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The study was conducted using nine Holstein heifers with weights
ranging from 700 to 990 pounds (lb).
Square.

The design was a 3 X 3 Latin

The three rations consisted of 26.5 lb of corn silage supple-

mented with 3 ounces of sodium bicarbonate, 26.5 lb of corn silage, and
26.5 lb of soybean and milo haylage per head per day.

The rations were

offered on a rotational basis for three experimental periods consisting
of three weeks each.

Blood samples were taken at weekly intervals during

each period; plasma concentrations of glucose, ammonia, beta-hvdroxybutyrate and volatile fatty acids were determined.
There was no significant dietary effect on the mean group concentrations of the measured blood parameters.

Also, there was no dietary

effect on the performance of the animals.
The correlations relative to diets showed some variations.

The

correlations varied in value and relationship.
Mean values observed for some of the blood parameters measured
indicated that the animals received adequate nutrients.

INTRODUCTION

Volatile fatty acids (VFA) are the major products of rumen fermentations.

VFA are known to be the major utilizeable products obtained from

the degradation of complex carbohydrates in the ruminant alimentary
tract and account for approximately 70-80% of the ruminant's energy needs
(21,148).

The relative concentrations of VFA are influenced by factors

such as diet (20) and rumen pH (64).

Of the major VFA absorbed from the

rumen, only propionate contributes significantly to the synthesis of
glucose (11,24,91).
The feeding of buffers is known to change ruminal fermentation
patterns (20,74,75) and, as a result, may also affect digestion and
fermentation in the post-ruminal digestive tract.
Metabolic profiles of dairy cows have been investigated by various
workers (26,27,95,108).

It has been found that the levels of some blood

metabolites can be useful in monitoring the nutritional adequacy and
physiological status of cattle.
The objectives of this study were

(1) to monitor the effects of

different forages on plasma concentration of glucose, beta-hvdroxybutyrate,
ammonia and VFA; (2) to observe the effects of diet on animal performance; and
(3) to find the relationship between plasma glucose, beta-hydroxybutyrate,
ammonia and VFA.
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REVIEW OF LITERATURE

Chickens and pigs are monogastric animals having digestive systems
that are similar to that of man.
are low in fiber.

Accordingly, they must have feeds that

Much of their food could be digested by man.

However,

cattle, sheep, and other ruminants compete with man for no more than 25%
of their dietary intake.
The unique digestive process of ruminants allows them to make use of
highly fibrous materials that come from crop residues, range lands,
pastures, hay, and silages.

These products are collectively referred to

as forages, the dominant feed source for ruminant animals.

Forages
Forages belong to a general group of feedstuffs called roughages.
Roughages, as described by Church and Pond (41), are feedstuffs that have
high crude fiber content and low nutrient digestibility.
categorized into the following families:

Forages are

grasses (Gramineae) and legume

(Leguminosae).
Gramineae
Grasses include approximately 5,000 species which are useful as
forages.

The grass family includes the wild and cultivated species used

for grazing.

Also included are the cultivated cereal grains and sorghums.

Grasses are advantageous as ruminant feedstuff.

Most of the grass

species are palatable, and the intake is high at immature stages of
maturity.

However, as reported by Van Soest (145), intake of immature

fescue is less than that of other immature forage plants, which makes the

depression in intake associated with maturity less than what would otherwise be expected.

This phenomenon of fescue intake has been attributed

to its alkaloid content, which decreases with age and results in acceptance
of mature forages and rejection of immature forages (145).
In the immature stage of growth, grasses, especially the cool season
species, are low in dry matter content and high in water and protein (as
a percentage of total dry matter).

Growth and development of tall fescue

are like many cool-season grass forage species.

Pendlum et al. (113)

found that at the three stages of physiological maturity studied, crude
protein and all macrominerals were lowest while acid detergent fiber,
neutral detergent fiber and lignin were highest in the dough or reproductive stage.

Many researchers have reported that crude protein and in

vitro dry matter disappearance (IVDMD) of grass forage species decreases
with maturity (44,86).

In comparison with legumes, grasses are generally

lower in crude protein (13).

Armstrong et al. (13) also found that

grasses showed a higher proportion of crude fiber content than the
legumes and the cellulose portion of crude fiber, which is characteristically higher in grasses, declined with increasing maturity in all the
forage species studied.

However, grass proteins are relatively high in

the amino acids arginine, glutamic acid and lvsine (41).
Factors such as grass species and soil fertility affect the mineral
content of grasses.

Reynolds et al. (120) found variation in nutrient

concentration in tall fescue treated with different levels of fertilizers.

Calcium, magnesium and potassium concentrations are adequate in

grasses for ruminant use; however, there is variation in the level of
macrominerals.

Miltmore et al. (102) discovered that more than three-

quarters of the forage species studied contained levels of microminerals
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In fact, if grasses are used as

considered inadequate for ruminant use.

hat', age has an important effect on mineral concentration.

Potassium,

calcium, phosphorus, magnesium, sodium, iron, copper and manganese
contents decrease as the hay ages (9).
Many plants store photosynthetic products as poly-fructosans.
Grasses store their carbohydrates in the form of fructosans; the fructosans
in (Gramineae1have

p(2-,6)

or fructosans linkages which are predominantly

in the leaf, stem and root tissues (2).

Legumes do not store carbohydrates

as fructosans instead they are stored in the form of starch in smaller
amounts (164).

Fructosan is completely digestible in animals.

The most common grasses cultivated for ruminant use include meadowfoxtail (Alopercurus pratensis L.), bluegrass (Poa pratensis L.), perennial
ryegrass (Lolium perenne L.), Italian ryegrass (Lolium multiflorum Lamb.),
smooth bromegrass (Bromus inermis Leyss.), reed canarygrass (Phalaris
arundinacea L.), timothy (Phleum pratense L.) and orchardgrass (Dactylis
glomerata L.).

Less used by ruminants are tall fescue (Festuca arundinacea

Schreb.), Bermuda grass (Cvnodon dactvlon

L.

Pers.), and bent grass

(Agrostis spp.).
Leguminosae
Legumes have the capacity to harbor nitrifying bacteria in root
nodules; thus they are able to meet a portion, if not all, of their
nitrogen requirements.

The ability of legumes to fix nitrogen is solely

dependent on the symbiotic relationship that exists between rhizobia-microorganisms and the plant nodules.

Some legume characteristics that

contribute to extensive use in animal diets were outlined early on.

The

importance of leguminous species in animal feeding and nutrition and their
use as cover crops have been summarized by Allen (8).

Legumes as compared

to grasses also possess adequate concentrations of sulfur, magnesium, and
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frequently copper; but their concentrations of manganese and
zinc are
lower than that of grasses (41).
Some common leguminous species used as forage include alfalfa
(Medicago sativa L.), Ladino clover (Trifolium pratense L.),
white clover
(T. repens L.), subterranean (T. subterraneum L.), common lesped
eza
(Lespedeza striata Thunb.) and lupines (Lupinus spp.).

Others are

birdsfoot trefoil (Lotus corniculatus L.) and vetches (Vicia
sPP.).
Changes in Plant Composition With Increasing Maturity
The nutritive value of foragesdependsprimarily on their physio
logical
and morphological development.

The suitability of plants as animal feeds

decreases progressively as the plants change from a leafy vegeta
tive stage
to a morphological stemmy growth as plants mature.

If we consider the

different forage species as an entity, their chemical composition
follows
a predictable pattern.

From the studies done by Crampton and Jackson

(49) and Steen et al. (132), it is known that variations exist
among
varieties of the same species.

Thus, plant composition as a result of

maturity should include a brief discussion of the cell
wall.
Cell walls are associated with many aspects of plant biolog
y including
the morphology, growth, and development of plant cells.

Cell walls are

also considered an important factor in the interactions betwee
n plant
host and disease causing organisms.

Plant cell walls provide structural

cover for the cytoplasmic membrane of the cells.

Esau (63) stated that

the physical coherence and strength of plant tissue are provid
ed by the
cell wall of each cell that combines together with the walls
of the
adjacent cells.

The morphology of the cell wall within a plant tissue

thus provides the basis for determining the morphology of the
plant
tissue itself.
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The cell walls are semirigid structures.

In growing plant tissues,

they expand as the growth of the plant cells progresses.

The expansion

of the cell walls during cell growth provides room for the inclusion of
new components into existing wall structure (42).
cells undergo differentiation.

As plants age, the

Consequently, there are changes in cell

wall size, shape and chemical composition.
Cell walls serve as protective skin and give strength, support and
structure to plants.

Albersheim (6) stated that cell walls form a

protective shield against bacteria, viruses and fungal pathogens.

