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ABSTRACT
Two expeniments were conducted to determine the effects of grain processing, grain sources,
protein sources, and bST treatments on lactation performance, ovarian activity and nutrient
digestion in early lactation dairy cows.

In experiment 1, forty-eight dairy cows were divided into six groups and fed diets
containing 37 to 39% grain as either steam-flaked sorghum (SFS, 360 g/L), steam-flaked corn
(SFC, 360 g/L), or steam-rolled corn (SRC, 490 g/L) with one of two protein sources,
soybean meal (SBM) or Prolak® for 70 days. Main effects for grain and protein source were
not different for DMI, milk yield, 3.5% FCM yield or feed efficiency. Although efficiency of
feed conversion into FCM did not differ among treatments, cows fed Prolak® required 10%
less NE, for every Mcal of NE,; converted into body weight or FCM. Milk protein yield was
increased by both flaked gain and Prolak®. Feeding flaked grain increased milk production
by 1.5 kg/d compared with rolled grain. Increasing the ratio of RDS / RDP to more than 2.4
increased milk yield by 2.7 kg/d (39.0 vs 36.3 kg/d). Plasma NEFA levels did not differ
among treatments and grain and protein source had variable effects on PUN. Compared with
other grains, SFC increased digestibilities of DM and OM, and flaked grains increased
digestibility of starch. Cows fed SFS had the lowest crude protein digestibility, but was
highest in NDF.

In experiment 2, thirty-two postpartum (5 DIM)Holstein cows were assigned to one
of four treatments in a 2 x 2 factorial design for 90 days. Treatments were: steam-flaked

sorghum diet with bST (SFS-B), steam-flaked sorghum diet without bST (SFS-N); steam-



11
rolled corn diet with bST (SRC-B); and steam-rolled corn diet without bST (SRC-N). Cows
receiving bST during the first 45 days of treatment had lower DMI and DMI as % of BW.
Milk yield was increased by bST 3.1 kg/d and 1.8 kg/d during the 45 d and 90 d periods,
respectively, resulting in greater feed efficiency for bST-treated cows. Grain processing did
not affect DMI, milk yield and FCM yield. Neither composition nor yields of milk components
were influenced by treatments. Compared to the SRC diet, SFS increased plasma glucose 5
% and plasma insulin 19%. Grain processing and bST had no effect on either BHBA or
hepatic triglycerides. PUN was reduced by bST, but NEFA was increased. Compared with
SRC, SFS increased progesterone during the first two postpartum estrous cycles and cows
receiving bST had significantly larger CL. Flaked sorghum compared with SRC increased
digestibility of DM, OM, and starch, and neither grain affected digestibilities of CB, NDF or

ADF. Treatments with bST did not affect any nutrient digestibilities.



CHAPTER 1

INTRODUCTION

Lactating dairy cows’ diets are composed by 40 to 60% grain which increase the
energy density of the diets to promote high performance. Of the cereal grain types used to
formulate rations for dairy cows, corn, barley, wheat, oats, and sorghum are the principal
sources. The major component of these cereal grains is starch which is the prnimary nutrient
to promote high levels of production by ruminants.

The amount and properties of starch in cereal grains are variable. According to
Herrera-Saldana et al. (1990b), starch content of different grains accounted for 58.1% to
75.7% of the grain DM, with oats and barley having the lowest amount; whereas wheat,
sorghum, and corn had the highest. The disposition of starch in the grain also influences the
site, rate and extent of its digestion by ruminants. Cereal grains such as oats, wheat, and
barley have faster rate and greater extent of digestion of starch which seems to be associated
with starch-protein interactions in the grain. Corn and sorghum grains have lower starch
digestibilities in the rumen and in the total gastrointestinal tract, which affects the type and
amounts of end products originating from their metabolism.

Because of the lower digestibility of starch in corn and sorghum grains, chemical and
mechanical processing of these cereals result in increased utilization of nutrients and improved
animal performance. Several processing methods have been used to improve starch

digestibility of grains and among them, steam-flaking, steam-rolling, and dry-rolling are the
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most common in the Southwestern region of the United States.

Huntington (1997) and Theurer et al. (1996a, 1996b) have summarized recent
digestion and performance trials with lactating dairy cows and beef steers which show
consistent increases in ruminal and total tract starch digestibility and improved animal
performance with steam-flaked compared with dry-rolled grains. The greatest responses were
observed for cereal grains that, when intact, have naturally lower starch digestibility such as
corn and sorghum. This extensive processing (steam-flaking) shifts the site of starch digestion
from the intestines to the rumen and alters the end products of fermentation, and usually
increases the total VFAs, mainly propionate, but also acetate (Chen, 1994). Also, microbial
protein production and flow to the duodenum are maximized (Plascencia and Zinn, 1996,
Oliveira et al. 1995, Poore, 1990). The increase in ruminal volatile fatty acids (VFA) and
microbial protein and decrease in glucose available in the small intestine when cows are fed
a more processed grain changes end products of digestion which are absorbed by the rumen
and intestine, thus impacting on the delivery of nutrients to the splanchnic tissue and to the
whole body (Theurer et al., 1996a; Reynolds et al., 1994, Huntington, 1997).

Since the publication of the Absorbed Protein System (NRC, 1985 and 1989), several
new protein systems have been proposed for potential application to feeding ruminants
(Russell et al., 1992; Sniffen et al., 1992; ARC, 1992; INRA, 1989). These new systems
divide the dietary intake protein in two main fractions; the rumen degradable protein (RDP)
and the rumen undegradable protein (RUP). Part of the RDP is considered as soluble protein

and originates mainly from non-protein nitrogen (NPN). The flow of nitrogen to the
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duodenum of dairy cows is the sum of microbial and rumen undegradable proteins, as well
as the flow of ammonia-N and other NPN components.

Lactating dairy cows, as any other animal require amino acids and not protein for
tissue and milk synthesis. Therefore, the amount and profile of amino acids flowing to the
small intestine (SI) are more important than the flow of total protein. When dietary
manipulations are applied to dairy cow ration formulation to increase the flow of protein to
the SI, greatest emphasis should be on the profile of amino acids of those proteins. Huber and
Chen (1992), Huber and Santos (1996), Schwab (1994), and Firkins (1996) proposed that the
most efficient way to increase the flow of good quality protein to the duodenum and to
maximize the use of feed protein and energy in dairy cow diets is to optimize ruminal
fermentation and microbial protein production. When diets provide large amounts of rumen
fermentable carbohydrates in association with degradable protein, the microbial population
is provided with the substrates needed for their growth, thus resulting in more microbial
protein flowing to the duodenum. In some studies, benefits from adding a high quality RUP
source to diets based on steam-flaked grain have not been observed (Santos et al., 1995,
Santos, 1996, Chen, 1994). It was concluded that the enhanced ruminal fermentation and
microbial protein synthesis caused by greater availability of ruminally degradable starch
overcame the need for a high RUP source (Chen, 1994; Santos et al. 1995; Huber and Santos,
1996).

Therefore, based on metabolism and performance studies, and also on theoretical

assumptions, diets that provide greater amounts of ruminally degradable starch (RDS) would
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benefit from protein sources with high degradabilities. and protein sources high in RUP of a
good amino acid profile would better complement diets that provide lower amounts of RDS.

[n 1982, the first experiment utilizing recombinant bovine somatotropin (bST) in
lactating dairy cows was reported (Bauman et al. 1982). Since then, there have been hundreds
of studies with thousands of cows and almost one hundred technical reviews that have
summarized various aspects of production responses to bST. Although the first lactational
study with recombinant bovine growth hormone was published in 1982, the galactopoietic
effect of pituitary bovine somatotropin in lactating dairy cows was known since 1937
(Asimov and Krouze, 1937). During this 40-year period, progress was limited because
preparations of bovine somatotropin were derived only from pituitary extracts and no large
scale commercial production was possible. With the discovery of the recombinant DNA
technology in the 1970's and its application for hormone production (insulin and growth
hormone), a totally new field of investigation was created resulting in the studies of effects
of bST on metabolism, health and performance of dairy cows.

In February 1994, the Food and Drug Administration approved the use of bST for
lactating dairy cows in the US. By mid 1994, over 10,000 American dairy producers had used
bovine somatotropin in their operations (Kessler and Sundlof, 1994). As mentioned, several
hundred studies have evaluated effects of bST on performance of lactating dairy cows, but
few have considered effects during very early lactation, and possible interactions with energy
systems which might vary the metabolic end products as shown with processed grains.

Therefore, the objectives of this research were:



a)

b)

c)

d)

16
To compare the effects of processed sorghum and corn grains on milk yield and
composition, and nutrient utilization by lactating dairy cows;
To compare protein sources of differing quality and degradability in diets based on
steamn processed sorghum and corn grains for effects on milk yield and composition
and nutrient digestibility by lactating dairy cows;
To determine possible interactions between grain processing and source with bST
treatments during the early postpartum period on milk yield and composition, energy
metabolism, nutrient utilization, and ovarian activity of dairy cows.
To determine the effects of bST administration to cows fed different levels of RDS
on plasma metabolites and hepatic triglycerides during periods of positive and negative

NEB.
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CHAPTER 2

LITERATURE REVIEW

INTRODUCTION

In recent years, carbohydrate and protein nutrition of dairy cows has been a very
active area of research and has resulted in publication of numerous review papers. Dynamic
models for diet formulation and evaluation such as the Cornell Net Carbohydrate and Protein
System (CNCPS, 1994) have brought new insights for dietary management of dairy cattle.
Although much information on carbohydrate and protein utilization by ruminants has evolved
in the past few years, a great deal is still unknown. A recent symposium on structural
carbohydrate requirements for dairy cows (Armentano and Pereira, 1997, Firkins, 1997,
Grant, 1997, Allen, 1997, Mertens, 1997) clearly demonstrated how complex it is to meet the
fiber requirements for lactating dairy cows and exposed specific needs for more research in
the area.

Requirements for nonfiber carbohydrates and protein also are a topic for debate.
Regarding nonfiber carbohydrates, factors such as level, source, processing, interactions with
other nutrients, site of digestion, rate and extent of digestion and many more can affect
metabolism and performance of dairy cows. The reviews of Huntington (1997) and Theurer
et al. (1996) explored several aspects of starch use by cattle and showed the advantages of
shifting the site of digestion from the small intestine to the rumen. Controversies regarding

protein nutrition and use of the RUP/RDP system (NRC, 1989) for dairy cows were covered
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by Santos and Huber (1995) and Huber and Santos (1996), who reviewed the last 10 years
of research in the area. They pointed out that maximizing ruminal fermentation is still the
most efficient way to improve performance of lactating dairy cows. It was also clear in their
review that increasing undegradable protein levels per se as recommended by NRC (1989)
will generally not have positive results.

With the approval of bST use, new implications on nutrition, management, and health
of dairy cows should be considered. The objective of this review is to discuss recent
developments in utilization of carbohydrates and protein in ruminant nutrition as well as the
impact of bST on performance, reproduction and health of dairy cows.

STRUCTURE AND COMPOSITION OF CORN AND SORGHUM GRAINS

Feed grains containing starch as their primary energy component represent a large
percentage of typical rations fed to lactating dairy cows in the US. Corn and sorghum are
among the major cereal grains used in cattle diets. The gross composition and kernel structure
of sorghum and corn are similar (Rooney and Pflugfelder. 1986). Compared with sorghum
grain, corn kernels have larger particle size with an average grain weight of 324 g per 1000
grains, whereas sorghum has an average grain weight of only 23 g per 1000 grains (Yu,
1996). The kernels of both grains consist of three major components: the pericarp, the
endosperm, and the embryo. The pericarp is the outermost layer which protects the
endosperm and embryo. The embryo is responsible for germination and the endosperm is the
major energy storage site where most of starch accumulates. The endosperm of both corn

and sorghum is made up of three distinct layers, the peripheral endosperm or sub-aleurone
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layer, the corneous endosperm, and the floury endosperm (Rooney and Pflugfelder, 1986;
Kotarski et al.,, 1992). Sorghum generally has a much higher proportion of peripherai
endosperm than com. The peripheral endosperm is rich in water-insoluble proteins (Kotarski
et al., 1992) and is resistant to water penetration and microbial degradation (Rooney and
Pflugfelder, 1986, Kotarski et al., 1992). The corneous endosperm is a protein-rich
endosperm whose hardness is related to its protein content and the relationship between its
small starch granules with a protein matrix and protein bodies (Rooney and Pflugfelder,
1986). The floury endosperm is composed by smaller starch granules of lower protein
content. The embryo or germ is lipid and protein-rich where most of the water is absorbed
through when the grain is intact.

Nutrient composition of corn and sorghum grains is very similar. Starch is the major
component and comprises about 71.3 and 75.7% of the DM of sorghum and comn,
respectively (Herrera-Saldana et al., 1990). The protein content of sorghum and corn grains
are about the same (Herrera-Saldana, 1990), but some studies attribute 1% more CP to
sorghum (Rooney and Pflugfelder, 1986). Sorghum also has 50 to 60% more NDF (Herrera-
Saldana, 1990) and more ADF than corn, but corn is higher in lipid (NRC, 1989, Rooney and
Pflugfelder, 1986). These slight differences in nutrient composition of the two grains would
not seem to have a major impact on their nutritional value for ruminants. The chemical and
physical structure of starch and its relationship with protein in the endosperm affect the site,

rate, and extent of digestion of the starch by ruminants and the nutritional value of the grain.
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CHEMICAL AND PHYSICAL PROPERTIES OF STARCH IN GRAINS

Starch is the most important storage carbohydrate in plants. It is a reserve
carbohydrate with poor solubility in water and represents 58 to 75% of the DM of most cereal
grains (Herrera-Saldana et al. 1990). Cereal starch is the primary source of energy to optimize
production of well-managed, intensive cattle systems (Theurer, 1986; Huntington, 1997).

Starch is a heterogeneous polysaccharide composed of two types of polymers, a linear
amylose, consisting of « 1-4 glucopyranosidic chains with a total of 10’ glucose residues, and
branched amylopectin (Kotarski et al, 1992; Rooney and Pflugfelder, 1986; Van Soest, 1994).
Branching occurs at the sixth carbon (& 1-6 linkage) to form side chains of 24 to 30 glucose
residues bound by a 14 linkages (Mayes, 1993, Rooney and Pflugfelder, 1986 ). Because of
the branched points and the large number of glucose residues (10* to 10°), amylopectin is a
larger polymer than amylose (Kotarski, 1992). The proportions of amylose and amylopectin
vary in cereals; and are, to a considerable extent, genetically controlled (Rooney and
Pflugfelder, 1986; Theurer, 1986) changing within and among grain types and variety (waxy,
heterowaxy, and nonwaxy).

Amylopectin is the major component of sorghum and corn starches. In vilaxy
genotypes of corn and sorghum, amylopectin is the only polymer present in starch (Rooney
and Pflugfelder, 1986; Kotarski, 1992). On average, amylose content of sorghum and corn
grain starches respectively is 25 to 30% and 22 to 28% (Alio, 1997).

The two polymers, amylose and amylopectin are held together by hydrogen bonding

and they are present mostly in the endosperm of grains. In the endosperm, starch is organized
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in granules embedded in protein storage bodies and surrounded by a protein matrix (Kotarski
et al., 1992; Rooney and Pflugfelder, 1986). These protein bodies and protein matrix are
composed by prolamins (protein bodies) and glutelins (matrix) which are water-insoluble and
their association with starch granules is thought to be one of the factors responsible for the
reduced amylolytic and proteolytic enzymatic activity of whole or unprocessed grains.
STARCH DIGESTION IN CATTLE

Digestion of starch by ruminant animals takes place mostly in the rumen but the rate
and extent of digestion depend upon many factors such as species, grain source and variety,
and grain processing (Owens et al., 1986, Theurer, 1986, Huntington, 1997). In the rumen
and large intestine, digestion of starch is by microbial fermentation; whereas, in the small
intestine it is digested by a-amylases of animal origin. It is not clear whether the small
amylolytic activity of microbes in the small intestine of ruminants has an impact on starch
fermentation and VFA production (Yokoyama and Johnson, 1993). Because starch is the
main nutrient used in ruminant diets which promotes high levels of performance (Theurer,
1986), it is fundamental to maximize its digestion and-utilization to improve efficiency of
production and animal performance. It’s been shown that increased digestion of starch in the
rumen is highly correlated with increased digestion in the total digestive tract in dairy cows
(P =.67) and less in beef steers (2 = .31) (Theurer et al., 1996a; Theurer et al., 1996b). This
increase in total tract digestibility when more starch is digested in the rumen is primarily
because of higher digestibility in the rumen itself, but also improved digestibility in the

intestines has been observed (Theurer, 1986, Theurer et al., 1996a; Theurer et al., 1996b).
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Some of the differences between dairy and beef animals with respect to correlation of ruminal
and intestinal digestibilities might be associated with the level of starch in diets and effects on
feed intake. Therefore, maximization of ruminal starch digestibility is the principal manner to
increase utilization of starch by ruminants.
Grain Source and Variety

Ruminal and total tract digestion of starch is generally higher for wheat, barley and
oats than for corn and sorghum grains (Herrera-Saldana et al., 1990; Theurer, 1986; Kotarski
et al.,, 1992; Owens et al., 1986, Huntington, 1997). Although com and sorghum are
considered to have the lowest starch digestibility among the common cereal grains used in
ruminant feeding, differences exist between the two. Generally, whole grain with an intact
pericarp is largely resistant to ruminal degradation because whole kemels prevent bacterial
attachment and digestion (McAllister et al., 1994; Cheng et al., 1991). When whole grain is
fed, chewing and rumination has an important role in disrupting the seed coat and adding
moisture to starch which will facilitate fermentation and its enzymatic digestion. Although it
is assumed that very little starch is digested in the rumen when whole grain is fed, Yu (1996)
summarized several studies with beef cattle and showed that ruminal digestibility of intact
corn grain can be as high as 75%, with an average of 64%. The total tract digestibility for
whole corn in beef steers ranged from 77% to 94% with an average of 90%.

When sorghum and corn grains are processed, digestibility of both are similar for the
total digestive tract and slightly higher for corn in the rumen. Theurer (1986) summarized

the digestibilities of starch for corn and sorghum grains from several studies and observed that
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total tract was | to 4 percentage units higher for corn and ruminal digestion was 7 to 9%
higher for com. However, in lactating dairy cows total tract digestibility of starch from steam-
flaked grains (283 - 360 g/L) was 3 percentage units higher for sorghum than for corn grain
(Theurer et al., 1996a). Therefore, one might conclude that when corn and sorghum are
processed they have the same total tract digestibility of starch, but that corn has a slightly
higher ruminal digestibility. These differences between processed sorghum and corn grain may
be related to the thicker protein matrix and greater proportion of protein bodies in the
corneous endosperm of sorghum grain (Kotarski et al., 1992).

Starch degradability also is influenced by the ratio amylose : amylopectin. High
amylose grain varieties are less digestible than normal or waxy (1% amylose) varieties
(Kotarski et al., 1992; Rooney and Pflugfelder, 1986; Huntington, 1997). Rooney and
Pflugfelder (1986) suggested that the lower digestibility of high amylose varieties may be
related to the restrictive role of amylose in granule swelling during water influx or to the
increased intermolecular hydrogen bonding between amylose and amylopectin, which limits
swelling and enzymatic hydrolysis.

Grain Processing

According to Nocek and Taminga (1991), processing of grain can be subdivided into
chemical and physical methodologies. The most common chemical treatments use
formaldehyde, ammonia, or sodium hydroxide. These treatments can reduce or increase the
rate and extent at which starch is digested in the rumen and total tract (Nocek and Tamminga,

1991; Orskov, 1986; Miron et al., 1997). Generally, formaldehyde reduces rate of starch
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digestion by ruminants (Nocek and Tamminga, 1991) by retarding microbial attachment to
the protein matrix where starch granules are contained (Cheng et al., 1991). On the other
hand, sodium hydroxide, when used at correct levels, will disrupt the fibrous seed coat by
partial hydrolysis of hemicellulose and lignin and by swelling of the outer starch granules; thus
increasing microbial attachment and digestion of starch (Miron et al., 1997). However, the
improvement in starch digestion by chemically treating sorghum grain with sodium hydroxide
is less than grinding the grain (Miron et al., 1997).

Physical processing methods include breaking, cracking, grinding, rolling, and
pelleting dried grains. These processes disrupt the pericarp of grain and decrease its particle
size, facilitating microbial attachment to the endosperm and subsequent digestion. These
methods also expose the endosperm to enzymatic digestion in the small intestine. Because of
friction between grain and rollers or hammers, some heat is produced which may cause some
chemical alteration of starch granules. When moisture and heat are combined with these
physical processing methods, great improvements in starch digestion are obtained. Such
processing methods that use physicochemical procedures consist of steam flaking, steam
rolling, pressure-steaming and rolling, roasting, reconstitution, micronizing, and tempering.
Of all these methods, steam flaking is the method of choice for processing sorghum grain for
feedlot animals (Swingle, 1992) and probably dry rolling and steam rolling are the most
common methods used to process the other grains for beef and dairy cattle.

When moisture and heat are added to grain and followed by rolling and flaking, the

seed coat is disrupted exposing the endosperm and embryo. During steaming, water enters
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the seed through the hylar area (Rooney and Pflugfelder, 1986), increasing the moisture and
temperature in the endosperm. When moisture, temperature and physical forces are all
applied, starch granules undergo gelatinization and irreversibly lose their native structure
(Rooney and Pflugfelder, 1986). During the process of gelatinization, starch granules absorb
water which cause them to swell. With the added association of heat and mechanical
processing by flaking or rolling, the structural and chemical relationship between starch
granules, protein bodies and protein matrix is mostly lost. The intermolecular hydrogen
bonding that stabilizes amylose and amylopectin in the endosperm is broken, allowing
microorganisms and enzymes to more easily disrupt the « 1-4 and o 1-6 linkages between
glucose residues.

Although gelatinization of starch granules usually increases digestibility of grains,
when processing methods are not correctly applied, retrogradation and dextrinization might
occur (Rooney and Pflugfelder, 1986). Retrogradation is the reassociation of starch molecules
separated during gelatinization. The hydrogen bonds between amylose and amylopectin are
restored and the starch may become less digestible than before processing (Rooney and
Pflugfelder, 1986). Dextrinization may occur during dry-heat processing methods such as
micronizing. Smaller and insoluble fragments of amylose and amylopectin reassociate and
become enzyme resistant (Rooney and Pflugfelder, 1986).

When cereal grains are processed, the rate and extent of starch digestion as well the
passage rate of the grain in the digestive compartments may be affected. However, very little

information is available about rumen kinetics of processed grains. In a recent study with
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ruminally and duodenally cannulated dairy cows, Nussio (1997) observed that ruminal
disappearance rate of starch steam-flaked sorghum was greater than for dry-rolled sorghum.
The greater disappearance rate for steam-flaked sorghum was attributed to a faster rate of
digestion because rumen passage rates of steam-flaked and dry-rolled sorghum grains were
not different. The increased rate and extent of starch degradation in the rumen increases
production of VFA, mainly propionate, and also the flow of high quality microbial protein
to the duodenum (Oliveira et al. 1995; Poore, 1990, Plascencia and Zinn, 1996).

In energy balance studies, Chen (1994) and Theurer et al. (1996a) observed that steam
flaking of sorghum increased the NE, of the grain 20% over that of dry rolling. This positive
effect on energy concentration resulted in greater recycling of urea to the gut and a 24%
increase in uptake by the mammary of amino acid N (Theurer et al., 1996a).

Because of the higher digestibility of starch in oats, wheat, and barley than in corn and
sorghum, processing of these cereal grains does not result in the same magnitude of changes
in site and extent of digestion of starch as well as in performance of dairy cows (Espindola
et al., 1997).

RUMEN FERMENTATION OF STARCH

The microbes that inhabit the forestomachs of ruminants are the main agents for
digestion of simple and complex carbohydrates in ingested feed material (Van Soest, 1994).
The constancy of the rumen environment and the regular influx of highly fermentable feeds
favor an active fermentation process, in which diverse microbial species are involved in the

degradation of carbohydrates and proteins; and in the hydrolysis and saturation of lipids.
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Rumen microorganisms are composed of bacteria, protozoa, and fungi (Van Soest, 1994,
Yokoyama and Johnson, 1993; Cheng et al., 1991). Although protozoa and fungi participate
in ruminal digestion of nutrients, most of fermentation is performed by ruminal bacteria
(Huntington, 1997). Protozoa may be important to stabilize the rumen environment because
they can engulf starch granules; and fungi may play an important role in bacterial attachment
by creating lesions on the surface of plant tissues (McAllister et al., 1994).

The unique structure of intact cereal grains presents a barrier to microbial penetration
because of the highly structured pericarp is covered by a waxy cuticle (Rooney and
Pflugfelder, 1986). The pericarp contains most of the fiber portion of the grain which
constitutes a barrier for microorganism attachment and digestion (Cheng et al., 1991).
Furthermore, in comn and sorghum grains, the relationship between the protein matrix, protein
bodies and the starch granules severely limits bacterial access to starch and affects digestibility
(Rooney and Pflugfelder, 1986; Kotarski et al. 1992; Cheng et al., 1991).

The major amylolytic bacteria species in the rumen are Bacteroides amylophilus,
Streptococcus bovis, Succinimonas amylolytica, Bacteroides ruminicola, and Succinivibrio
dextrinisolvens (Yokoyama and Johnson, 1993). These starch -degrading bacteria digest
starch by a sequential attack on the grain endosperm (Cheng et al., 1991). After proteolytic
and other microorganisms attach and digest the protein matrix, starch granules are exposed
and accessible for amylolytic attack and digestion. Enzymes such as amylases and
amyloglucosidases are released when bacteria is attached to the feed particle, which cleave

the  1-4 and o 1-6 linkages, thus releasing glucose residues. Glucose is then fermented via
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glycolysis to pyruvate, whichis the intermediate through which all carbohydrates must pass
before being converted to VFA, CO, and CH, (Fahey an Berger, 1993; Bergman, 1990).
Ruminal fermentation of starch will result in increased propionate because amylolytic
microorganisms have enzymatic pathways (dicarboxylic acid pathway) to transform pyruvate
into propionate (Fahey an Berger, 1993). Starch can also be fermented to lactate when a low
pH and high osmolality favor growth of amylolytic microorganisms and lactate producers
(Bergman, 1990).

Synthesis and Absorption of VFA

The importance of VFA as a source of energy for ruminants is well recognized
accounting for up to 80% of the animal’s energy intake. Acetic, propionic, and butyric acids
are the predominant VFA produced by microbial fermentation of organic matter in the
forestomachs and large intestine of ruminants. VFA are weak acids with a low pKa,; and when
in a neutral environment, such as the rumen-reticulum (pH around 6.0 to 6.5), they are
present as anions rather than as free acids (Bergman, 1990).

During microbial degradation of feed ingredients, about 75% of the energy available
in carbohydrates is transformed in VFA, and the remaining 25% is used for microbial growth
or lost as hydrogen and methane (Bergman, 1990). Concentration of VFA in the rumen is
quite variable, although the total amount present in dairy cows usually is between 90 and 130
mM (Chen, 1994, Poore, 1990; Oliveira et al., 1995; Simas, 1995; Espindola et al., 1997,
Plascencia and Zinn, 1996). The variation in VFA concentrations in the rumen-reticulum is

caused by three main factors, the rate of production, the rate of absorption through the rumen
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wall, and the flow to the abomasum. Intake of fermentable organic matter and rumen
adaptation to the diet will cause most of the variation in VFA concentration. When intake of
fermentable organic matter increases, the availability of substrate for fermentation favors a
high production of VFA. When ruminal degradable starch was increased by steam flaking
sorghum and com grains, lactating dairy cows had higher molar concentrations of total VFA
in the rumen than cows fed diets of dry-rolled sorghum or corn (Poore, 1990; Chen, 1994;
Oliveira et al., 1995; Plascencia and Zinn, 1996). It is estimated that rate of VFA production
in the rumen is about S mol/kg of dry matter intake (Bergman, 1990). However, when VFA
production is estimated, based only on intake of DM, it may generate false values because
fatty acids from lipids and silages as well as minerals do not support microbial growth and
VFA production. Adaptation to a diet can markedly change the rate of VFA absorption
because butyrate and propionate might directly or indirectly stimulate papillary growth in the
rumen (Galfi et al. 1991).

