. Simple regression analysis was performed on each 
of the 90 titrations, with rumen pH used as a dependent



30
variable and Meq of H+ as an independent variable. The pH 
range was from the initial rumen pH to pH 4. Slopes were 

weighed based on their corresponding standard error.
During the first collection period, all steers were 

restricted to 6.30 kg of feed per steer per day, fed in 
equal morning and afternoon feedings. Each steer was sam
pled every other day for a total of four days. During this 
period, observations indicated that treatments had little 
effect upon rumen pH.. Due to these observations, a second 
collection period was conducted in which the steers were 
full-fed twice daily. Feed intake in this period was 8.20 

kg per steer per day and only three sampling days were used, 
because one or more of the steers ceased eating at about day 
four. Sampling was daily for each steer on each treatment. 
Samples taken in this period were analyzed as previously 
described.

During the restricted intake, the four sampling 
replicates (days) for each steer were combined into one mean 

value as analysis of variance showed there was no day effect. 
The single value permitted simpler analysis of treatment 

effects. Likewise, the three sampling replicates (days) for 

each steer on the full-feed system were combined into one 
mean value. ,

Data obtained from this experiment were analyzed by 
the analysis of variance in accordance with Nie et al.



(1975) . Separation of means were done by the least signifi
cant difference (Steel and Torrie, 1960) .



RESULTS

All diets were consumed readily by the steers.
Visual observations indicated that digestive disturbances 

occurred on two occasions. The first instance was when the 

steers were first offered the wheat diets. After the 10- 
day adaptation period, there appeared to be no further 

problems. The second instance occurred when the.Steers were 
full-fed. On all occasions, one or more steers ceased eat
ing after three days on the full-feed intake. The steers 
usually ate all feed offered within 30 minutes with the 

restricted intake and within 40 minutes for the full-feed 

intake. No intake problems were encountered during sampling 

periods. •
As shown in Table 2, there was no significant effect 

due to treatments for the mean of rumen pH values or 02=0^ 

ratios across sampling time and level of feed intake. The 
widest ratio was with the dolomite treatment and this
was expected due to the higher rumen pH of that treatment. 

The narrowest C2 : ratio was with the control and, on the 

basis of the rumen pH values, this was unexpected as the 

lowest pH value was with the. NaHCO^ treatment. While not 

significant, the wider €2 :0  ̂ ratio of the NaHCOg treatment, 
when compared to the control, may aid in explaining why 

. NaHCOg has been shown to be an effective dietary buffer.
32



Table 2. Effect of treatment on rumen pH,
33

and ratios^

Treatments
Item Control NaHC03 Dolomite

PH 5.98 5.88 6.03 ..

C2 :C3 2.07 2.12 2.39

aEach mean value an average of 30 observations 
across sampling time and levels of feed intake.
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Mean rumen pH values were higher (P<.01) on the 

restricted intake as compared to the full-feed intake 

(Table 3). The C2 : ratios were also the narrowest on the 
full-feed intake (P<.05) and this was expected, based on the 
rumen pH values.

The relationship between rumen pH and 02^ ^  ratios 

was tested by a regression analysis (Table 4) according.to 
treatments and overall effect. Results showed highly signi

ficant correlation coefficients in all the cases. The 
correlation coefficients showed that such relationship was 
not high. However, for the dolomite treatment, the correla
tion coefficient was much higher than for the other 
treatments. This suggests that elevation of rumen pH by 
such means as addition of dolomite will markedly affect the 

ratios and result in a high production of acetic acid.

Independent of treatments, rumen pH decreased with 

time after feeding (Table 5). The decrease between hours 0 

and 1 and between hours 1 and 2 was significant (P<.05) for 

both feeding systems. However, there was no decrease beyond 
4 hours post-feeding and this hour was not different (P> .05) 
than the second hour. The same relationship also was true 
for both the restricted and full-fed systems. All hourly pH 
values for the full-fed system were lower than the corre

sponding values for the restricted system, and as indicated 
in Table 3, these differences were significant.
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Table 3. Effect of restricted and full-fed intake on rumen 

pH and ratios3-.

Intake
Item Restricted Full-fed

pH 6.14b 5 .80c

c 2 "C 3 2.46d 1.93®

scripts

scripts

aEach mean an average of 45 observations 
h r’ Means on the same line with different 
are significantly different (P<.01).
d ’eMeans on the same line with different 
are significantly different (P<.05).

super-

super-



Table 4. Regression analysis between rumen pH values and 
C2 : ratios.

Item Prediction equation R2 P<a
Standard
error,
slope0

Control0 pH = 5.32 + 0.32 C2:C3 0.153 0.016 0.143

NaHC03C pH - 4.90 + 0.46 C2 ̂ C3 0.218 0.005 0.165
Dolomite0 pH = 4.97 + 0.45 C2:C3 0.496 0.00001 0 .085

Total^ pH = 5.08 + 0.40 C2:C3 0 . 296 0.00001 0.066

^Significance of the correlation coefficient.
^All regression coefficients significantly different 

from zero (P<.01).
cThirty points plotted. 