Enzymes

secreted by pathogens however, are capable of degrading cell wall components; the activity and specificity of such enzymes are related to the
molecular structure of the plant cell wall matrix (7,46,59).

In term of

ruminant nutrition, cell walls prevent rumen microbial attack of the
soluble cell contents.

The structure is collapsed by the mechanical

processes of digestion, thereby exposing the digestible cell contents to
the fermentative medium.
The primary cell wall is the first wall formed in the developing cell.
The secondary cell wall is laid down inside the primary cell wall after
the cell has ceased to enlarge.

Cellulose, hemicellulose, pectic

polysaccharide, structural protein, and lignin are the identified major
components of the plant cell wall (6).

Lignin is a characteristic

component of secondary cell wall (6).
Various compositional changes occur in forage species with advancing
maturity.

Forages contain higher quantities of available carbohydrate

and protein as a percent of the dry matter of vegetative growth than
during full bloom stage (25,97).

Studies (25,97) show that structural

carbohydrate levels are more markedly influenced by onsetting maturity
than are any other components.
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Lignin and cellulose content of forage species increase markedly as
a result of advancing maturity (13,25,113).

Armstrong (13) noted that

grasses contain considerably more cellulose than legumes.

The cellulose

and lignin (structural materials) content of grass species increases at a
faster rate than the water soluble starch, carbohydrate and fructosan, as
the plants reach the reproductive stage (25,113).
Crude protein, as a percentage of the dry matter, declines as forage
plants mature (13,25,37,96,113,147).

The results of investigations done

by Castle et al. (37) showed a decline in the levels of both true protein
and nonprotein nitrogen (NPN) in S23 ryegrass (Lolium perenne) harvested
at three cutting dates.
The various organic materials in both grasses and legumes vary similarly at different physiological stages of growth.

It is known, however,

that the soluble carbohydrate levels are lower in legumes than in grasses,
but the protein content of legumes is higher than that of grasses with
advancing maturity (25).
Hemicellulose content of plants is also affected as the growing
season continues.

Hemicellulose follows the same pattern as cellulose

in forage species with advancing maturity in that the level of the hemicellulose fraction of plants increases as they mature (51).

This phenomenon

can be explained by the fact that polysaccharides belonging to the hemicellulose group of secondary plant cell walls (xylans, mannans, glucomannans and galacto-glucomannans) and the dominant hemicellulose of
monocot primary cell walls (arabinoxylan) have structures that are capable
of forming interchain hydrogen bonds with cellulose (6).

The structural

function of polysaccharides of the hemicellulose fraction of secondary
plant cell walls has been suggested (6) to be that of interconnecting
the cellulose fibers and the pectic polysaccharides of the wall because
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of their ability to bind noncovalently to cellulose and to bind covalently,
through glycosylic bonds at their reducing ends, to pectic polysaccharides.
Because of this explicable role of hemicellulose it is proper to say that
"as the levels of cellulose increase in plants there will be an observed
increase in the hemicellulose content of the plant."

Animal Resporses To Forages Of Different Maturity
The value of forages as feedstuffs is influenced by several factors-among which are plant species, maturity at the time of grazing or harvest,
and the losses that occur in storage.

Stage of maturity is probably the

most important among these factors; plants are most digestible prior to
the flowering stages.

Thus, forages pastured or harvested before flowering

are comparable to concentrates in digestible energy content.
harvested or grazed during or after flowering

Forages

are usually higher in fiber

and lower in digestible nutrients.
It is a well established concept that maturing forages provide less
nutrients to animals (48,49,113,147).

Several systems have been proposed

for providing a meaningful quantitative description of forage nutritive
value.

However, as Crampton et al. (48) stated, of the 6,000 feeds thus

far studied, forages continue to present the greatest problem in quantifying their feeding value.

Van Soest (141) proposed a system using the

determined neutral detergent fiber, acid-detergent fiber, and lignin
contents for evaluating forages.

These determined values are used to

predict forage intake and digestibility of forage materials.

The in

vitro dry matter disappearance (IVDMD) forage analysis method of Goering
and Van Soest (67) has also been used to determine the nutritive value
of forages.

Several attempts have been made to use the existing relation-

ship between stage of maturity and nutritive value as a meaningful quantitative description of forage quality.
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Effect Of Stage Of Maturity On Dry Natter Digestibility
Digestible dry matter (DDM), total digestible nutrients (TDN), and
digestible energy (DE) are the most widely used criteria for quantifying
energy value of feedstuffs.

The criteria mentioned are highly correlated,

suggesting we can predict one from either of the other.

These criteria

stand for the same fraction of the matter or energy consumed (116).
Reid et al. (116) studied the effect of cutting time upon the TDN
value of forages and attempted to quantify the relationship for prediction
purposes.

They (116) carried out a conventional digestion trial with 94

first cuttings and 25 aftermath forages that were harvested during ten
different seasons.

Reid et al. (116) found that the relationship between

the time of cutting in days elapsing after April 30 (X) until July 12
and the percentage of DDM (Y) in the first growth forage could be predicted by the equation Y=85-0.48X.

This calculation has an estimated

standard error of 1.65 percent due to the fact that bottom regrowth
and seed formation contributed to the DDM range of 50-52 percent from
July 12 to July 29.
In a similar study, conducted by Mellin et al. (99), using timothy
hay (Phleum pratense) a sharp decrease in apparent digestibility of dry
matter reportedly occurred at a uniform rate with each day delay in harvest
until July 22, when the values appeared to level off and remain constant
through the rest of the experimental period.

They (99) attributed the

leveling off of digestibility to the effect of spontaneous regrowth of
the forage stand and seed formation.

These researchers attempted to

determine the relationship between calendar harvest date and the nutritive
value of timothy forage, permitting it to be used for predictive purposes.
In this attempt, dry matter digestibility was used as the measure of
nutritive value and was found to be negatively correlated with date of

I0

harvest (r=-0.984).

The regression equation describing the decline in

DDM was calculated and found to be Y=84.92-0.481X when Y stands for thc
dry matter digestibility and X for days delay in harvest after May 17.
Mellin et al. (99) compared this equation graphically to that of Reid
et al. (116).
Interestingly enough, both the work of Mellin et al. (99) and Reid
et al. (116) suggest a value of approximately 0.48 percent per day for
each delay in harvest after May 17 and April 30, respectively, for rate
of dry matter digestibility decline in forages.

Evidently, the most

digestible plant material was harvested on April 30 in New York and
May 17 in Maine.

These types of results suggest a climatic effect on

the harvest date of forage species in different geographical regions.

A

more recent study done by Mason et al. (96) suggests that in vitro dry
matter digestibility of the initial growth forage decreased throughout
the growing season, with the most decline in dry matter digestibility
occuring between stem elongation and flowering.

Soh et al. (130) also

found that acid detergent fiber and neutral detergent fiber were well
correlated with in vitro dry matter digestibility.
Digestion of Plant Material Within the Rumen
Forage fractions can be classified according to nutritive characteristics (143).

Category A is comprised of cellular contents which are

mainly sugars, soluble carbohydrates, starch, pectin, nonprotein nitrogen,
protein, lipids and other solubles.

Sugars, soluble carbohydrates and

starch are considered to be completely available to ruminant animals while
pectin, nonprotein nitrogen, protein, lipids and other solubles are
considered to be highly available.
contents.

Category B is made up of cell wall

These are cellulose, hemicellulose, heat damaged protein and

Ii

lignin.

Hemicellulose and cellulose are partially available to ruminants,

and heat damaged protein and lignin are indigestible by ruminants.

In

fact, all structural carbohydrates are actually utilized by ruminants
through microbial fermentation (143).

This unique digestive system is

the major difference between ruminants and nonruminants.

The nonruminants

lack the enzymes required for the hydrolysis of structural carbohydrates.
These enzymes are available in the ruminant through the rumen microorganisms.
Plant cell walls must he ruptured to expose the digestible cell
Investigations on the

contents of the plant to the fermentative medium.

rumen bacterial degradation of forage cell walls have shown that there
are various bacteria which hold fast to plant cell walls to produce
"holes" by their cellulolytic activity (3,5,39).

These workers (3,5,39)

also reported that the degradation of cell walls of different plant
: with respect to digestion and the extent to which the
tissues ,iiffe various plant tissues are invaded by microorganisms.

The total popula-

tion of rumen bacteria has been shown to consist of three identifiable
subpopulations:

(I) the rumen fluid bacteria, (2) the food particle

associated bacteria, and (3) the bacteria adherent to the rumen epithelium
(40).
Cheng et al. (40) present the sequence of events that takes place
during the digestion of forage plants.

They (40) incubated intact leaves

of six different species of forage legumes with rumen bacteria and
ruthenium red.