Most VFA are produced in the rumen-reticulum, but the large intestine may also
substantially contribute. Bergman (1990) observed that 8 to 10% of the energy requirements
of cattle and sheep can be supplied by VFA produced during hindgut fermentation. Reynolds
et al. (1988) showed that in lactating dairy cows receiving a diet with 60% corn silage and
40% concentrate, VFA and B-hydroxybutyrate accounted for 53% of metabolizable energy
or 64% of net portal-drained viscera energy flux.

Absorption of VFA is through passive diffusion and the process takes place

throughout all segments of the digestive tract. Concentration of VFA and low pH may
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increase the rate at which absorption occurs in the rumen and lower digestive tract. The pH
effect on VFA absorption indicates a greater permeability of the epithelium to the acid form
of the VFA. Regardless of local environmental factors, there seems to be a gradient for VFA
absorption through the rumen epithelium. For individual VFA, the rate of absorption from the
rumen increases with chain length (Bergman, 1990). Therefore, butyrate is absorbed in a
faster rate than propionate, which is more rapidly absorbed than acetate. However, because
of the higher molar concentrations of acetate and propionate in the rumen, and the dramatic
metabolism of butyrate by the rumen epithelium, the amounts of VFA appearing in the portal-
drained viscera are in reverse order, or acetate > propionate > butyrate (Reynolds et al., 1994,
Lozano, 1996, Theurer et al., 1996a). Bergman (1990) estimated that about 90% of butyrate
is oxidized by the rumen epithelium and converted either to CO, or B-hydroxibutyrate.
Acetate and propionate also are metabolized by the rumen epithelium but to a lesser extent.
Microbial Protein Synthesis

Microbial protein yield is the product of the microbial efficiency (g microbial nitrogen
/ kg of organic matter truly digested in the rumen) and the amount of organic matter truly
digested in the rumen. Metabolism of rumen microbes is regulated primarily by the amount
and rate of degradation of carbohydrate and levels of ammonia, which in turn depends on the
physical and chemical form of carbohydrates and proteins. Microbial growth and passage of
nitrogen fractions to the small intestine can be affected by several factors such as intake of
DM, ratio of forage to concentrate in the diet, concentration of nonfiber carbohydrates (NFC)

in the diet, ruminal digestibility of NFC, amount of rumen degradable starch in the diet, crude
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protein level and degradability, rumen outflow rate, and energy:protein synchronization.
Increased DM intake can increase the amount of fermentable organic matter in the
rumen as well as ruminal passage rate, resulting in greater microbial efficiency and yield
(Clark et al., 1992). Protein degradability of dietary feed ingredients in the rumen s an
important factor influencing microbial growth and flow of microbial nitrogen to the
duodenum. Russell et al. (1992) indicated the importance of rumen ammonia and peptides for
microbial growth. They suggested that fiber-digesting microorganisms require only ammonia
for their growth, whereas bacteria that digest nonfiber carbohydrates require ammonia, amino
acids, and peptides for maximal growth. From continuous culture data, Hoover and Stokes
(1991) demonstrated a tight relationship (r* = .88) between synthesis of microbial nitrogen
per unit of carbohydrate digested and RDP, as RDP increased from 5% to about 20% of the
substrate dry matter. They concluded that the quantity of ruminally available protein needed
to optimize microbial growth may, under some conditions, be as high as 14% of the diet DM.
In the same review, Hoover and Stokes (1991) also observed that increasing dietary
nonstructural carbohydrates increased microbial yield with no effect on efficiency.
Chemical and physical composition of carbohydrates have a great impact on ruminal
fermentation, VFA synthesis, and microbial protein prodcution (Stern et al., 1994). The major
component of NFC is starch and manipulation of starch digestibility might impact on the
amount of carbohydrates fermented in the rumen. Processing of corn and sorghum grains have
shown to increase ruminal starch digestibility in dairy cows. Microbial nitrogen flow to the

duodenum of lactating dairy cows has been increased by feeding steam flaking of sorghum



32
and corn grains compared with dry rolling in some studies (Poore, 1990; Oliveira et al., 1995;
Plascencia and Zinn, 1996), but not in others (Chen et al., 1994; Simas, 1995).

Few studies have measured the effects of synchronizing degradation of protein with
energy availability in the rumen. McCarthy et al. (1989) compared the effects of feeding fish
meal or soybean meal with ground corn or steam rolled barley on ruminal fermentation and
flow of nitrogen to the duodenum. Levels of barley in their study were much higher than
generally used for lactating dairy cows. Barley dramatically decreased DMI which may make
interpretation of the data difficult. Although barley decreased starch intake, ruminal
disappearance of starch was higher for barley than for corn diets. Flow of feed protein to the
duodenum was not affected by either fish meal or soybean meal. Combinations of corn and
fish meal or barley and soybean meal did not differ in microbial nitrogen entering the
duodenum, which led the authors to conclude that no benefit from synchronization of dietary
source of energy and nitrogen was evident. However, the combination of barley with soybean
meal did result in highest microbial protein flow to the duodenum. Huber and Herrera-Saldana
(1994) observed an increase in microbial yield and efficiency when lactating cows where fed
a diet high in ruminally degradable starch (barley) and ruminally degradable protein
(cottonseed meal), when compared with dry-rolled sorghum with cottonseed meal, dry-rolled
sorghum with brewers grains, or barley with brewers grains. In a second study with the same
diets, milk yield of lactating cows was 2.6 kg/d more with the combination of barley and
cottonseed meal than with the other 3 diets. The authors concluded that synchronizing the

degradation of starch and protein sources of high ruminal degradability improves rumen
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fermentation and animal performance. Furthermore, it was suggested that a ratio RDS to
degradable intake protein might be used to formulate dairy diets (Huber and Herrera-Saldana,
1994). Hoover and Stokes (1991) suggested that the ratio of NSC to RDP should be around
2 for maximal rumen fermentation and microbial protein yield.

INTESTINAL STARCH DIGESTION

Small Intestine

Most of the starch that escapes ruminal fermentation is enzymatically digested in the
small intestine or is fermented by microorganisms in the hindgut. Huntington (1997) estimated
that 5 to 20% of starch ingested is digested postruminally, with most of this digestion in the
small intestine. Owens et al. (1986) summarized a large number of studies with beef steers and
showed that of the total starch being digested postruminally, the small intestine is responsible
for 61 to 92%, averaging about 82%. However, the amount of starch digested postruminally
in cattle is highly variable and it depends upon the grain source, processing method, level of
starch in the diet and level of intake (Theurer, 1986, Owens et al., 1986; Harmon, 1992).

Enzymatic digestion of starch in the small intestine of cattle proceeds similarly to other
species. Among other enzymes, the exocrine pancreas secretes &-amylase which hydrolyzes
starch polymers of amylose and amylopectin to maltose, maltotriose and branched «-dextrin
(Gray, 1992). Very little glucose is formed by a-amylase action within the intestinal lumen.
Because there are no carbohydrases in the duodenal fluid except a-amylase secreted from the
exocrine pancreas in ruminants, the disaccharides and trisaccharides resulting from the action

of a-amylase are cleaved by enzymes present in the brush border surface of the small intestine
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(Harmon, 1992; Gray, 1992). Maltase and isomaltase are the two major oligosaccharidases
produced by the enterocytes which are present in the intestinal brush border Maltase'
removes single glucose residues sequentially from the nonreducing end of the & 1-4 chain, but
it is blocked by & 1-6 linkages from the original branched points of amylopectin (Gray, 1992).
[somaltase is the only brush border oligosaccharidase that has the capacity to cleave a
nonreducing terminal with an & 1-6 linkage. The sequential action of these two carbohydrases
results in complete cleavage of oligosaccharides to simple glucose residues, which can be
absorbed through the enterocytes.

Although the enzymatic process of starch digestion is very similar in ruminants and
monogastrics, there seems to be some limitations for starch digestion in the lumen of the small
intestine (Huber et al,, 1961, Owens et al., 1986; Huntington, 1997). During and after
feeding, ruminants have a continuous absorption of fermentation end products and a
semiconstant postruminal flow of digesta, which differ substantially from the postprandial,
post-absorptive state of nonruminant (Harmon, 1992). Because of the relative constant flow
of digesta from the rumen to the small intestine, pancreatic secretion is kept at constant levels,
with small variations during the day. However, a-amylase concentration in pancreatic tissue
and secretion through the pancreatic duct can drastically change with dietary manipulation
(Harmon, 1992). Kreikemeier et al., (1990) fed calves a forage or a high grain diet at two
levels of energy. When dietary intake was increased or when the diet was based on forage,
pancreatic and intestinal digesta content of «-amylase increased. It was assumed that the

forage effect on pancreatic secretion was due to the protein content of the alfalfa used.
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Harmon (1992) suggested that protein content and quality of intestinal digesta might influence
pancreatic secretion of ¢-amylase. This low activity of a-amylase in the proximal sections of
the small intestine is associated with the acidic pH of the duodenum and proximal jejunum of
ruminants, and may limit starch digestion in the small intestine of cattle (Huntington. 1997,
Owens, 1986).

Huntington and Reynolds (1986) conducted an experiment with one dairy cow and
another with two beef heifers to evaluate the effects of abomasal infusions of starch or
glucose on net absorption of glucose. Animals were fed a 60% corn silage:40% concentrate
diet. Infusion of glucose increased blood glucose concentration and net absorption of glucose
by the portal-drained viscera. However, when cows were infused with starch just a small
increase in net portal absorption of glucose was observed. The inability of infused starch to
significantly increase net portal absorption of glucose might have been caused by limited
enzymatic digestion in the small intestine considering that only 31% of the infused starch
disappeared between the duodenum and terminal ileum.

The end product of starch digestion in the small intestine is free giucose, which is
absorbed and transported to the cytosol of the enterocyte through a Na+ dependent active
transport or through paracellular diffusion (Huntington, 1997, Mayes, 1993). The importance
of one system or the other depends on the amount of glucose present in the intestinal brush
border. When glucose concentration is low, the active process mediated by the glucose
membrane transporter SGLT1 dominates, however, when high concentrations of glucose are

present in the brush border, the ratio of active transport to paracellular diffusion approaches
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1:1 (Huntington, 1997). There is no evidence that glucose transport is a limiting factor for
glucose absorption in the small intestine of ruminants (Bauer et al., 1995).

Post-absorptive studies have shown that there is no net portal-drained viscera
absorption of glucose in beef steers (Lozano, 1997) nor in lactating dairy cows (Theurer et
al., 1996a; Sadik, 1996). However, in beef steers as well as in lactating dairy cows, there is
net absorption of lactate, which probably originates from glucose metabolism. Glucose
absorbed in the small intestine is used as an energy source for intestinal cells (Okine et al,,
1994) and other portal-drained viscera tissues, since these tissues can consume about 20%
of absorbed metabolizable energy (Cant et al., 1997).
Large Intestine

Flow of starch to the large intestine is considerably smaller than to any other portion
of the digestive tract. Although only small amounts of starch reach the large intestine,
differences may occur according to the digestibility of starch in previous compartments of the
digestive tract. Fermentation of starch in the large intestine results in the production of VFA,
but the resulting microbial protein is lost in the feces, and is detrimental for the nitrogen
economy of the animal. Very few studies have evaluated the energy contribution from hindgut
fermentation. Bergman (1990) cited one study with beef steers and two studies with sheep
in which VFA originating in the hindgut contributed with 8 to 9% of the total energy
requirements of the whole body.

Studies with processed grain conducted with beef steers have shown that increasing

ruminal digestibility of starch by steam flaking of sorghum and corn grains significantly
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reduced the flow of starch to the ileum (Lozano, 1997) and fecal output of nitrogen (Alio,
1997). These results confirm early results with lactating dairy cows fed sorghum grain with
differing ruminal starch digestibilities (Oliveira et al., 1995). Feces of cows fed dry-rolled
sorghum diets were higher in starch and crude protein, and lower in pH than those fed steam-
flaked sorghum, suggesting that a significant amount of starch was fermented in the large
intestine in the diets of lower ruminal starch digestibility.

PROTEIN FOR DAIRY COWS

The lactating dairy cow requires specific quantities of amino acids for synthesis of
body tissue, growth of the conceptus and synthesis of milk protein. Amino acids are derived
primarily from microbial protein that is synthesized in the rumen and washed to the small
intestine and from feed protein that escapes ruminal degradation. These two protein sources
contribute to the metabolizable protein supply of the dairy cow, which is defined as the amino
acids and peptides derived from proteins that are absorbed in the small intestine. Therefore,
it is important to consider two relevant aspects when evaluating protein for dairy cows, the
nutrient requirements of ruminal microbes because microbial protein generally comprises 60
to 70% of the total true protein flow to the intestine of dairy cows, and the amino acid profile
of the escape protein.

Most dairy cows in early lactation are unable to meet their protein requirements for
absorbable protein from rumen microbial protein alone. To allow better definition of types
and amounts of protein required by lactating dairy cows, NRC (1989) described protein

requirements in terms of degraded intake protein (DIP) to meet rumen microbial requirements
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and undegraded intake protein (UIP), which escapes the rumen and supply escape amino acids
to be absorbed in the small intestine. In order to meet the UIP requirements of lactating dairy
cows, inclusion of proteins in the diet that are high in UIP is generally recommended
(Schwab, 1994). However, addition of high RUP sources has not always showed beneficial
effects on performance of dairy cows (Santos and Huber, 1995; Huber and Santos, 1996;
Huber and Chen, 1992). It is assumed that the reasons for lack of response to supplemental
RUP when a high undegradable protein is substituted for a high degradable protein source are
the unbalanced amino acid profile of the escape protein and the reduction in microbial protein
production, which has the most appropriate amino acid composition when compared with
milk amino acid profile (Chandler, 1989; Schwab, 1994).

Dietary Protein Sources

As a consequence of their foregut fermentation, ruminants are provided with two
major sources of protein. One is microbially synthesized protein of good quality in terms of
its amino acid profile relative to the milk’s amino acid profile (Chandler, 1989; Schwab, 1994)
and digestibility (Storm et al., 1983). The other is undegradaded dietary protein, which
escapes microbial degradation in the rumen. Dietary sources of protein can influence the
availability of nitrogen and other protein compounds released in the rumen and the amino acid
composition of the duodenal flow. If the availability of ammonia-N is not coupled with
degradation of fermentable organic matter, microbial crude protein is reduced, ruminal
digestibility of organic matter can be affected, nutrient intakes are not maximized, or loss of

ammonia-N as urea can occur. Hoover and Stokes (1991) concluded that the quantity of
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ruminally available protein needed to optimize microbial growth should be about 14% of the
dietary DM, which is translated to about 70% of the dietary CP. The INRA (1989) concluded
that ruminal ammonia levels greater than 8 to 15 mg/dl are required to maximize organic
matter digestion. Therefore, to maximize nitrogen use in order to obtain high performances
by dairy cows, sources of protein should be considered with regard to their ruminal
degradability and amino acid profile of the UIP fraction.

Although the NRC (1985 and 1989) considered the same intestinal digestibility for
both microbial and UIP protein (80% of the true protein content), a wide variation in
digestibility of the UIP portion may be achieved during processing of protein supplements
such as roasted soybeans, chemically treated SBM, expeller SBM, heated SBM, and brewers
(BG) and distillers (DG) grains. Effects of temperature and chemicals such as formaldehyde
can depress not only ruminal access to protein, but can also decrease amino acid and peptide
digestibility and absorption in the small intestine.

According to the origin and ruminal degradability, protein sources can be divided into
animal, vegetable and by products of both origins with high or low RUP content. The most
common animal sources of protein used in ruminant diets are fish meal (FM), blood meal
(BM), meat and bone meal (MBM), feather meal (FtM), and combinations. These protein
supplements have moderate to high UIP content (NRC, 1989). However, most of them have
either low essential amino acid (EAA) index (Chandler, 1989) or have unbalanced ratio of the
two most critical amino acids, lysine (Lys) and methionine (Met) (Schwab, 1994). Generally,

BM and MBM have adequate concentration of Lys, but they are low in Met. FtM is low in
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both, Lys and Met. The only exception is fish meal, which has a good EAA index associated
with a well balanced profile in terms of Lys and Met in the original feedstuff and after rumen
incubation (O’Mara et al.,, 1997). Of the vegetable sources SBM, treated SBM, roasted
soybeans, cottonseed meal (CSM) and byproducts such as corn gluten meal (CGM), corn
gluten feed (CGF), BG and DG are the most commonly used in dairy cattle diets.

O’Mara et al. (1997) analyzed the amino acid composition of eight protein
supplements after ruminal and intestinal incubation. Nylon bags were incubated for 8 or 12
hours in the rumen of three lactating dairy cows. After ruminal incubation, half of the nylon
bags were analyzed for CP content and amino acid composition. The other half were inserted
in the small intestine through duodenal canula and recovered in the feces. Residue in the nylon
bags was also analyzed for CP and amino acid composition and. Changes in amino acid profile
of feedstuffs after ruminal incubation were greater for the more degradable sources (SBM,
rapeseed meal, CSM, and CGF). In terms of Lys and Met, ruminal incubation did not change
the percentage of Met in SBM, FM, formaldehyde treated SBM, CSM, rapeseed meal, and
com DG, but increased in CGF. Lys concentration was increased in FM, decreased in SBM,
rapeseed meal, CGF, and corn DG, and not changed in CSM and formaldehyde treated SBM.
These results showed that feedstuffs vary in the proportion of their amino acids that escape
ruminal degradation, which may affect the amino acid composition of the feed protein flowing
to the duodenum.

A similar study was conducted by Erasmus et al. (1994) with ruminally and duodenally

cannulated dairy cows to evaluate in situ degradation of several protein supplements and its
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effects on their amino acid profile. Lys concentration decreased in the undegraded protein
fraction in 9 of the 12 feedstuffs, but Met either remained the same (9) or was increased (3).
Results from these two studies showed that degradability of amino acids in different feedstuffs
is variable and, after ruminal incubation, the undegraded protein may not have the same amino
acid profile of the original feedstuff. However, in both studies, amino acid composition of FM
did not differ before and after ruminal degradation and the UIP fraction still provided a well
balanced amino acid profile.

These studies clearly show that more information is needed to evaluate the effects of
ruminal degradation of protein sources on amino acid balance of the undegradable fraction
flowing to the small intestine when optimization of flow of EAA, Lys and Met are desired.
Interactions Between Energy and Protein

In ruminants, protein and energy nutrition are highly interrelated and they are
dependent on each other. Energy rich supplements provide extra fermentable organic matter
for the rumen microbial biomass. When matched with a supply of ammonia-N, amino acids,
and peptides, they can lead to higher microbial cell yields and can indirectly increase flow of
microbial protein to the small intestine (Clark et al., 1992). The increased extent of
fermentation observed when higher ruminal energy availability is coupled with supply of
nitrogen will promote higher rumen digestibilities and increase production of microbial protein
(Poore, 1990; Oliveira et al., 1995, Plascencia and Zinn, 1996) and VFA (Poore, 1990;
Oliveira et al., 1995; Chen, 1994).

Processing of cereal grains generally increases their ruminal digestibility, and promotes
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a better use of degradable protein. To determine the effect of varying UIP in diets for high
producing cows fed SFS, Santos (1996) supplemented diets with either 0.8% urea, 6% SBM,
or 5% FM. The RUP as % of CP of diets was 30, 35, and 39% for urea, SBM, and FM,
respectively. Protein supplements did not affect performance of dairy cows, but urea
increased their DMI. When animals were divided in low and high producers, cows producing
less than 40 kg/d and fed urea had higher DMI which resulted in higher milk yield. Cows
producing more than 40 kg/d responded positively to SBM and FM supplementation when
compared with urea.

A second study conducted by Santos et al. (1995) compared the effects of six protein
sources on performance of cows fed SFS based diets. Protein supplements were SBM., FM,
expeller SBM, FM + urea, FM + expeller SBM, and urea. Supplemental protein had no
impact on DMI, milk yield, FCM yield or protein %. Percentage of fat was reduced for
expeller SBM and FM + urea diets.

Chen (1994) conducted a metabolism trial with four cannulated dairy cows to study
the effects of altering the ratio of RDS:RDP on rumen fermentation, flow of nutrients to the
duodenum, and nutrient utilization. One diet contained dry-rolled sorghum with SBM and the
other three diets contained SFS with either SBM, BM or urea. Among the SFS diets, protein
source affected neither DMI no milk yield. SBM increased milk fat percentage and production
of FCM compared with urea. BM reduced rumen concentration of ammonia-N and VFA.
Protein sources did not affect flow of microbial and total protein to the duodenum, neither

did they alter microbial efficiency.
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Titgemeyer and Shirley (1997) processed sorghum grain either dry rolling or grinding

and pelleting and fed to dairy cows in a combination with SBM or expeller SBM. Increasing
dietary RUP to 40% of the CP by feeding expeller SBM tended to increase yields of milk,
FCM and milk fat, but decreased milk protein %. However, diets in this study had only 27%
processed grain as oppose to 38 to 41% in the previous 3 studies. Perhaps the low amount
of processed grain limited rumen fermentation and microbial protein production, which might

have caused a response to the higher RUP diet.

TABLE 1. Effect of Eam Erocessinﬁ and Erotein source on Berformance of dﬂ’ COWS

Diet DMI Milk FCM Protein CP Flow.kg/d VFA Reference
kg/d kgd  kgd % Mic  Total mMol
SFS 39% Urea 29.1* 388 345 3.21 Santos.
AH37% SBM 263°% 385 34.6 3.24 1996.
FM 256°%  40.1 355 3.23
AH30% DR-SBM 264°* 304 316 32%® Titgemeyer
CS10% P-SBM 247° 318 31.7 316° and
G27% DR-ESB 257% 316 326 3.07° Shirley.
P-ESB  249° 323 33.2 3.09° 1997
AH 40% Santos et
SFS 36% SBM 24.4 34.1 315 3.09 al.. 1995
38% FM 236 32.9 31.0 3.17
35.3% ESB 243 333 303 3.09
40.4% FM+Urea 24.0 334 30.1 3.03
36.6% FM+ESB 236 33.2 30.4 3.11
42% Urea 23.1 32.1 313 3.11

AH32% DR-SBM  229% 345 306 264% 234 362 124.5° Chen. 1994
G40% SFS-SBM 23.7% 344 285%  268% 245 370 1268°

SFS-BM  244% 345 30.1*  271* 245 363 135.7°

SFS-Urea 234% 355 280°  268% 232 347 1384°

AH: alfalfa hay; CS: corn silage: G: grain: SFS: steam-flaked sorghum; DR: dry-rolled sorghum; P:
pelleted sorghum; SBM: soybean meal; ESB: expeller soybean meal; FM: fish meal; BM: blood meal.

The reason for the lack of response of cows fed processed grain to high RUP
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supplements might probably be the lack of change in the flow of CP to the duodenum (Chen,
1994) coupled with increased microbial protein synthesis. Although Chen (1994) did not
observe any changes in microbial protein synthesis, two studies showed that steam flaking of
sorghum increases microbial protein synthesis 10 to 20% (Poore, 1990; Oliveira, 1995).-The
same effect has been observed for steam-flaked corn with up to 25% increase in microbial
protein flow to the duodenum when compared with dry-rolled corn (Plascencia and Zinn,
1996). Therefore, the higher microbial protein synthesis for cows fed diets high in RDS may
compensate for the lower RUP content in the diet, which is sufficient to mask any beneficial
effect from a UIP supplement (Huber and Santos, 1996).

AMINO ACID REQUIREMENTS FOR MILK PRODUCTION

Ruminants obtain amino acids from microbial protein and from feed protein that
escapes rumen degradation. About 50 to 70% of the protein flowing to the small intestine of
dairy cows is of microbial origin. Microbial protein is a relatively well balanced protein source
that has an essential amino acid profile similar to that of milk. According to Chandler (1989)
and Schwab (1994) rumen microbes are an excellent source of high quality protein relative
to most feed protein and contain the most appropriated amino acid profile relative to milk
protein amino acid profile.

In a review presented by Santos and Huber (1995) and Huber and Santos (1996) no
overall positive effects on milk yield and milk protein % were observed when a high RUP
source replaced SBM. The proposed explanations for the lack of response were: decreased

microbial protein synthesis in the rumen; the RUP source had a poor essential amino acid
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profile; Low digestibility of RUP sources in the small intestine; and control diets were low in
RDP. Therefore, if microbial protein supplies the most balanced amino acid profile relative
to milk protein amino acids, addition of higher RUP can not be detrimental to rumen
fermentation and microbial growth.

It is generally accepted that Lys and Met are the first two limiting amino acids in diets
for lactating dairy cows (Schwab, 1994). When cows are fed corn-based diets, the low Lys
content in corn makes it almost impossible to obtain a dietary concentration of 15% Lys and
5% Met, of total essential amino acids.

To demonstrate the effects of Lys and Met on milk and milk protein yields, several
infusion studies were conducted. Schwab et al. (1992a) used four ruminally and duodenally
cannulated cows to study the sequence of Lys and Met limitation at four stages of lactation.
Cows were fed a corn silage-corn meal based diet which were formulated for each stage of
lactation (peak, wk 4; early, wk 8 to 12; mid, wk 17 to 21; and late, wk 27 to 31) to supply
Lys and Met in the proportions of 9:4, 9:3, 9:4 and 9:3.6 as % of the total EAA for peak,
early, mid and late lactation, respectively. Continuous duodenal infusions of Met, Lys, Met
+ Lys, or casein supplied 15 to 20% of the normal flow of either Lys or Met or both during
the four stages of lactation. Content and yield of milk protein were used to evaluate responses
to infusions. During peak and early lactation, infusion of either Lys, Lys + Met, or casein
resulted in increased percentage and yield of milk protein, but during mid lactation only
infusions of Lys + Met or casein resulted in higher content and yield of milk protein. Late

lactation cows infused with Lys + Met or casein had higher milk protein percentage, but yield
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was not affected. Based on these results, authors concluded that in corn based diets Lys is the
first limiting amino acid during peak and early lactation, whereas a combination of Lys and
Met are the limiting amino acids during mid lactation.

A second study by the same group (Schwab et al., 1992b) evaluated the extent of Lys
limitation at four stages of lactation in dairy cows fed corn silage-corn meal based diets. Diets
were similar to the diets in the first study and supplied 10.8:3.5,9.5:3 4, 104:3.6 and 10.7:4.5
Lys:Met as % of total EAA during peak, early, mid and late lactation, respectively.
Treatments were continuous duodenal infusion of a fixed amount of Met plus graded amounts
of Lys. Control treatment was infused with water. During peak and early lactation, infusion
of crescent amounts of Lys increase content and yield of milk protein, but during mid and late
lactation only milk protein percentage was increased by graded levels of Lys plus a constant
amount of Met. Based on amino acid flow to the duodenum and infusion of Lys, it was
concluded that the requirements of Lys as percentage of the total EAA during peak, early and
mid lactation are 15.9, 13.9, and 14.5% when Met is maintained at about 5% of the total
EAA flowing to the duodenum.

King et al. (1991) conducted two experiments to evaluate the effects of duodenal
infusion of 0, 22.5, 45, 90, and 180 g/d of Lys to cows fed a corn silage-ground shelled corn-
CGM based diet. In experiment 1, infusion of Lys had no effects on milk yield, but a tendency
to increase milk protein % was observed. In experiment 2, infusion of Lys increased milk
protein % and had a linear positive effect on milk yield. It was concluded that for cows

producing 30 kg/d and fed corn based diets, an additional 64 g/d of Lys was needed to
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support milk production and protein content.

Pisulewski et al. (1996) fed 5 ruminally and duodenally dairy cows a corn silage-com'
grain based diet and studied the effects of infusing graded levels of Met while Lys was
maintained constant. Treatments consisted on duodenal infusions of 10 g/d of Lys (control)
.and 10 g/d of Lys plus 6, 12, 18, and 24 g/d of Met. The basal diet resulted in a flow of Lys
and Met of 13.2% and 2.9%, respectively. Infusing increasing amounts of Met resulted in a
linear increase in milk protein production and concentration of true protein in milk. Infusion
of 24 g/d of Met resulted in a ratio Lys:Met of 3 to 1 with both amino acids contributing with
13.8 and 4.1% of the total EAA flowing to the duodenum, respectively. Intestinal absorption
of Lys and Met as percentage of the total amino acid absorption was 7.3 and 2.4%,
respectively, for the treatment that resulted in highest yield and content of milk true protein.

Strong evidences suggest that Lys and Met are the two most limiting amino acids in
dairy cow nutrition. This is because most feed proteins are deficient in either Lys, Met, or
both (Chandler, 1989; Schwab, 1994) relative to the recommendations of 15 and 5% of the
total EAA with the exceptions of microbial protein and FM.