^Ninety points plotted.
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Table 5. Rumen pH values as affected by intake and sampling 

time .

Sampling time: 0 1 2 4 6 LSDa
Restricted^ 6.50 6.20 6.02 5.95 6.03 0.180
Full-fedb 6 .20 5.82 5.65 5.63 5.67 0.180
Total average0 6.35 6.01 5.83 5.79 5 .85 0.128

aLeast significant difference at P< .0 5) .
kpach mean value an average of nine observations.

cEach mean value an average of 18 observations.
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The C£:C2 ratios for the two feeding systems, inde

pendent of the buffer effect were different (P<. 05) (Table 

6). The mean C 2 :C^ ratios for both systems were wider 
(P<.05) for the 1 and 2 sampling hours than for the other 

three sampling times and wider (P<. 05) at two hours than at 
zero time. There was no difference (P>.05) for the 0 and 4 
hour sampling times. However, the 6 hour was the narrowest 
(P<.05) for all sampling times. The difference between the 
€ 2 =0  ̂ ratios cannot be accounted for by the differences in 
treatment pH values shown in Table 5. For each of the two 

feeding systems, the ratios closely paralleled each

other as related to sampling time. The C2 :C^ ratios were 
narrower for the full-fed system as was indicated in Table 3.

There was no effect of buffer treatment on pH at the 

various sampling times, except at 4 and 6 hours (P<.05)
(Table 7). At hour 4, the dolomite pH values were higher 

(P<.05) than the NaHCO^ arid control. At hour 6, the pH 
value for the NaHCO^ was lower (P< .05) than for the other 
two treatments.

No significant effect was found on C 2 :C^ ratios as 
affected by treatment across sampling time (Table 8). How

ever, the ratios for the dolomite treatment^were consider

ably wider than for any of the other treatments. In this 
respect, the higher pH values were also found in the dolo
mite treatment, although the pH values for this treatment 

were not different (P> .05) from the control, except at the
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Table 6. Rumen ratios as affected by intake and

sampling time.

Sampling time: 0 1 2 4 6 LSDa

Restricted^ 2.45 2.53 2.56 2.41 2.33 0.115

Full-fedb 1.91 2.00 2.04 1.91 1.72 0.115

Total average0 2.18 2.27 2.30 2.16 2.05 0.083

aLeast significant difference at P<.05 .
^Each mean value an average of nine observations. 

cEach mean value an average of 18 observations.
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Table 7. Rumen pH values 
sampling time3-.

as affected by treatment and

Sampling
time

Treatment^
Control NaHCOg Dolomite

0 6.38 6.30 6.37

1 6.02 5 .96 6.05
2 5.80 5.78 5.9 2
4 5.82 5.66 5.90

6 5.90 5.72 5.9 3

aAl1 mean values an average of six. observations. 
bLSD = 0.178 at P< . 05.
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Table 8. Rumen ratios1 
sampling time .

as affected by treatment and

Sampling
time

Treatment
Control NaHC03 Dolomite

0 2.05 2.11 2.38
1 2.16 2.22 2.42

2 2.18 2.23 2. 50

4 2.02 2.09 2.37

6 1.9 2 1.97 2.27

aAll mean values an average of six observations.
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4 hour sampling (Table 6 ). For any of the sampling times, 

the ratios were wider for the NaHCO^ treatment than for the 
control.

Previous tables have not separated the effect of 
feed intake and treatment pH by sampling hour. The highest 
pH values for the restricted feeding system were observed 
with the dolomite treatment with little difference between 
the control and the NaHCO^ treatments (Table 9). However, 
for the 4 and 6 hour samplings, the pH values on the NaHCO^ 
treatment were the lowest for all three treatments. For all 
treatments, pH decreased rapidly up to two hours with no 
additional decrease for four hours and a slight rise by six 

hours.
For the full-fed system, the pH values for the 

NaHCOj treatment appeared to be somewhat lower at 2, 4 and 6 

hours when compared to the two other treatments (Table 9). 
Again, for all treatments, pH values decreased rapidly up to 
two hours with no additional decrease for four hours. There 

was no constant effect of the buffers on rumen pH at 2 and 4 
hours. In contrast to the restricted system, the dolomite 

had a smaller effect on rumen pH at the various sampling 

hours in the case of the full-fed system.

When the data are separated into sampling time, 
treatment and feed intake (Table 10), the ratios were
the narrowest for all sampling times with the full-fed 
steers, when compared to the restricted fed steers. With
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Table 9. Rumen pH values as affected by treatment, sampling'

time and feed intake^.

Intake
Restricted Full-fed

Sampling 
t ime

Treatments
Control NaHC03 Dolomite Control NaHC03 Dolomite

0 6.53 6.41 6.56 6 . 2 2 6 . 20 6.18

1 6.14 6.17 6 . 2 7 5.89 5.75 5.83

2 . 5.9 5 5.97 6.13 5.65 5.58 5.71

4 5.94 5.81 6 . 1 2 5.71 5.50 5.68

6 6.0 5 5 . 85 6 . 2 0 5.76 5.60 5.66

aEach mean value an average of three observations.
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Table 10. Rumen Co^C- ratios as affected by treatment;

sampling time and feed intake^.