Ruthenium red (am electron microscopy stain that is

specific for anionic polymers, most of which are carbohydrates) was used
to stain the leaves.

They (40) found that bacteria adhered to the stomata

and that proliferation of the bacteria took place.

The bacteria penetrated
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the stomata and adhered to the cell, disorganizing the cell wall
causing it to collapse.

and

Later, the bacteria invaded the parenchyma and

epidermal cells and established intracellular microcolonies.

Stomata

guard cells and vascular tissues were not ruptured or colonized by the
invading bacteria.

Throughout the different phases in the digestion of

intact legume leaves, the rumen microbes developed in microcolonies made
up of cells of single or mixed morphological types; and the microcolony
of cells of single or mixed morphological types often completely or
consistently occupied a particular ecological niche (40).

Chewing of

plant material will initially disorganize and cause damage to the leaf
structure and provide much more rapid access to the bacteria invading
the underlying tissues.
Previous studies on the adhension of groups of rumen bacteria to
their polymeric substrates have shown the specificity of bacteria to
adhere to their substrates.

The bacteria responsible for production of

the enzyme amylase become attached to starch (72) and not to cellulose,
while cellulose decomposers become attached to cellulose (103,104) and
not to starch.
The study of three representatives of rumen bacteria--Bacteroides
amvlophilus. Megaspaera elsdenii and Ruminococcus albus--has evidently
established the existence of nutritional interdependance among rumen
bacteria (105).

Starch stimulated the growth of Bacteroides amylophilus

which resulted in a successive growth of amino acid dependent Megasphaera
elsdenii

and branched chain fatty acid dependent Ruminococcus albus in a

medium which amino acids and branched-chain fatty acids are totally present.
Such nutritional interdependence among rumen bacteria affects the rate
of cellulose digestion (105).

In the presence of a readily available
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carbohydrate, cellulolytic bacteria simultaneously digest cellulose and
soluble carbohydrates (77), resulting in a low pH of the medium and,
thereby; inhibiting the rate and extent of cellulose digestion.

The

presence of soluble carbohydrates such as cellobiose and glucose does
not prevent the natural activity of the enzyme cellulase (77).
Hiltner and Dehority (77) found an initial increase in the rate of
digestion of cellulose in the presence of soluble carbohydrates and
suggested that the initial increase might be due to proliferation of
cellulolytic bacteria when there was available soluble carbohydrate.
The higher the concentration of soluble carbohydrates the less the
cellulose digested due to resulting lower pH.

It can be assumed at this

point that at a lower or more acidic pH the growth of cellulolytic rumen
bacteria is being hampered.
Maximizing the use of forages is the goal of animal producers.

Dairy

farmers feed mixed diets containing concentrates and forages in order
to meet the energy requirements of highly productive dairy cows.

Mixtures

of various forages and the associative effects between the forages and
their components have been studied by various researchers (32,33,131).
Soofi et al. (131) found a Fignificant effect of rumen environment on
rate and extent of cellulose digestion when feeding sheep all soybean
stover, all alfalfa, or their blends.

The different roughages used by

Soofi et al. (131) contained different protein levels, and the relative
effects of the different roughages on the extent of cotton cellulose
digestion was pronounced.

The results also indicated that the initial

digestion rate of cell wall components and cellulose in intact plant is
greater than that of isolated celluloses.
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Certain structural factors affect the degradation of forage leaves.
Microscopic studies of forages with low protein and high fiber and lignin
indicate that specific tissues, such as the parenchyma bundle sheaths,
reduced overall digestibility; however forages with high protein and low
fiber and lignin the parenchyma bundle sheaths had little effect on
digestibility (4).
Differences exist in the pattern of bacterial degradation of cell
walls of legume and grass.

The bacterial penetration of the cell wall

of legume leaf tissue was carried out by general disorganization of the
cell wall rather than by the pattern of specific pit formation which was
shown in grass forage plants (3,5).

The major tissues of grasses degraded

by rumen microorganisms are mesophyll and epidermis, the lignified cells
(xylem, mesotome sheath, portions of sclerenchyma) were not attacked by
rumen microorganisms (4).
Forages with a high level of cell soluble contents have less welldeveloped structural components, giving rumen microorganisms, especially
bacteria, greater access to the cell wall.

It was observed by Smith et al.

(128) that the rate of cell wall digestion is very predictable from the
cell soluble contents of feeds.

They (128) considered both surface

available for attack and the fragility of the cell walls as possible
factors in promoting the effects.

Later work conducted by Smith et al.

(127) showed similar results.
It is obvious that the cell wall content of a forage, not the cell
soluble content, is the component that affects the extent and rate of
forage digestion.

Cell solubles are just the forage components that are

soluble and easily absorbed from a feed in aqueous solution and represent
a very digestible fraction of the feed.

Cell walls represent an insoluble
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fractions which has to be catabolised by the cellulolytic activity of
rumen microorganisms in order to keep with the law of first order kinetics
(128).

The theory of first order kinetics simply states that a reaction

proceeds at a rate determined by the quantity of substrate available.
Lipin In Forages
The digestion of fibrous portions
first order kinetics (127,128).

of a forage follows the theory of

To this end a dynamic model for the

digestion of fibrous contents of feed was developed by Mertens and Ely
(100).

Based on the law of first order kinetics we can assume that any

factors which tend to limit or affect the available substrate should be
able to diminish the rate of the reaction in first order kinetics.
Early on, some of the factors which limit the availability of substrate
were discussed.
Attempts have been made to correlate the lignin content of forages
with dry matter digestibility.

however, there seems to exist differences

in the obtainable correlation in grasses and legumes.
significant correlation in grasses and legumes.

There is a highly

There is a highly signi-

ficant correlation between lignin content and dry matter digestibility
of grasses (90,142), and the same correlation in legumes is highly
variable (142,152).

Lignin in corn prevents a portion of the cell wall

constituents and cellulose from being digested without interfering with
the rate of digestion of the remaining cell wall constituents and cellulose
(90).

How lignin affects digestibility is not fully understood.

There

have been many theoretical possibilities which have been emphasized by a
number of researchers and very little experimental evidence to support or
disprove the existing theories (141).

There are marked differences in

the relationship between lignin and digestibility in plant species.
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Grasses have lower lignin content relative to legumes of the same digestibility (141).
Evidently, grass lignin is more soluble than legume lignin.

Ligni-

fication of forage fiber results in a fiber fraction that is considerably
Studies on the digestibility of chemically delignified

less digestible.

fiber have led to the conclusion that if there were no lignification,
holocellulose would be completely digestible (141).
Feed Supplementation
Primarily, animals consume forages for energy supply.

If the forage

cannot be consumed to supply all the nutritional requirements other than
energy, then forage intake is reduced (78).

This phenomenon can be

explained with the theory of fill/rate of passage because a deficiency
in nutrient requirements will result in decreased efficiency of rumen
microbial population, slowing rate of passage, increasing fill and
decreasing intake (78).

In this respect intake is not solely dependent

on the level of fiber in the forage species.

It is necessary to supply

other nutrients in the diet in some proportion in addition to the energy
supplied by forages (47).

Such is the case with protein supplementation.

Eight percent crude protein is required for normal metabolism of rumen
microbes (78).

Consumption of forages with less than 8 percent crude

protein will decrease the efficiency of microbial metabolism, decreasing
the rate of forage degradation and passage from the rumen.

The dynamic

nature of the rumen involves a continual flushing which constantly removes
soluble nitrogen from the rumen, thus limiting the ability of rumen
bacteria to proliferate.

As a result, the level of intake decreases.

The net microbial protein production per unit energy input varies with
turnover,

wt.i(±

in turn is responsible for change in dwelling time
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of all feed components in the rumen and, hence, the extent of digestion
(32).
A study by Campling et al. (34) on the effect of urea on the voluntary intake of oat straw showed the voluntary intake of oat straw and
its digestibility increased when the diet was supplemented with urea.
Egan and Moir (54) infused casein duodenally in their study and found an
improved intake apparently because of recyclization of nitrogen to the
rumen through saliva or passive diffusion from the blood which resulted
in a reduction of the mean retention time of feed residues in the rumen.
Supplementation of diets with varying levels of protein in dairy rations
showed improved digestibility, intake and milk production (45) with
increasing levels of protein.

This study (45) also demonstrated that the

dietary nitrogen requirements of the ruminant animal depend on both rumen
and tissue needs.

Fermentation In The Rumen
Ruminant animals are cud chewing mammals with a multi-compartmental
stomach.

The largest of the compartments is called the rumen.

It is a

factory with literally billions of microorganisms that help to ferment
ingested polymers in plants or forages.