RESPONSE OF DAIRY COWS TO PROTEIN QUALITY

In order to evaluate the effects of different protein sources on performance and
metabolism of dairy cows, a similar approach to Santos (1996) and Santos and Huber (1995)
was used. A summary of the most recent studies since their reviews was prepared.

Metabolism studies

Five metabolism studies were summarized to evaluate the effects of different protein
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sources on flow of nutrients to the small intestine of lactating dairy cows (Weigel et al., 1997,
Cunningham et al., 1996, Mabjeesh et al., 1996, Calsamiglia et al., 1995, and Chan et al,
1997).

Weigel et al. (1997) substituted a blend of BM + MBM + CGM for SBM to raise the
content of RUP in diets with either 15 or 18% CP. All diets had 3.5% tallow with the
exception for the control diet with 18% and SBM as the protein supplement. Protein level and
degradability had no effect on milk yield and composition. There was only a tendency for the
higher CP diets to increase milk protein yield, but not for casein. Nitrogen intake was affected
by protein content of the diets and cows fed SBM or high CP diets had higher rumen total
VFA concentration.

Cunningham et al. (1996) fed 5 cannulated cows two levels of CP, 16.4 or 18.4%,
with two levels of RUP in their diets. Specially processed SBM was responsible for 12 to
41% of the total CP. A control treatment diet with 14.4 % CP from SBM was fed. Milk yield
and yield of milk components were not affected by either CP level or amount of RUP, neither
was the concentration of total rumen VFA. Nitrogen intake increased with more CP in the
diet and a linear effect of CP level on flow of total nitrogen, non-ammonia nitrogen (NAN),
and non-ammonia non-microbial nitrogen (NANMN) was detected. Protein degradability had
no impact on flow of nitrogen compounds, but it increased the flow of essential, non-essential
and total amino acids to the duodenum of dairy cows.

Mabjeesh et al. (1996) increased the percentage of RUP in diets of dairy cows by

replacing SBM with either heated SBM, meat meal (MM) or FM. Content of CP was kept
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the same at about 15%. Nitrogen intake was not affected, but flow of microbial protein was
reduced by the higher UIP diets. Duodenal flow of total EAA was increased by heated SBM
with lower methionine flow in the FM diet. Intestinal absorption of total EAA was not
affected by protein source, but diet with FM and heated SBM reduced Met absorption and
increased Lys absorption.

Calsamiglia et al. (1995) fed cannulated cows a 16.3 % CP diet and dosed them with
either 1.3 kg/d of SBM or 1.0 kg/d of FM through the rumen cannula. Cows dosed with SBM
tended to have higher DMI which increased nitrogen intake and total rumen VFA
concentration. Duodenal flow of total and microbial nitrogen was increased in the SBM dosed
cows, but NANMN was higher for FM dosed cows.

Chan et al. (1997) used four cannulated dairy cows to study the effects of feeding
isonitrogenous diets with two sources of supplemental protein, a low quality which was
composed of CGM, and a high quality composed of a blend of SBM, FM and BM. Diet
protein degradabilities were maintained the same. CP intake and flow to the duodenum was
not affected by dietary protein, neither was the flow of microbial protein. High quality protein
increased total VFA concentration in the rumen. Cows fed high quality protein produced 4
kg/d more FCM.

Although the number of metabolism studies summarized since 1995 is small, the
results clearly show a decrease in microbial protein flow to the duodenum when degradable
protein is replaced by a high UIP source. The same results were observed by Santos and

Huber (1995) and Huber and Santos (1996). Replacing SBM by a high UIP supplement
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decrease total VFA concentration in three of three comparisons. The study by Mabjeesh et
al. (1996) demonstrated that the flow and absorption of amino acids may be modified with
the protein source in the diet.

Performance studies

Sixteen lactational studies with 30 comparisons were summarized since 1995 to
evaluate the effects of increasing RUP content of diets by replacing soybean meal with an
animal or vegetable protein sources, or combinations with low ruminal degradability. Other
4 studies compared the effects of replacing FM with CGM (2) or replacing urea with either
SBM or combinations of SBM and animal and vegetable protein sources (2).

1. SBM vs High RUP

Cunningham et al. (1996) used 36 lactating cows in early lactation to evaluate the
effects of replacing SBM with a specially processed SBM at two CP levels. DMI was the
same across treatments and averaged 20.7 kg/d. No effects on milk yield, composition and
yield of milk components were observed for CP level and RUP. Cows fed high RUP diets
produced 2.45 kg/d more milk than cows fed SBM, but this difference was not significant.

Starting on d 21 postpartum, Pires et al. (1996) fed 36 dairy cows four diets with
either SBM, ground roasted SB, whole roasted SB, or a mixture of SBM and BM. Cows fed
SBM had higher DMI, produced 3.6 kg/d more milk and 1.8 kg/d more FCM than cows fed
whole roasted SB or SBM with BM. Milk fat content and yields of fat and protein did not
differ among treatments, but protein content was higher for SBM and SBM with BM diets.

To test the effects of increasing RUP in the diets for dairy cows, Atwal et al. (1995)
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substituted chemically treated SBM for SBM at two levels of CP, 15% and 17%. Forty-eight
dairy cows were assigned to four dietary treatments, which consisted of 15% CP diets
containing 4.5% CP as SBM or CTSBM and 17% CP diets containing 6.7% CP as SBM or
CTSBM. Intakes of DM were similar for all four treatments, but cows fed high RUP diets
produced more milk and tended to have higher milk protein content. No other effects were
observed for dietary treatments.

A 63 d study compared the effects of replacing SBM with either CTSBM or a blend
of CGM + FM + CTSBM in the diets of 36 early lactation dairy cows (Baker et al., 1996).
Dietary CP was maintained constant at 17.6%. Compared with high RUP diets, cows fed
SBM had the lowest DMI and produced an average of 1.9 kg/d less milk. Although high RUP
slightly increased milk yield, no effects were observed for yields of FCM and milk
components and for milk composition.

Colin-Schoellen et al. replaced SBM with formaldehyde-treated SBM in diets
supplemented or not with protected Lys and Met to increase the concentrations of RUP. With
the exception of content of true protein in the milk which was increased by high RUP, none
of the other parameters were affected by substituting formaldehyde-treated SBM for SBM.

Wheeler et al. (1995) replaced SBM with a blend of heated SBM and either FM +
CGM or FM + CGM + SBM. CP of diets were between 18.5 and 19%, and treatment started
on day 1 after calving and lasted 84 d. DMI and FCM yield were not affected by high RUP
source, but milk yield increased 3.5 kg/d for the high RUP diets. Cows fed SBM had the

highest milk fat content, but the lowest protein yield.
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Henson et al. (1997) and Titgemeyer and Shirley (1997) substituted ESBM for SBM
in diets based on either com or sorghum grains, respectively. Increasing RUP did not impact'
DMI, yield of milk, FCM, or milk components, but milk protein content was increased by
SBM (Titgemeyer and Shirley, 1997). Henson et al. (1997) also compared the effects of
partially replacing SBM with a blend of BM + MBM + CGM in the diet. Increasing RUP with
protein blend had no impact on performance of cows.

During the first 12 wk postpartum, Son et al. (1996) compared the effects of
increasing RUP by replacing SBM with a blend of BM and FtM in diets with or without
tallow. All four diets were isonitrogenous and isocaloric. In diets with supplemental fat, SBM
increased DMI 1.3 kg/d, but either yields of milk and FCM or milk composition were not
influenced by protein source. In diets without tallow, SBM increased content of fat and
protein in milk.

Lines and Weiss (1996) fed a 15% CP diets with either 6.8% SBM or 4.2% animal
protein. Cows fed SBM produced 3.2 kg/d more milk and 2.3 kg/d more FCM, but the
differences were not significant probably because of the small number of cows per treatment
(4). Milk composition and yields of milk components did not differ between diets.

Polan et al. (1997) conducted 2 experiments to evaluate the effects of partially
replacing SBM with FM or a blend of BM+FtM+CGM, in diets with different amounts of
alfalfa haylage. In diets with low alfalfa haylage, partial substitution of FM or blend for SBM
had no impact on DM], yields of milk, FCM, and milk components and on milk composition.

Similar effects were observed for diets with higher alfalfa haylage content, except for DMI



which was higher for SBM compared with SBM + FM.

Starting on d 28 postpartum, Marga and Schingoethe (1997) studied the effects of
partially replacing SBM with a blend of BM + MBM + CGM with or without added molasses.
DMI were similar and averaged 21.8 kg/d. Combination of molasses and high RUP increased
yields of milk and FCM, but RUP reduced protein concentration in the milk. No effects for
fat and protein yield were observed.

Rodriguez et al. (1997) used Jersey and Holstein cows in early lactation to study the
effects of partial substitution of BM for SBM with or without added fat. The only effects
detected were the increased yields and concentration of milk protein for cows fed SBM.

Heat-stressed dairy cows in early lactation were fed two diets differing in RUP.
Brewers wet grains (BWG) partially substituted SBM in the high RUP diet. Cows fed high
RUP produced 3 kg/d more milk, 4 kg/d more FCM, and had a higher milk fat % and yield.

Arieli et al. (1996) fed 40 dairy cows either SBM or CGM with or without CSM.
Diets were formulated to contain 16.4 % CP and treatments started on d 69 postpartum.
DMI, milk yield, FCM yield, fat percentage and yields of milk components were similar for
all four diets, but replacing SBM with CGM in diets containing CSM decreased content of
milk protein.

Statistical analysis using the results from the 16 studies was performed. The average
value from SBM and high UIP source from each treatment was used as the result of an
experimental unit. Results were blocked according to the respective study. GLM procedure

of MINITAB was used to analyze DMI, milk yield, and milk protein percentage.
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Overall results show no benefits of replacing SBM with a high RUP source. There was

a tendency for high RUP to increase milk yield (P - 13), but it tended to decrease milk

protein content (P -~ 10). These data showed similar results to observed by Santos and Huber
(1995) and Huber and Santos (1996). -

TABLE 2. SBM vs High UIP Supplements (16 studies)

Item SBM High RUP SEM P~
DMI, kg/d 22.16 21.86 0.173 23
Milk, kg/d 33.62 34.82 0.540 13
Protein, % 3.01 298 0.013 .10

2. High vs Low Quality RUP

Two studies were conducted by Spain et al. (1995) to compare the effects of replacing
CGM, a low quality RUP source, with FM (high quality) in diets based either on corn silage
or alfalfa and barley silages based diets. In the first study, FM was added at 2.6, 5.2, or 7.8%
of diet DM to replace partially or completely CGM. The higher FM diet resulted in lower
DMI and reduced milk fat %, but no effects were observed for milk yield and protein
concentration. In the second study, alfalfa and barley silages comprised 74% of the diet DM,
and FM replaced CGM. No differences were observed in DMI, milk yield, and fat and protein
content of milk.

The limited number of studies does not allow a clear conclusion regarding substitution

of FM for CGM. Santos and Huber (1995) and Huber and Santos (1996) observed
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improvements in milk yield and protein content when FM replaced CGM and they attributed
the beneficial effects of FM to its well balanced amino acid profile

3. SBM vs Urea

Two studies with three comparison between urea and SBM or combinations were
found in the last 3 years (Lines and Weiss, 1996; Baker et al., 1995). Both studies are short
term with limited number of cows (4/trt). Lines and Weiss replaced SBM with urea in diets
with 15.5% CP. The low number of cows prevented detection of statistical differences, but
cows receiving urea produced 2 kg/d more FCM, had higher milk fat content and yield and
similar protein content and yield to cows fed SBM.

Baker et al. (1995) increased RUP of the diets replacing urea with either CGM or a
mixture of BM and FM. Cows fed BM + FM had higher milk protein content, but no
differences were observed for DMI, milk yield and fat concentration. The observations of
Santos and Huber (1995) and Huber and Santos (1996) showed that increasing RUP in the
diet improved dairy cows’ performance only when the protein source used had a well balance
amino acid profile which is the case of FM.

4. Prolak®

A five-university study evaluated the effects of feeding 2 to 4% of an animal-marine
protein blend in 35 dairies with more than 5,500 dairy cows (Beede et al., 1994). Most dairies
used corn silage and alfalfa hay or silage as the main forage, and protein sources were
primarily of vegetable or blend vegetable and animal-marine source. Addition of Prolak® to

diets increase milk yield in 19 dairies, had no effect on 12 and reduced in 4. Average milk
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response was 1.8 kg/d.
EFFECTS OF bST ON LACTATING DAIRY COWS
Mode of Action

Somatotropin is synthesized in somatotropes of the anterior pituitary gland. It is a
single polypeptide hormone with 190 or 191 amino acids in cattle (Bauman, 1992) and a
molecular weight of about 22,000 in all mammalian species (Granner, D K. 1993). Synthesis
and secretion of endogenous somatotropin is stimulated by a rise in cyclic adenosine
monophosphate (cAMP) in the cytosol of the somatotropes, which occurs after release of
growth hormone releasing hormone (GHRH) by the hypothalamus (Tuggle and Trenkle,
1996). Other hormones such triiodothyronine also stimulate synthesis of somatotropin, but
by a different mechanism. Somatostatin, a hypothalamic peptide, represses somatotropin
secretion and, although the exact mechanism is not clear, it is accepted that somatostatin
blocks GHRH increase cAMP in the somatotroph cells of the anterior pituitary (Tuggle and
Trenkle, 1996).

Bovine somatotropin like any other protein hormone needs to bind to a receptor on
the cell membrane to be effective. Most bovine tissues have two types of somatotropin
receptors, of high and of low affinity. These binding sites differ in their affinity to interact with
bST, and Breier et al. (1988) observed that affinity for bST in hepatic cells of cattle can differ
up to 10-fold. There are strong evidence that the high affinity site is the physiologically
important receptor. Although bST receptors are present in most bovine tissues, the mammary

gland is an exception to this rule, with no receptors having been identified in mammary cells
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(Breter et al. 1991; Gluckman et al. 1987; Lucy et al. 1993). The absence of binding sites to
bST in the mammary gland explains the lack of response to direct infusion of the hormone in.
the udder. Therefore, it is accepted that the galactopoietic actions of bST are caused by direct
and indirect effects on target tissues.

The liver and adipose tissues are the main targets for bST because of the exuberant
concentration of high affinity receptors (Newbold et al. 1997, Lanna et al., 1995). When bST
binds to its receptors on the cell membrane, the complex formed stimulates a second
messenger in the cytosol of the cell which will cause most of the cellular response to the
hormone. Even though the somatotropin receptor has already been cloned in rabbits (Leung
et al. 1987) and it is assumed that bST stimulates the action of a second messenger like other
hormones of its class, the precise mechanism and correspondent intracellular messenger is still
unknown (Breier et al., 1991; Granner, 1993). When the intracellular mechanism is activated,
depending on the tissue that bST is acting upon, several different biochemical processes are
either stimulated or repressed.

A few days after bST treatment a series of changes in priorities of the physiological
actions in the animal occur. These processes involve homeorhetic control of certain metabolic
functions (Bauman and Currie, 1980), and cause a shift in the partition of nutrients in
lactating dairy cows, so that more are used for milk synthesis, thus increasing the efficiency
of milk production.

Bauman and Vernon (1993) in an extensive review of impact of bST on lactation,

summarized the effects of bovine somatotropin on specific tissues and physiological processes
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in lactating dairy cows as follow:

TABLE 3. Tissue and process affected during first few days and weeks of bST treatment

Mammary
gland

Liver

Adipose

Muscle
Kidney

Intestine

Whole
Body

Increased synthesis of milk with normal composition
Increased uptake of nutrients

Increased number and secretory activity of mammary cell
Increased blood flow to the mammary gland

Increased basal rate of gluconeogenesis
Reduced ability of insulin to inhibit gluconeogenesis

Reduced basal lipogenesis when in positive NEB
Increased basal lipolysis when in negative NEB
Reduced ability of insulin to stimulate lipogenesis
Increased ability of catecholamine to stimulate lipolysis

Reduced uptake of glucose
Increased production of 1,25 (OH), Vit. D,

Increased absorption of Ca and P
Increased ability of 1,25 Vit. D; to stimulate Ca binding protein
Increased Ca binding protein

Reduced oxidation of glucose

Increased NEFA oxidation when in negative NEB

Increased energy expenditure for milk consistent with increase in yield
Increased cardiac output consistent with increases in milk yield
Increased biological efficiency

These adaptations result from bST treatment through direct effects on the target

tissues or by indirect effects which are thought to be mediated by an insulin-like growth factor

(IGF) system.

A direct effect of bST occurs in the adipose tissue, whose response depends upon the

energy status of the cow. Lanna et al (1995) studied the effects of somatotropin treatment on
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basal rates of lipolysis and lipogenesis, as well as enzymatic activity in the adipose tissue, in
mudlactation dairy cows that were in positive NEB at the beginning of the study Cows treated
with bST increased milk yield and energy output and entered to a negative NEB during the
treatment period. Treatment with bST dramatically reduced rate of lipogenesis, but caused
a small numerical increase in the rate of lipolysis. Activities of lipogenic enzymes, such as
acetyl-coenzyme A carboxylase (ACC) and fatty acid synthase (FAS) were dramatically
reduced, and the activity of the lipolytic enzyme, hormone sensitive lipase (HSL), was
slightly increased. The exact mechanism by which bST reduces total ACC and FAS activities
is not known, but studies have suggested that somatotropin decreases the mRNA for synthesis
of ACC and FAS (Magri et al., 1990; Liu et al., 1991). Thus, the adipose tissue of cows
treated with bST, when in positive NEB, responded to increased bST by decreasing rate of
lipogenesis with little effect on basal lipolysis.

During bST treatment, as the animal enters into negative NEB a rise in plasma NEFA
is observed (Breier et al. 1991) as a consequence of the lipolytic and anti-lipogenic effects of
the hormone on adipocytes. These direct effects of bST on the adipose tissue and the reduced
uptake of glucose by peripheral tissues with a lowered whole body oxidation of glucose
(Bauman et al. 1988) spare precursors for milk synthesis and increases availability of these
nutrients for mammary uptake. However, the direct effects of bST on several tissues can not
account for all the responses in milk production of lactating dairy cows. Since no high affinity
receptor for somatotropin has been identified in the mammary gland (Breier et al. 1989,

Gluckman et al. 1987; Lucy et al. 1993) and bST treatments increase activity and number of
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secretory mammary cells (Bauman and Vernon, 1993), an indirect mechanism must be
associated with the responses observed after bST injection.

Hepatic tissue is provided with large concentrations of high affinity receptors for
somatotropin (Newbold et al. 1997). Under normal conditions, these receptors are essentially
fully occupied by endogenous somatotropin. Exogenous administration of bST increases
circulating somatotropin up to S-fold, which up-regulates somatotropin receptors and leads
to dramatic increases in circulating insulin-growth factor-I (IGF-I) (Breier et al., 1989). IGF-I
is not the only somatomedin influenced by somatotropin. IGF-II, also an important
somatomedin, has been shown to increase in plasma after somatotropin treatments. However,
it is not clear whether exogenous bST elevates plasma IGF-II in dairy cows (Breier et al.
1991). Both IGF-I and IGF-II show close structural homology to proinsulin (Daughaday and
Rotwein, 1989), but are products of different genes. Despite their chemical similarities, IGF-I
and IGF-II appear to have different physiological roles and metabolic regulation. IGF-II is
strongly lipolytic, whereas IGF-I has a little lipolytic activity even when concentrations are
1000-fold higher than IGF-II (Breier et al. 1991). It’s likely that some of the lipolytic effects
of bST are mediated in part by IGF-II. It is also accepted that IGF-I mediates most of the
metabolic changes taking place in the mammary cells during exogenous somatotropin
treatment.

The IGF system is comprised of somatomedins, binding proteins and the IGF
receptors. There are two major binding proteins that transport IGF-I and II in plasma, IGF

binding protein 1 (IGFBP-1) and IGF binding protein 3 (IGFBP-3). Administration of
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exogenous somatotropin to dairy cows increases circulating levels of these binding proteins.
The exact role of these two binding proteins still is unclear, but because they increase the half-
life of circulating IGFs (Hodgkinson et al., 1987), they were considered to act as an
extravascular storage pool, thus facilitating transvascular movement and the delivery of [GF
to specific tissues. The galactopoietic effects of IGFs requires the presence of receptors in the
mammary cells. The IGF-I receptor has higher affinity for IGF-I, but also interacts with IGF-
[T and insulin. However, the IGF-II receptor is highly specific and does not crossreact with
either IGF-I or insulin (Rechler, 1988).

Therefore, one might conclude that the mode of action of bST to increase milk
production in lactating dairy cows involves the direct effects on receptors in several tissues
and indirect effects of the IGF system which includes IGF-I and IGF-II, their binding proteins
and their tissue receptors.

Effects of bST on Milk Production and Composition

Since the report of Bauman et al (1982), more than 1000 bST studies have been
conducted, involving over 20,000 dairy cows (Bauman, 1992).The majority of these studies
showed that bST increases milk production. Generally, there is an immediate increase of milk
production upon injection of bST, and also greater persistency, which is maintained even after
administration of bST ceases.

Injection of high producing dairy cows with bST has shown to increase milk
production up to 30% with absolute values ranging from 0 to 11 kg/d (McGuffey and

Wilkinson, 1991). Response to bST treatment is dependent on dose, parity, phenotype,



nutrition, environment and management of cows.

From the literature, Bauman (1992) concluded that the magnitude of response in milk
yield is related to the bST dose and that a maximum response is achieved at about 30 to 40
mg/d. No further increase occurred even at doses seven-fold higher. Therefore, increases in
milk response to the bST dose is linear up to 40 mg/d. Stage of lactation also affects response
of dairy cows to bST. When cows are under negative NEB, which generally occurs during
the first 4 to 6 wk postpartum, response to bST tends to less than after peak milk yield
(Bauman, 1992). During periods of negative NEB, endogenous levels of bST usually are
higher than when cows are in positive NEB; however, [GF-I is reduced when energy status
of the cow is compromised (Leonard and Block, 1997, Yung et al.,1995; Breier et al , 1991).
This discrepancy might be the consequence of a reduced number of high affinity binding sites
in the liver for bST when energy intake is below requirements (Newbold et al., 1997).

Leonard and Block (1997) suggested that insulin levels or the ratio bST to insulin in
plasma mediates the response to bST. During early lactation, insulin concentrations in plasma
are low (Santos, J.E.P. 1996) and those of bST are high (Breier et al., 1991). The discrepancy
between concentrations of these two hormones might cause the lack of response of
endogenous bST to stimulate an increase in IGF-I in early postpartum cows. However, when
insulin and glucose were continuously infused in bST treated cows the ratio bST to insulin
decreased from 1.6 to 0.7 and plasma IGF-I was increased, but no increase in milk production
was observed (Leonard and Block, 1997). This contradictory effect might have been the

consequence of a shortage of nutrients caused by the anabolic effects of insulin in peripheral
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tissues other than the mammary gland.

Although some studies suggest that cows respond poorly to bST during the first few
weeks postpartum, Weber et al. (1997) and Weber et al. (1996) observed that cows treated
with reduced doses of bST (5 or 14 mg/d), starting on day 14 postpartum, responded to
treatment with increases in milk and FCM yields similar than those observed for mid and late
lactation cows.

In a study by Sullivan et al. (1992), seventy-eight Holstein cows (18 primiparous)
were assigned to two treatments beginning on day 60 postpartum. The bST-treated group
was injected with 500 mg of recombinant bovine somatotropin every 14 days for 36 weeks.
They observed that primiparous cows responded less to bST than multiparous cows, and
cows in mid lactation responded better than those in early or late lactation. Although there
seemed to be some effect of lactation period on response to bST treatment, cows generally
increased milk yield at all stages of the lactation cycle when bST injection commenced 60 d
postpartum. Sullivan et al. (1992) also observed that genetic potential of cows might have an
impact on response to bST. Using the pretreatment milk yield, they divided 60 multiparous
cows in 3 groups, a low, a medium and a high group. Cows in the low group had a gréater
milk response to bST administration in absolute numbers (kg/d), as well as a greater
percentage response.

Environmental factors also impact on response to bST. It is generally accepted that
heat stress has a major negative impact on performance of dairy cows (West, 1994). Cows

under heat stress have higher nutritional requirements for maintenance, but at the same time
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DMI is dramatically reduced. Under such conditions, response to bST treatment may be
limited by the intakes of DM. In a study to evaluate the effects of bST during summer heat
stress in Arizona, Tarazon et al. (1997) grouped 32 cows into four treatments ina 2 x 2
factorial experiment. Cows were housed under shade only or received shade plus evaporative
cooling, they were also injected either 0 or 500 mg of bST every 14 d. With shade and
cooling, cows treated with bST produced 3.6 kg/d more milk than untreated cows, whereas
under shade alone, bST increased milk yield only 2.7 kg/d. Although not significant, there
seemed to be an interaction between bST and heat stress when was reduced by shade and
cooling. Smith et al. (1997) also showed some response to bST injection when cows are heat
stressed. During summer heat stress, cows receiving bST (500 mg/14 d) produced an average
of 2.8 kg more than untreated cows, but this response is smaller than observed by most
studies (Bauman, 1992).

Composition of milk is not substantially altered by bST injections. On average, no
changes on fat, protein, and lactose is observed for bST-treated cows. However, a cyclic
alteration in milk components may be observed during the first weeks of administration.
Bauman (1992) reported that in more than 200 production trials, only minor effects on fat
content were observed, and that changes were temporary until metabolism and voluntary feed
intake adjusted to the increased milk production. The increase in milk fat content during the
first weeks of bST treatment is associated with mobilization of adipose tissue in support of
the higher milk production. During this period of a transient negative NEB, changes in milk

fat content are associated with changes in its fatty acid composition. Bovine adipose tissue
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is composed mainly by long-chain fatty acids, so during the first weeks of bST use, a small
increase in long-chain fatty acids of milk may be noticed. However, such changes are not
commonly observed (Bauman, 1992). Content of total milk protein, casein, lactose, and most
minerals, as well as somatic cell counts (SCC) usually is not altered by bST administration
(VandenBerg, 1991).

Interactions Between bST Use and Nutrition of Cows

Bauman (1992) and Bauman and Vernon (1993) reviewed extensively several aspects
of bST use in dairy cows and concluded that management quality impact greatly on the
response to bST treatment. A response curve was established between milk yield response,
management quality and somatotropin dose. Since an increase in intakes of DM are observed
only 4 to 8 weeks after initiation of bST injections, it is suggested that energy density of the
diets should be carefully monitored to limit the period of negative NEB. Of the several
management factors that might impact responses to bST, nutntion is perhaps the most
important. Nevertheless, cows supplemented with bST do not have a different nutritional
requirement than untreated cows with the same potential for milk production.

There has been great interest in the interaction between bST administration and energy
density of cows’ diets. The two major ways to increase energy concentration of diets are
addition of supplemental fat or substitution of concentrate for forage. Cows fed diets of
higher energy density which reach greater energy intakes have an increased number of high
affinity binding sites for somatotropin in the liver (Newbold et al., 1997). Therefore, one

might assume that bST-treated cows fed diets with higher energy content have a shorter
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period of negative NEB and should respond more favorably to bST.

[n a study conducted by Schneider et al. (1987), cows in early lactation were
supplemented with 0 or .77 kg/d of Ca soaps of long chain fatty acids (Ca-LCFA) and
injected daily with 0 or 41.2 mg bST. In absence of supplemental fat, bST increased
production of FCM 3.1 kg/d. With fat added to the diets, bST supplemented cows increased
production of FCM 6.5 kg/d. Weber et al. (1996) examined the effects of feeding
supplemental fat to 93 multiparous bST-treated cows from 3 to 44 wk postpartum. Three
bST dose regimens (0 mg/d, 5 mg/d, or 14 mg/d) and three levels of added fat (0%, 2% or
4%) from equal contributions of animal (Alifet®) and vegetable (whole soybeans) sources
were used. Administration of bST cause a linear dose response increase in DM intakes and
FCM yield. Supplemental fat had no effect on response to bST and no interactions between
fat level x bST were observed. A short-term study was conducted by Vicini et al (1995) to
evaluate the effects of top-dressing hydrolyzed animal fat (Alifet®) to bST-treated cows. Fat
was top-dressed to supply 1.5 or 3.0 Mcal/d of NE, during the first 3 days and the last 39
days of experiment, respectively. bST administration increased FCM yield 9.8 kg/d, but
addition of supplemental fat had no additive associative effect with bST.