Intake
Restricted Full-fed

TreatmentsOcliUp±XiJ.g
time Control NaHC03 Dolomite Control NaHC03 Dolomite

0 2.26 2. 37 2.72 1.84 1.85 2.05

1 2.38 2.48 2.74 1.94 1.97 2.09

2 2.43 2.50 2.76 1.9 3 1.96 2.24

4 2.28 2.26 2 . 6 8 1.76 1.92 2.06

6 2.17 2 . 2 2 2.60 1.67 1.72 1.94

aEach mean value an average of three observations.
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both feeding systems, the ratios were somewhat narrower with 
the control treatment at all sampling times with one excep
tion. Likewise, with both feeding systems, dolomite 

resulted in considerably wider ratios than the other two 

treatments on the restricted intake when compared to the 
full-feed intake. The narrowest ratios were observed at six 

hours post-feeding for all treatments.

Regression coefficients (slopes) between pH and Meq 
of H+ were used to assess rumen buffering capacity. Nega
tive slopes were observed in all instances. The interpreta
tion of these values was that the closer the coefficients 
were to zero, the more horizontal the slope. Therefore, 

lines with smaller regression coefficients indicated an 

ability of the rumen liquor to resist changes in pH.

Table 11 is a summary of regression coefficients 

across sampling time and feed intake. No significant effect 
due. to treatment was found for the regression coefficient 
values. However, the NaHCO^ treatment showed the lowest re
gression coefficients and the dolomite treatment the highest 
regression coefficients.

Slopes were significantly steeper (P< .0 5) with the 

restricted intake as compared to the full-fed system (Table 

1 2 ), indicating that the rumen contents for the steers on 

the restricted intake had weaker buffering capacity.

As shown in Table 13, slopes were different (P<.05) 

across sampling time. The rumen buffering capacity was at
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Table 11. Effect of treatment on regression coefficients^.

Treatment
Item Control NaHC03 Dolomite

Regression coefficients -.1614 -.15 73 - .1744

aEach mean value an average of 30 observations 
across sampling times and levels of intake.
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Table 12. Effect of restricted and. full-fed intake on 

regression coefficients .

Intake
Item Restricted Full-fed
Regression coefficients -.1760^ - .15 2 7°

aEach mean an average of 45 observations. 
b c5 Means on the same line with different super

scripts are significantly different (P<.01).
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Table 13. Regression coefficients as affected by intake and 

sampling time.

Sampling time: 0 1 2 4 6 LSDa
Restricted^ . 1996 - .1592 -.156 7 - .1798 -.1847 0 .00004
Full-fed^ .1778 - .1392 -.1366 - .1553 - .1547 0.00004
Total avg.c .1887 - .1492 -.1467 - .1676 - .1697 0.00003

aLeast significant difference at P< . 05 .
^Each mean value an average of nine observations. 

CEach mean value an average of 18 observations.
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its strongest point at 1 and 2 hours post-feeding. Hour 

zero had the lowest buffering capacity and hours 4 and 6 had 

intermediate values. All sampling times were different 
(P<.05) from each other. Likewise, the same relationship 
was found for both feeding systems across sampling times.
All hourly regression coefficients for the restricted system 
resulted in larger values than the corresponding values for 
the full-fed system (P<.05).

Values for each buffer treatment were different 
(P<.05) from each other at all sampling times with one ex-. 

ception (Table 14). At post-feeding hours, the NaHCO^ 

treatment showed.lower (P<.05) regression coefficients than 
the other two treatments, indicating a stronger buffering 
capacity. The dolomite treatment showed the steepest slopes, 
indicating weaker buffering capacities. In general, the 
rumen buffering capacity seemed to increase during the first 
two hours after feeding and then, rumen buffer reserves 

started to decline.

Stronger buffering capacities for all sampling times 
and all buffer treatments were observed with the full-fed 

steers as compared to the restricted steers (Table 15). In 
both feeding systems, the NaHCCU treatment had lower regres
sion coefficients than the other two treatments, but 

differences were not significant. However, with the re
stricted feeding system, these differences were smaller than 
in the full-fed system. Likewise, with both feeding systems,
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Table 14. Regression coefficients as affected by treatment

and sampling timea .

Sampling 
■ time

bTreatment
Control NaHCO-3 Dolomite

0 - .1864 -.1919 -.1878
1 -.1486 -,1381 -.1608
2 -.1398 -.1373 -.1630
4 -.1653 -.157 7 -.1796

6 -.1668 -.1616 - .1807

aAll mean values an average of six observations. 
bLSD = 0.0001.
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Table 15. Regression coefficients as affected by treatment, 
sampling time and feed intake .