The fermentation process produces

short-chain volatile fatty acids (VFA)--principally acetic, propionic and
butyric that provide the major energy source for the animal and the gases
methane and carbon dioxide.
Importance Of Rumen Microbes
Microorganisms in the rumen are the primary digesting elements which
sharply contrast with the digestive svsteri of man and other rionogastric
animals, in which digestion is carried out primarily by the tissue
secreted enzymes.

Digestion of cellulose is not carried out by enzymes
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of the ruminant, instead it is fermented by microbial enzymes.

Other

constituents of feed--hemicellulose, starch, soluble carbohydrates, protein
and lipids--are all decomposed by the rumen microbes whether or not the
animal produces digestive enzymes capable of digesting these compounds.
The rumen environment is a product of microbial and host contributions.

The gases and the numerous microorganisms in the rumen make it a

highly anaerobic environment.

Hungate (80) and Fryant (31)

presented

results on the identification, etc, of major rumen microbes as early as
1958.

Rumen microorganism study is still current, and new organisms are

being recognized (18).
The primary cellulolytic microbes in the rumen are Bacteriodes
succino5enes, Ruminococcus albus and Ruminococcus flavefaciens.

Butyrivibro

fibrisolvens primarily participate in the fermentation of soluble sugars
and presumably attack the products of hydrolysis of sugar polymers (16).
Only a small percentage of the Butvrivibro fibrisolvens strains are
considered as cellulolytic bacteria.

The substrates presumably attacked

in the rumen by cellulolvtics are restricted due to the fact that the
cellulolytics are specific in terms of the niche they occupy.

They do

not ferment monosaccharides but they attack di- and trisaccharides and
oligosaccharides released during the breakdown of hollocellulose (16).
Variation in starch and soluble sugar content of diets results in a
variation in the population of amylolytic and dextrinolytic microbial
species (16).

Saccharolvtic microbes vary less in numbers than do

amylolytic microbes.

Bacteroides ruminicola attack more sugars than do

Bacteroides amvlophilus (amylolytic microbes) independent of the ration
fed (16,81).

Streptococcus proliferates rapidly when animals are suddenly

switched to a high starch diet.

Megasphera elsdenii. Methanobrevibacter
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ruhinantium and Vibrosuccinogens are present in smaller numbers.

Though

they are minor microbes, they have important biochemical properties and
functions (16,81).

There is great disparity between the population of

rumen protozoa and bacteria (81).

The numbers of bacteria in nonfaunated

animals are greater than in normal faunated ones (81).

Understanding of

the role of protozoa is more limited when compared to rumen bacteria;
the relationship between the protozoa and bacteria is the least understood (16,81).
Recent studies show that anaerobic phycomycetes may be present in
large numbers in the rumen of animals fed high roughage diets (18,110).
These organisms attach firmly to plant fiber and may be one of the important
contributors to the digestion of lignocellulose.
Variations in the Rumen
Microbes in the rumen depend on a constant food supply and the
continuous removal of fermentation products and food residues for their
development (81).

The components of feed appear to be the major factor

influencing rumen fermentation, and this factor varies greatly among
feeds.

Influence of rations on rumen fermentation pattern have been

studied extensively.

The discussion of the results of such studies is

outside the scope of this review as is a discussion of the effects of
different chemical components of feed.
One of the known facts about rumen fermentation, according to Hungate
(81), is that abrupt changes in ruminant rations from roughage to concentrate often result in a rapid proliferation of lactic acid producing
bacteria and conditions within the rumen which greatly alter the normal
fermentation.

Changing from one feeding regimen to another affects the

rumen microbial population (111) and the relative concentration of the
products of fermentation (19,36,55,123).
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Feed Treatment
Treatment of feedstuffs is an important factor in the variation
existing in the rumen with regard to the fermentation that takes place.
Some researchers have noted that the gas and fatty acids production when
an animal is fed legumes that have been subjected to drying is decreased
while the production is increased in the case of grasses (81).

Pelleting

of feed increases tho dry matter concentration in the rumen and, as a
result, there is greaterfermentation rate per unit of volume in the animal.
Sharp et al. (123) altered the relative VFA concentrations by grain form,
with less propionate and more acetic and butyric acids measured with
whole than with ground corn feeding.

Woods and Luther (158) also found

that grinding significantly increases the proportion of propionic acid in
the fermentation products.
Feed Additives
Minerals and rumen microbial growth factors are the most important
aeditives as far as the rumen and its microbes are concerned.

Minerals

and microbial growth factors are most likely to improve host utilization
of the feed and also may exert profound effect on the microorganisms by
stimulating growth.
One of the most commonly used additives is urea.

Numerous experiments

concerning urea utilization by ruminants (34,54,71,73,119,149) have been
conducted.

However, addition of urea to feeds high in protein such as

legumes and young grasses may probably be a waste.

As mentioned earlier,

the VFA are absorbed into the bloodstream while methane and carbon
dioxide are lost through belching.

Propionic acid is the only glucogenic

metabolite (glucose is produced by converting propionic acid to glucose
in the liver) of the three major VFA

produced in the rumen.

As shown

?1_

in Chen and Wolin'F (38) study monensin inhibit the bacterial species in
the rumen that are primarily responsible for the production of acetate,
butyrate and hydrogen--the precursor of methane.

The study (38) also

suggests that the monensin fermentation shift is caused by the selectivity of monensin for microbial populations that produce more gluconeogenic propionate and less hydrogen.

Since hydrogen is a precursor of

methane, less hydrogen means a decrease in the formation of methane and
increase in the efficiency of feed utilization--more available energy.
There are other additives used in animal feed--aureomycin, lansalocid,
for example.
Variation in Ruminal pH
The unique digestive process of ruminants enables them to utilize
forages.

Forages are primarily digested by the rumen microorganisms.

The microbes for example, can live in the rumen at pH

ranging from

5.5 to 7.0 at a temperature of 39 to 40 degrees centigrade when moderate
concentrations of fermentation products are present and at the expense
of the ingesta provided by the animal (81).

It has been established

from various studies that ruminal pH can range from approximately 8 to
less than 5 depending on the animals diet (17,84,139).

When animals are

fed a diet primarily of forage, the pH is about 7.0 while lower values
occur in animals fed high concentrate diets (29,84).

VFA production

rate is decreased when pH is decreased (61,70,126).

Addition of Buffers to Animal Rations
Sodium bicarbonate (NaHCO 3) is one of the common feed additives used
in animal nutrition to alter rumen fermentation and improve animal performance.

A review of recent investigations involving the addition of sodium

bicarbonate (NaHCO ) in dairy rations indicates that NaHCO3 i s beneficial
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to young calves, growing heifers and lactating cows.

This review will be

primarily concerned with dairy cattle, but research on other ruminant
species will be pointed out when necessary.
Buffers for Dairy
The addition of sodium bicarbonate to fermented colostrum has been
shown to be beneficial (65).

The addition of 7.3 gm of sodium bicarbonate

per kg of colostrum to raise pH from 4.65 to 6.15, the same as that of
unfermented colostrum, significantly improved immunoglobulin absorption.
In the absence of frozen colostrum, buffering of fermented colostrum with
sodium bicarbonate can be used in an emergency situation to provide a
limited degree of passive immunization of newborn calves since sodium
bicarbonate exerts the absorption of colostral immunoglobulin.
Bovine colostrum is rich in lactoferrin, an iron binding protein.
Bacteria require iron (Fe) for growth; therefore, lactoferrin can inhibit
bacterial growth under some conditions (109).

However, bovine colostrum

is not bacteriostatic at its natural pH unless it is buffered (117).

The

non-inhibitory action of bovine colostrum is attributed to its high concentration of citrate which is antagonistic to lactoferrin in that it competes
with lactoferrin for Fe, rendering Fe available for bacterial growth.
Raising the pH of bovine colostrum by adding sodium bicarbonate consequently
rendered bovine colostrum inhibitory to bacterial growth--Escherichia Coli
0111 (69).

The bacteriostatic action of bovine colostrum is not a pH

effect (118) because other buffers do not produce the same effect as
sodium bicarbonate.

Sodium bicarbonate apparently binds Fe (117) thus

rendering it unavailable for bacteria use.
The bacteriostatic action of bovine colostrum induced by the addition of
sodium bicarbonate can be assumed to be a possible explanation for the use of
sodium bicarbonate as an effective treatment for diarrhea in young calves.
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Consideration needs to be given to the effect of other buffers in
adjusting the pH of calves diets.

One such study by Gorrill and Nicholson

(68) involved adjusting thepl!of a milk diet with 23 percent acid whey
powder from 5.7 to 6.8 with sodium hydroxide.