To change nutrient concentration of the diet, Lormore et al. (1990) replaced SBM
with corn gluten meal increasing RUP, and added supplemental fat. Thirty-six cows were fed
the control diet or the nutrient-rich diet and received either 0 or 25 mg/d of bST from 25 to
150 d postpartum. bST increased milk and FCM yields, but dietary changes had no effect on

response to bST injections. Cows fed control diet had a 2 kg/d higher response to bST than
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cows fed the high nutrient diet, but because of the increased fat content when supplemental
fat was added, no differences in responses of FCM were observed. However, feeding more
nutrient dense diet reduced he period of negative NEB. These contradictory effects of
supplemental fat in bST-treated cows might be related to differing energy intakes in different
studies.

Manipulating the ratio of forage to concentrate can alter energy density of diets.
McGuffey et al. (1989) fed three rations having forage to concentrate ratios of 40:60, 50:50,
and 60:40 on a DM basis, to 78 cows which either received or did not receive bST
Somatotropin increased FCM yield 3.1 kg/d. Although the interaction of forage to
concentrate ratio with bST was not significant, there was a trend for greater increase in FCM
in bST-injected cows fed the two diets with more concentrate. Somatotropin-treated cows
fed the forage to concentrate ratio of 40:60 and 50:50 produced 1.3 kg/d more FCM than
bST-treated cows fed the 60:40 forage to concentrate ratio. A University of Arizona study
evaluated the effects of feeding two levels of steam-rolled corn (SRC) grain in the diets of
bST-treated cows with advance lactations (292 DIM) (Tarazon et al., 1996). A negative
control diet contained 25% SRC and no bST, and diets for two bST treatments had either
25% or 39.5 % SRC. Administration of bST increased FCM yield an average of 5.4 kg/d, but
feeding additional grain of bST-treated cows did not affect yields of milk and FCM, DM
intake, and feed efficiency. It was concluded that, in late lactation cows averaging 20 to 25
kg milk/d, diets with lower energy (25% SRC) are sufficient to allow cows to respond to

bST treatment.
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Rumen microbial protein alone is not sufficient to meet the protein requirements for
high producing dairy cows (NRC 1985; NRC, 1989). When cows are treated with bovine
somatotropin, protein digestibility is unaffected, but nitrogen retention is increased (McGuffey
and Wilkinson, 1991; Bauman and Vernon, 1993). In a short-term study with four ruminally
fistulated dairy cows, Vicini et al. (1995) studied effects of post-ruminal infusion of casein in
bST-treated cows fed for ad libitum or restricted feed intake. Casein infusion had no effect
on yields of milk or FCM. A similar approach was used by Bremmer et al. (1997), but instead
of casein infusion, they supplemented 12 Jersey cows with ruminally protected amino acids
(10.2 g Met. + 6 g Lys/d). Cows receiving bST had higher DMI, milk yield and FCM yield,
but no additive effect was observed from inclusion of ruminally protected amino acids in bST
treated cows. Although these two studies showed no beneficial effects of feeding
supplemental protein to bST-treated cows, they were short-term trials with limited number
of cows. McGuffey et al. (1990) formulated four isocaloric diets containing either 14 or 17%
crude protein (CP) with two levels of RUP. Cows on each of the four treatments received
640 mg bST every 28 days for 112 days beginning on day 30 postpartum. In a fifth treatment
bST was not injected, with CP and RUP at low levels. The high RUP diet increased milk yield
of bST-treated cows 2.1 kg/d compared with the low RUP diet.
bST and Reproduction
When the use of bST for dairy cows was approved in 1994, one major concern was
its impact on reproductive efficiency (Kronfeld, 1994). As the potential for milk production

increases, dairy cows in early lactation are faced with an enormous challenge to meet their
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nutritional requirements. Correlations between reproductive traits and measures of milk yield
indicate that higher yields are associated with impaired reproductive performance in
multiparous cows (Lee et al., 1997, Fonseca et al., 1983; Faust et al., 1989; Lucy et al., 1991,
Nebel and McGilliard, 1993) and in primiparous heifers (Harman et al. 1996). In a shortterm
study, Stevenson and Britt (1979) observed that cows with a longer period between calving
and first postpartum ovulation had lower mean LH concentration and fewer LH peaks. The
same cows had higher average milk production during the first 6 weeks postpartum. They
concluded that lactation demands associated with high milk yields may inhibit LH secretion
and delay onset of postpartum estrous cycle. Thatcher and Wilcox (1973) clearly
demonstrated that postpartum estrous cycles before the breeding period were important to
fertility.

Although several studies demonstrated a negative correlation between milk yield and
reproduction, most of these effects seem to be related to the energy status of the cow and not
to the milk yield itself Butler et al. (1981) and Butler and Smith (1989) showed that
postpartum energy balance has a dramatic impact on reproductive efficiency of dairy cows.
Although milk energy output affects NEB, variation in NEB postpartum is influenced more
by dry matter intake (r = .73) than by milk yield (r = -.25) (Villa-Godoy et al., 1988; Santos,
JE.P., 1996). Therefore, it seems that the incapacity of high producing dairy cows to meet
the energy requirements during early lactation by voluntary DMI is the major factor affecting
their energy status.

Milk yield gradually increases the first few days of bST treatment, reaching the
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maximum about the 6® day (Bauman, 1992). However, intakes of DM are not maximized
until 4 to 8 weeks after initiation of treatment. Therefore, during the first weeks of bST use
cows will often experience a period of negative NEB, which might have a detrimental impact
on reproductive performance.

However, the effects of bST on reproductive functions of dairy cows are not limited
to the energy status of the cow. Several studies have shown that bST and IGF-I act directly
upon ovarian and uterine tissues (Kirby et al. 1997a; Kirby et al., 1997b; Lucy et al. 1993;
Lucy et al. 1995, Gallo and Block, 1991, Giudice, 1992). Immunohistochemical analysis of
reproductive tissues showed the presence of bST as well as IGF-I receptors in the CL and
follicles of the bovine ovary (Lucy et al., 1993; Giudice, 1992). Thus, the possible impacts
of bST treatment on reproduction of cows may be mediated by changes in energy status as
well as direct effects of bST and IGF on reproductive tissues.

1. bST and gonadotropins

Effects of bST on gonadotropin secretion and activity have been examined in several
studies. Beef heifers supplemented with bST showed no changes in levels or patterns of LH
and FSH secretion (Hall et al., 1994).In postpartum lactating dairy cows, bST administration
did not reduce basal LH concentrations during the mid-luteal phase or after a GnRH challenge
(Dalton and Marcinkowski, 1994). Although no statistical differences were observed between
the placebo and bST-treated cows, basal concentrations of LH on day 10, and the peak and
amplitude of LH after GnRH challenge were all numerically reduced for treated cows.

Schemm et al. (1990) observed a decrease in mean LH and basal LH concentrations after
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luteolysis when lactating dairy cows were treated with somatotropin. However, another study
showed that lactating dairy cows challenged with GnRH had greater release of LH when
supplemented with bST (Gallo and Block, 1991). These controversial effects of bST on LH
secretion might be related to differential effects of bST and IGF-I on hypothalamic and
pituitary cells. A recent in vitro study demonstrated that IGF-I increased gonadotropin
releasing hormone (GnRH) secretion from the median eminence of the rat (Hiney et al |
1991), suggesting an influence of GnRH on pituitary activity and gonadotropin secretion.
Whitley et al. (1995) cultured pituitary cells from gilts in different stages of the estrous cycle
and observed that addition of IGF-I to the culture media increased LH secretion; but the
response was dependent on the reproductive status of the gilts. However, when pituitary cells
were challenged with GnRH, IGF-I did not enhance LH secretion.

Secretion of FSH during the estrous cycle of dairy cows occurs in two or three broad
peaks. These surges of FSH are necessary to stimulate the recruitment of a new cohort of
follicles and, generally, every surge precedes a new wave of follicular development (Adams
et al. 1992). When cows were injected with bST, peak concentrations of FSH were lower and
occurred 48 hours earlier than in control cows (Kirby et al., 1997a). Maximum concentration
of FSH during peak secretion and area under the curve were also reduced by bST injection.
These changes in FSH secretion were accompanied by changes in ovarian follicular
development, but what caused the initial stimulation was unclear. In another study by the
same group (Kirby et al., 1997b), when blood samples were collected daily for measurements

of FSH, the bST-treated cows had a 18% reduction in mean plasma FSH concentrations.
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When heifers were subjected to superovulatory treatment with FSH in conjunction
with bST administration, number of ovulations, number of embryos recovered and number
of transferable embryos were significantly increased by bST (Gong et al., 1996). Several other
studies have demonstrated beneficial effects of bST injections during superovulatory
treatments. However, it is not clear whether the enhancement of gonadotropin treatment is
caused by bST, by IGF-I, or by both. Echternkamp et al. (1990) showed that cows selected
for twins had higher levels of IGF-I in plasma and in the follicular fluid of ovulatory follicles.
2. bST and follicular growth
Ovarian follicular development in cattle occurs in waves. A wave of follicular growth
is defined as the synchronous development of several follicles in both ovaries that usually
occurs during two to four times during a complete estrous cycle (Fortune, 1993). These
waves of follicular growth lead to the development of a dominant follicle that may become
the ovulatory follicle if luteolysis has taken place.
De La Sota et al. (1993) showed that bST doubled the recruitment of follicles during
a follicular wave. However, in another study, the number of recruited follicles of every wave
of follicular growth was not affected by bST in cows with one or two waves of follicular
development (Kirby et al., 1997b). It was also observed that cows treated with bST that
experienced only one wave of follicular growth had lower medium size (6 to 9 mm), but more
large size follicles (> 10 m). For cows with 2 waves, bST treatment only increased the number
of larger follicles. No effect of bST treatment has been observed on size of the dominant

follicle of the first and second waves, size of the preovulatory follicle, or size of the largest
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and second largest follicles (Kirby et al., 1997a; 1997b). However, the emergence of follicular
waves changes in bST-treated cows. Kirby et al. (1997a) reported a two-day advance in the
emergence of the second wave of follicular growth for cows treated with bST. This time
change was associated with changes in the surges of FSH, which preceded the wave of
follicular development, and the authors hypothesized that exogenous bST causes the dominate
follicle of the first wave to undergo premature atresia, which would cause the rise in FSH and
the recruitment of a new cohort of follicles earlier than in the control cows. Although the
second wave of follicular growth is advanced two days by bST, no changes were observed
on estrous cycle length.

Investigators have shown increased twining when bST is injected (Kronfeld, 1994).
Based on folliculogenesis of bST treated cows, no increment on ovulation rate has been
observed (Kirby et al., 1997b). Exogenous somatotropin increases plasma and follicular IGF-
[, and IGF-I potentiates the activity of gonadotropins on follicular cells (Spicer and
Echternkamp, 1995). Cows that have twins have higher plasma and follicular fluid IGF-I
concentrations. Perhaps, the IGF system does impact follicular selection, and increases rate
of ovulation. However, no study has clearly demonstrated such an effect. Kirby et al. (1997b)
suggested that the maintenance of twin pregnancies may be favored in bST-treated cows since
no change in ovulation rates have been observed.

3. bST and luteal function

The bovine corpus luteum (CL) contains receptors for both bST and IGF-I (Lucy et

al. 1993; Spicer and Echternkamp, 1995). Therefore, bST and IGF-I may potentially
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influence luteal function in lactating dairy cows.

Spicer and Echternkamp (1995), in an extensive review of literature, clearly showed
that IGF-I potentiates the action of gonadotropin in luteal cells and increases progesterone
synthesis in in vitro systems. They mentioned that in addition to the endocrine effects of the
IGF system, IGF produced by the granulosa, thecal and luteal cells activates the paracrine and
autocrine ovarian system. In a well designed study, Yung et al. (1996) observed that bST
administration did not change weight of the CL or concentrations of progesterone in the CL
and plasma of heifers fed two energy levels. Although bST treatment did increase serum
somatotropin and IGF-I in both groups of heifers, those in positive and negative NEB, these
hormones were not responsible for changes in luteal function. A recent study reported that
different daily doses of bST, starting on d 14 postpartum, did not affect area under the
progesterone curve in lactating dairy cows during the first 150 days postpartum (Baumgard
et al., 1996). Kirby et al. (1997a; 1997b) also observed similar effects when they injected
lactating dairy cows with bST. In their study, total luteal area was reduced, but when they
discount for the center area (cavity), no differences were observed. Plasma progesterone
tended to be reduced by bST treatment.

It might be postulated that the positive effects of bST and IGF-I on luteal function are
temporarily masked by a period of negative NEB that occurs during the first few weeks of
treatment in lactating dairy cows. However, this does not explain why heifers in positive NEB
treated with bST had no changes on CL size or activity.

4. bST and estrus expression
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Estrus expression by lactating dairy cows is important for efficient heat detection.
Several experts agree that an average of up to 50% of the heats in dairy cows are not
routinely detected by visual observation. This poor rate of heat detection can compromise the
use of artificial insemination (Al and reduce reproductive performance of dairy herds. Cows
show signs of heat as a consequence of endocrine changes coupled with acceptable
environmental conditions. Progesterone and estrogens play a key role in expression of estrus.
Environmental and health aspects might also influence a cow showing signs of heat. Heat
stress, poor footing, slippery floors are examples of nonendocrine factors that may repress
estrus expression.

A recent study reported that cows treated with bST showed a dramatic decrease in
standing estrus (42% vs 92% for controls) and a high percentage of these cows had
undetected ovulations after PGF,, treatment. (Kirby et al., 1997b). No clear explanation was
given because levels of progesterone and estradiol did not change for bST-treated compared
with placebo cows. Morbeck et al. (1991) also reported a decrease in heat detection rate from
75 to 48% in lactating dairy cows treated with bST. Spicer and Stewart (1996) reported that
granulosa cells from small and large follicles incubated with bST secreted less estradiol than
cells incubated with only culture media. However, the negative effect on estradiol secretion
was observed only with pharmacologic doses of bST.

5. bST and reproductive efficiency

The relationship between energy balance and postpartum fertility has been extensively

reviewed (Butler et al., 1981; Butler and Smith, 1989; Nebel and McGilliard, 1993). Increases
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in milk yield resulting from bST treatment are observed early after injection, but a
compensatory increase in feed intake takes place only 4 to 8 weeks later. This lag in intake
leads the lactating dairy cow to experience a period of negative NEB. Although some
researchers claim that bST use might drastically reduce reproductive efficiency of dairy cows
(Kronfeld, 1994), to date there have been no reports of any negative effects of bST on
established pregnancy. Incidence of embryonic loss and abortion have not changed because
of bST use (Gallo and Block, 1990). A review of reproduction from 27 long-term milk
production studies by Ferguson (1990) suggested that the percentage of bST-treated cows
that failed to conceive was about 20% compared with 10% in controls. When dosage
regimens were considered, nonpregnant rates increased linearly up to the highest dosage.
Esteban et al. (1994) evaluated the reproductive performance of 156 dairy cows from a
commercial dairy farm during treatment with different dosages of bST during two consecutive
lactations. They observed that as the bST dose increased, pregnancy rates decreased and days
open increased. However, there were only 31 to 54 cows per treatment. A Minnesota study
(Hansen et al., 1994) using 352 Holstein cows from six commercial dairy herds evaluated the
impact of 3 different dosages of bST on reproductive performance during two consecutive
lactations. Fat corrected milk yield increased linearly with higher doses, but during year 2,
responses were reduced for heifers. Cows supplemented with bST during the first year did
not experience any increase in days to first observed estrus, days to first Al and services per
conception, but multiparous cows had an increase of 17.5 days open. During the second year,

bST treated multiparous cows tended to have a higher conception rate than untreated
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multiparous cows.

Even though very few studies have been designed with a large number of animals to
evaluate the effects of bST on reproductive efficiency of dairy cows, some trends exist across
most studies. These show an average increase in 10 to 15 days open and a decrease in
pregnancy rates by 10 percent. The association of negative energy balance during the first
weeks of bST supplementation with reduced heat detection rates might explain this reduction
in reproductive efficiency of dairy cows treated with somatotropin.

It is advocated that for maximum profitability, calving interval in dairy herds should
be about 12 to 13 months (Nebel and McGilliard, 1993). However, as milk production
increases, the negative impact of longer lactation is lessened (Ferry, 1994). The slight
reduction in reproductive performance of bST-treated cows can be easily compensated for
by the increased milk yield and lactation persistency. In some cases, a prolonged lactation
with increased calving intervals of 15 to 16 months may be economically more advantageous
when bST use is implemented (Galton, 1997).
bST and Health

According to Kronfeld (1994), cows treated with bST might experience increased
catabolic stress which would predispose them to more health problems. Among the possible
health-related disorders of bST-treated cows mentioned were: metabolic diseases such as
ketosis and fatty liver; reproductive problems such as retained placentas and infertility; leg and
foot problems; mastitis and other infectious diseases.

Several studies have addressed health aspects of lactating dairy cows treated with
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bST In a four-university study, with 136 cows, reported by Chalupa et al. (1996) no increase
was shown on relative risk for abomasum displacement, ketosis, mastitis and feet and leg
problems when cows received 10.3 to 20.6 mg/d of bST. When higher doses (41 2 mg/d)
were used, bST treated cows tended to have more feet and leg problems and more antibiotic
treatments for mastitis were required.

Somatotropin has been implicated with the immune system. Somatotropin deficient
animals and humans have a compromised immunity and lower resistance to diseases.
Burvenich et al. (1989) demonstrated that cows receiving bST treatment recovered more
rapidly from experimentally induced Escherichia coli mastitis. Another study by the same
group (Vandeputte-Van Messom and Burvenich, 1993) observed that cows treated with bST
previous to and during E. coli challenge recovered their production of milk and milk
components in a shorter period of time than the placebo cows. Phipps (1989) found that the
incidence of clinical mastitis across studies totaling over 1,300 cows was not affected by bST
administration. Milk from 300 cows which was monitored during a full lactation for
intramammary infections and SCC (McClary et al. 1994) showed no evidence of an
association between bST administration and the incidence or duration of clinical mastitis. In
the same study, bST administration was not associated with new intramammary infections
or prevalence of infection by common mastitis pathogens, but there was a dose-related
numerical increase in SCC for bST-treated cows. Hansen et al. (1994) observed no effects
of three dosages of bST on clinical mastitis incidence or on SCC of multiparous and

primiparous cows. Eppard et al. (1996) administered bST to transition cows, starting on d 28
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before expected calving date, and observed that treated cows had less total days observed
with an udder disorder and tended to have fewer cases of mastitis per 1000 cow days. The
largest report on clinical mastitis and somatotropin treatment was published in 1994 (White
et al., 1994). The report comprised 15 full lactation trials (914 cows) and 70 short-term
studies (2697 cows) in several countries. Incidence of mastitis increased as milk yield
increased, and when mastitis cases were expressed per unit of milk, a slight decline was
observed. Somatic cell count had a small numerical increase for bST-treated cows after mid
lactation. The authors concluded that risk of clinical mastitis in bST-treated cows is related
to the increase in milk yield stimulated by bST and not to bST per se. Furthermore, when
cows receive bST, the higher milk yield dilutes the number of mastitis cases per unit of milk
produced.

Somatotropin administration prepartum is thought to reduce incidence of calcium
related disorders after calving (Law et al. 1994). To test this hypothesis, Eppard et al. (1996)
administered bST to Jersey cows fed two different diets, an alkaline and an acid diet.
Treatment started on d 28 prepartum, and treated cows received 3 injections of bST, one
every 14 d. Administration of bST increased bone Ca mobilization, but it had no effect on
blood levels of Ca or 1,25-dihydroxyvitamin D. Neither incidence nor duration of milk fever
were affected by bST supplementation.

In conclusion, administration of bST has minimal effects on incidence of disease and
health related problems of lactating dairy cows. The small negative effects of bST on health

seem to be more related to increases in milk yield and consequent effects on NEB than to a



80

direct effect of the hormone. Therefore, the incidence of health related disorders in bST-
treated cows is not any higher than in nonsupplemented cows with same potential for milk

vield.
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CHAPTER 3
RESPONSE OF LACTATING DAIRY COWS TO STEAM-FLAKED
SORGHUM (SFS), STEAM-FLAKED CORN (SFC) OR STEAM-ROLLED
CORN (SRC) AND PROTEIN SOURCES OF DIFFERING

DEGRADABILITY AND QUALITY

ABSTRACT

To examine the effects of varying RUP, protein sources of differing degradability and
quality were fed to 48 high producing Holstein cows (70 DIM) receiving 37 to 39% of diet
DM as steam-flaked sorghum, steam-flaked comn or steam-rolled corn. The six treatments
were: steam-flaked sorghum with soybean meal (SFS-S), steam-flaked sorghum with Prolak®
(SFS-P), steam-flaked corn with soybean meal (SFC-S), steam-flaked corn with Prolak®
(SEC-P), steam-rolled corn with soybean meal (SRC-S), and steam-rolled corn with Prolak®
(SRC-P). Based on in situ degradabilitiy of the two protein sources and NRC (1989) values,
RUP of the diets ranged from 29 to 43% of the total CP and the amounts of ruminally
degradable starch varied from 21 to 25% of diet DM (Oliveira et al. 1995). All diets contained
41% alfalfa hay, 10% whole cottonseed, 3% minerals + vitamins, 2% supplemental fat
(Energy Booster®),37 to 39% processed grain, and either 7% soybean meal (SBM) or 5%
Prolak®. DMI was not affected by type of grain or protein source. Although no effects were
observed for grain or protein source, cows fed flaked grain produced an average 1.5 kg/d

more milk than those fed rolled grain. Increasing the ratio of RDS to RDP to more than 2.4,
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by feeding a combination of steam-flaked grain and Prolak®, increased milk yield 2 7 kg/d
(P 02)(39.0 vs 36.3 kg/d) and 3.5% FCM by 1 4 kg/d. Feed efficiency was not aﬁ’ecte&
by either grain processing or protein source, but cows fed Prolak® required 10% less NE;
per 1 Mcal of NE, converted into body weight or milk (P < 03). Flaked grain tended to
increase milk protein percentage, whereas Prolak® tended to decrease percentage of fat.
However, a combination of flaked grain and Prolak® increased yield of milk protein (P 04)
and percentages of lactose and solids nonfat in the milk. An interaction between grain
processing and protein source was observed for plasma urea nitrogen. Cows fed Prolak®
gained BW, whereas cows fed SBM lost BW during the experimental period. Changes in BW
had no impact on changes of BCS or on mean NEB. The 3 cases of coliform mastitis
increased SCC (P < .07) for SBM fed cows which might have affected their performance.
Digestibilities of DM and OM were higher for SFC and flaked grain increased digestibility of
starch. Cows fed SFS had lowest CP digestibility, but highest NDF digestibility.

(Key words: steam flaked sorghum, steam flaked corn, steam rolled corn, ruminal
undegradable protein, processed grain, lactating cows)

(Abbreviations: BW: body weight; BCS: body condition score; CP: crude protein, DM: dry
matter; DIM: days in milk; FCM: fat corrected milk; NEB: net energy balance; NE, : net
energy or lactation, NDF: neutral detergent fiber; OM: organic matter, RDP: ruminally

degradable protein; RDS: ruminally degradable starch; SCC: somatic cell count)
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INTRODUCTION

Carbohydrates and protein are the two major nutrients in commercial diets of dairy
cows. Of the nonfiber carbohydrate (NFC) fraction in ruminant diets, starch accounts for
60% to 70%. The supply of amino acids and peptides to the small intestine of ruminants
originates from two major sources, the microbial cells produced during ruminal fermentation
of carbohydrates and proteins, and the flow of feed protein which escapes microbial
degradation.

During the last two decades, a great amount of research has attempted to evaluate
effects of manipulating these nutrients on the dairy cow’s metabolism and performance. With
respect to NFC, studies have compared different grain sources (Chen et al. 1994, Santos,
1996, Oliveira et al. 1993), different processing methods (Chen, 1994; Santos, 1996, Yu,
1996, Oliveira et al. 1993; Simas et al. 1995, Plascencia and Zinn, 1996; Espindola et al.,
1997), and different levels of rumen degradable starch (RDS) (Chen, 1994; Santos, 1996; Yu,
1996, Oliveira et al. 1993; Simas et al. 1995; Plascencia and Zinn, 1996). Also, ratios of RDS
to NDF (Poore, 1990; Nussio et al., 1997; Nussio, 1997) and the relationship between RDS
and RDP have been evaluated (Chen et al., 1994; Herrera-Saldana et al., 19904, Mc(farthy
et al., 1989, Huber and Herrera-Saldana, 1994, Hoovcr and Stokes, 1991). Parameters used
in these evaluations are animal performance and metabolism, and digestibilities of nutrients
at different sites of the gastrointestinal tract.

Owens et al. (1986) advocated that increased levels of starch escaping rumen

fermentation was energetically beneficial to animal performance. However, these conclusions
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are based on theoretical models which often do not agree with animal response in
performance trials (Theurer et al. 1996a; Theurer et al., 1996b; Huntington, 1997). Studies
at the University of Arizona have shown that shifting the site of starch digestion from the
small intestine to the rumen improves animal performance (Theurer et al. 1996a; Nussio et
al., 1997). Nussio (1997) observed that cows fed diets with steam-flaked sorghum during the
first 270 days of lactation had greater income over feed costs ($120.00 / lactation) than cows
fed dry-rolled sorghum. Steam-flaking of grain increases degradability of starch in the rumen
as well as in the small intestine (Theurer et al., 1996a; 1996b). The increased digestion of
starch in the rumen resulits in greater production of VFA, particularly propionic acid, and
more microbial protein (Poore, 1990; Oliveira et al., 1995; Plascencia and Zinn, 1997).

An extensive review of the literature on protein nutrition of dairy cows showed that
increased RUP in diets is not always beneficial to performance (Santos and Huber, 1995).
Factors such as level of available energy in the rumen, mainly from rumen degradable
carbohydrates, stage of lactation, environmental temperature, and amino acid profile of
protein flowing to the duodenum might affect response to increased RUP in the diet. Since
the publication of NRC (1985) and NRC (1989), a large amount of research has been
conducted to determine ideal amounts of RUP and RDP in diets for high producing dairy
cows. However, such values have not yet been established and probably won’t be before there
is a better understanding of factors affecting microbial protein synthesis and amino acid needs
of high producing cows.

Diets higher in RDS may benefit from increased availability of RDP to optimize
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ruminal fermentation and microbial protein synthesis (Huber and Santos, 1996; Huber and
Herrera-Saldana, 1994). Diets lower in RDS may benefit from increased amounts of RUP if
nitrogen availability in the rumen does not limit microbial protein synthesis.

The objective of this experiment was to compare performance cows in early lactation
fed diets with SFS (360 g/L), SFC (360 g/L), or SRC (490 g/L) with varying amounts and
quality of undegradable protein. Also, to determine the effect of different ratios of RDS to
RDP on performance of high producing dairy cows.

MATERIALS AND METHODS

Forty-eight Holstein cows (70 DIM) from the University of Arizona Dairy Research
Center were assigned to six treatment diets in a randomized complete block design for 70 d
following a 14-d pretreatment period used for covariate adjustment of treatment data. One
cow was removed from the trnial on d 50 because of coliform mastitis; but data from this cow
was included in the statistical analyses. Diets (% DM) contained 41% alfalfa hay, 10% whole
cottonseed (WCS), 3% minerals-vitamins, 2% Energy Booster® (relatively saturated long
chain fatty acids; Milk Specialties, Inc., Dundee, IL), 37 to 39% processed grain (steam-
flaked sorghum, 360g/L; steam-flaked corn, 360 g/L or steam-rolled corn, 490 g/L); with
either 7 % soybean meal (SBM) or 5% Prolak® (blend of marine by-products, feather meal
and protected methionine, H.J. Bakker & Bro., Inc., Atlanta, GA) (Table 4).