Sampling
time

Intake
Restricted Full-fed

Treatments
Control NaHC03 Dolomite Control NaHC03 Dolomite

0 - .19 8 3 - .1978 - . 2028 - .1745 - .1860 - .1729

1 - .1508 -.15 26 -.1742 - .1464 -.1237 - .1475

2. -.1475 -.1479 -.1748 - .1321 - .1267 -.1512

4 - .1729 -.1671 - .199 3 - .1578 -.1482 - .1600

6 - .176 7 -.1718 - . 2056 - .156 8 - .1515 - .1558

aEach mean value an average of three observations.
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the dolomite treatment resulted in steeper slopes than the 
other two treatments. This difference appears larger in the 
restricted intake system. No significant differences were 

found in any of these values.
There were differences between steers for rumen pH 

(P<.05) and VFA ratios (P<.0 25). The period x hour inter
action was significant (P<.01) for both rumen pH and 
buffering capacity.



DISCUSSION

The mean pH value of all rumen samples was 5.97 with 
a range of 5.34 to 6 .6 8 . There was no significant effect 
due to buffer treatment; however, there was an increase of
0.15 pH unit when dolomite was compared to NaHCO^, and it is 

believed that this difference is of biological importance. 
Van Soest (1963) has stated that raising the rumen pH on 

high concentrate diets will result in a wider ratio
in the rumen contents. In general, this statement agrees 
with the findings of this study.

Sodium bicarbonate lowered rumen pH when compared to 

the dolomite and control, but had no effect on CgZC^ ratios. 

Emery and Brown (1961) reported wider C^-C^ ratios in dairy 
cattle due to additions of NaHCO^. However, with the dairy 

cattle, grain intake was much higher ( 11 kg vs 6 kg) than 
with the beef steers in this study.

Emery and Brown (1961), Davis et al. (1964), Emery 
et al. (1964) and Tremere, Merrill and Loosli (1968) re
ported higher rumen pH values for the NaHCO^ when compared 
to the control. However, in each of these Studies, there 
was only a single sampling time three hours post-feeding.

The full-fed system resulted in a marked decrease in 
rumen pH and C2 - ratios. This suggests that evaluation of 

buffers must be at maximum feed intake similar to that which

53
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occurs under practical.feeding conditions. In the present 
study, the animals were fed only twice daily. The full-fed 
system steers were fed the maximum amount of feed they would 
consume, but this was probably less feed than would be con
sumed under practical conditions where the animals can eat 
24 hours per day.

The correlation between rumen pH and rumen C2 •' 
ratios was found to be low for the NaHCO^ and control treat- 
ments (r = 0.15 and 0.22, respectively). However, the 

dolomite treatment showed a considerably larger correlation 

(0.50) than the other two treatments. Additions of dolomite 
accounted for 50% of the variation on C2 • ratios due to pH, 
It appears that dolomite was the most effective in maintain
ing higher rumen pH values and, therefore, higher rumen 
acetic acid proportions than the other two treatments. It • 

is generally believed that higher rumen pH values are less 

likely to be associated with acidosis.
There is presently a lack of information on the 

effects of buffers on pH and C 2 :C^ ratios at different times 
post-feeding. In this study, pH decreased from 0 to 4 hours 
post-feeding and then increased from 4 to 6 hours (Table 5). 
However, the C 2 : ratios were wider at 1 and 2 hours than
at 0 hour, but the decline noted at hour 4 was still 
apparent at 6 hours. With the sampling times employed in 

this experiment, the time that C 2 :C 3 ratios returned to the 
0 hour value could not be determined. The continuing
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decline in C^ : C ^ ratios was somewhat surprising, considering 
the increase in rumen pH at 6 hours post-feeding when com
pared to 4 hours. The increase in rumen ratios
observed at 1 and 2 hours were possible due to delayed rumen 

fermentation.
Rumen pH values were decreased: (P<. 05) by the NaHCO^ 

treatment across sampling time beyond 2 hours. The rate of 
pH decrease beyond 2 hours post-feeding was greater for 
this treatment than for the other two treatments.

Rumen buffering capacity was evaluated from the 
regression coefficients obtained by simple regression analy
sis with all titrated samples. All slopes showed that the 

lines intercepted pH (dependent variable) within a pH range 

of 6 . 6 2 and 5.32. The steepest slopes were within the dolo
mite treatment under the full-fed system and the most 
horizontal slopes with the NaHCO^ treatment.

Steeper slopes were interpreted as having less 
buffering capacity; that is, the rumen fluid showed less 
resistance toward an acidic change in pH. On the other 

hand, low slope values meant stronger buffering capacity or 

an ability of the rumen fluid to resist acidic changes in 

pH.

In this study, there was no difference among the 

buffer treatment in rumen buffering capacity. The steers 
fed NaHCO^ appeared to have more buffer reserves against 
acid changes in the rumen contents, as compared to the
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control and dolomite treatments; although the differences 
were not significant. It is interesting to note that as far 
as treatment effect is concerned, rumen pH and C 2‘C^ ratios 

favored dolomite additions, and only the buffering capacity 
favored the NaHCO^ supplementation.