They (68) found that

digestible nutrient intake per unit weight gain decreased by 15 percent.
Foley et al. (66) have reported improved calf performance when fed naturall
fermented colostrum without a buffer.

Therefore, pH adjustment effect

of milk diets on calf performance is uncertain.

The possibility remains

that factors other thanOadjustment were responsible for the results
found by Gorrill and Nicholson (68).
One of the important functions of saliva is its buffering capacity.
The rate of saliva secretion in young ruminants is very low (87,88,155).
It may be assumed that the rumen pH content in the young ruminant is not
stabilized and is more acidic than that of a mature animal due to the
secretion of a smaller volume of saliva.

Inclusion of 3, 6 and 9 percent

sodium bicarbonate in the diet of early weaned calves increased food
intake by 29, 52 and 42 percent, respectively.

The 9 percent inclusion

of sodium bicarbonate produced a diminished response, indicating that
higher levels of NaHCO3 inclusion leads to progressive changes in metabolic
alkalosis.
Responses of early weaned calves to NaHCO were greater than those
3
Kg0.75
52
to sodium chloride (NaCl). In terms of dry matter intake per
and 57 percent of the response to NaHCO3 were due to its buffering caparity
before and after weaning, respectively, while 48 and 43 percent of the
response were due to its osmotic effect (89).
Buffers For Growing Heifers
Traditionally, growing dairy heifers are fed high hay rations, which
are naturally well buffered due to salivary stimulation by the mechanical
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process of chewing.

It has been pointed out earlier that high concentrate

rations lower the pH of the rumen in contrast to high hay rations.
Various studies have been conducted on the addition of buffers to the
ration of growing beef cattle and lambs; however, such studies are limited
with respect to growing dairy heifers (140).
In the earlier review on calves, the beneficial effects of the addition of sodium bicarbonate to the calf's diet were pointed out and the
fact that young ruminants secrete less saliva was also noted.

It is also

known that with increase in age saliva secretion increases (87,88).
Roughages have a stimulatory effect on saliva secretion, thus any feeding
regimen with limited roughage will reduce saliva secretion and result in
lower rumen pH.

As a result it is reasonable to speculate that animals

given feeds resulting in lower rumen pH will benefit from the addition
of buffer.
McLeod et al. (98) suggested that the content of organic acids
produced during silage fermentation can limit silage intake.

Through

manipulation of the free organic acid content of grass silages, McLeod
et al. (98) influenced the level of silage intake in cattle and sheep.
In each of the four comparisons, the use of sodium bicarbonate to partially
neutralize the silage pH fromapproximately 4.0 to 5.4 resulted in a
significant increase in voluntary intake of dry matter, ranging from 9.7
to 20.7 percent.

In one comparison, the use of sodium chloride did not

influence the level of intake, indicating that the increased intake
observed with the addition of sodium bicarbonate was due to partial
neutralization of acid content and not to increased sodium content.

There

was a 22 percent decrease in dry matter intake when lactic acid was added
to the silage to reduce the pH from 5.4 to 3.8.

The addition of sodium bicarbonate increased the consumption of maize
silage by 12 percent (137).

Sodium bicarbonate made up 7.2 percent of the

silage dry matter and was added before feeding.

The organic matter, gross

energy or cellulose digestibility was not significantly affected by the
addition of sodium bicarbonate; but the apparent digestibility of nitrogen
was significantly increased.
When dairy cattle were fed high energy rations, considerable quantities
of starch were observed in the feces; and a low intestinal pH was noted
(151).

The loss of starch suggests a loss in available dietary energy.

Wheeler and Noller (150) observed an increased intestinal pH, a decreased
loss of starch, and an improved feed efficiency in cattle fed high energy
rations containing buffers.

The addition of limestone or magnesium-

limestone improves the utilization of starch in the small intestine by
increasing the intestinal pH, thus providing a suitable pH for pancreatic
alpha amylase (150).
Buffers have been used to aid lambs in adapting to high concentrate
diets when switched from high-roughage diets (82,83) and to improve the
performance of lambs under feedlot conditions (82).

The addition of

2 percent or 4 percent bentonite or 2 percent sodium bicarbonate to high
concentrate diets for lambs showed improved average daily gain during the
first 21 days of a 98 day feeding trial but there was no beneficial
difference at the end of the trial (82).

The feeding of 4 percent

bentonite or sodium bicarbonate decreased (1)4.05) overall average daily
gain as compared to controls and increased (114:.05) serum magnesium level.
Calcium levels in blood serum were lowered (P< .05) by both buffers.
It was concluded that 2 percent of either bentonite or sodium bicarbonate may be beneficial to the performance of feedlot lambs in the early

stage of feeding (82) and the use of higher levels of bentonite do not
present economically important adverse reactions, except for the reduced
performance noted over the period of the experiment and a decline in
nitrogen retention (83).
Effect On Rumen Fermentation
Feeding high-grain, restricted roughage rations has been associated
with milk fat depression in lactating cows.

This phenomenon is a result

of the increased proportion of propionic acid relative to acetic acid in
the rumen (124,146).

Balch et al. (14,15) found decreased saliva secretion

and low rurrrn pH in cows resulting from the feeding of restricted roughage
rations.
Under the conditions of feeding high concentrate-low roughage rations,
sodium bicarbonate has been used effectively to buffer the rumen.

The

feeding of sodium bicarbonate increased the rumen pH (56,58,136) which
consequently increased the proportion of acetate and decreased the proportion of propionate in the rumen (50,56,58,121,136).

The molar percent

of butyric acid was also increased as a result of sodium bicarbonate
feeding (50,58).

The work of Emery et al. (58) showed a higher relation-

ship between ruminal butyric acid and milk fat than between acetic acid
and milk fat.
Sodium bicarbonate use has been effective in the manipulation of
rumen fermentation patterns to achieve the pattern favorable for milk fat
production when high concentrate and low roughage rations are fed to
lactating cows.
Effect On Rumen Dilution Rate
The mode of action of sodium bicarbonate for alterine fermentation
can be attributed to an alteration of the rumen turnover time.

Increased
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mineral concentrations in the rumen cause the animal to consume more
water in order to maintain a homeostatic balance between rumen fluid
and blood plasma.

The increase in water consumption is associated with

increased water flow from the rumen.

Sodium bicarbonate feeding has been

demonstrated to increase water intake, rumen osmolality in both cattle
and sheep (20,121,135) and to increase the dilution rate of rumen
contents.

As a result of the rapid turnover, the fermentation pattern is

altered such that the molar proportion of propionic acid decreased and
acetic acid increased (20,75,121).

The same results have been achieved

with infusion of artificial saliva (sodium bicarbonate is the main buffer
present in saliva) (74).

The results of Adams et al. (1), Erdman et al.

(60) and Stokes (135) are in contrast with the results mentioned above.
Stokes (135) however explained his results according to the data of
Harrison et al. (75) that animals with high rates of liquid turnover
(>8 percent h) experience limited benefit from supplementary buffers.
The induction of "acetate" fermentation (increased dilution rate)
is beneficial to ruminants fed high grain diet in some ways; it increases
the flow of'
-linked polymer of glucose, total nitrogen and total amino
acids, reduces the flow of cellulose into the small intestine (74), and
helps correct or prevent milk fat depression in lactating cows.

Chemical Composition Of Blood
The relative concentration of blood metabolites aid in monitoring
the nutritional and physiological status of the animal.
blood constituents are interconnected;

Some of these

the increase in concentration of

one results in a decrease in the concentration of the other(s) and vice
versa.

Fluctuation in levels of blood constituents are often associated

with the diet.

Effect Of Ration Composition
Generally, glucose is not present in detectable quantities in the
rumen of animals fed high roughage diets.

Significant absorption of this

metabolite is found in the gastrointestinal tract of ruminants given high
concentrate rations (94).
somewhat ration dependent.

Therefore, ruminant absorption of glucose is
The conversion of glucose precursors is,

therefore, an important biosynthetic process in ruminants.
Of the major VFA absorbed from the rumen, only propionate is glucogenic
(11,24,91).

High glucose entry rates resulted from propionate produced in

the rumen of sheep fed the greatest quantity of roughage; the entry rate
diminished as the proportion of starch in the ration was elevated (85).
Leng et al. (92) found that 32 percent of the propionate formed in the
rumen was converted to glucose while Bergman et al. (22) concluded that
only 20-40 percent of glucose synthesized was due to propionate.
Glucose is required for biosynthetic processes and for oxidation
in specific organs.

There are varying needs for gluconeogenesis in the

ruminant depending on the absorption of glucose from the intestinal tract
and the animal's glucose requirements (85).

Bowden and Kozub (28) found

glucose levels to be highest on the coldest day of blood sampling.