Flaked grain (corn and sorghum) was steamed during 30 to 40 minutes in a vertical
steam chamber with approximately 1 m? capacity (Valley Foundry & Machine Works Inc.,

Fresno Ca) to elevate grain moisture to about 18 to 20%, and then passed through a roller
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mill of 46 cm in diameter with apertures set to produce a flake of medium density (360 g/L
or 28 Lb/bu). Rolled corn grain was prepared by steaming the grain in the same vertical steam
chest for 30 minutes to raise its moisture to about 18 to 20% and then rolling it through
roller mills with apertures set to produce rolled grain of 490 g/L (38 Lb/bu). Grain density
was continually monitored during processing using a densimeter ( Ohaus, Newark, N.J.) with
0.95 L capacity. These two degrees of grain processing were designed to vary rumen
degradable starch (RDS) in the diet. All diets were mixed weekly as a TMR in a mixing
wagon. Diet ingredients and TMR were sampled weekly, dried at 55 °C for 48 hours and
ground through a Wiley mill (2 mm mesh; Arthur H. Thomas Co., Philadelphia, PA), then
through a cyclone mill (Udy Co., fort Collins, CO) to pass a | mm screen, and then stored at
5°C for latter analyses of nutrients.
During the last 14 days of the experiment, chromic oxide (Cr,0;) was mixed at 0.25%
(DM basis) into TMR as an indigestible marker to estimate total tract digestibility nutrients.
During the digestibility phase, only 5 cows per treatment were used. Diets containing Cr,0,
were fed for 14 days, and during the last four days diets and fecal samples were collected
twice daily after milking, at 0700 and 1800 h., composited and dried in a forced air oven at
55 °C for 48 h. Dried fecal samples were then ground in the Wiley and cyclone mills and a
subsample was collected for later analysis of Cr,O; (Fenton and Fenton, 1979), DM and OM
(A.O.A.C, 1970), starch (Poore et al., 1989), crude protein (A.O.A.C., 1970), NDF
(Robertson and Van Soest, 1981), and ADF (Goering and Van Soest, 1970).

Based on in situ degradability of protein sources and NRC (1989) values, RUP was
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calculated to be 29, 40, 35, 43, 35, and 43% of the dietary CP for the SFS-S, SFS-P, SFC-S,
SFC-P, SRC-S, and SRC-P diets, respectively (Table 2). The RDS content according té)
Oliveira et al. (1995), was 24.4, 253, 23 8, 246, 20.9, and 21.6% for the respective diets.

During pretreatment, all cows were fed the same diet which consisted of alfalfa hay,
whole cottonseed, steam-rolled barley, fish meal, molasses, minerals, and vitamins. Data from
the last 7 days of pretreatment was used for covariate adjustment during statistical analysis.
Cows were randomly blocked based on milk yield, lactation number and days in milk (DIM)
during the pretreatment period.

Cows were housed in open pens equipped with Calan gates (American Calan, Inc,,
Northwood, N.H.) to enable measurement of daily feed intakes from individual cows. Diets
were fed twice daily ad libitum to permit at least 5% orts. Cows were weighed on two
consecutive days at the beginning and end of the trial and biweekly throughout the experiment
for calculations of NEB. BCS was evaluated every two weeks according to the method of
Edmondson et al. (1989), with 0.25 unit increments. Cows were milked twice daily at 0400
and 1600 h.,and milk yields were recorded daily. Individual milk samples were collected from
consecutive milkings (a.m. and p.m.) once weekly and analyzed for fat, crude protein, lactose,
solids non-fat (SNF), and somatic cell count (SCC) by infrared procedures at the Arizona
DHIA Laboratory, Phoenix, AZ.

Blood samples (10 ml) were collected biweekly by venipuncture of the coccygeal vein
or artery using heparinized vaccuntainer tubes (Becton Dickinson, Franklin Lakes, NJ), and

were immediately placed in ice. Tubes were refrigerated for 12 hours and then centrifuged at
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2000 x g for 20 min. for plasma separation. Plasma was frozen at -20 °C and later analyzed
for urea nitrogen (PUN) with a N Autoanalyzer (Technicon, Tarryntown, NY), and for
nonesterified fatty acids (NEFA) according to Johnson and Peters (1993).

Weekly samples of processed grains (300 g) were dried in a forced air oven and sieved
for 5 minutes in a Ro-Tap® Testing Sieve Shaker (Model B, C-E Tyler Combustion
Engineering, Inc., Bessemer City, NC) to determine particle sizes of SFS, SFC, and SRC
(Poore et al., 1989). The amount of grain that remained on each screen was collected,
weighed, and calculated as percent recovered.

For in vitro hydrolysis of starch, samples SFS, SFC, and SRC grains were ground to
pass a | mm screen in a cyclone grinder (Udy Corporation, Ft. Collins, CO). Total starch was
measured as described by Poore et al. (1989) and hydrolysis of starchat 0.5, 1, 2, 3, and 4
hs were measured by incubating samples with amyloglucosidase (Diazyme 1-200®; Miles Inc.,
Elkhart, IN) as described by Poore et al. (1989). Hydrolyzed starch was expressed as a
percent of total starch.

Daily NEB was calculated from DMI, milk yield, milk fat yield, and BW
measurements. The formula used was: NEB = NE Intake - (NE used for Lactation + NE used
for Maintenance) (NRC, 1989).

Degradability of protein in SBM and Prolak ® was accessed by inserting duplicate
nylon bags with approximately 6 g of ground sample (2 mm) into the rumen of a ruminally
cannulated dairy cow fed a diet of 40% grain and 40% alfalfa hay. Bags were suspended in

the rumen for 0, 3, 6, 12, 18, 24, 36, and 48 hours. Dilution of N in corn cobs enriched with
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N,s were used to estimate bacterial contamination of protein in the bags (Wanderley et al ,
1993). After incubation in the rumen, bags were withdrawn from the rumen, washed in tap
water for 20 to 30 min. and dried for 48 hours in a forced air oven at 55 °C. Bags were
weighed, and residue was ground in the cyclone mill (1 mm) and analyzed for DM and-crude
protein (A.O.A.C., 1970). Residue of corn cobs were analyzed for N,5, DM and CP.

The experimental design was a 3x2 factorial arrangement of treatments in a
randomized complete block design. Cows were randomly blocked into treatment groups
according to milk yields during pretreatment and balanced for lactation number and DIM.
Data from the last 7 days of the pretreatment were used for covariate adjustments of DMI,
milk yield, FCM yield, feed efficiency, milk composition, NEB, PUN and NEFA. Data were
analyzed by the GLM procedure of the SAS program (1985) using the following model:

Yiicim =M + GP; + PS; +(GP x PS);; + B, + C, +E; ;4
where

Yi;x1 = observation,

it = overall mean,

GPi = grain processing effects,

PS; = protein source effects,

(GP x PS);; = interaction between GP; and PS;,

B, = block effects,

C, = covariate effect, and
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E,,«1m = residual error.

Digestibilities of nutrients, BCS change, and BW change were analyzed without
covariate adjustment. Probability values lower than 5% (P - 05) were considered significant,
and probability values between 5 and 15% were considered tendency (P - 15).

RESULTS AND DISCUSSION
Grain Particle Size, Starch Hydrolysis and Protein Degradabilities

Physical and chemical characteristics of SFS, SFC, and SRC are shown in Tables 6
and 7. Moisture and composition of grains were quite consistent throughout the experiment
and similar to other results (Yu, 1996; Theurer, 1986, Herrera-Saldana et al., 1990b). Particle
size distribution of the three types of processed grain are in Table 7. Processed corn had
larger particles with most being retained at a mesh size of 4.00 mm. Most of the SFS was
retained with intermediary meshes (2.0 and 2.8 mm), and values were similar to observed by
Poore (1990) and Nussio (1997) who reported that 54.6 and 51.4% of the SFS particles were
retained at mesh sizes of 2.8 and 2.0, respectively. Yu (1996) showed that more than 60%
of SFC and more than 80% SRC were retained on the 4 mm mesh. A smaller particle size
might cause passage of grains from the rumen before they are regurgitated and masticated .
It was reported that only feed particles with mean size smaller than 1.2 mm pass through the
omasal orifice (Mertens, 1997). However, it is not known if particle size, per se, of steam
processed grains impacts passage and degradation rate of starch.

From the in vitro analysis, percent of starch hydrolyzed in 30 min for the respective

grains (SFS, SFC, SRC) was 72, 74, and 54 % of the initial starch content (Table 8). These
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data show large increases because of processing in enzymatic hydrolysis of starch in both
sorghum and corn grains. These results are similar to (Chen, 1994; Lozano, 1997) or higher
(Yu. 1996, Plascencia and Zinn, 1996) than previous studies. Starch reactivity observed by
Plascencia and Zinn (1996) for processed corn were considerably lower than these or
previous. These differences might be because of a different type of glycolytic enzyme used.

Protein content of SBM was slightly lower than expected, but Prolak® had similar CP
to that reported by the supplier. Variation of CP content in Prolak® ranged from 72 to 80%.
Results from in situ incubation of protein sources (Figure 1) show a greater degradation of
SBM than Prolak®. The soluble protein fraction of SBM was twice that of Prolak ®; and at
48 h of incubation, approximately 100 % of the CP in SBM had disappeared from the bag,
whereas only 43% had disappeared for Prolak®. Assuming a rumen outflow rate of 6% per
hour, the effective ruminal degradabilities of SBM and Prolak® were 66.9 and 28 5%.
Therefore, at a passage rate of 6% per hour, the RUP content of SBM and Prolak® were
33.1 and 71.5%, which are similar to table values for these feedstuffs (INRC, 1985 and 1989).
Bacterial contamination was minimal and ranged form 1 to 2% of the CP content in the
residue of the bags.
Lactation and Digestion Trial

Ingredients and nutrient composition of diets are shown in Tables 4 and 5. The low
NDF in alfalfa hay (Table 6) caused fiber content of diets to be lower than expected and
recommended by NRC (1989). Although total NDF was low and NFC was high, effective

NDF (alfalfa hay and whole cottonseed) was sufficient to maintain rumen health and avoid
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signs of subclinical acidoses such as fluctuation in feed intake, low milk fat test, and
subclinical laminitis. Only two of forty eight cows showed signs of subclinical laminitis duﬁr{g
the 70 d trial. Starch content in total mixed rations (TMR) was similar for all diets and
averaged 30% of DM. Estimates of RDS were 23.9 to 25.4% of DM for the flaked diets with
an average of 24.7%, and 21.4 for rolled corn diets. These values were obtained based on
results of ruminal degradability of starch for cows fed SFS and SRC from Oliveira et al.
(1995). Protein content of diets was similar across treatments and averaged 17 7% of diet
DM. Assuming in situ RDP values for SBM and Prolak® and NRC (1989) values for other
dietary ingredients, ratio of RDS to RDP was 1.90, 2.45, 2.14, 2.47, 1.77, 2.14 for SFS-S,
SFS-P, SFC-S, SFC-P, SRC-S, and SRC-P, respectively. These differences were used to test
the hypothesis that varying the ratio of RDS to RDP might affect performance of dairy cows.
Starch in all diets represented about 70 % of the total NFC.

Intake of DM did not differ significantly among treatments (Table 8) neither was it
affected by grain processing nor protein source. Chen (1994) evaluated the effects of feeding
40% SFC, SFS, SRC or dry-rolled sorghum on performance of mid lactation dairy cows and
showed that cows receiving flaked grains tended to have higher DMI, averaging 1.9 kg/d
more than cows receiving SRC diet. Yu (1996) studied the effects of corn processing on
lactation performance of cows by feeding either SFC or SRC and showed no difference
between grains in DMI. No differences in DMI between SFS and SRC in a metabolism in a
metabolism study with cannulated dairy cows (Oliveira et al., 1995) nor in a performance

study (Oliveira et al., 1993). The review by Theurer et al. (1996a) with 4 comparisons
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between SFC and SRC also showed no differences in DMI. These values are in contrast with
24 comparisons in which cows fed SFC or SRC had 1.5 kg/d higher DMI than those fed SFS
(Theurer et al., 1996a).

Major effects of grain processing or protein sources on milk yield were not detected,
but cows receiving flaked grain averaged 1.5 kg/d more milk than those fed SRC. When
combined with Prolak®, cows fed flaked grain produced 2.7 kg/d more milk than cows fed
the other 4 diets (P ~ .03). Although cows receiving SFS and SFC with Prolak® produced
more milk, yields of 3.5% FCM did not differ among treatments. Previous studies with flaked
or pelleted grain have not observed benefits from higher RUP in the diet in terms of yields of
milk or FCM (Chen, 1994, Santos et al. , 1995; Santos, 1996, and Titgemeyer and Shirley,
1997), however, these data support the concept that maximizing ruminal fermentation by
feeding more RDS and supplying additional high quality RUP increases production of milk
in high producing dairy cows (Schwab, 1994, Huber and Santos, 1996)

Efficiency of NE, use was estimated as the ratio of NE, intake to energy output in
milk; changes in BW were also taken into account. Cows receiving Prolak® required 10%
less dietary NE, per Mcal of NE; converted into milk or BW. The content of NE per kg of
BW was assumed to be 6 Mcal with an 85% efficiency of conversion of NE, intake in BW
change (NRC, 1989). The higher efficiency of energy use for cows fed Prolak® might be
partially explained by their higher BW gains (P < .01). Although efficiency of NE, use was
higher for Prolak®, feed efficiency (FCM/DMI) was not altered. The lack of treatment effects

on DMI and FCM did not support higher feed efficiency, even though cows fed SBM had to
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mobilize more BW to maintain the same FCM vyield.

Milk protein content and yields increased when processed grain and high RUP were
combined (Table 10). Compared with SRC diets, cows fed flaked grain yielded 80 g/d more
milk protein (P << .04) . These findings are supportive of earlier studies at Arizona (Theurer
et al., 1996a; Chen, 1994) which found that cows fed higher RDS from flaked corn or
sorghum grains had higher milk protein content and yield than cows fed SRC. Aquino-Ramos
(1996) observed that infusions of acetate or propionate into the duodenum of cows fed dry-
rolled sorghum (DRS) did not increase protein concentration in milk, when compared with
cows fed SFS or DRS plus ruminal infusions of glucose. Wu et al. (1994) also demonstrated
that glucose infusion into the rumen, compared with propionate infusion into the duodenum
increased content and yield of milk protein. Several authors have shown that high RDS
increases flow of bacterial CP from the rumen when steam flaking was applied on the same
grain (Poore, 1990; Plascencia and Zinn, 1996) or to different grains (Oliveira et al., 1995;
McCarthy et al., 1989). The higher ruminal protein production was associated with greater
mammary uptake of amino acid N in cows fed diets higher in RDS (Sadik, 1997; Theurer et
al., 1996a) explained that the increases in milk protein content with steam-flaked grains is an
extracaloric benefit, and is attributed to greater synthesis of high quality, well balanced
microbial protein.

The effect of high quality RUP on milk protein content and yield was reviewed by
Theurer et al. (1995) and Huber and Santos (1996). In 28 comparisons from several studies,

when FM replaced SBM, milk protein content increased in 5, was maintained the same in 19
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and decreased in 4. Although Prolak® has ingredients other than fish meal, its amino acid
composition was balanced to supply adequate amounts of limiting amino acids (such as L);s
and Met) to the small intestine. Marine by-products were shown to maintain the most
consistent amino acid profile after in situ incubation (O’Mara et al., 1997), with no change
of EAA content after 8 or 12 h of ruminal incubation. About 10.2% of the DM in diets with
Prolak® was RDP. This value is below than suggested by Hoover and Stokes (1991) to
maximize microbial CP synthesis; but assuming that more ruminal recycling of N occurs with
high RDS diets (Alio, 1997, Theurer et al., 1996a; Theurer et al., 1996b), it is suggested that
there was more efficient RDP use of degradable protein and ammonia by microorganisms.
Hence, the high quality escape protein complemented microbial protein to optimize synthesis
of milk protein.

Studies by Santos (1996), Santos et al. (1995), and Chen (1994) showed no
differences in lactational performance for cows fed steam-flaked sorghum with either SBM,
BM, ESBM or FM or combinations of FM + urea or FM + expeller SBM as the dietary
protein supplements. The authors all suggested that greater microbial synthesis resulting from
feeding steam-flaked sorghum negated the need for absorption of more high quality RUP. In
one study comparing dry rolling and pelleting of sorghum grain with either solvent SBM or
expeller SBM, cows fed the high RUP diet had lower milk protein concentration (Titgemeyer
and Shirley, 1997). However, diets in this study contained only 27% processed grain, which
is considerably less than used in Arizona studies.

Production of milk fat did not differ across treatments, but fat percentage was reduced
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by Prolak®. Marine by-products contain polyunsaturated fatty acids, and FM often decreased
milk fat content (Santos and Huber, 1995; Huber and Santos, 1996, Spain et al., 1995,
Calsamiglia et al., 1995). The long chain polyunsaturated fatty acids in Prolak® might have
directly affected lipogenic activity of the mammary gland because digestion of fiber in the
total tract was higher for cows fed Prolak® than SBM (Table 12). The higher content of
polyunsaturated fatty acids in diets of cows fed Prolak® might have increased ruminal
production of frans fatty acids during biohydrogenation, mainly #rans-C18: 1, which is thought
to reduce de novo fatty acids synthesis and esterification in mammary tissue resulting in
lowered milk fat content (Romo et al., 1996).

Milk lactose was increased on steam-flaked grains compared with SRC diets (Table
10) and solids nonfat increased with flaked grains and Prolak®, because of the greater
concentrations of protein and lactose for cows fed these diets. SCC of cows fed SBM was
significantly higher (P < .01) (Table 10). Three cows from these treatments had one episode
each of coliform mastitis during the experiment; whereas none of cows fed Prolak® had
clinical mastitis. These clinical cases of coliform mastitis were attributed to muddy pens
during rainy days and not to a dietary effect. Although when SCC was used for covariate
adjustment of milk production, no differences from the original results were observed.
However, it is possible that the higher SCC for cows fed flaked grain with SBM might have
been detrimental to milk production.

The lower efficiency of NE, use and the significant increase in BW losses for cows

fed SBM compared with Prolak® were not sufficient to increase mobilization of adipose
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tissue as indicated by a lack of changes in BCS and plasma NEFA levels (Table 11). One
might expect changes in NEFA, BCS and NEB because of the differences in changes of BW
for cows receiving Prolak® vs SBM (28.8 kg / 70d). However, changes in BW not always
reflect changes in empty body weight of cows (Santos, J. E.P. 1996). Most of the variation
is NEB is caused by DMI ( r = .75); thus changes in BW or milk production have little impact
on NEB of dairy cows (Villa-Godoy et al., 1988; Santos, J.E.P. 1996). Main effects of grain
processing or protein source on PUN concentrations were not observed (Table 11), and there
is no reason for the significant interaction between these factors. A greater recycling of N to
the rumen of beef steers (Alio, 1997, Theurer et al., 1996b) and dairy cows (Theurer et al |
1996a) receiving diets with high RDS and the reduced ruminal concentrations of ammonia N
of cows fed high RUP diets (Chen, 1994; Cunningham et al., 1996; Mabjeesh et al., 1996,
Weigel et al., 1997) might result in a lower PUN.

Total tract digestibility of nutrients are shown in Table 12. Grain processing affected
DM, OM, CP, and starch digestibilities, but had no effect on digestion of fiber. SFC
increased DM and OM digestibilities compared with SFS and SRC. Because of the extremely
low CP digestibility for SFS-S, diets with SFS reduced total tract digestibility of protein.
Starch digestion increas.ed on flaked grain and averaged 98.9, 99.0, and 92.2 for SFC, SFS,
and SRC diets, respectively. This significant increase in starch digestibility for flaked grains
compared with SRC also was observed by Oliveira et al. (1993), Chen (1994), and Yu
(1996), but not by Oliveira et al. (1995). Numerical values for digestibility of ADF and NDF

were similar showing that no effect of grain processing or protein source was observed for
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digestion of hemucellulose. Generally, total tract digestibility of NDF is higher than ADF (Yu,
1996, Santos, 1996, Oliveira et al., 1995; Simas, 1995, Oliveira, 1993) demonstrating a
differential effect on digestion between hemicellulose and ADF components.

Prolak® increased digestibility of DM, OM, and NDF, but had no effect on starch,
ADF, and CP digestion. Within the same grain source, diets that had higher milk yield also
resulted in numerically greater digestibilities of DM, OM, CP, starch, NDF, and ADF.

CONCLUSIONS

[ntakes of DM, 3.5% FCM yield and efficiency of feed conversion into milk were not
different among treatments. Cows fed a combination of flaked grain with a higher RUP source
(Prolak®), resulting in a RDS to RDP ratio greater than 2.4, averaged 2.7 kg/d more milk.
Cows fed Prolak® required 10% less NE, for every Mcal converted in milk and BW. This
higher efficiency for the high RUP diets was attributed to a slightly higher milk yield (1.3
kg/d) associated with higher gains of BW and similar intakes of DM. Cows fed steam-flaked
corn with Prolak® had highest milk protein content, produced most milk protein, but had
lowest fat content. Increasing RDS by steam flaking of corn and sorghum grains and feeding
high quality RUP increased content and production of milk protein. Steam flaking increased
digestibility of starch, but had no effect on fiber digestion. Steam flaking of corn, but not
sorghum increased DM, OM, and CP digestibilities. Data from this study suggest that cows
fed diets with high RDS benefit from more RUP that is of high quality with respect to its

amino acid profile.
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TABLE 4. Ingredient composition of diets. (Exp. 1)

Diet (% of DM)

Ingredient SFS-S SFS-P SFC-S SFC-P SRC-S SRC-P
Alfalfa Hay 41 41 41 41 4] 41
Whole Cottonseed 10 10 10 10 10 10
Energy Booster®" 02 02 02 02 02 02
Grain * 37 36 37 39 37 39
SBM 07 -—- 07 -— 07 -—
Prolak® * -— 05 - 05 — 05
Buffer * 1.2 1.2 1.2 1.2 1.2 1.2
Minerals and vitamins ° 1.8 1.8 1.8 1.8 1.8 1.8

! Relatively saturated long chain fatty acids (Milk Specialties, Inc., Dundee, IL).

? Steam-flaked sorghum (SFS 360 g/L); steam-flaked corn (SFC 360 g/L); steam-rolled corn
(SRC 490 g/L).

’Blend of marine by products, feather meal, and protected methionine (H.J. Bakker & Bro.,
Inc., Atlanta, GA).

* 66% NaHCO, and 34% MgO

5 Niacin 1.6%; Zinpro 0.81%, Dicalcium Phosphate 35.5%; NaCl 10.6%;Sulphur 3.7%; trace
minerals; Vit. A 67,000 [U/Kg; Vit. E 700 [U/Kg; Vit. D 6,700 IU/Kg; molasses.



TABLE 5. Nutnient composition of diets (Exp. 1)

Diet (DM basis)
[tem SFS-S SFS-P SFC-S SFC-P SRC-S SRC-P
DM, % 958 938 944 946 964 935
OM, % 921 912 916 913 913 914
CP, % 182 173 172 176 183 17.8
RUP, % of CP' 29 40 35 43 35 43
NE, , Mcal/Kg * 1.80 1.80 180 180 1.78 1.78
Starch, % 300 310 292 302 29.1  30.1
RDS, % * 246 254 239 248 21.0 217
RDS/DIP 190 245 214 247 1.77 214
NFC* 425 410 423 400 405 395
ADF, % 167 171 163 179 16.3 179
NDF, % 245 256 249 261 253 265
NDF;, % ° 187 187 187 187 18.7 18.7
Ether Extract, % > 6.9 73 72 7.6 7.2 7.6

! Calculated from results of in situ protein degradability and NRC (1989) values;

?Estimated from NRC (1989); * Calculated based on starch digestibility from Oliveira

et al.(1995); * NFC = {OM - (NDF + CP + EE)}; ° Assumed 100% effective NDF

from alfalfa hay and WCS.

100
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TABLE 6. Nutrient composition of dietary ingredients (Exp. 1)

DM basis '

[tem AH SFS SFC SRC SBM Prolak®
DM, % 941 808 787 795 90.1 92.7
oM, % 90.2 984 986 982 930 84.6
Ash, % 98 1.6 1.4 1.8 7.0 154
CP, % 206 99 82 8.5 479 725
Starch, % 41 746 726 724 70 1.0
NDEF, % 349 132 149 156 121 ———ee
ADF, % 277 48 3.7 35 3.0 ————-

! AH: alfalfa hay, SFS: steam-flaked sorghum grain (360g/L); SFC: steam-flaked corn

grain (360g/L);, SRC: steam-rolled corn (490 g/L);, SBM: soybean meal.
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TABLE 7. Particle size distribution of processed grains (Exp. 1)

Screen mesh size, mm

Grain'' 400 280 200 100 060 025 pan Mean?

—m=mnmemmenmeaa- % retained on screen ---------------- -

SES 165 360 210 175 37 33 2.1 230
SFC 635 162 77 75 2.2 18 09 324
SRC 790 95 41 35 1.3 1.5 1.1 3.57

! SFS: steam-flaked sorghum (360g/L); SFC: steam-flaked corn (360g/L),

SRC: steam-rolled com (490 g/L).

* Mean particle size (mm) calculated by multiplying the % retained by the various
screen sizes.

Weekly samples of processed grain were sieved for 5 minutes



TABLE 8. In witro starch hydrolysis of processed grains (Exp. 1)

Time (h)
Grain ' 05 10 20 30 40
----------- % total starch ------——-----
SFS 720 780 859 882 884
SFC 73.7 724 798 845 868
SRC 536 564 640 683 756

! SFS: steam-flaked sorghum (360 g/L); SFC: steam-flaked corn

(360 g/L), SRC: steam-rolled corn (490 g/L).

103
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TABLE 9 Effect of grain processing and protein source on lactational performance of dairy

cows (Exp 1)

Treatment ! P

[tem SFS-S SFS-P SFC-S SFC-P SRC-S SRC-P SEM GP PS GP*PS

DMI, kg/d 2533 2686 2632 2675 2597 2612 100 ns ns ns

Milk, kg/d 36.46"° 38.08® 36.33° 39.86* 36.73® 3562® 143 ns ns ns

FCM, kg/d* 3493 3606 3466 3672 3545 3489 115 ns ns ns

FCM/DMI 1.39 1.36 1.34 1.38 136 1.33 006 ns ns ns

Effic. of

NE, use’ 203 179 205 1.75 1.97 1.93 0.1 ns 03 ns

**Means in a row with unlike superscripts differ (P < 0.05).

! SFS: steam-flaked sorghum (360 g/L), SFC: steam-flaked comn (360 g/L);, SRC: steam-
rolled corn (490 g/L); S: soybean meal; P: Prolak®.

*FCM: 3.5 % fat corrected milk.

* NE, intake / (NE, milk + NE; BWC). Assuming 6 Mcal of NE, for every kg of

body weight and 85% efficiency of conversion of NE, to gain of body weight (NRC, 1989).
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TABLE 10. Effect of grain processing and protein source on milk composition and yield of

milk components of dairy cows (Exp. 1)

Treatment ! P

Item SFS-S SFS-P SFC-S SFC-P SRC-S SRC-P SEM GP PS GP*PS

Milk Protein

% 290° 298" 298% 308 289" 291° 006 12 ns ns

kg/d 105 1.13* 1.08° 1.22* 1.04° 1.04® 004 04 04 ns
Milk Fat

% 3.23* 320® 331* 3.00° 333 326° 01l ns 14 ns

kg/ld 118 121 118 121 121 119 005 ns ns ns
Lactose

% 506® 5.07* 500° 514* 498 496° 004 04 ns 11
SNF ?

% 8.54® 861* 856" 886 844> 848" 0.09 .02 06 ns
scc?

(x10%)  361* 134* 861° 56* 276® 348% 184 ns 07 Ol

*®*Means in a row with unlike superscripts differ (P < 0.05).

! SFS: steam-flaked sorghum (360 g/L), SFC: steam-flaked corn (360 g/L); SRC: steam-
rolled comn (490 g/L); S: soybean meal; P: Prolak®.

? SNF: solids non fat

3SCC: somatic cell count
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TABLE 11. Effect of grain processing and protein source on blood metabolites and energy

status of dairy cows (Exp. 1)

Treatment ' P-

Item * SFS-S SFS-P SFC-S SFC-P SRC-S SRC-P SEM GP PS GP*PS
NEFA 0294 0242 0329 0242 0295 0298 0038 ns ns ns
(mEg/L)

PUN 18.00® 16.91° 16.35® 19.61* 18.71® 1799* 095 ns ns .05
(mg/dl)

BWC -5.96® 2637* -3.40° 2750*° -454° 1871* 801 ns 0001 ns
(kg / 70d)

BCSC 0.16 016 016 0.13 0.09 025 011 ns ns ns
(1-5)

NEB 10.76 1270 1258 12,19 10.67 1139 159 ns ns ns
(Mcal / d)

**Means in a row with unlike superscripts differ (P < 0.05).

! SFS: steam-flaked sorghum (360 g/L); SFC: steam-flaked corn (360 g/L), SRC: steam-
rolled corn (490 g/L); S: soybean meal; P: Prolak®.