Buffering capacity was influenced (P< .001) by level 

of intake. The full-fed system showed the strongest 
buffering capacity, yet this system showed the lowest pH 
values (P< .01) and the narrowest ratios (P< .05) . This

may have been due to an increase in total VFA production 
when the steers were full-fed. Turner and Hodgetts (1955) 
have shown that VFA Contributes to the buffering capacity of 

the rumen contents when ruminal pH falls to approximately 
5.5. Furthermore, the rate of absorption of VFA is in
creased under low ruminal pH and this absorption is coupled 

with a transfer of COg from the blood into the rumen to form 
HCOg. This may also contribute to the buffering capacity of 
the rumen contents (Kromann, 19 76) . However, there is 

limited information on rumen buffering capacity in relation 
to ad libitum energy intake.

This study suggests that buffering capacity is not 

necessarily related to either rumen. pH or rumen ratios
as the highest ruminal pH and the widest C2 :C3 ratios were 
obtained when the steers were fed dolomite, yet this treat
ment produced the weakest buffering capacity. The problem 
of acidosis may be more closely related to rumen pH and
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C£: ratios than to the buffering capacity of the rumen 
contents. However, more investigation is required for a 
clearer understanding of the role of dietary buffers in 
ruminant nutrition.

Results in this study may be affected by animal 

variation. As shown in Table 16, significant differences in 
parameters were observed among steers and there was also an 

interaction between periods and sampling time.



Table 16. Analysis of variance for pH values, C?:C„ ratios and regression 
coefficients.

Source df
PH C 2 ;C3

Regression
coefficients

MS F MS F MS F

Steer 2 0.912 35.91* 2.739 43.97* 0.0273 4.96
Period 2 . 0.125 4.92 0.578 9.28 0.0016 0.29
Treatment 2 0.172 6.78 0.887 14.24 0.0704 12.80

Error A 2 0.0254 0.0623 0.0055

Intake 1 2.687 64.13* 6.252 29.03* 0.1563 22.98**
Pxl 2 0.199 4.75 0 . 335 1.56 0.0129 1.90
Txl 2 0.056 1.34 0.055 0.26 0.0374 5 .50

Error B 4 0.0419 0.0068

Hour 4 0.946 266.48** 0.171 12.06** 0.1624 116.00**
PxH 8 . 0 . 0 1 1 3.10 0.054 3.80** 0.0038 2.71*
TxH 8 0.013 3.66** 0.00 3 0 . 2 1 0.0057 4.071**
IxH 4 0.004 1.13 0 . 0 0 2 0.14 0.0036 2.57
PxIxH 8 0.00 5 1.41 0.023 1.62 0 . 0 0 1 1 0 . 78
TxIxH 8 0.00 7 1.97 0.008 0.56 0.0028 2 . 0 0

Error C 32 0.00355 0.0014

Total 89

aEach regression coefficient value was multiplicated by 1 0 0 0 .

*P<.05.
**P<.01.



SUMMARY

These studies were conducted to determine the effect 
of NaHCOg and dolomite on rumen pH, VFA ratios and rumen 
buffering capacity in fistulated steers fed ah 80% concen

trate diet with steam processed flaked wheat as the grain. 

Buffers were added to the control basal diet at either 0.75% 

NaHCOj or 2% dolomite. Two levels of intake (restricted and 
full-fed) were used and rumen samples were taken at 0 , 1 , 2 , 
4 and 6 hours post-feeding.

Results obtained showed that buffers had no signifi
cant effect (P> .05) on the rumen parameters measured.

However, dolomite resulted in the widest rumen £ 2 * ^ 3 r&tios 
and the highest rumen pH’s. Sodium bicarbonate resulted in 

the lowest rumen pH values and ratios that were wider

than the control, but narrower than dolomite. The correla
tion of rumen pH with ratios was significant (P<.01)
for all treatments. Only in the case of dolomite was the 
correlation sufficiently high enough to suggest this buffer 
has the ability to control rumen pH and

Regression analysis of titration data indicated that 

NaHCOg has the strongest buffering capacity of the three 
treatments, although the difference was not significant 

(P> .05). There appeared to be little relationship between 

rumen pH, € 2 : 0 3 ratios and buffering capacity.

59



60
The full-fed system gave lower rumen pH (P<.01), 

narrower ratios (P<.05) and a stronger buffering
capacity (P<.001j as compared to the restricted system.

Sampling time affected pH and t&tios (Pc.05)
as well as buffering capacity, although parameters responded 
differently among hours of sampling.

Significant hour x treatment effect (P<.05) was ob

served for rumen pH values and rumen buffering capacity.

With rumen pH values and C 2'-C?) ratios, there was a 
difference (P<.05) due to steers. This indicates that 
animals do not respond to the same degree to buffer treat

ment.



LITERATURE CITED

Ammerman, C. B . and W. E. Thomas. 1955. Relative pH values 
and buffering capacities of the ruminal ingesta of 
lambs as affected by various forages. Cornell Vet. 
45:443.

Anonymous. 1978. Number of cattle feedlots and feeder 
cattle marketed by size of feedlot capacity, by 
states - 19 77. Feedstuffs. Vol. 50, No. 6 , p. 4.