In

the winter, the energy intake of animals was increased in order to meet
energy requirements.

Energy intake has been found to affect the concen-

tration of glucose in the blood (76).

Mean plasma glucose was increased

when lnimals were fed high concentrate diets (60 percent of dry matter)
as compared to low concentrate diets (40 percent of dry matter).

There

was no observable treatment differences in blood glucose of dairy cows
fed diffetent dietary protein levels (138).
Free fatty acids circulate in immediate readiness for metabolic
needs.

During the period of inadequate glucose as the usual carbohydrate
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energy source, free fatty acids are absorbed by the various organs as
energy sources (52).

There are defined relationships between energy

balance, plasma glucose, and free fatty acids.

The plane of nutrition

is associated with variation in the metabolism of lipids in the body
with the variation more pronounced during the mobilization of deposited
fat during low intakes (27).

Changes in the levels of free fatty acids,

ketone bodies (acetoacetatate, p-hydroxybutyrate, and acetone) and glucose
in the blood is related to levels of nutrient intake and metabolism of
fat in the body (27).
The different fractions of free fatty acids metabolized to ketone
bodies in the liver are increased by the activity of the regulatory
hormones related to inadequate dietary glucose (23,30).

The type of

ration fed has a direct influence on the level of free fatty acids in
the blood.

The effect of type of ration on free fatty acids has been

demonstrated by Reid and }links (115), who found the largest decrease in
plasma free fatty acids in sheep fed rations having the highest proportion
of carbohydrates.

When ruminant concentrate consunption decreases,

reduced glucose availability occurs because of reduced propionic acid
in the rumen and decreased starch loss through rumen fermentation (76).
Annison (10) studied the relationships between levels of free fatty
acids, ketones and glucose and observed a decline in blood glucose
levels and an increase in free fatty acids and ketones in fasting ewes.
Those observations were supported by the reports of Radloff et al. (114).
They observed an increase in plasma free fatty acids and ketones levels
and depressed blood sugars upon fasting.

Their observation suggests

that blood sugar is a controlling factor in ketone formation in both fed
and fasting conditions, but plasma free fatty acids are primary contributors of ketones only in fasting conditions.
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Effect Of Time
Blood levels of some metabolites vary with time after feeding (43,
79,114). Significant diurnal variation in the plasma concentration of
glucose, free fatty acids, and ketone bodies was observed by Hove and
Blom (79), Coggins and Fields (43), and Radloff et al. (114).

Plasma

glucose and free fatty acids were depressed after feeding, whereas ketone
levels rose significantly.
Radloff et al. (114) observed depression in plasma free fatty acid
4 to 6 hours after feeding, at which time blood sugars were depressed and
ketones increased.

Hove and Blom (79) found plasma levels of ketones

increased and plasma sugar depressed in cows within a few hours after
feeding.

Annison (10) found the lowest concentration of free fatty acids

at 2 to 4 hours after feeding in sheep, and Reid and Hinks (115) found
the same trend in free fatty acid levels in ewes after feeding.
The diurnal variation in the various blood constituents may be due,
partially, to the fact that the concentration of VFA in the rumen increases
during post-feeding, reaching a maximum after 3 to 5 hours relative to the
nature of food.

The concentration then diminishes slowly during the

proceeding hours, reaching minimal values 10-20 hours after the last
feeding (79).

There is a well established variability in the rumen pro-

duction of ketones during feeding and post feeding time, with the least
variation occurring during the night.

The rapid changes in plasma ketone

body levPls observed in the work of Coggins and Field (43) were attributed to the conversion of silage butyrate to p-hydroxybutyrate during
ruminal absorption.

EXPERIMENTAL PROCEDURE

Nine Holstein heifers with weights ranging from 700 pounds (lb) to
990 pounds were randomly selected and divided into three equal groups.
They were given three dietary treatments during three time periods,
using a Latin Square design.
days.

The experiment was completed within 63

The trial was divided into three 3-week periods.

Treatments consisted of feeding one of the following rations (see
Tables I and 2 for composition):

26.5 lb of corn silage plus three

ounces of sodium bicarbonate (NaHCO ) per head per day (A), 26.5 lb of
3
corn silage per head per day (B), and 26.5 lb of haylage (soybean and
milo) per head per day (C).

Each of the treatments was supplemented with

4 lb of grain mix per head per day.
was employed.

A rotational forage feeding system

The order of feeding each period was on a randomized

basis.

Feeding of the animals took place between 7:00 a.m. and 9:00 a.m.

daily.

Water was provided ad libitum.

The actual experiment was preceeded by a fourteen day period during
which the animals were introduced to the experimental procedures.

Each

animal was weighed at the beginning of the preliminary period for three
consecutive days.

Blood samples (from the tail vein of the animals) were

taken between 9:00 a.m. and 10:30 a.m. on the 3rd and 10th day of the
fourteen day preliminary period.
Once the experiment started, blood samples were collected between
9:00 a.m. and 10:30 a.m. on the 7th, 14th and 21st day of each period
and placed into 20 ml tubes containing sodium heparin and sodium fluoride.
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0.10
0.19
0.50
0.20

NE Grain, Mcal/lb

NE Maintenance, Meal/lb

Nitrogen, %

Calcium, %

continued

0.20

NE Lactation, Meal/lb

20.90

0.084

Acid detergent fiber
Nitrogen %

TON %

2.58

Available Nitrogen 7:

10.77

3.11

Adjusted Crude Protein %

Acid detergent fiber %

3.11

32.76

Dry Matter, %

Crude Protein %

67.24

As Fed Basis

0.60

1.52

0.59

0.31

0.61

63.79

32.88

0.26

7.89

9.48

9.48

100.00

0.00

Dry Matter Basis

Corn Silage

Chemical Composition of Feedstuffs

Moisture, %

Table 1.

0.43

0.90

0.36

0.17

0.36

35.89

23.07

0.16

4.62

5.60

5.60

63.28

36.72

As Fed Basis

0.69

1.42

0.57

0.27

0.57

56.72

36.45

0.25

7.30

8.85

8.85

100.00

0.00

Dry Matter Basis

Soybean and Milo Haylage

r.)

continued

Aluminum, ppm

Zinc, ppm

Manganese, ppm

Copper, ppm

26.85

6.26

24.16

1.43

51.90

0.051

Sulfur, .4

Iron, ppm

0.029

Sodium,

0.081
0.34

7

0.074

81.94

19.12

73.74

4.37

158.41

0.160

0.090

1.05

0.250

0.230

Dry Matter Basis

Corn Silape
As Fed Basis

Potassium, %

Magnesium,

Phosphorus, %

Table 1.

293.00

7.40

102.00

1.68

595.00

0.098

0.062

0.87

0.16

0.12

As Fed Basis

46/.00

11.69

161.00

2.66

941.00

0.160

0.100

1.38

0.25

0.19

Dry Matter Basis

Soybean and Milo Haylago

Table 2.

Grain Mix (%)

Ingredients
Corn

38.75

Harley

38.75

Soybean Meal

20.00

Trace Minerals

1.00

Dical

1.00

Magnesium Oxide

0.25

Grand Limestone

0.25

Dairy Premix
(Mineral-Vit. Suppi.)

0.20
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Blood samples were placed on ice and delivered to the laboratory
within one hour after collection.

A 3 ml subsample was taken from each

tube and placed into 10 ml conical tipped centrifuge tubes.

Plasma was

Aeparated from the blood cells by centrifugation at 5,000 x g.

The

subsamples were deproteinized with cold 10 percent perchloric acid.
Plasma ammonia concentration was determined immediately.

The remainder

of the plasma and deproteinized blood were stored at temperature of
0°C in the freezer until analyzed.
Body weights were taken for two consecutive days at the end of each
period.

Chemical Analyses
Proximate Analysis
The composition of feedstuffs used was determined by Livestock
Nutrition Laboratory Services, University of Missouri Holstein Farm,
Columbia, Missouri.
Determination of Plasma Ammonia
Plasma ammonia was analyzed by the Sigma Method (Sigma Chemical
Company, St. Louis, Missouri) based on reductive amination of 2oxoglutarate, using glutamate dehydrogenase and reduced nicotinamide
adenine dinucleotide in commercially prepared kits.

The absorbence of

the mixture was read at 340 nanometers with a Bausch and Lomb spectronic
500 spectrophotometer.
Determination of Glucose
Plasma glucose concentrations were determined by the orthotoluidine
method as modified by Caraway (35).

The grossly hemolyzed samples were

deproteinized by mixing 0.2 ml of the specimen with 1.80 ml of 3.0 percent
trichloroacetic acid (1:10 protein free filterate), 1.0 ml of the protein-
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free fiterate was analyzed for glucose.