* NEFA: nonesterified fatty acids, PUN: plasma urea nitrogen, BWC: body weight change;
BCSC: body condition score change; NEB: net energy balance.
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TABLE 12. Effect of grain processing and protein source on total digestive tract nutrient

digestibilities of dairy cows (Exp. 1)

Treatment ' P
Item ? SFS-S SFS-P SFC-S SFC-P SRC-S SRC-P SEM GP PS GP*PS
Apparent
digestibility, %
DM 51.71 6137 6066 6387 5869 5362 1.19 .0001 .02 0001
oM 5501 6458 63.15 6663 6042 5653 1.18 .0001 .005 0001
cp 4685 5384 6309 6370 5860 5551 156 0001 ns 02
Starch 98.79 9927 9865 9920 93.80 9059 0.53 .0001 .11 .002
NDF 3092 4634 2928 4160 3903 2875 256 ns .01 .0001
ADF 3270 4528 2575 4258 4350 2653 343 ns .16 .0001

! SFS: steam-flaked sorghum (360 g/L); SFC: steam-flaked corn (360 g/L); SRC: steam-
rolled corn (490 g/L); S: soybean meal; P: Prolak® (5 cows / treatment).

* DM: dry matter, OM: organic matter; CP: crude protein, NDF: neutral detergent fiber;
ADF: acid detergent fiber.
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FIGURE 1. In situ crude protein disappearance of soybean meal and Prolak® (Exp. 1)
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28.5% and 66.9%, respectively.
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CHAPTER 4
RESPONSE OF LACTATING DAIRY COWS TO bST WHEN FED DIETS
WITH 39% STEAM-FLAKED SORGHUM OR 39% STEAM-ROLLED
CORN DURING EARLY LACTATION
ABSTRACT

Objectives of this study were to compare effects of bST administration to early
lactation cows fed diets differing in RDS. Thirty-two Holstein cows (26 multiparous) in early
lactation (5 DIM) were divided into four groups and fed diets of 39% grain as steam-flaked
sorghum or steam-rolled corn with or without bST administration for 90 days. Grain
processing did not affect DMI, DMI as % of BW, yields of milk and FCM, but SRC improved
efficiency of feed utilization during the first 45 d in lactation. Cows receiving bST had lower
DMI during the first 45 d of treatment. Milk yield and efficiency of feed utilization was
increased by bST treatment. The response in milk yield was greater during the first half of the
experiment than during the second half. Milk composition and yield of milk components did
not differ among treatments. A tendency for interaction between SFS and bST was observed
for milk protein yield. Compared to SRC, SFS increased plasma glucose 5% and plasma
insulin 19%. The greater losses of BW during the first 45 d for bST-treated cows resulted in
higher NEF A and lower mean NEB. Feeding SFS increased plasma insulin and reduced losses
of BCS resulting in better energy balance. Changes in energy status of dairy cows influenced
d to Nadir and d to positive NEB, but did not result in higher BHBA or hepatic triglycerides.

Cows treated with bST had lower PUN, but higher NEFA. Compared with SRC, SFS
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increased plasma progesterone (PP) during the first two postpartum estrous cycles, and
tended to increase PP during the third. Size of CL and PP were highly correlated (r = 75);
Cows receiving bST had larger CL and slightly higher PP. Because of incidence of luteal
cysts, the exact day to first ovulation based on progesterone did not agree with ultrasound
observations. Flaked sorghum increased digestibilities of DM, OM, and starch, and neither
grain processing nor bST affected digestibilities of CP, ADF, or NDF. The higher digestibility
of starch and OM for cows fed SFS associated with numerically higher DMI might explain
the superior energy status of SFS cows. Administration of bST during early lactation
increased milk yield with a greater response on the SFS diet, but risk for ketosis, fatty liver,
and reproductive disorders were not affected. The response to bST for milk and FCM yields
were lower than usually observed for mid and late lactation cows.

(Key words: steam-flaked sorghum, steam-rolled corn, bST, early lactation, milk production)
(Abbreviations: ADF: acid detergent fiber, BW: body weight; BCS: body condition score;
BHBA: 3-hydroxybutyrate; bST: bovine somatotropin;, CL: corpus luteum; CP: crude
protein, DM: dry matter; DIM: days in milk; DMI: dry matter intake; FCM.: fat corrected
milk; NDF: neutral detergent fiber, NEB: net energy balance; NEFA: nonesterified fatty
acids, RDS: ruminally degradable starch, OM: organic matter, PUN: plasma urea nitrogen;
INTRODUCTION

Bovine somatotropin (bST) is a management tool that can improve the efficiency of

milk production by partitioning of nutrients towards greater milk synthesis. Response to bST

is dependent on management quality with a good correlation (r = .58) between milk
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production before initiation of treatment (indicator of management quality) and milk response
to bST (Bauman, 1992). Supplementation of lactating cows with bST is recommended after
the 9" week of lactation, because the response seems to be negligible when administered
before peak milk yield. This impaired response during the first few weeks postpartum
suggested by some authors (Bauman, 1992; Sullivan et al. 1992; Leonard and Block, 1997)
might be associated with the energy and metabolic status of the cow when bST administration
begins.

During the first weeks postpartum, high producing cows experience a period of
negative energy balance because of the low energy intakes relative to energy demands for
milk production. During periods of negative NEB, endogenous bST is high, but levels of
IGF-I and insulin are low. The divergence between bST and IGF-I during early lactation is
assumed to be the result of a reduced number of high affinity bST binding sites in the liver
when energy intake is below energy requirements (Newbold et al, 1997). Furthermore,
Leonard and Block (1997) suggested that insulin levels or ratio of bST to insulin in plasma
may mediate the response of bST in stimulating IGF-I synthesis and milk production.

Dietary manipulation can have a large impact on performance of dairy cows. Several
studies at the University of Arizona have shown that steam flaking of comn and sorghum
grains increases yields of milk and milk protein (Theurer et al., 1996a). When sorghum grain
is steam-flaked, there is an increase in rumen VFA concentration (Chen, 1994; Poore et al,
1993a; Oliveira et al., 1995) and microbial protein synthesis (Poore et al, 1993a; Oliveira et

al,, 1995). The increase in microbial protein syntheses and a higher mammary uptake of amino
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acid N (Theurer et al., 1996a) appear to be major factors affecting protein concentration of
milk from cows fed diets with processed grain (Aquino-Ramos, 1996). On the other hand. the
higher VFA production on steam-flaked diets supply increased amounts of propionate for
gluconeogenesis, which tend to increase net liver synthesis and splanchnic tissue output of
glucose (Sadik, 1997). Therefore, the increased performance of dairy cows fed processed
grain diets reflects an improved metabolic status caused by greater amounts of energy
precursors and high quality microbial protein.

Strong evidence suggests that dairy cows respond to bST after 4 wk postpartum
(Weber et al., 1996; Weber et al., 1997) and intakes of energy and protein may impact on
such a response (Newbold et al,, 1997 Schneider et al. 1987, McGuffey et al., 1991,
McGuffey et al., 1990). However, no studies have evaluated effects of bST administration on
performance, ovarian activity and metabolism when fed diets differing in amounts of rumen
degradable starch during the early postpartum period.

The objective of this experiment was to compare production of milk and milk
components of dairy cows treated with bST when fed diets of steam-flaked sorghum (SFS,
360 g/L) or steam-rolled com (SRC, 490 g/L) during early lactation; also, to evaluate effects
of bST and grain source on follicular population, luteal function, nutrient utilization and
metabolism of early lactation dairy cows.

MATERIALS AND METHODS
Thirty-two early postpartum Holstein cows (5 DIM) from the University of Arizona

Dairy Research Center (26 multiparous) were assigned to two dietary treatments with or
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without bST (Posilac®, Monsanto Co. - St. Louis, MO) injections in a randomized complete
block design for 90 d (8 cows / treatment). Diets (% DM) contained 45% alfalfa hay, 10%
whole cottonseed, 3% Prolak®, 3% minerals and vitamins, and either 39% steam-flaked
sorghum (360 g/L or 28 Lb/bu) or 39% steam-rolled corn (490 g/L or 38 Lb/bu) (Table 8).
Treatments were steam-flaked sorghum diet with bST (SFS-B), steam-flaked sorghum diet
without bST (SFS-N), steam-rolled corn diet with bST (SRC-B), and steam-rolled corn diet
without bST (SRC-N). Treatments started on day 5 postpartum and continued until 95 DIM.
Cows receiving bST were injected subcutaneously with 500 mg of bovine somatotropin in the
depression between the tailhead and the ischium bones every 14-d, starting on d 5
postpartum, for a total of 7 injections. One cow from treatment SRC-B suffered a fatal
accident, so treatment was terminated at d 40 in experiment. Her data was included only in
the analysis for the first half of the study.

Flaked grain (sorghum) was steamed during 30 to 40 minutes in a vertical steam
chamber with approximately 1 m® capacity (Valley Foundry & Machine Works Inc., Fresno
Ca) to elevate grain moisture to about 18 to 20% and then passed through a roller mill of 46
cm in diameter with apertures set to produce a flake of medium density (360 g/L or 28
Lb/bu). Rolled comn grain was prepared by steaming the corn in the same vertical steam chest
for 30 minutes to raise moisture to about 18 to 20%, and then rolling through a roller mill
with apertures set to produce a grain of 490 g/L (38 Lb/bu). These two types of processing
were designed to result in a different level of RDS in diets. Grain density was continually

monitored during processing using a densimeter (Ohaus, Newark, N.J.) with 0.95 L capacity.
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All diets were mixed weekly as a TMR in a mixing wagon. Diet ingredients and TMR
were sampled weekly, dried at 55 °C for 48 hours and ground through a Wiley mill (2 mm
mesh; Arthur H. Thomas Co., Philadelphia, PA), then through a cyclone mill (I mm screen;
Udy Co., Fort Collins, CO), and stored at 5 °C for analyses of nutrients. During the last 14
days of the experiment, chromic oxide (Cr,0O;) was mixed at 0.2% (DM basis) into the TMR
and used as an indigestible marker to estimate total tract digestibility of nutrients. During the
digestibility phase there were 8 cows on all treatments except for SRC-B which had only 7.
Diets mixed with Cr,0, were fed for 14 d. During the last 4 d, diets and fecal samples were
collected twice daily after milking, at 0700 and 1800 h., composited and dried in a forced air
oven at 55 °C for 48 hours. Dried fecal samples were then ground in the Wiley and cyclone
mills and subsamples were collected for later analysis of Cr,0, (Fenton and Fenton, 1979),
DM and OM (A.0.A.C,, 1970), starch ( Poore et al., 1989), CP (A.0.A.C., 1970), NDF
(Robertson and Van Soest, 1981), and ADF (Goering and Van Soest, 1970).

Cows were housed in open pens equipped with Calan gates (American Calan, Inc.,
Northwood, N.H.) to enable measurement of daily feed intakes from individual cows. Diets
were fed twice daily and feed offered was adjusted daily to permit at least 5% orts. Cows
were weighed on two consecutive days at the beginning and end of treatment and twice
weekly throughout the experiment for calculations of net energy balance (NEB). Body
condition scores (BCS) were evaluated twice weekly according to the method of Edmondson
et al. (1989) with 0.25 unit increments.

Cows were milked twice daily at 0400 and 1600 h.,and milk yields were recorded
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daily. Individual milk samples were collected from consecutive milkings (a.m. and p.m.) once
weekly and daily composites were analyzed for fat, protein, lactose, and SCC by infrared
procedures and SNF by difference, at the Arizona DHIA Laboratory, Phoenix, AZ.

Liver biopsies were collected on days 0, 10, and 50 after initiation of treatments,
which coincided with days S, 15 and 55 postpartum. The first liver sample (day 0) was used
for covariate adjustment of statistical analyses. The other two biopsies (d 10 and 50) were
collected during periods when the cows would probably be under negative and positive NEB,
respectively. After shaving and disinfecting the right intercostal area, similar to preparing for
surgery, 30 ml of lidocaine HCI 2% (Lidoject®, Vetus Animal Health, Rockville Centre, NY)
was injected subcutaneously and into the layers of muscle tissue in the 10® intercostal space.
A stab incision was made through the skin in the 10® intercostal space, at the intersection of
a imaginary line from the tuber coxa to the olecranon (Herdt et al. 1983). Using a biopsy
needle (Quick-Core™ biopsy needles - Cook Veterinary Products, Spencer, IN), 150 to 200
mg of hepatic tissue was sampled, placed immediately in a small sterile vial, then frozen in
liquid N for 5 minutes. Samples were transported to the laboratory and kept frozen at -20 °C
until analyses.

For analysis of liver triglycerides, we adapted the technique described by Carr et al.
(1993). After thawing at room temperature, liver samples were dried with filter paper
(Whatman #1) and weighed. Triplicate samples of hepatic tissue (50 mg each) were placed
in individual glass tubes with 10 ml of Folch’s solution and let stand overnight. The next

morning, the solution was filtered by gravity, using filter paper (Whatman #1). Three ml of
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acidified water (0.5% H,SO,) was added to each tube and homogenized. Using a separatory
funnel, phases were separated and the lower phase was kept. The lower phase volume was
adjusted to 10 ml with Folch’s solution, and a 2 ml aliquot of supernatant was taken. Five-
hundred pl of a 0.05% H,SO, solution were added to the tubes and the mixture was left to
stand overnight. The next moming, the upper layer was discarded and volume was adjusted
to 2 ml using chloroform. Duplicate aliquots of 200 ul were placed in separated borosylicate
tubes and dried under N. Then, 80 ul of 6% Triton (Triton X-100, Sigma Diagnostics, St.
Louis, MO) solution in chloroform was added to each tube. The tubes were dried in nitrogen
and 1 ml of 1% Triton was added. Twenty ul of every tube were pipetted in triplicate into
wells of a microtiter plate, as well as the standard solutions (Sigma Triglyceride Calibrator,
Sigma Diagnostics, St. Louis, MO). Two-hundred ul of Sigma triglyceride reagent (Sigma
Diagnostics, St. Louis, MO) was pipetted into each well and the plate was incubated at 37 °C
for 10 min. After incubation, plates were read in a microtiter plate reader (ELISA) at 492 nm.
To calculate the triglyceride content in the initial sample, we divided the reading from the
microtiter plate by 2 and this value was then adjusted to the amount of triglyceride per 100
mg of liver sample (wet basis).

Blood samples (10 ml) were collected twice weekly by venipuncture of the coccygeal
vein or artery using heparinized vaccuntainer tubes (Becton Dickinson, Franklin Lakes, NJ).
On days 4 and 5 postpartum, blood samples were collected and results of their analyses were
used for covariate adjustment of treatment data. After collection, samples were immediately

placed in ice, refrigerated for 12 hours and then centrifuged at 2000 x g for 20 min. for
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plasma separation. Plasma was frozen at -20 °C for later analysis. Plasma from twice weekly
samples was analyzed for NEFA according to Johnson and Peters (1993), insulin using Coat-
A-Count tubes (DPC, Los Angeles, CA) according to method described by Diagnostic
Products Corporation (1993); and progesterone, using Coat-A-Count tubes (DPC: Los
Angeles, CA) according to method described by Diagnostic Products Corporation (1993).
Intra and interassay coefficient of variation (CV) for progesterone were 10.3% and 1 7%,
respectively, and insulin intrassay CV was 4%. Plasma from once weekly samples was
analyzed for B-hydroxybutyrate (BHBA) using Sigma kit 310-A (Sigma Diagnostics, St.
Louis, MO) according to procedure described by the manufacturer. Intrassay CV was 8%.
Plasma samples were also analyzed once weekly for glucose by direct measurement using the
YSI Model 2700 SELECT Biochemistry Analyzer (Yellow Springs Instrument Co., Inc,,
Yellow Springs, OH). Measurement of PUN was on days 0, 10, 20, 40, and 60 after the
initiation of treatment using a nitrogen Autoanalyzer (Technicon, Tarryntown, NY). Intra and
interassay CV for plasma glucose were 1.5% and 7.9%, respectively. For PUN, intrassay CV
was 0.5%.

Reproductive tracts of all cows were scanned twice weekly starting on d 10
postpartum using a linear ultrasound scanner equipped with a 5.0 MHZ rectal transducer
(Aloka 500, Corometrics Medical Systems Inc., CT). Cows’ uteri were scanned to determine
the day of complete postpartum involution, when uteri were repositioned in the pelvic cavity
and no content was visually observed in the lumen of uterine horns. Ovaries were scanned and

structures were classified according to Pierson and Ginther (1988), and mapped to localize
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and measure size of follicles, presence and surface area of corpora lutea (CL), and follicular
and luteal cysts. By ultrasonography, a cow was considered to have an ovarian cyst if the
palpable ovary had a round, mostly anechoic density consistent with an antrum > 25 mm in
diameter during two consecutive ultrasound scannings, regardless of other ovarian structures.
Distinction between follicular and luteal cysts depended upon progesterone levels. When
progesterone was higher than 1 ng/ml in the absence of a CL, the cystic structure was
considered luteal, whereas when progesterone was below 1 ng/ml it was follicular. Follicles
were classified according to size as: class 1, 3 to 5 mm; class 2, 6 to 9 mm; class 3, 10 to 14
mm; class 4, > 15 mm (Lucy et al. 1991). Ultrasound scanning was taken at the same time as
blood samples in order to correlate presence and area of CL with plasma progesterone levels.
Days to first postpartum ovulation, number of luteal phases and short luteal phases before the
first postpartum service, and number of multiple ovulations were monitored. Plasma
progesterone was measured during early (d 5 to 10 postovulation) and mid (d 12 to 16
postovulation) luteal phases of the first two postpartum estrous cycles and during the estrous
cycle when cows were artificially inseminated (third estrous cycle).

On d 59 + 4 postpartum, ovulation was synchronized using the Ovsynch protocol
developed by Pursley et al. (1994). On d 7 after the first GnRH injection (100 pg of GnRH,
Cystorelin®, Sanofi Animal Health, Inc.,, Overland Park, KS), a dose of 25 mg of
prostaglandin F,, (PGF,, , The Upjohn Co., Kalamazoo, MI) was given. Forty-eight h. after
the PGF,,, a second dose of 100 ug of GnRH was given and Al was performed 18 to 24 h.

later. Breeding was always by the technician using three different bulls. Pregnancy was
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detected by ultrasound scanning 26 to 28 d after Al and was confirmed by rectal palpation
on d 45 postbreeding. Cows that were not pregnant at the first service were incorporated into
the normal herd reproductive protocol and Al was performed by farm personnel.

Weekly samples of processed grains (300 g) were dried in a forced air oven and sieved
for 5 minutes in a Ro-Tap® Testing Sieve Shaker (Model B, C-E Tyler Combustion
Engineering, Inc., Bessemer City, NC) to determine particle size of SFS and SRC (Poore et
al. 1989). The amount of grain remaining on each screen was collected, weighed, and
calculated as percent of that recovered.

For in vitro hydrolysis of starch, samples SFS and SRC grains were ground to pass
a | mm screen in a cyclone grinder (Udy Corporation, Ft. Collins, CO). Total starch was
measured as described by Poore et al. (1989) and hydrolysis of starch at 0.5, 1, 2, 3, and 4
hours was measured by incubating samples with amyloglucosidase (Diazyme 1-200®; Miles
Inc., Elkhart, IN) as described by Poore et al. (1989). Hydrolyzed starch was expressed as
a percent of total starch.

Daily net energy balance was calculated based on DMI, milk yield, milk fat yield, and
body weight (BW) of cows. The formula used was: NEB = NE Intake - (NE of Lactation +

NE for Maintenance) (NRC, 1989).



Diagram of activities:

Day Postpartum

5 10 15 19 33 47 55 60 61 75 80 89 95
LB LB LB  Ovsynch/ Dig. End
bST bST bST bST N bST bST bST

[ ultrasound ]
{ blood samples }
( BW and BCS )

LB: liver biopsy
Ovsynch / Al synchronization of ovulation and artificial insemination
Dig.: digestibility phase
bST: bST injections in cows from treatments SFS-B and SRC-B
BW: body weight; BCS: body condition score

The experimental design was a 2 x 2 factorial arrangement of treatments in a
randomized complete block design. Cows were blocked according to lactation number, and
mature equivalent (ME 305) milk yield of the previous lactation. The data from the first 7 d
of the study were used for covariate adjustments of DMI, milk composition, and NEB. The
ME 305 milk yield from the previous lactation was used for covariate adjustment of milk
production. The first blood samples (4 and 5 DIM) were used for covariate adjustment of
plasma NEFA, BHBA, glucose, insulin, progesterone and PUN; and the first liver biopsy (5

DIM) for covariate adjustment of hepatic triglycerides.

Treatment data were analyzed by the GLM procedure of the MINITAB® program



(1996) using the following model:
Yija =@ +GP; + PS; + (GP x PS);; + B, + C, +E;
where

Y.

1

jk1 = observation,

U = overall mean,

GP, = grain processing effects,

PS; = protein source effects,

(GP x PS);; = interaction between GP, and PS;,

B, = block effects,

C, = covariate effect, and

E;;y: = residual error.

Digestibilities of nutrients, BCS change, BW change, and reproductive data were
analyzed without covariate adjustment. Probability values lower than 5% (P < .05) were
considered significant, probability values between 5 and 15% were considered a tendency (P
< 15).

Regression and correlation analyses of corpus luteum area and plasma progesterone
concentration were calculated using the regression procedure and Pearson’s correlation
procedure of MINITAB® (1996). For non-normal distribution, log transformation of the data

was performed before analysis of variance.

Orthogonal polynomial comparisons using the GLM procedure of MINITAB® (1996)
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were performed to determine the effects of period (time) on PUN, glucose, B-
hydroxybutyrate, insulin, and NEFA. Only the linear and quadratic models were tested and
interactions between treatment and model were determined.
RESULTS AND DISCUSSION -

Where appropriate, results were analyzed and expressed for the first 45 days in
treatment and for the total period (90 d) in order to detect treatment effects in early
postpartum when bST has reportedly little impact.
Grain Particle Size and In Vitro Starch Hydrolysis

Chemical characteristics of SFS and SRC are shown in Table 15. Composition of
grains was consistent and similar to other results (Herrera-Saldana et al., 1990b; Yu, 1996).
The SRC retained more water and had lower DM than described previously (Theurer, 1986,
Yu, 1996; Theurer et al., 1996a). Particle size distribution (Table 16) of the two processed
grains was similar to that observed in the previous study (Chapter 3). The largest fraction of
SRC was retained on the 4 mm screen, with distribution similar to described by Yu (1996).
Most of SFS was retained on screens with intermediary mesh size, and results were consistent
with particle size distribution observed by Nussio (1997) and Poore (1990). The similar
distribution of particle sizes for processed grains demonstrates a consistency of processing
methods in the different studies.

The in vitro hydrolysis of starch (Table 17) showed more hydrolyzed to glucose for
SFS than SRC grain. When expressed as the percentage of total initial starch, that hydrolyzed

in 30 min for the respective grains (SFS and SRC), was 67.4 and 47.7. Similar values were



123
observed by Chen (1994) and Lozano (1997). These differences in starch hydrolysis in vitro
result from changes in starch granules caused by the different processing methods. Enzymatic
hydrolysis of starch at 30 min is a good predictor of the effectiveness of the processing
method which impacts on ruminal and total tract digestibilities of starch in dairy cows (Poore,
1990; Oliveira et al., 1993; Yu, 1996, Plascencia and Zinn, 1996).

Lactation and Digestion Trial

Diet ingredients and nutrient composition are shown in Tables 13 and 14, respectively.
Except for the grain source, ingredient and nutrient composition of the diets was similar.
Starch content was slightly lower for SRC diet (9%), which might have been caused by the
lower DM in SRC grain. Calculated RDS was 20% lower for the SRC diet compared with
SFS.

The DMI did not differ between treatments during the 90 d experimental period
(Table 18). However, during the first half of the trial, DMI for SFS grain tended to be higher
than for SRC (P < .12). Cows receiving bST had significantly lower DMI than the non-bST
groups during the first 45 days of treatment (P < .03). Previous studies have shown
contrasting effects on DMI for cows fed SFS compared with SRC. Chen (1994) observed a
tendency for cows receiving SFS diets to have higher DMI (2 kg/d) than those fed SRC. In
a metabolism study with cannulated dairy cows, Oliveira et al. (1995) observed no differences
for DMI between SFS and SRC diets, and similar results were observed in a performance
study by the same group (Oliveira et al., 1993). Ours is the first study with early postpartum

dairy cows comparing SFS with SRC grains. The reason for the higher intakes of flaked
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compared to rolled grains during early postpartum is not clear, but Chen (1994) suggested
that it may relate to greater ruminal disappearance of starch and NDF. Administration of bST
has been shown to increase DMI 4 to 8 wk after the initiation of treatment (Bauman, 1992,
Bauman and Vernon, 1993). This increase is thought to be indirectly caused by the greater
nutrient demands for milk synthesis. Therefore, when cows respond to bST by increasing milk
production, a consequent increase in DMI is expected few weeks later. However, this is the
first study to report a decrease in DMI during early postpartum in cows treated with bST.
Results similar for total DMI were observed for DMI as percentage of BW. During the 90 d
period average DMI was 3.28% of cows’ BW. A tendency for bST to decrease DMI as %
BW also was observed during the first 45 d of treatment.

Milk yield response to bST was observed for both the 45 d and 90 d periods.
However, magnitude of response during the first 45 d was 3.2 kg/d; whereas response for 90
d was only 1.8 kg/d. Generally, response to bST injection increases after peak milk yield (6-8
wk) because of a more favorable energy status of cows.

During early postpartum, dairy cows often experience a negative NEB, when
endogenous bST is high, but IGF-I is low. This bST antagonism is not well understood, but
when energy intake is below demands, the number of high affinity receptors in hepatic tissue
is reduced (Newbold et al., 1997) and no up regulation of receptors is observed after bST
treatment. Although bST is high when energy balance is negative, plasma IGF-I is low
(Leonard and Block, 1997, Yung et al., 1995, Breier et al., 1991); some authors suggested

that this discrepancy is mediated by insulin levels or plasma ratios of bST to insulin. As
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lactation progresses, plasma insulin increases and the ratio bST to insulin is reduced to less
than 0.8, which is assumed to favor a bST response (Leonard and Block, 1997). However,'
in the present study, response to bST decreased with time even though plasma insulin
increased (Figure 4). The decrease was observed for both SRC and SFS diets.

Two Hlinois studies (Weber et al., 1997, Weber et al,. 1996) observed increased yields
of milk and FCM when cows received bST starting on d 14 postpartum. During the first 70
DIM, bST injections increased milk yield 3.5 kg/d, and significant responses were detected
even after two weeks on treatment. In their studies, no differences in response to bST were
observed between the first 70 d postpartum and the whole lactation; however, the dosage
used was either 5 or 14 mg/d of recombinant bST, 2.5 to 7-fold lower than used in the
current study. Under normal conditions, high affinity receptors in the liver are fully occupied
by endogenous somatotropin, but exogenous administration of bST increases circulating bST
up to S-fold, which up-regulates somatotropin receptors (Breier et al., 1991). It is possible
that the high levels of circulating bST, resulting from administration of 35.7 mg/d (500 mg/14
d in slow release suspension) of recombinant bST, down regulate hepatic receptors and
caused a reduction in response to bST after d 45 of treatment during early lactation.

Grain processing had no significant effect on yields of milk or FCM, and milk
averages for SFS and SRC were 37.1 and 37.4 kg/d, respectively. Three previous studies
(Oliveira et al., 1993; Oliveira et al., 1995, Santos et al., 1997) showed similar yields of milk
and FCM and one study showed higher yields for SFS (Chen, 1994). In these four studies the

differences of milk between SFS and SRC averaged only 0.5 kg/d higher for flaked grain
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(32.3 vs 31.8 kg/d, respectively), whereas FCM production was 31.1 and 30.5 kg/d for the
respective treatments.

Although bST significantly increased milk yield, FCM did not differ between bST and
control cows. The lack of a significant response of production of FCM to bST was attributed
to the similar fat content in milk for all treatments, but increased variation in FCM yield
among cows compared with the variation in milk yield.

Efficiency of feed utilization (FCM/DMI) for 90 d was improved (P < .03) by bST
administration. During the first 45 d, both bST and SRC significantly increased feed
efficiency. The higher feed efficiency for bST-treated cows was associated with an increase
in partitioning of nutrients towards the mammary gland (Bauman and Currie, 1980; Bauman,
1992; Bauman and Vernon, 1993). The slightly lower DMI and higher FCM for cows
receiving bST caused a higher feed efficiency. Because of a lack of effect on DMI in most
studies comparing SFS and SRC, and small increases in FCM, it is not expected that steam
flaking would increase efficiency of feed utilization.