Balch, C. C ., D . A. Balch, S. Bartlett, M. P , Bertrum, V. W.
Johnson, S. J. Rowland and J. Turner. 1955.
Studies of the secretion of milk low fat content by 
cows on diets low in hay and high in concentrates. 
VI. The effect on the physical and biochemical pro
cesses of the reticulorumen. J. Dairy Res. 22:270.

Balch, D. A. and S. J. Rowland. 1957. Volatile fatty acids
and lactic acid in the rumen of dairy cows receiving
a variety of diets. Brit. J. Nutr. 11:288.

Baldwin, R. L ., W. A. Wood and R. S. Emery. 1962. Conver
sion of lactate 14C to propionate by rumen 
microflora. J. Bact. 83:907.

Bond, H. E. 1959. A study of the pathogenesis of acute
acid ingestion in the sheep. M.S. Thesis, Cornell
University, Ithaca, NY.

Brent, B. E. 19 76. Relationship of acidosis to other feed
lot ailments. J. Anim. Sci. 43:930.

Brethour, J. R. 1977. Alternative grains in feedlot use. 
Feedstuffs. Vol. 49, No. 10, p. 26.

Brethour, J. R. and W. W, Duitsman. 1972. Different wheat
types and varieties for beef cattle. Kansas State 
Agr. Exp. Sta. Bull. 556.

Brethour, J. R. and W. W. Duitsman. 19 73. Sodium bicarbon
ate, thiamine and zinc proteinate in rolled wheat 
finishing rations. Kansas State Agr. Exp. Sta.
Bull. 569.

Bruno, C. F. and W. E. C. Moore. 196 2. Fate of lactic acid 
in rumen ingesta. J. Dairy Sci. 45:109.



62
Davis, C. L . and R. E. Brown. 1970. Low-fat milk syndrome. 

In Physiology of Digestion and Metabolism in the 
Ruminant, p. 545. A.. T. Phillipson (Ed.) . Oriel
Press, Newcastle, England.

Davis, C. L ., R. E. Brown and D. C. Beitz. 1964. Effect of 
feeding high-grain restricted roughage rations with 
and without bicarbonates on the fat content of milk 
produced and proportions of volatile fatty acids in 
the rumen. J. Dairy Sci. 47:1217.

Dirksen, G. 1970. Acidosis. In Physiology of Digestion 
and Metabolism in the Ruminant, p. 612. A. T. 
Phillipson (Ed.). Oriel Press, Newcastle, England.

Dougherty, R. W. 1976. Physiological changes in ruminants 
being fed high energy feeds. In Buffers in Ruminant 
Physiology and Metabolism. M.-S'. Weinberg and A. L. 
Sheffner (Eds.). Church and Dwight Co., Inc., New 
York.

Dunlop, R. H. 1961. A study of factors related to the 
functional impairment resulting from loading the 
rumen of cattle with high carbohydrate feeds. Ph.D. 
Dissertation,. Univ. of Minnesota, Minneapolis.

Dunlop, R. H. 1970. Acidosis: Discussion of paper by G.
Dirksen. In Physiology of Digestion and Metabolism 
in the Ruminant,, p. 626. A. T. Phillipson (Eds.). 
Oriel Press, Newcastle, England.

Dunlop, R. H. 1972. Pathogenesis of ruminant lactic
acidosis. Adv. Vet. Sci. Comp. Med. 16:259.

Dunlop, R. H. and P. B. Hammond. 1965. D-Lactic acidosis
of ruminants. Annu. New York Acad. Sci. 119:1109.

Dunlop, R. H., P. B. Hammond and C. E. Stevens. 1964. D-
Lactate in bovine blood following carbohydrate 
engorgement. Fed. Proc., Fed. Amer. Soc. Exp. Biol. 
23:262..

Edwin, E. E., G. Lewis and R. Allcroft. 196 8 . Cerebro- 
cortical necrosis: A hypothesis for the possible 
role for thiaminases and its pathogenesis. Vet.
Rec. 83:176.

Edwin, E. E., J. B. Spence and A. J. Woods. 196 8 .
Thiaminases and cerebrocortical necrosis. Vet. Rec. 
83:417.



63
Elam, C 

Elsden, 

Erne ry,

Emery,

Emery,

Emery,

Erwin,

Folley,

Gordon,

Hale, W 

Hale,

. J . 1976. Acidosis in feedlot cattle: Practical
observations. J . Anim. Sci. 43:898.
S. R. 1945. Volatile fatty acids in the rumen of 
the sheep. Proc. Nutr.Soc. 3:243.

R. S. 19 76. High energy feeds for milk production.
In Buffers in Ruminant Physiology and Metabolism, 
p. 149. M. S. Weinberg and A. L. Sheffner (Eds.). 
Church and Dwight Co., Inc., New York.

R .. S. and L. D . Brown. 1961. Effect of feeding
sodium and potassium bicarbonate on milk fat, rumen 
pH and volatile fatty acid production. J. Dairy 
Sci. 44:1899.

R. S., L . D . Brown and J . W. Bell. 1965. Correla
tion of milk fat with dietary and metabolic factors 
in cows fed restrieted-roughage rations supplemented 
with magnesium oxide or sodium bicarbonate. J. . 
Dairy Sci. 48:1647.