The absorbence of the solution

was read at 340 nanometers with Bausch and Lomb spectronic 20 spectrophotometer.
Determination of Ketone Fraction
The blood beta-hydroxybutyrate was determined by the enzymatic
technique of Williamson and Mellanby (154).

Beta-hydroxybutyrate dehv-

Arogenase and the nicotinamide adenine dinucleotide (NAD) were purchased
commercially.

The absorbence of the solution was read at 340 nanometers

with a Cary 14 spectrophotometer.
Determination of Volatile Fatty Acids
The volatile fatty acids (acetic, propionic and butyric) were
extracted from plasma by the method of Erwin et al. (62) with one exception--2.5 ml of plasma were used and the other reagents reduced proportionally.
The concentrations of acetic, propionic, and butyric acids present
in the plasma were determined with a Varian Aerograph Series 3700 Gas
Chromatograph equiped with hydrogen flame detectors, a manual temperature programmer, and an automatic recorder.

The column materials or

packing and operating conditions used were the same as those recommended
for the gas chromatographic method by the Association of the Official
Analytical Chemists (12).
One ml each of acetic (1.04 g), propionic (.99 g) and butyric (.96 g)
acids were put into separate erlenmeyer flasks to which 10 ml of water
and 2 drops of phenolphtalein were added.

The acid purity was checked

by titrating with 0.1 normal sodium hydroxide.

A standard solution of

acetic, propionic, and butyric acid was prepared at two different concentrations for comparison.

The standards were prepared by transferring

37

0.1 ml of each acid into a 100 ml volumetric flask and brought to volume
with distilled water.

0.5 and .25 ml were respectively transferred from

the 100 ml flask into two separate 25 ml flasks and brought to volume
with distilled water.

Two

pri

samples of the standards and experimental

samples were analyzed.
Analysis Of Data
Weight data were analyzed in accordance with Steel and Torrie's
method for randomized complete block designed experiments while the
remaining data were analyzed according to their method for Latin Square
designed experiments with more than one block (133).

RESULTS AND DISCUSSION

Results
The final mean weights of the animals fed corn silage plus sodium
bicarbonate (A), corn silage alone (B), and soybean and mile haylage (C)
were 1018, 1023 and 1016 lb, respectively.

The total weight gain for

animals on treatments A, B and C were 49, 55 and 45 lb, respectively.
The average daily gains were 0.78, 0.89 and 0.72 lb per day, respectively.
No significant CP:P.05) dietary effects were found in the performance of
the animals.
Plasma concentrations of ammonia, glucose, beta-hydroxybutyrate,
and acetate for the three diets are presented in Table 3.

There were no

significant ().05) dietary effects on ammonia concentrations.

The mean

concentrations were 3.31+0.002, 3.16+0.08, and 2.91+0.05 pleml for diets
A, B and C, respectively.
The mean concentrations of glucose were 71.42+2.32, 71.77+2.05 and
68.18+1.18 mg/100 ml for diets A, B and C, respectively.

There were no

significant (P;P.05) dietary effects on the plasma concentrations of glucose.
There were no significant (P.05) dietary effects on mean concentrations of blood beta-hydroxybutyrate.
Acetic, butyric and propionic acids could not be detected by the gas
chromatographic method (12) in all the blood smaples.

Only acetate was

detectable in all samples and these concentrations were very low.
The concentration of the blood parameters varied with time (Table 4).
There were variations in the mean concentrations of each blood parameter
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Table 3.

Effect of treatments on weight, plasma concentrations of glucose, ammonia, acetate and blood
beta-hydroxybutyrate

Treatments

Ttem

a

Final Weight, lb
Initial Weight, lb
Total Gain, lb
Average daily gain, lb

Corn Silage + NaHCO3 (A)

Corn Silage (13)

Soybean & Milo (C)

1018.28 (18)

1023.48 (18)

1016.81 (27)

969.16 (18)

967.5 (18)

971.66 (18)

49.12

55.98

45.15

0.78

0.89

0.72
68.18+1.18 (27)

71.42+2.32 (27)

71.77+2.05 (27)

Beta-hydroxybutyrate, mg/100 ml

0.904.02 (27)

0.82+.11 (27)

0.87+0.15 (27)

Ammonia, mg/ml

3.31+0.02 (27)

3.16+0.08 (27)

2.91+0.05 (27)

Acetate, mg/100 ml

0.35+.002 (27)

0.33+.04 (27)

0.37+.002 (27)

Glucose, mg/100 ml

(
a

) Number of observations

Mean for nine animals

+ Sx
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Table 4.

Plasma levels of glucose, B-hydroxybutyrate, ammonia and
acetate during different time periods.

Plasma Constituentsa
Glucose
mgP.00 ml

B-hvdroxybutyrate
mg/100 ml

Ammonia
mg/ml

Acetate
mg/100 ml

Week 1
Treat:

A

90.38+0.72
82.85+6.56
80.4574.12

0.30+0.00
0.26+0.01
0.31+0.00

2.18+0.16
3.01;0.23
2.41+0.21

0.58+0.11
0.24;0.00
0.79+0.20

A

84.61+0.64
95.83+2.64
82.04+2.24

0.44+0.02
0.47;6.01
0.62;0.01

4.60+0.12
4.450.25
2.31+0.14

0.53+0.11
0.21M.01
).26+0.07

A

78.53+0.07
78.3870.66
66.59;1.62

0.36+0.01
0.31;0.01
0.3970.00

4.60+0.12
3.09+0.08
2.88;0.14

0.31+0.05
0.22+0.13
0.22+0.03

A
B
C

68.94+2.98
65.26;1.77
80.0072.98
—

0.46+0.02
0.32;0.03
0.27;0.02
—

2.72+0.02
2.40+0.1
2.80;0.15
—

0.19+0.00
0.30+0.01
0.41+0.01
—

A

61.15+0.41
57.341.13
62.27;0.34

0.24+0.02
0.39;0.01
0.21;0.01

4.16+0.23
2.11+0.25
2.06+0.01

0.35+0.00
0.44;0.13
0.36;0.03

A

63.62+0.44
69.19+1.66
75.29;0.01

0.52+0.11
0.67;0.01
0.42;0.04

2.93+0.14
4.06;0.12
3.6170.08

0.37+0.06
0.28+0.02
0.30+0.03

A

58.52+1.07
65.650.51
57.40+0.41

3.42+0.01
2.60;0.09
2.73;0.07

3.79+0.08
3.6170.16
3.64;0.12

0.36+0.02
0.28+0.04
0.38+0.08

Week 2
Treat:

Week 3
Treat:

Week 4
Treat:

Week 5
Treat:

Week 6
Treat:

Week 7
Treat:

continued
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Table 4.

continued

Plasma Constituents'
Glucose
mg/100 ml

B-hydroxybutyrate
mg/100 ml

Ammonia
mg/ml

Acetate
mg/100 ml

A
B
C

50.72+5.11
74.0671.13
57.1770.35
_

1.16+0.03
0.957-0.07
1.04-70.13
_

1.40+0.31
1.87170.35
3.07+0.12
_

0.21+0.01
0.23+0.08
0.38+0.02
_

A
B
C

65.41+2.1
72.9370.54
66.4972.23

1.23+0.13
1.0970.08
1.3070.11
_

3.14+0.08
3.3270.08
3.39+0.14
—

0.18+0.04
0.35.70.05
0.26+0.01
_

Week 8
Treat:

Week 9
Treat:

-Group means + ST(
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for each diet from week to week, but the analysis of variance showed no
significant difference (P>.05).

The blood beta-hydroxybutyrate increased

sharply during the 7th, 8th and 9th week of the experimental period while
the plasma concentrations of glucose decreased on some occasions during
the same period of time as compared to mean concentration of glucose for
the same diet during other time periods.
The correlations relative to diets showed some variations (Table 5).
The correlations between acetate and glucose with respect to diet A was
positive and significant (1)4:..05) (r=+0.36), it was negative and nonsignificant (P>.05) relative to diet B(

and positive and non-

significant (P>.05) relative to diet C (r=+0.20).

Correlations between

acetate and ammonia were negative and non-significant (P>.05) (r=positive and non-significant (P)..05)(t=+:.: 1 and negative and nonsignificant (P)..05) (r=-0.12) for diets A, B and C, respectively.
There were negative and non-significant relationships (P>.05)
between acetate and beta-hydroxybutyrate relative to diets A and B
r=-0.08 and -0.05, respectively.

The correlation between acetate and

beta-hydroxybutyrate for diet C was positive and non-significant (P>.05)
(r=+0.01).