Milk composition, as well as yield of milk components were not affected by main
treatment factors for the first 45 d or the total period (Table 19). Most of the literature
(Bauman, 1992; Bauman and Vernon, 1993; VandenBerg, 1991; Tarazon et al., 1996,
Tarazon et al., 1997) has shown that milk from bST and non bST-treated cows does not differ
in percentages of fat, protein, lactose, SNF or SCC. However, some of these studies have
shown cyclic alterations in milk components during the first few weeks of bST administration.

Because of the lag between increased milk yield and an increase in DMI, the first few weeks
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of bST treatment are often characterized by negative NEB, regardless of stage of lactation
of the cows, which may increase content and yield of milk fat (VandenBerg, 1991). Two
studies at the University of Arizona reported increased milk fat content and yield when late
lactation cows were administered bST (Tarazon et al., 1996, Tarazon et al., 1997). In these
studies, the average increase in milk production was 14.5%, but DMI remained the same for
control and treated cows. Bauman (1992) reported that in more than 200 production trials,
only minor effects on fat content were observed, and such changes were temporary until
energy intake adjusted to the increased milk production. In the present experiment, the lower
response in milk yield (1.8 kg/d) compared with most studies might not have been sufficient
to affect concentration of milk fat.

In a previous study (Santos et al., 1997), concentration and yield of milk protein was
increased by flaked grain compared to SRC. However, no effect of grain processing on
protein content and yield of cows was observed in this study. Compared with SRC, SFS did
not influence milk protein percentage or yield in three earlier studies (Oliveira et al., 1993;
Oliveira et al., 1995, Santos et al., 1997) at the University of Arizona, but increased in one
(Chen, 1994).

Similar to previous studies (Oliveira et al., 1993, Oliveira et al., 1995; Chen, 1994),
flaking of sorghum increased digestibilities of DM (P < .03), OM (P < .007), and starch (P
< .0001). Digestibility of protein did not differ among treatments, neither did digestibilities
of ADF nor NDF (Table 25). The magnitude of difference of apparent digestibility of starch

in the total tract between SFS and SRC (98.3 vs 90.2%) in this study was similar to two
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previous studies (Chen, 1994; Oliveira et al., 1993), but smaller than observed by Oliveira et
al. (1995). However, the study by Oliveira et al. (1995) reported starch digestibilities for both
SRC and SFS smaller than observed in most of the other studies using the same processing
methods (Theurer et al., 1996a; Yu, 1997, Chen, 1994). Administration of bST had no impact
on nutrient digestibilities in either the SFS or SRC diets. Furthermore, no interactions
between grain processing and bST treatment was observed. Other studies have observed no
effect of bST on apparent digestibility of nutrients (Bauman, 1992; Bauman and Vernon,
1993; McGuffey and Wilkinson, 1991).

Metabolism

Losses of BW were greater for bST-treated cows during the first 45 d postpartum (P
-~ .06) and were associated with the lower NEB for cows during that period (P < .07, Table
21). Because of higher DMI and the reduced losses of BCS during 45 d and total period for
cows receiving SFS compared to SRC, mean NEB tended to be greater (P < .11). Days to
nadir NEB were significantly longer for bST-treated cows (P < .007), and cows receiving
bST took longer to reach a positive NEB, whereas cows fed SFS had a shorter period of
negative NEB than those fed SRC. The reduced losses of BCS associated with numerically
lower changes in BW for cows fed SFS compared to SRC demonstrate an increased energy
utilization of grains when site and extent of starch digestion is altered. Cows receiving SFS
diets had higher total tract digestibilities of OM and starch, which probably indicates higher
ruminal digestibilities for SFS compared to SRC (Oliveira et al., 1995). This change in site

and extent of starch digestion increases energy concentration of grains (Chen, 1994; Theurer



et al.. 1996a) for dairy cows.

Although administration of bST did not affect CP intake and digestibility, PUN were
lower in bST-treated cows than control cows (P -* .06; Table 20). In growing animals, bST
has been shown to modify rates of growth components by increasing accretion of body
protein. The reduction in PUN caused by bST is because of improved amino acid utilization
in dairy cows (Bauman, 1992). Dhiman et al. (1988) observed that lactating dairy cows
administered bST had higher milk prcduction and lower PUN. The increased milk synthesis
in bST-treated cows might reduce deamination of amino acids and improve their uptake for
milk protein synthesis; thus resulting in the lower PUN (McDowell, 1991).

Alio (1997) and Theurer et al. (1996a) demonstrated that diets higher in RDS
increased recycling of N to the rumen and improved ammonia-N utilization. Hence, it would
be expected that PUN would be lower in cows fed SFS than SRC. Nussio (1997) observed
that cows receiving more RDS had a lower PUN, and when Oliveira et al. (1993) compared
SES with SRC, the SFS resulted in reduced blood urea nitrogen. However, no differences
were observed for cows receiving SFS compared with SRC in our previous study (Santos et
al. 1997). A quadratic effect of time on PUN concentration was observed (P < .01; Figure
2) and a tendency for bST-treated cows to have less accentuated increases in PUN was
observed during the first 60 of treatment when the linear response was considered (Table 26).

No major differences were observed for plasma glucose concentrations among diets.
A tendency for higher glucose for the SFS than SRC diet (P < .13; Table 20) indicates better

utilization of starch on flaked grain diets. Lozano (1997) and Sadik (1997), as well as reviews
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by Theurer et al. (1996a, 1996b), indicate that no net glucose absorption by PDV tissues
occurs in lactating dairy cows and beef steers, but that feeding higher RDS increases total'
splanchnic tissue output of glucose by stimulating more gluconeogenesis in the liver.
Comparisons between SFC and SRC (Yu, 1996) show greater ruminal concentrations of
propionate when cows were fed flaked corn diets. The greater availability of propionate from
flaked grain diets explains the higher output of glucose by the splanchnic tissues and increased
concentrations in peripheral blood. Although several studies observed an increase in plasma
glucose when bST was used, no effects were observed in the present study. A quadratic
response was observed for changes in plasma glucose throughout the study (Figure 3) and no
treatment effect was associated with these changes (Table 26).

Positive effects of feeding higher RDS on circulating insulin were observed for SFS
diets (Table 20). Because of the increase in DMI and plasma glucose concentration
throughout the study, a linear response to insulin with time was observed (P < .0001) (Figure
4), but treatments had no effect on the magnitude of increase in plasma insulin. Cows fed
more RDS had higher glucose and probably greater propionate absorption, which might have
stimulated insulin secretion. Although cows receiving SFS diets had higher glucose and
insulin, NEFA did not differ, so no antilipolytic effects of insulin were not observed. Insulin
has shown to be antilipolytic because it reduces activity of HSL. Cows receiving propylene
glycol have higher blood glucose and insulin and lower NEFA than controls. It is possible that
the increase in plasma insulin on SFS compared to SRC diets was not sufficient to reduce

lipolysis, as detected by NEFA concentrations. However, bST clearly increased lipid
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mobilization during the first 45 d (P -~ 03) and 90d (P -~ 06) as demonstrated by increased
plasma NEFA. A significant reduction in plasma NEFA was observed as lactation progressed
(Figure 5). This decrease followed a quadratic response with time and a tendency for bST-
treated cows to have a less accentuated decrease during the first 12 weeks in treatment was
observed (Table 26).

Increased circulating NEFA are associated with higher concentrations of liver
triglycerides, because dairy cows have limited capacity to export TAG as VLDL (Grummer,
1993). Although bST increased NEFA, plasma BHBA and liver concentrations of TAG did
no differ among treatments when cows were in either negative or positive NEB. These data
suggest that administration of bST to early lactation dairy cows does not increase the risks
for ketosis, fatty liver and other lipid related disorders. A recent study by Weber et al. (1997)
also demonstrated that during the first 70 DIM, bST administration increased milk yields, but
did not affect BHBA or incidence of subclinical ketosis. Changes in concentrations of BHBA
during the 90 d of treatment are shown in Figure 6. A quadratic effect of time on plasma
BHBA was observed, but no interactions between treatments and the quadratic response were
detected (Table 26).

Ovarian Activity and Reproduction

Days to first ovulation were different if based on plasma progesterone (PP) or
visualization of a CL (Table 24). The main reason for this lack of synchrony was the incidence
of luteal cysts early postpartum. Cows with luteal cysts had progesterone of 1 to 4 ng/ml,

which caused problems in interpretation of when ovulation occurred based only upon PP. In
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a few cows, ovulation had taken place one day before a ultrasound scanning and the presence
of a corpus haemorrhagicum or early CL was detected, but circulating progesterone was still
below I ng/ml. Although PP levels above 1 ng/ml are the most common method of detecting
luteal activity and ovulation, studies with ultrasound scanning of cystic structures, performed
at the same time blood was collected for progesterone measurements, demonstrated that
luteal cysts can increase circulating progesterone up to 3.67 ng/ml (Farin et al., 1992) which
would give a false diagnosis of ovulation. The incidence of cystic structures did not differ
among treatments (Table 22) and most of them occurred before the first postpartum
ovulation. A total of 12 follicular (60%) and 8 luteal (40%) cysts were observed for all cows
during the first 59 + 4 d postpartum. Generally, most cystic structures tend to be of follicular
origin but studies with cows in different stages of lactation have shown a higher incidence of
luteal than follicular cysts. Farin et al. (1992) observed that of forty-seven cows with COD,
30 (63.8%) had luteal cysts and 17 follicular cysts (36.2%).
Number of luteal phases and incidence of short luteal phases per cow before the first
GnRH injection (d 59 £ 4) did not differ among treatments (Table 23). Most of the short
luteal phases occurred during the first postpartum estrous cycle, similar to studies described
by Eger et al. (1988). Length of the luteal phase was not affected by treatments. Kirby et al
(1997a) observed that cows treated with bST had a two day advance in the emergence of the
second wave of follicular growth, but the interestrous interval was not affected. Estrus was
not detected in this study, but using the length of luteal phases as an indicator of the

interestrous interval suggests no effect of bST, as observed by Kirby et al (1997a).



133

Follicular population in all four treatments was similar and averaged 7 7 follicles per
cows at each ultrasound scanning of both ovaries. Moreover, number of follicles in each class
size was not altered (Table 22). Kirby et al. (1997b) also observed no differences in follicular
population between control and bST treated cows, but the overall number of smaller follicles
was greater in their study. DeLa Sota et al. (1993) observed that bST stimulates the number
of follicles that enter a follicular wave in lactating and non lactating dairy cows. Although day
to day changes in follicular dynamics was not followed in the present study, the similar
number of small follicles for all four treatments indicates that no increase in follicular
recruitment occurred; neither did selection of dominant follicles because of a comparable
number of follicles in all treatments with diameter larger than 10 mm.

Incidence of double ovulations per cow before the first GnRH injection was reduced
in bST-treated cows (P - .06) (8 in 15 vs 15 in 16 cows) (Table 22). The same tendency was
observed for total multiple ovulations (double and triple) before the first GnRH treatment (9
in 15 vs 16 in 16 cows). Days to complete uterine involution was not affected by treatment,
neither were days open and services per conception. The small number of cows per treatment
(8) did not allow statistical analysis to be performed on conception rates, but numerical values
during the first Al and at d 220 were similar among treatments (Table 24).

Plasma progesterone during early and mid luteal phases of the first two postpartum
estrous cycles was higher for cows receiving SFS than SRC diets (Table 23). The same
tendency was observed during the mid luteal phase of the third postpartum estrous cycle. The

reason for higher progesterone on SFS diets was probably a better energy status of these
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cows. Studies on luteal function of lactating dairy cows and heifers have shown that energy
balance affects PP (Vila-Godoy et al., 1988, Santos, J EP. 1996, Yung et al., 1995)
concentration, and it is probably related to availability of precursors for steroidogenesis.
When energy balance is improved, more energy (as acetate) is available for cholesterol
synthesis, which might increase progesterone secretion by the CL. Negative energy balance
not only affects circulating progesterone, but it also decreases CL size and weight and reduces
its progesterone content. Size of CL and PP concentrations were highly correlated (r = 75)
and a regression equation was obtained to correlate surface area of CL and PP:

PP =0.206 + (2.66 * CL area in cm?)

The adjusted 2 = 0.56 (P ~ .0001).

Although the regression equation was highly significant, CL area explained only 56%
of the variation in PP. During the early luteal phase the presence of a cavity in most CL is
common. In this study area of the central cavity was not distinguished from the cellular area.
Furthermore, right after luteolysis, progesterone falls below | ng/ml quickly, but CL structure
takes longer to undergo a programmed cell death. These factors might have influenced the
significant correlation between CL surface area and circulating progesterone.

CONCLUSIONS

Early lactation cows showed increased milk yields from bST injections, but response
was higher for SES than SRC diets. Response to bST was smaller than usually observed for
mid and late lactation cows. Feeding SFS or SRC did not affect yields of milk, FCM, protein

and fat, and no effect was observed for content of milk components. Feeding SFS compared
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to SRC increased digestibility of dietary nutrients, improved energy status of cows during
early lactation, and influenced plasma glucose, insulin, and NEFA. Administration of bST
decreased PUN and increased NEFA, but BHBA and hepatic TAG were not altered by either
bST or grain processing. Temporal changes in plasma glucose, PUN, NEFA and BHBA were
detected in quadratic manner and insulin changes in were linear, but treatments did not affect
changes with time. A significant decrease in hepatic TAG from d 15 to d 55 postpartum was
observed. Use of progesterone above | ng/ml as the only parameter to detect first postpartum
ovulation might be erroneous when luteal cysts are present. A high correlation was detected
between CL surface area and circulating progesterone. Administration of bST in early
postpartum cows increased efficiency of milk production and did not increase the risk for

ketosis, fatty liver or reproductive problems.
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TABLE 13 Ingredient composition of diets (Exp. 2)

Diet (% DM) !

[tem SFS SRC
Alfalfa hay 45 45
Whole cottonseed 10 10
Grain ' 39 39
Prolak® * 03 03
Buffer * 1.2 1.2
Min. + Vit. * 1.8 1.8

! Steam-flaked sorghum (SFS 360 g/L); steam-rolled corn

(SRC 490 g/L).

* Blend of marine by products, feather meal, and methionine
(H.J. Bakker & Bro,, Inc., Atlanta, GA).

) 66% NaHCO, and 34% MgO.

* Niacin 1.6%, Zinpro 0.81%,; Dicalcium Phosphate 35.5%,
NaCl 10.6%;Sulphur 3.7%,; trace minerals; Vit. A 67,000 [U/Kg;
Vit. E 700 [U/Kg; Vit. D 6,700 [U/Kg; molasses.



TABLE 14 Nutrient composition of diets (Exp. 2)

Diet (% DM) '

Item SES SRC
DM, % 84.6 84.0
OM, % 91.6 91.4
Ash, % 8.4 8.6

CP, % 16.9 17.2
RUP, % of CP* 38.6 37.0
NE, , Mcal/Kg* 1.76 1.75
Starch, % 30.8 282
RDS. % * 253 203
NEC* 412 39.5
ADF, % 18.5 17.3
NDF, % 282 29.1
NDF; , % ¢ 227 22.7
Ether Extract, % * 528 5.63

! SFS: steam-flaked sorghum (360 g/L); SRC: steam-rolled corn

(490 g/L);, * Calculated based on results of in situ protein degradability

and NRC (1989) values; *Estimated from NRC (1989);

* Calculated based on starch digestibility from Oliveira et al.(1995);
5 Nonfiber carbohydrate (NFC = OM - {CP + NDF + EE});
¢ Assumed 100% effective NDF from alfalfa hay and WCS.
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TABLE 15 Nutrient composition of dietary ingredients (Exp. 2)

138

DM basis '

[tem Alfalfa hay SFS SRC Prolak®
DM, % 88.73 79.73 76.77 9326
OM, % 89.13 68.14 98.46 86.78
Ash, % 10.87 1.86 1.54 13.22
CP. % 19 07 984 8.49 80.11
Starch, % 3.30 70.80 69.77 0.15
ADF, % 20.87 6.38 498 S
NDF, % 40.50 9.86 | L S

! SFS: steam-flaked sorghum grain (360 g/L); SRC: steam-rolled corn grain (490 g/L).



TABLE 16. Particle size distribution of processed grains (Exp. 2)
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Screen mesh size, mm

Grain ' 40 28 20 10 06 025 pan Mean*
--------------- % retained on screen ---------------

SES 145 340 190 200 50 45 30 216

SRC 805 87 35 3.1 1.3 1.8 12 357

! SFS: steam-flaked sorghum grain (360g/L), SRC: steam-rolled corn grain (490 g/L).

? Mean particle size calculated by multiplying the % retained by the various screen sizes.

Weekly samples of processed grain were sieved for 5 minutes.



TABLE 17 In vitro starch hydrolysis of processed grains (Exp. 2)

Grain !

Time (h)

05 1.0 20 30 40

SES

SRC

674 673 800 835 862

477 599 692 672 730

' SFS: steam-flaked sorghum (360 g/L); SRC: steam-rolled corn

(490 g/L).
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TABLE 18. Effect of grain processing and bST on lactational performance of dairy cows

(Exp. 2)
Treatment ' P
[tem SFS-B SFS-N  SRC-B SRC-N SEM GP B GP*B
DMI, kg/d 21.70 21.65 20.53 22 44 0.83 ns ns ns
45d*  19.66 20.45 18.23 20.11 0.56 12 03 ns
DMI, % BW? 327 327 3.21 3.38 0.11 ns ns ns
45d  2.98 3.08 2.86 3.04 0.08 ns .13 ns
Milk, kg/d 38.76 35.42 3747 37.27 0.57 ns 006 01
45d 38.75 34.13 37.10 3542 0.80 ns 001 O8
FCM, kg/d*  37.50 35.82 37.19 37.22 0.96 ns ns ns
45d 35.97 34.72 36.51 35.71 0.87 ns ns ns
FCM/DMI 1.75 1.61 1.84 1.68 0.06 ns 03 ns
45d  1.88 1.62 2.06 1.82 0.06 .006 .001 ns

' SFS: steam-flaked sorghum (360 g/L); SRC: steam-rolled corn (490 g/L); B: bST, N: no
bST

* First 45 days in treatment

* DMI calculated as percentage of body weight

*FCM: 3.5 % fat corrected milk
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TABLE 19 Effect of grain processing and bST on composition and yields of milk

components of dairy cows (Exp. 2)

Treatment ' P
[tem SFS-B SFS-N  SRC-B SRC-N SEM GP B GP*B
Protein, % 3.060 296 294 2.88 0.06 ns ns ns
45d* 294 2.96 2.99 295 0.04 ns ns ns
Protein, kg/d 1.14 1.08 1.07 1.11 0.02 ns ns .08
45d  L.10 1.07 1.06 1.09 0.02 ns ns ns
Fat, % 3.42 337 3.54 3.34 0.12 ns ns ns
45d 333 3.38 3.55 3.34 0.12 ns ns ns
Fat, kg/d 1.30 1.24 1.31 1.28 0.05 ns ns ns
45d 123 1.19 1.29 1.23 0.05 ns ns ns
Lactose, %6 491 4.96 499 4.99 0.05 ns ns ns
45d  4.85 4.92 4.99 4.97 0.08 ns ns ns
SNF 3, % 8.57 8.44 8.44 8.43 0.08 ns ns ns
45d 8.57 8.54 851 8.48 0.06 ns ns ns
SCC* log 5.08 5.01 492 5.09 0.19 ns ns ns
x 10> 6115 184.1 119.3 173.8 1919 ns ns ns

! SFS: steam-flaked sorghum (360 g/L); SRC: steam-rolled corn (490 g/L); B: bST;

N: no bST, ?First 45 days in treatment; * Solid nonfat; * Somatic cell count.
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TABLE 20. Effect of grain processing and bST on plasma metabolites and hepatic

triglycerides of dairy cows (Exp. 2)

Treatment ' P
Item SFS-B SFS-N SRC-B  SRC-N SEM GP B GP*B
PUN? mg/dl 1181 1334 12.18 1323 0.65 ns 06 ns
45d° 1151 12.27 12.03 11.35 0.80 ns ns ns
Glucose, mg/dl 57.37 58.10 54.92 55.42 1.60 A3 ns ns
45d 54.66 56.01 51.98 52.89 2.13 ns ns ns
Insulin, uIU/ml  12.66 12.42 10.66 10.41 1.13 09 ns ns
45d 8.03 9.25 704 731 0.74 06 ns ns
NEFA* mEq/L 0.347 0.288 0.383 0.325 0.03 ns 06 ns
45d 0.468 0.362 0.530 0413 0.05 ns 03 ns
BHBA®, mg/dl 7.60 6.35 7.89 6.75 1.02 ns ns ns
45d 9.23 7.07 10.39 8.03 1.71 ns ns ns
Hep.TAGS, mg %
d 10 8.85 8.41 8.87 6.89 2.54 ns ns ns
d 50 2.03 3.74 3.06 2.01 1.28 ns ns ns

! SFS: steam-flaked sorghum (360 g/L), SRC: steam-rolled corn (490 g/L); B: bST, N: no

bST; ?Plasma urea nitrogen; * First 45 days in treatment; * Nonesterified fatty acids;

’ B-hydroxibutyrate; ¢ Hepatic triglycerides (wet basis).
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TABLE 21 Effect of grain processing and bST on energy status of dairy cows (Exp 2)

Treatment ' P
[tem SFS-B SFS-N SRC-B SRC-N SEM GP B GP*B
BWC’, kg -25.30 -20.41 -31.64 -27.96 1191 ns ns ns

45d° -47.02 -18.82 -43 .44 -37.26 8.75 ns 06 ns

BCSC* 1-5 -0.67 -0.52 -0.75 -0.72 0.07 05 ns ns
45d -0.54 -0.37 -0.57 -0.59 0.06 06 ns 13

NEB’ Mcal/d 3.84 4.26 2.04 454 1.18 ns ns ns
45d 1.27 2.09 -1.13 1.51 0.89 A1 07 ns

Days to:

Nadir NEB 8.25 3.38 8.38 2.50 1.81 ns 007 ns

Positive NEB 20.13 13.62 32.87 20.75 6.32 A3 15 ns

! SFS: steam-flaked sorghum (360 g/L); SRC: steam-rolled corn (490 g/L); B: bST; N: no
bST, * Body weight change during the trial; * First 45 days in treatment; * Body condition

score change (Edmondson et al., 1989); ° Net energy balance (megacalories/day).
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TABLE 22 Effect of grain processing and bST on follicular population, multiple ovulations

and incidence of COD of dairy cows (Exp. 2)

Treatment ' P
[tem SFS-B SFS-N SRC-B SRC-N SEM GP B GP*B
Follicles, number >
Class 1 416 4.48 3.94 4.09 0.62 ns ns ns
Class 2 1.69 1.43 1.85 1.74 0.27 ns ns ns
Class 3 1.20 1.04 0.92 0.82 0.16 14 ns ns
Class 4 0.86 0.77 0.83 I.11 0.16 ns ns ns
Total 7.99 7.63 7.50 7.68 0.81 ns ns ns
Multiple Ov *, number
Double 0.50 113 0.38 0.75 0.25 ns 06 ns
Total 0.50 1.13 0.74 0.88 0.25 ns 15 ns
COD’ ., number
Follicular * 0.38 0.25 0.25 0.63 0.21 ns ns ns
Luteal * 0.13 025 038 0.25 014 ns ns ns
Total 0.50 0.50 0.88 0.63 0.24 ns ns ns

' SFS: steam-flaked sorghum (360 g/L), SRC: steam-rolled corn (490 g/L); B: bST; N: no

bST; >Class I: 3 to 5 mm; class 2: 6 to 9 mm; class 3: 10 to 14 mm,; class 4; > 15 mm,;

* Cystic ovarian disease: follicle with diameter > 25 mm in two consecutive scans;

* Progesterone < 1 ng/ml; ° Progesterone > | ng/ml in the absence of a CL.
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TABLE 23 Effect of grain processing and bST on luteal function of dairy cows (Exp. 2)

Treatment ' P
[tem SFS-B SFS-N SRC-B SRC-N SEM GP B GP*B
Progesterone, ng/ml
I* and 2™ PP*
Early * 1820 1542 13.01 11.06 204 03 ns ns
Mid * 26.43 2540 1975 16.72 4.55 12 ns ns
3 pp
Early 17.37 2666 1468 14.07 231 ns ns ns
Mid 29.53 25.18 2527 18.62 3.18 11 11 ns
CL’ area, cm”
I** PP
Early 6.95 6.06 6.32 5.03 074 ns 15 ns
Mid 6.13 5.68 7.56 3.85 0.89 ns 04 10
27 PP
Early 6.50 6.86 5.34 7.63 1.04 ns ns ns
Mid 930 8.61 5.11 6.09 1.17 04 ns ns
Luteal Phase *
Short ’ 0.34 0.25 0.28 0.50 0.18 ns n0s. ns
Total 2.13 225 1.92 225 0.25 ns ns ns
Length 1* 18.75 1825 19.98 17.50 3.28 ns ns ns
Length 2™ 1477 1876 1782 1150 3.6l ns ns ns

' SFS: steam-flaked sorghum (360 g/L), SRC: steam-rolled corn (490 g/L); B: bST; N: no
bST; * Postpartum estrous cycle; * Early luteal phase (d5 to d10 postovulation); * Mid luteal
phase (d12 to d16 postovulation); * Corpus luteum; ¢ Calving until first GnRH injection;
7 Progesterone above 1 ng/ml for less than 11d (Eger et al., 1988).
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TABLE 24. Effect of grain processing and bST on reproductive parameters of dairy cows

(Exp 2)
Treatment ' P

[tem SFS-B SFS-N SRC-B SRC-N SEM GP B GP*B
First Ov 2, d

Progest. 220 20.1 17.0 17.5 232 2 77 6l

Ultras. * 284 231 18.1 245 472 36 91 23
Uterine Inv.°. d 230 226 260 26.4 2.65 ns ns ns
Days open 1051 1290 107.0 954 1688 ns ns ns
SPC ¢ 2.00 2.98 2.72 1.57 066 ns ns 12
CR, % 1* AL’ 429 375 625 42.9 ——— e e e
CR,%d220° 85.7 100 75.0 85.7

! SFS: steam-flaked sorghum (360 g/L), SRC: steam-rolled corn (490 g/L); B: bST; N: no
bST.

* Days to first postpartum ovulation.

* Progesterone (2 consecutive blood samples with progesterone above 1 ng/ml).

* Ultrasound scanning (Presence of a CL during ultrasound scanning).

* Days from calving to complete uterine involution based on ultrasound scanning.

¢ Services per conception.

" Conception rate at first artificial insemination.

¥ Conception rate at day 220 postpartum.
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TABLE 25 Effect of grain processing and bST on total digestive tract nutrient digestibilities

of dairy cows (Exp.2)

Treatment ' P
Item - SFS-B SFS-N SRC-B SRC-N SEM GP B GP*B
Apparent
digestibility, %
DM 70.39 71.03 68.55 6724 1.21 03 ns ns
oM 72.53 7232  69.11 68.03 1.27 007 ns ns
CP 68.56 67.87 68.64 68.16 0.99 ns ns ns
Starch 98.34 98.26 9057 89.89 1.13 0001 ns ns
NDF 51.17 51.96 51.33 50.43 2.64 ns ns ns
ADF 46.24 46.78 46.34 45.80 3.09 ns ns ns

' SFS: steam-flaked sorghum (360 g/L); SRC: steam-rolled corn (490 g/L), B: bST; N: no

bST.

* DM: dry matter, OM: organic matter; CP: crude protein, NDF: neutral detergent fiber;,
ADF: acid detergent fiber.
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TABLE 26 Orthogonal polynomial comparisons between time and PUN, glucose, insulin,

NEFA or BHBA (Exp. 2)

P
Item Linear (L) Quadratic (Q) GP*L bST*L GP*Q bST*Q
PUN 0001 01 30 10 30 90
Glucose 0001 0001 55 70 20 .60
Insulin 0001 20 50 45 .80 60
NEFA 0001 04 40 35 75 14
BHBA .0001 .01 10 03 35 70

GP: grain processing; PUN: plasma urea nitrogen, NEFA: nonesterified fatty acids; BHBA:

B-Hydroxybutyrate.






151

FIGURE 3. Plasma profiles of glucose (Exp. 2)
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SFS: steam-flaked sorghum (360 g/L), SRC: steam-rolled corn (490 g/L); B: bST; N: no bST.