R. S., L. D . Brown and J. W. Thomas. 1964. Effect
of sodium and calcium carbonates on milk production 
and composition of milk, blood and rumen contents of 
cows fed grain ad libitum with restricted roughage. 
J. Dairy Sci. 47:1325.

E . S., G. J . Marco and E . M. Emery. 1961. Volatile
fatty acid analysis of blood and rumen fluid by gas 
chromatography. J . Dairy Sci. 44:1768.
S. J . and M. L. MacNaught. 1961. In Milk: The
Mammary Gland and its Secretion, p. 441. S. K. Kon 
and A. T. Cowie (Eds.). New York.
J . L., G . W . Horn, E . C. Prigge, F . N . Owens and D . 
E. Williams. 19 76. Effect of dietary buffers on 
acidosis of steers. J. Anim. Sci. 43:323 (Abstr.).

. H. and L. Shell. 1976 . Buffers in ruminant diets. 
36th Minnesota Nutr. Conf., p. 116.
. H ., B . Theurer, F . Dryden and J . Marchello. 1977 .
Roughage and protein levels, Rumensin and dolomite 
for steer calves. 197 7 Arizona Cattle Feeders Day 
Report.



64
Hale, W. H ., B. Theurer, J. A. Marchello, F. Dryden and R.

Wooten.. 1976. Effect of Rumens in and dolomite on 
performance of finishing steer calves. 1976 Arizona 
Cattle Feeders Day Report.

Hale, W. H., B. Theurer, L. Shell and S. Felix. 1978.
Alfalfa levels with milo and wheat as a source of 
grain for finishing steers. 1978 Arizona Cattle 
Feeders Day Report.

Hentges, J. F. 1970. Problems in formulating rations to 
avoid digestive disorders in full-fed Brahamans as 
compared to cattle of British breed origin. Mim.
Ser. No. 8 , Florida Agr. Exp. Sta.

Huber, T. L. 1969. Effect of ration on liver oxidation of
racemic lactate and of thiamine on blood lactate 
clearance. J. Anim. Sci. 28:98.

Huber, T. L. 1971a. Acidosis problems associated with high
grain rations. Anim. Nutr. and Health. July, p. 10.

Huber, T. L. 1971b. Effect of acute indigestion on com-
partmental water volumes and osmotality in sheep. 
Amer. J. Vet. Res. 32:887.

Huber, T. L. 1976a. Physiological effects of acidosis in
feedlot cattle. J. Anim. Sci. 43:902.

Huber, T. L. 1976b. Physiology of systemic lactic acidosis
In Buffers in Ruminant Physiology and Metabolism,
p. 96. M. S. Weinberg and A. L. Sheffner (Eds.).
Church and Dwight Co., Inc., New York.

Hungate, R. £., R. W . Dougherty, M. P. Bryant and R. M.
Cello. 1952. Microbiological and physiological 
changes associated with acute indigestion in sheep. 
Cornell Vet. 42:423.

Jayasuriya, G. C. N. and R. E. Hungate. 1959, Lactate con
versions in the bovine rumen. Arch. Biochem.
Biophys.82:274.

Jensen, R. and D. R. Mackey. 1965. Acute ingestion. In
Diseases of Feedlot Cattle. Lea and Febiger, 
Philadelphia.

Jensen, R. G., K. L. Smith, J. E. Edmondson and C. P.
Merilan. 1956. The characteristics of some rumen
lactobaCilli. J. Bact. 72:253.



65
Jubb, K . V. F . and P. C ; Kennedy. 19 70. Pathology of

domestic animals. (2nd Ed.). Vol. 2. Academic 
Press, New York.

Kromann, R. P. 1976. Buffering capacity as influenced by 
dietary physical characteristics. In. Buffers in 
Ruminant Physiology and Metabolism, p. 10 7. M. S. 
Weinberg and A. L. Sheffner (Eds.). Church and 
Dwight Co., Inc., New York.

Lassiter, J. W., P. Burananmanas and M. K. Hamdy. 1961.
Effect of sodium bicarbonate on rumen microbial 
activity. J. Anim. Sci. 20:940 (Abstr.).

Lofgreen, G. P. 1975. Feed acidity and cattle performance. 
California Cattle Feeders Day Report.

Lofgreen, G. P. 1976. A comparison of sodium bicarbonate 
with Rumensin in a finishing ration. California 
Cattle Feeders Day Report.

Mackenzie, D. D . S. 1967. Production and utilization of 
lactic acid by the ruminant. A review. J. Dairy 
Sci. 50:1772.

Maclean, C . W. 1966. Observations on laminitis in inten
sive beef Units'. Vet. Rec. 78:223.

Maclean, C. W. 1969. Intensive beef production and the
veterinarian. Vet. Rec. 85:208.

Maclean, C. W. 19 71. The histopathology of laminitis in
_ dairy cows. J. Comp. Pathol. 81:563.

McCullough, M. E. 1966. Relationships between rumen fluid 
volatile fatty acids and milk fat percentage and 
feed intake. J. Dairy Sci. 49:896.