Diets A and B showed positive and non-significant relation-

ships (P>.05) between glucose and ammonia r=+0.25 and +0.18, respectively
but were negative and non-significant for diet C (r=-0.21).
Correlations between glucose and beta-hydroxybutyrate were negative
for each diet.

)
›.05) for diets B and C. r=-0.18 and
Non-significant (1

-0.30. respectively.

The correlations between glucose and beta-hydroxy-

butyrate were negative and highly significant (P4.01) for diet A (r=-0.49).
Correlations between ammonia and beta-hydroxybutvrate were negative
and non-significant (P>.05) for diet A, positive and non-significant
(1)›.05) for diet B and positive and highly significant (r4;.01) for
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Table 5.

Correlations between blood parameters

Treatments (Diets)
Comparison

A

1.

Acetate vs Glucose

+0.36
(27)
P=0.034

-0.16
(27)
P=0.218

+0.20
(27)
P=0.163

2.

Acetate vs Ammonia

-0.06
(27)
P=0.389

+0.18
(27)
P=0.188

-0.12
(27)
P=0.283

3.

Acetate vs Betahydroxybutyrate

-0.08
(27)
P=0.346

-0.05
(27)
P=0.400

+0.01
(27)
P=0.475

4.

Glucose vs Ammonia

+0.25
(27)
P=0.104

+0.18
(27)
P=0.191

-0.21
(27)
P=0.146

5.

Glucose vs Betahydroxybutyrate

-0.49
(27)
P=0.005

-0.18
(9)
P=0.186

-0.30
(27)
P=0.066

6.

Ammonia vs Betahydroxybutyrate

-0.09
(27)
P=0.331

+0.18
(27)
P=0.183

+0.59
(27)
P=0.001

(Coefficient/(cases)/Significance)
r.05=.381 n=27
r.01=.487 n=27

/
/4 4

diet C.

r=-0.09, +0.18 and +0.59, respectively.

Discussion
Results on the effects of buffers on body weight change are variable
and difficult to compare due to variation in types and quantities of buffers
fed, types and physical forms of diets, and level of intake.

Some studies

have shown trends toward improvement in gain when buffers were added to
high concentrate diets (53,106).
significant.

The reported trends were not statistically

Wise et al. (157), and Nicholson et al. (107) reported lack

of improved weight gain in buffer fed cattle.

Wise et al. (156), in their

later study, found a small but non-significant improvement in weight gain
by calves fed buffers.

However, in the other trials (156), reduced weight

gains were reported with the use of calcium carbonate in a high concentrate
diet.
The reduced rate of gain reported in this study is not surprising.
Miller et al. (101) and Stanley et al. (132) reported similar results-decreased rate of gain in cattle with the feeding of sodium bicarbonate,
while Davis et al. (50), Emery et al. (56), and Emery et al. (57) reported
Animals fed the sodium bicarbonate supplemented diet

no differences.
showed a 12.25

decrease in weight over the unsupplemented diet in the

overall results.

The reduced gains by animals in this experiment is

suggested to be due partially to the relative concentrations of volatile
fatty acids.

Although rumen fluid samples were not analyzed in this

study, it has been documented that sodium bicarbonate feeding can shift
the rumen fermentation patterns (20,74,75).
Ammonia is normally found in the plasma and serum in very small
quantities.

Any appreciable amount of ammonia in the blood would adversely

affect the acid-base balance and brain function of affected animals (122).
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The oxidative deaminaticn and transamination of dietary and tissue amino
acids result in the availability of amonia in the blood where it is
constantly removed from the blood and synthesized into urea through
enzymatic actions (122).

A small amount of it is used for the synthesis

of glutamine (12 7).
In ruminants, poor quality protein and non-protein nitrogen are used
by the rumen microorganism to synthesize microbial protein.

The microbial

protein is broken down into amino acids and absorbed through the intestinal
wall.

Protein content of feedstuffs can, therefore, affect the ammonia

level of the blood.

However, measurement of ammonia concentration in the

blood cannot give accurate protein metabolism of the animal since it is
constantly recycled into urea.

Urea is suggested as a better indicator.

Glutamine measurement will also indicate the metabolic activity of the
dietary and tissue amino acids.

Ammonia arises from oxidative deamination

and transamination of dietary and tissue amino acids, and synthesis of
glutamine increases with increased level of blood ammonia (122).
The results of this study showed a higher concentration of plasma
ammonia in the animals fed a diet supplemented sodium bicarbonate as compared to non-supplemented diets (non-significant).

The group of animals

fed soybean and milo haylage showed the lowestlevelof ammonia.

The

result was unexpected because the inherent protein content of the soybeanmilo silage was higher than the other silages.

Hence, higher dietary

protein should result in higher plasma ammonia levels.

It is suggested

that the results obtained are a reflection of ruminal digestion rate
differences between the silages.

If the soybean-milo silage were fermented

longer than the corn silage the level of ammonia in the rumen at any one
time would be lower, hence a reduced plasma ammonia level.

This potential
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conclusion is supported by the fact that acid detergent fiber was higher
(36% on DM basis) in soybeans-milo silage than in corn silage (33% on DM
basis).

Further, the TDN value for soybean-milo silage was lower (57%)

than for corn silage (64%).

High fiber, low TDN rations tend to slow the

digestive process (54,71,147,165,179).
Sodium bicarbonate feeding resulted in an increase in plasma ammonia
as compared to the unsupplemented diet, this result may have been partially
related to the suggestion of Trenkle (140) that, if buffers are adequately
fed to ruminants to increase rumen pH, dietary protein will be increasingly
degraded by the microorganisms.

The degraded protein will increase the

amount of substrate for microbial protein synthesis.
ammonia production will be increased.

Thus the rumen

Portal blood ammonia is positively

correlated with rumen ammonia (93).
The plasma glucose results obtained in this study are similar to the
results of studies by Thomas and Emery (136) and Shultz et al. (125).
Although the mean concentrations of plasma glucose obtained in the studies
are not quantitatively similar in all the studies, there was no significant influence of treatment on levels of blood glucose.

The types and

quantity of forages and the amount of sodium bicarbonate supplementation
were not the same.

The results on plasma acetate level was not signi-

ficantly influenced by diet, which agrees with the works of Thomas and
Emery (136) and Shultz et al. (125) on sodium bicarbonate supplementation.
The inability to measure propionate and butyrate in all the blood samples
in this present study might be due to the volume of blood used in the
extraction procedure. it was so small that lyophilization could harldy
be carried out.
Sodium bicarbonate supplementation did not influence plasma ketone
concentration, thereby supportive of results obtained by Shultz et al.
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(125).

However, the mean concentrations of blood ketone obtained in the

present work were much lower than the ones reported by Shultz et al.
(125).
It is well known that supplementation of spdium bicarbonate in a
high concentrate, low roughage diet shifts rumen fermentation from
"propionate" to "acetate" fermentation.

The present work does not

demonstrate the gluconeogenic power of propionate resulting from such
supplementation.

It seems probable, however, that the fiber content of

the diets overshadowed the potential effect of sodium bicarbonate.
Some of the correlations found in the present study can be explained,
others cannot.

The assumption that the relative proportion of free fatty

acids oxidized to ketones is affected by glucose availability is shown by
the negative relationships observed between plasma glucose and betahydroxybutyrate, regardless of diet.

The assumption is also supported

by the results of Herdt et al. study (76).
The correlation between glucose and ammonia is not consistent with
respect to dietary treatment.

If there is adequate energy available to

the rumen microorganisms, it should follow that the microbes will use that
energy for their metabolic needs and proliferate, thus increasing the
microbial protein and ammonia entering the blood through deamination and
transmination of amino acids.

If this is the case, a positive correlation

would be expected between glucose and ammonia irrespective of dietary
treatment (Table 5).
The fluctuation in the mean concentration of the blood metabolites
from week to week might be partially due to individual animal variation
and climate.

Seasonal variation in some blood constituents has been

observed by Bowden and Kozub (28) and Patterson et al. (112), while Reid
and Hinks did not observe seasonal variation (115).

SUMMARY

The study was undertaken to monitor the effects of different diets
and the supplementation of sodium bicarbonate on plasma concentration
of glucose, beta-hydroxybutyrate, ammonia and volatile fatty acids.
Also, animal performance and the relationship between the blood constituents were observed.
Nine Holstein heifers with weights ranging from 700 to 990 pounds
were used.

The experimental design was 3 x 3 Latin Square design.

No dietary effects on plasma concentration of glucose, beta-hydroxybutyrate, ammonia, and volatile fatty acids were observed.

The addition

of sodiun bicarbonate did not influence any of the measured parameters.
There were also no dietary effects on animal performance.

Concentrations

of the blood parameters measured varied over time.
There were some variations in the correlations between each of the
blood constitutents relative to diets.
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