Nicholson, J. W. G. and H. M. Cunningham. 1961. The addi
tions of buffers to ruminant rations. I. Effect on 
weight gains, efficiency of gains and consumption of 
rations with and without roughage. Canadian J.
Anim. Sci. 41:134.

Nicholson, J. W. G., H. M. Cunningham and D. W. Friend.
196 3... Effect of. adding buffers to all-concentrate 
rations on feedlot performance of steers, ration 
digestibility and intra-rumen environment. J. Anim. 
Sci. 22:368.



66
Nicholson, J. W. G. , J . IC. Loosli and R. G. Warner . 1960 .

Influence of mineral supplements on the growth of 
calves, digestibility of rations and intra-ruminal 
environment. J. Anim. Sci. 19:10 71.

Nie, N. H ., C. H. Hull, J. G. Jenkins, K. Steinbrenner and 
D. H. Bent. 19 75. Statistical Package for the 
Social Sciences (SPSS). (Ed. 2.). McGraw-Hill Book 
Co., New York.

nNiilo, L. and R. J. Avery. 1963. Bovine "enterotoxemia 
I. Clostridium perfringens types isolated from 
animal sources in Alberta and Saskatchewan.
Canadian Vet. J. 4:31.

Nilsson, S. A. 1963. Clinical, morphological, and experi
mental studies of laminitis in cattle. Ac. Vet.
Scand. Vol. 4, Suppl. 1.

Pazur, K. H ., E. W. Shvery and C. E. Georgi. 1958. The
conversion of D-xylose into volatile organic acids 
by rumen bacteria. Arch. Biochem. Biophys. 77:387.

Preston, T. R., F. G. Whitelaw, N. A. MacLeod and E . B.
Charleson. 1962. The effect of sodium bicarbonate 
in all-concentrate diets for early-weaned calves. 
British Soc. Anim. Prod. 4:299.

Prigge, E. C., E. T . Clemens, N. A. Cole, R. R. Johnson and
D. Williams. 19 75. Buffers and subclinical acido-.. 
sis in steers. Research Report MP-94. Oklahoma
Agr. Exp. Sta.

Pryor, W. J. and L. Laws. 19 72. Feeding wheat to cattle.
1. The effect of grain to roughage ratio, grain 
processing and sodium bicarbonate supplementation on 
productivity and health in steers. Australian Vet. 
J. 48:500.

Reid, R. L ., J . P. Hogan and P. K. Briggs. 195 7. The
effect of diet on individual volatile fatty acids in 
the rumen of sheep, with particular reference to the 
effect of low rumen pH and adaptation on high starch 
diets. Australian J. Agr. Res. 8:891.

Ryan, R. K. 1964a. Concentration of glucose and low-
molecular-weight acids in the rumen of sheep follow
ing the addition of large amounts of wheat to the 
rumen. Amer. J. Vet. Res. 25:646.



67
Shaw, F . D . and W. J. Pryor. 1972. Feeding wheat to cattle.

2. The effect of level of wheat and sodium bicar
bonate on ruminal characteristics. Australian Vet.
J. 48:504.

Slyter, L. L. 1976. Influence of acidosis on rumen 
function. J. Anim. Sci. 43:910.

Steel, R. G. D. and J. H. Torrie. 1960. Principles and
Procedures of Statistics. McGraw-Hill Book Co., New 
York.

Thomas, J. W. and R. S. Emery. 1969. Effects of sodium
bicarbonate, magnesium oxide and calcium hydroxide 
on milk fat secretion. J. Dairy Sci. 52:60.

Tremere, A. W., W. G. Merrill and J. K. Loosli. 1968.
Adaptation to high concentrate feeding as related to 
acidosis and digestive disturbances in dairy heifers. 
J. Dairy Sci. 51:1065.

Turner, A. W. and V. E. Hodgetts. 1955. Buffer systems in
the rumen of the sheep. I. pH and bicarbonate con
centrations in relationship to pCC^. II. Buffering 
properties in relationship to composition.
Australian J. Agr. Res. 6:115.

Turner, T. N. 1971. The sudden death syndrome in feedlot 
cattle. Vet. Med. 66:803.

Van Soest, P. J. 1963. Ruminant fat metabolism with parti
cular reference to factors affecting low milk fat 
and feed efficiency. A review. J. Dairy Sci. 46:
204 .

Varner, L. and W. Woods. 1971. Wheat in cattle rations. 
Nebraska Beef Cattle Report 71-218.

Wilson, J. R., E. E. Bartly, H. D. Anthony, B. E. Brent, D.
A. Sapienza, T. F. Chapman, A. D. Dayton, R. J. 
Milleret, R. A. Frey and R. M. Meyer. 1975.
Analysis of rumen fluid from "sudden death", lactic 
acidotic and healthy cattle fed high concentrate 
ration. J. Anim. Sci. 41:1249.

Wise, M. B ., T . N . Blumer, G. Matrone and E. R. Barrick.
1961. Investigations on the feeding of all
concentrate rations to beef cattle. J. Anim. Sci. 
20:561.