Week 0: raw mean from the pretreatment period.
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FIGURE 4. Weekly plasma profiles of insulin (Exp. 2)
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SFS: steam-flaked sorghum (360 g/L), SRC: steam-rolled corn (490 g/L); B: bST; N: no bST.

Week 0: raw mean from the pretreatment period.
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FIGURE 5. Weekly plasma profiles of nonesterified fatty acids (Exp. 2)
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SFS: steam-flaked sorghum (360 g/L);, SRC: steam-rolled corn (490 g/L);, B: bST; N: no bST.

Week 0: raw mean from the pretreatment period.
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FIGURE 6. Plasma profiles of -Hydroxybutyrate (Exp. 2)
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SFS: steam-flaked sorghum (360 g/L); SRC: steam-rolled corn (490 g/L); B: bST; N: no bST.

Week 0: raw mean from the pretreatment period.
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CHAPTERS

SUMMARY AND CONCLUSIONS

Two experiments were conducted to determine effect of grain processing, protein
quality and bST on lactational performance, nutrient utilization, and ovarian activity of dairy
cows. Beneficial effects of steam-flaked grain in dairy cow diets were demonstrated and
results from these studies are consistent with those reported previously (Oliveira et al., 1993,
Chen, 1994, Oliveira et al., 1995; Yu, 1996).

Performance of cows fed steam-flaked sorghum and steam-flaked corn did not differ,
but compared with rolled grain, steam flaking increased milk yield. However, most of the
difference was caused by steam-flaked corn. Compared with steam-rolled corn, steam-flaked
sorghum resulted in similar yields of milk and FCM, and similar concentration and yields of
milk components. Combination of high RDS and high quality RUP increased the ratio RDS
to RDP to more than 2.4 and resulted in the best performance. Higher milk protein content
and yields were associated with higher RDS. High quality RUP increased gain in BW which
increased the efficiency of NE, use.

Digestibility of nutrients was increased by steam flaking. Cows fed steam-flaked corn
and sorghum grains had higher total tract digestibilities of DM, OM, and starch. Grain
processing had no detrimental effect on total tract digestibilities of ADF or NDF.

Administration of bST in early lactation increased milk yield and efficiency of feed

utilization, but response was lower than observed for mid and late lactation cows. However,
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bST use had no detrimental effect on health or reproduction of cows when in negative or
positive NEB.

In conclusion, processing of corn and sorghum grains by steam flaking to result in a
density of 360 g/L resulted in equal or better lactational performance than steam-rolled corn
(490 g/L). Although bST increased milk yield and had no detrimental effect on health and
reproduction of early lactation cows, the lower response compared with cows in mid and late

lactation might not economically justify its use during the first 8 weeks of lactation.



APPENDIX TABLES

INDIVIDUAL COW DATA
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Appendix Table 1 Individual cow averages for DMI, milk yield, 3 5% FCM yield. and
FCM/DMI. (Exp |)

Cow # TRT Block DMI Milk FCM  FCM/DMI
Kg/d
472 SFS-S 5 24.13 35.10 37.59 1.56
481 SFS-S 4 20.09 34.53 34.59 1.72
484 SFS-S 6 29.08 41.40 35.90 123
555 SFS-S 7 2735 38.86 38.37 1.40
705 SFS-S 3 3263 35.26 35.33 1 08
714 SFS-S 2 23.86 28.43 26.67 1.12
790 SFS-S | 19.08 28.48 26.38 1.38
1367 SFS-S 8 34.36 51.04 42 88 1.25
515 SFS-P 4 30.46 43 .66 42.06 1.38
569 SES-P 5 2414 32.09 31.92 1.32
572 SFS-P 7 2543 43.07 39.63 1.56
693 SES-P 6 28.77 38.87 39.53 1.37
774 SFS-P I 2421 28.18 26.07 1.08
799 SES-P 2 22.64 32.33 29.80 1.32
1275 SFS-P 3 20.66 30.55 28.68 1.39
1347 SFS-P 8§ 2932 53.20 49.34 1.68
491 SFC-S 7 29.32 4412 41.67 1.42
497 SFC-S 8 29.60 38.99 40.37 1.36
545 SEFC-S 3 2840 40.14 4284 151
765 SFC-S 2 2573 33.04 31.75 1.23
781 SFC-S 1 24.01 29.44 28.55 1.19
1200 SFC-S 4 18.78 31.59 29.57 1.57
1311 SFC-S 5 25.92 30.52 28.91 1.12
1344 SFC-S 6 34.30 41.23 39.03 1.14
521 SFC-P 6 2926 44.38 40.89 1.40
692 SFC-P 5 2505 42.48 37.06 .48
699 SFC-P 7 30.40 48.16 46.57 1.53
709 SFC-P 4 28.91 40.91 36.19 1.25
773 SFC-P 2 21.21 28.36 26.27 1.24
784 SFC-P 1 19.38 36.42 31.50 1.63
798 SFC-P 3 25.66 33.60 32.13 1.25
1257 SFC-P 8 31.33 47.99 45.89 1.46
502 SRC-S 7 2783 50.33 45.06 1.62
27 SRC-S 3 2938 30.51 31.89 1.09
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Appendix Table 1. (Continued - Exp. 1)

Cow # TRT Block DMI Milk FCM FCM/DMI
Kg/d
534 SRC-S 5 29.75 36.81 36 81 124
700 SRC-S 8 25.89 44.01 42.42 .64
703 SRC-S 6 27.96 4089 40.22 | 44
780 SRC-S 1 19.68 29.03 27 28 1.39
792 SRC-S 2 20.96 29.96 26.24 1.25
1333 SRC-S 4 28.10 31.60 34.14 1.21
307 SRC-P 5 29.27 36.24 33.37 1.14
467 SRC-P 4 2558 33.56 34.63 1.35
543 SRC-P 7 2401 41.52 39.15 1.63
723 SRC-P 1 26.14 21.54 19.60 075
786 SRC-P 2 21.09 30.39 27.60 1.31
1278 SRC-P 6 30.60 48.09 49.07 1.60
1283 SRC-P 3 24.89 24.71 23.61 095
1336 SRC-P 8 23.42 49.06 46.55 1.99

SFS: Steam-flaked sorghum (360 g/L), SFC: Steam-flaked corn (360 g/L), SRC: Steam-
rolled corn (490 g/L); S: Soybean meal; P: Prolak®.
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Appendix Table 2. Individual cow averages for milk fat and milk protein. (Exp. 1)

Cow # TRT Block Fat Fat Prot Prot

% Kg % Kg
172 SES-S 5 394 1.38 3.18 1.12
481 SFS-S 4 351 121 2.95 1.02
484 SFS-S 6 2.68 111 2.55 105
555 SFS-S 7 342 1.33 3.19 124
705 SFS-S 3 3.51 1.24 3.13 111
714 SFS-S 2 3.12 0.89 3.10 0388
790 SFS-S 1 3.05 0.87 2.83 081
1367 SFS-S 8 2.51 1.28 2.56 1.31
515 SFS-P 4 3.28 1.43 3.31 1.44
569 SFS-P 5 3.47 111 3.00 0.96
572 SFS-P 7 3.01 1.30 2.85 1.23
693 SFS-P 6 3.60 1.40 3.31 1.29
774 SFS-P | 3.04 0.86 3.07 086
799 SFS-P 2 3.02 0.98 3.05 0.99
1275 SFS-P 3 3.12 0.95 2.71 0.83
1347 SFS-P 8 3.05 1.62 2.83 1.51
491 SFC-S 7 3.16 1.39 2.90 1.28
497 SFC-S 8 3.72 1.45 3.06 1.19
545 SFC-S 3 391 1.57 2.71 1.09
765 SFC-S 2 3.26 1.08 3.12 1.03
781 SFC-S 1 3.31 0.98 3.48 1.02
1200 SFC-S 4 3.11 0.98 2.75 0.87
1311 SFC-S 5 3.18 0.97 3.00 092
1344 SFC-S 6 3.17 1.31 2.81 1.16
521 _ SFC-P 6 3.02 1.34 294 1.30
692 SFC-P 5 2.71 1.15 2.93 1.25
699 SFC-P 7 3.30 1.59 3.00 1.44
709 SFC-P 4 2.79 1.14 3.00 123
773 SFC-P 2 3.05 0.86 3.07 0.87
784 SFC-P 1 2.67 0.97 2.62 0.95
798 SFC-P 3 3.23 1.09 3.08 1.04
1257 SFC-P 8 3.23 1.55 295 1.42
502 SRC-S 7 2.85 1.44 2.65 1.33
527 SRC-S 3 3.78 1.15 3.34 1.02
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Appendix Table 2. (Continued - Exp. 1)

Cow # TRT Block Fat Fat Prot Prot

% Kg % Kg
534 SRC-S 5 3.50 1.29 3.00 111
700 SRC-S 8 3.28 1.44 281 1.24
703 SRC-S 6 3.40 1.39 2.76 1.13
780 SRC-S 1 3.13 0.91 3.16 0.92
792 SRC-S 2 2.73 0.82 2.73 0.82
1333 SRC-S 4 4.00 1.26 3.24 1.02
307 SRC-P 5 3.01 1.09 2.83 1.03
467 SRC-P 4 3.70 1.24 3.26 1.09
543 SRC-P 7 3.15 1.31 2.71 1.13
723 SRC-P | 2.95 0.63 3.04 0.65
786 SRC-P 2 2.93 0.89 2.74 0.83
1278 SRC-P 6 3.63 1.74 2.97 1.43
1283 SRC-P 3 3.23 0.80 3.03 0.75
1336 SRC-P 8 3.18 1.56 2.60 1.28

SFS: Steam-flaked sorghum (360 g/L); SFC: Steam-flaked corn (360 g/L), SRC: Steam-
rolled corn (490 g/L); S: Soybean meal; P: Prolak®.
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Appendix Table 3 Individual cow averages for milk lactose. SNF, SCC. and PUN (Exp. 1)

Cow # TRT Block Lactose SNF SCC PUN

% % (x 10%) mg/dl
472 SES-S 5 503 8.8l 503 30 18 73
481 SFS-S 4 5.19 8.73 483.70 2675
484 SFS-S 6 4.67 7.78 36.50 19 40
555 SES-S 7 5.06 8.79 1170.00 14 69
705 SFS-S 3 5.30 8.88 25.20 17 18
714 SFS-S 2 5.13 8 64 172.90 18.35
790 SFS-S l 537 8.84 95.63 16.68
1367 SFS-S 8 512 826 10.80 20.86
515 SFS-P 4 522 9.13 21.38 16.99
569 SFS-P 5 5.17 8.71 57.20 19.11
572 SFS-P 7 527 8.70 128.20 18.52
693 SFS-P 6 524 9.16 95.20 17.82
774 SFS-P l 542 9.06 30.00 16.40
799 SES-P 2 5.52 9.16 102.00 15.49
1275 SFS-P 3 4.84 8.16 47.70 18.13
1347 SFS-P 8 4.74 8.16 64.40 17.39
491 SFC-S 7 5.30 8.79 25.00 17.34
497 SFC-S 8 4.80 8.47 2112.70 14.64
545 SFC-S 3 5.01 8.33 1272.89 12.35
765 SFC-S 2 521 8.93 532.30 15.00
781 SFC-S l 5.39 9.52 24.10 15.89
1200 SFC-S 4 4.44 7.78 117.40 16.17
1311 SFC-S 5 487 8.45 133.40 15.47
1344 SFC-S 6 4.69 8.09 2842.10 15.84
521 SFC-P 6 5.03 8.57 29.40 14 98
692 SFC-P 5 5.20 8.71 47 44 17.26
699 SFC-P 7 4.99 8.60 648.75 18.11
709 SFC-P 4 4.82 8.46 282.20 17.65
773 SFC-P 2 481 8.42 42.60 17.43
784 SFC-P 1 5.03 822 32.89 17.19
798 SFC-P 3 525 8.92 167.22 17.78
1257 SFC-P 8 4.98 8.52 22.10 37.77
502 SRC-S 7 4.67 7.89 41.56 18.28
527 SRC-S 3 5.19 9.10 1554.50 15.60
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Appendix Table 3 (Continued - Exp. 1)

Cow # TRT Block Lactose SNF SCC PUN

% % (x 10%) mg/dl
534 SRC-S 5 521 881 71.83 17 78
700 SRC-S 8 5.16 8.56 54.40 19 65
703 SRC-S 6 490 827 17 80 19.15
780 SRC-S | 531 9.05 16.30 14.77
792 SRC-S 2 4.70 792 389.56 16.50
1333 SRC-S 4 512 896 254.70 17.42
307 SRC-P 5 4.74 8.12 57.40 23.53
467 SRC-P 4 5.19 9.11 102.60 18.72
543 SRC-P 7 474 8.03 31.10 17.54
723 SRC-P 1 5.16 8.78 71.80 17.33
786 SRC-P 2 S.16 8.48 57.00 17.52
1278 SRC-P 6 4.77 8.35 972.67 17.70
1283 SRC-P 3 4.80 842 58.30 17.61
1336 SRC-P 8 463 793 1159.20 18.06

SFS: Steam-flaked sorghum (360 g/L); SFC: Steam-flaked corn (360 g/L), SRC. Steam-
rolled corn (490 g/L); S: Soybean meal; P: Prolak®.
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Appendix Table 4. Individual cow averages for plasma NEFA, BW change, BCS change,
NEB, and efficiency of NE, use. (Exp. 1).

Cow # TRT Block NEFA BWC BCSC NEB Eff

mEq/L Kg/70d (1-5) Mcal/ld NE,
472 SFS-S 5 0.2138 -58.97 0.25 6.05 207
481 SFS-S 4 0.4580 -1134 0.00 225 159
484  SFS-S 6 0.2992 -4.54 0.25 1668 215
555  SFS-S 7 0.2802 0.00 -0.25 1222 186
705  SFS-S 3 0.2448 9.07 0.50 2202 241
714 SFS-S 2 0.2124 18.14 0.50 13.60 220
790  SFS-S 1 0.3593 9.07 0.00 645 183
1367 SFS-S 8 0.2855 9.07 0.00 2125 215
515 SFS-P 4 0.1310 72.58 -0.25 1488 1.59
569 SFS-P 5 0.2926 15.88 0.25 1027 188
572 SFS-P 7 0.3460 18.14 0.50 799 1.6l
693  SFS-P 6 0.2180 27.22 0.25 1419 180
774  SFS-P 1 0.1986 54.43 0.25 1490 198
799  SFS-P 2 0.1813 27.22 0.25 10.75 1.84
1275 SFS-P 3 0.2308 -6.80 0.00 689  1.94
1347 SFS-P 8 0.2544 2.27 0.00 896 163
491 SFC-S 7 0.5678 -4.54 0.25 1287 189
497 SFC-S 8 0.2868 -22.68 0.25 13.66 2.08
545 SFC-S 3 0.6647 -24.95 -0.75 1084 189
765 SFC-S 2 02338 31.75 0.25 1509 1.94
781  SFC-S 1 0.2494 15.88 0.25 1358 211
1200 SFC-S 4 02528 -18.14 0.25 130 176
1311 SFC-S 5 0.2074 36.29 0.25 1485 206
1344 SFC-S 6  0.2608 -40.82 0.50 2393 2.65
521 SFC-P 6  0.2864 -13.61 0.25 1405 1.99
692 SFC-P 5 0.2138 49.90 0.00 1038 1.54
699 SFC-P 7 0.2563 31.75 -0.25 11.54 159
709  SFC-P 4 02564 49.90 0.25 1624 184
773 SFC-P 2 01972 36.29 0.25 987 1.84
784  SFC-P 1 0.3203 72.58 0.25 414 129
798  SFC-P 3 0.2407 27.22 0.25 1492 1.92
1257 SFC-P 8 0.3484 -34.02 0.00 1323 197
502 SRC-S 7 0.4845 -36.29 -0.25 699 177
527 SRC-S 3 0.1622 27.22 0.25 1767 2.67
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Appendix Table 4. (Continued - Exp. 1)

Cow # TRT Block NEFA BWC BCSC NEB Eff

mEq/L Kg/70d (1-5) Mcal/d NE,
534  SRC-S 5 0.2212 -18.14 0.00 1633 221
700  SRC-S 8 0.3425 -9.07 0.25 6.90 163
703  SRC-S 6 0.2682 -9.07 0.25 10.79 184
780 SRC-S 1 0.2422 27.22 0.00 638 1.70
792 SRC-S 2 0.2243 4536 0.00 930 174
1333 SRC-S 4 0.2072 9.07 0.25 14.00 224
307 SRC-P 5 0.1914 9.07 0.75 1688 220
467 SRC-P 4 0.2630 47.63 0.25 1039 1.69
543  SRC-P 7 0.2212 31.75 0.25 472 148
723 SRC-P 1 0.2810 43.09 0.50 19.76  2.75
786  SRC-P 2 0.2358 18.14 0.25 8.19 180
1278 SRC-P 6 0.3153 0 -0.25 952 165
1283 SRC-P 3 0.2466 22.68 0.75 16.46 246
1336 SRC-P 8 0.6418 -22.68 -0.50 -1.77 137

SFS: Steam-flaked sorghum (360 g/L); SFC: Steam-flaked corn (360 g/L); SRC: Steam-
rolled corn (490 g/L); S: Soybean meal; P: Prolak®.



166

Appendix Table 5. Individual cow averages for total tract apparent digestibilities of DM, OM,
CP, Starch, NDF, and ADF. (Exp. 1).

Cow # TRT Block DM OM CP STARCH NDF ADF
%
484 SFS-S 6 49.1 524 46.1 9838 21.1 197
555 SFS-S 7 547 569 485 98.7 36.7 362
714 SFS-S 2 49.5 533 434 994 28.0 326
1367 SES-S 8 478 513 437 973 273 322
515 SFS-P 4 596 622 538 994 383 366
569 SFS-P 5 693 725 627 996 586 59.7
693 SFS-P 6 62.0 660 543 992 518 494
799 SFS-P 2 594 630 494 99.1 458 476
1347 SFS-p 8 566 592 49.0 99.1 37.2 331
491 SFC-S 7 549 598 641 984 153 -
497 SFC-S 8 652 67.7 657 991 39.0 349
765 SFC-S 2 613 627 619 981 334 342
781 SFC-S 1 592 61.1 624 984 241 16.1
1344 SFC-S 6 62.7 644 614 993 347 260
521 SFC-P 6 600 619 613 984 349 347
692 SFC-P 5 60.1 627 623 991 293 257
709 SFC-P 4 66.1 692 644 991 475 527
798 SFC-P 3 63.6 667 612 991 42 472
700 SRC-S 8 562 574 559 90.0 339 408
703 SRC-S 6 63.7 650 616 953 474 494
780 SRC-S 1 456 482 46.7 947 e
792 SRC-§ 2 648 663 637 956 485 522
1333 SRC-S 4 632 652 652 935 348 397
307 SRC-P 5 524 549 539 91.0 2383 182
467 SRC-P 4 557 579 585 908 21.6 2438
723 SRC-P 1 582 628 619 924 39.7 346
786 SRC-P 2 47.1 502 486 887 258 235
1336 SRC-P 8 547 569 547 900 330 315

SFS: Steam-flaked sorghum (360 g/L); SFC: Steam-flaked corn (360 g/L); SRC: Steam-
rolled corn (490 g/L); S: Soybean meal; P: Prolak®.
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Appendix Table 6. Individual cow averages for DMI, milk yield, 3.5% FCM yield, and
FCM/DMI. (Exp. 2)

Cow # TRT Block DMI Milk FCM FCM/DMI
Kg/d
454 SFS-B 7 23.02 43.02 36.34 1.58
492 SFS-B 6 2506 41.90 44.87 1.79
557 SFS-B 5 29 41 41.63 43.08 1.47
578 SFS-B 8 2042 44.13 42.56 2.08
696 SFS-B 4 2647 39.62 42 81 1.62
757 SFS-B 3 22.22 38.36 33.88 1.53
804 SFS-B 2 16.68 30.42 29.31 1.76
808 SFS-B 1 15.60 29.96 30.58 1.96
317 SFS-N 2 2188 30.55 29.72 1.36
570 SFS-N 4 2077 31.93 27.95 1.35
628 SFS-N 5 23.08 35.46 36.60 1.59
723 SFS-N 8 23 .86 45.32 42.81 1.91
780 SFS-N 7 2238 40.42 39.37 1.76
809 SFS-N 1 15.88 26.51 25.57 1.61
810 SFS-N 3 20.55 31.24 30.28 1.47
2275 SFS-N 6 19.43 36.71 33.83 1.74
330 SRC-B 6 19.47 37.82 35.94 1.85
691 SRC-B 8 2228 43.97 47.76 2.14
730 SRC-B 5 21.96 37.50 39.26 1.79
739 SRC-B 7 2162 42.23 43.47 2.01
761 SRC-B 2 18.55 35.11 33.13 1.79
768 SRC-B 1 23.45 35.05 33.69 1.44
805 SRC-B 3 21.73 36.20 36.05 1.66
1369 SRC-B 4 19.58 36.75 37.13 1.90
559 SRC-N 6 18.24 39.06 38.13 2.09
622 SRC-N 4 18.99 36.52 35.78 1.88
694 SRC-N 8 2555 45.01 47.90 1.87
756 SRC-N 3 20.45 36.18 34.04 1.66
803 SRC-N 1 20.29 30.98 28.95 1.43
1339 SRC-N 7 2812 41.61 39.28 1.40
1389 SRC-N 2 19.87 32.14 32.15 1.62
3191 SRC-N 5 23.20 39.02 38.51 1.66

SFS: Steam-flaked sorghum (360 g/L), SRC: Steam-rolled corn (490 g/L), B: bST; N:

without bST.
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Appendix Table 7. Individual cow averages for milk fat, milk protein, SNF, lactose, and SCC.

(Exp. 2)
Cow # TRT Block Fat Fat Prot. Prot. SNF Lactose SCC
% kg/d % keg/d % % (x10°%)
454 SFS-B 7 254 109 276 119 831 497 358
492 SFS-B 6 394 165 318 133 902 524 44 0
557 SFS-B 5 372 155 307 128 862 495 347
578 SFS-B 8 328 145 280 124 846 508 18.4
696 SFS-B 4 400 158 324 128 851 466 25472
757 SFS-B 3 278 107 289 1.11 815 468 1814.5
804 SFS-B 2 328 100 307 093 863 496 2633
808 SFS-B 1 363 109 262 079 793 473 28.2
317 SFS-N 2 333 102 306 094 861 496 351.7
570 SFS-N 4 3.16 087 279 089 780 465 62.8
628 SFS-N 5 372 131 296 104 862 507 582.9
723 SFS-N 8 353 160 303 137 882 5.19 81.3
780 SFS-N 7 334 135 300 121 870 5.1 243
809 SES-N 1 328 087 280 074 792 454 338
810 SFS-N 3 331 103 302 094 877 5.8 392
2275 SFS-N 6 302 111 279 102 8.19 480 100.4
330 SRC-B 6 320 121 295 1.12 813 4.60 85.3
691 SRC-B 8 403 177 295 130 864 509 338.8
730 SRC-B 5 379 142 308 116 844 476 46.8
739 SRC-B 7 368 155 291 123 860 S5.11 22.0
761 SRC-B 2 315 111 321 113 899 S5.19 79.3
768 SRC-B 1 326 1.14 310 109 877 508 591.6
805 SRC-B 3 348 126 278 101 834 497 226.5
1369 SRC-B 4 357 131 301 1.11 871 5.09 399
559 SRC-N 6 335 131 299 1.17 842 484 75.9
622 SRC-N 4 338 123 277 101 857 521 542
694 SRC-N 8 390 175 307 138 881 5.14 82.4
756 SRC-N 3 314 113 270 098 811 483 381.3
803 SRC-N 1 310 096 251 078 824 515 45.0
1339 SRC-N 7 316 131 292 121 860 508 197.5
1389 SRC-N 2 350 113 3.18 102 878 5.0l 151.2
3191 SRC-N 5 342 133 289 113 828 4380 2295

SFS: Steam-flaked sorghum (360 g/L); SRC: Steam-rolled corn (490 g/L), B: bST; N:
without bST.
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Appendix Table 8. Individual cow averages for BCS change, BW change, NEB, and hepatic
triglycerides '. (Exp. 2)

Cow # TRT Block BCSC BWC NEB HTAG-10 HTAG-50
(1-5) kg/90d  Mcald mg %
454 SFS-B 7 013 2155 608 067 032
492 SFS-B 6  -088 -40.82 282 1421 5.69
557 SFS-B 5 075 -63.50 1336 10.66 0.92
578 SFS-B 8§  -1.00 -79.38 270 9.43 0.82
696 SFS-B 4 075 -11.34 8.13 644 2.18
757 SFS-B 3 -075 -39.69 623 498 0.22
804 SFS-B 2 09 1134 043 246 2.21
808 SFS-B 1 20.70  -29.48 -1.07  29.13 4.08
317 SFS-N 2 038 453 758 256 1.98
570 SFS-N 4 06 -113 661 023 0.03
628 SFS-N 5  -1.00 -8845 6.94 19.08 11.52
723 SFS-N 8  -075 -38.56 048 997 3.55
780 SFS-N 7 025 1928 385  6.63 2.03
809 SFS-N 1 038 3856 239 295 3.86
810 SFS-N 3 069 -49.90 730 471 3.85
2275 SFS-N 6  -0.13 1588 253 7.69 2.60
330 SRC-B 6  -050 -2835 -0.54 225 1.98
691 SRC-B 8  -075 -34.02 2.15 1301 4.03
730 SRC-B 5 -0.75 -49.90 349 1345 0.56
739 SRC-B 7 -088 -52.16 028 1022 9.91
761 SRC-B 2 050 -47.63 234 1125 e
768 SRC-B 1 0.13 454 870 121 0.26
805 SRC-B 3 <113 -14.74 473 2389 1.96
1369 SRC-B 4  .081 -51.03 080  6.40 4.19
559 SRC-N 6 -075 -2835 420 415 1.94
622 SRC-N 4 050 -54.43 20.17 21.80 0.57
694 SRC-N 8  -100 -44.23 3.14 1801 251
756 SRC-N 3 -.075 -6.80 357 4.24 3.99
803 SRC-N 1 063 -47.63 698  3.89 2.45
1339 SRC-N 7 -063 -2835 13.16  4.06 0.56
1389 SRC-N 2 038 -41.73 282 155 3.48
3191 SRC-N 5  -088 1814 595  emeem e

SFS: Steam-flaked sorghum (360 g/L); SRC: Steam-rolled corn (490 g/L), B: bST; N:
without bST; ' Wet weight basis.
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Appendix Table 9. Individual cow averages for plasma glucose, insulin, nonesterified fatty

acids (NEFA), B-hydroxybutyrate (BHBA), and plasma urea nitrogen (PUN) (Exp. 2).

Cow# TRT Block Glucose Insulin NEFA BHBA PUN
mg/dl ulU/ml mEq/L —~—- mg/dl -----
454 SFS-B 7 59.93 13.39 0.196 595 1355
492  SFS-B 6 60.83 13.10 0.332 631 1133
557 SFS-B 5 61.56 10.84 0.359 601 13.89
578 SFS-B 8 56.66 10.90 0.443 670 12.75
696 SFS-B 4 57.66 15.79 0.305 480 11.48
757 SES-B 3 59.78 12.44 0.344 573 941
804 SFS-B 2 56.77 16.96 0.362 8.11 938
808 SFS-B 1 45.16 7.22 0.437 17.69 10.56
317 SES-N 2 59.11 14.62 0.169 519 1436
570  SFS-N 4 57.89 15.70 0.253 528 1348
628 SFS-N 5 55.34 7.68 0.434 757 1576
723 SFS-N 8 65.27 20.22 0.426 5.88 9.60
780 SFS-N 7 53.55 12.13 0.276 760 1284
809 SFS-N 1 61.01 8.42 0.218 484 1181
810 SFS-N 3 55.47 8.69 0.255 765 1398
2275 SFS-N 6 57.23 14.45 0.275 534 1538
330 SRC-B 6 57.56 11.44 0.407 740 10.62
691 SRC-B 8 57.80 13.06 0.579 11.21 11.94
730 SRC-B 5 50.08 5.79 0.368 934 1511
739 SRC-B 7 50.60 9.98 0.462 838 1185
768 SRC-B 1 58.07 9.90 0.179 522 1511
805 SRC-B 3 55.79 16.08 0.443 870 11.40
1369 SRC-B 4 55.52 8.05 0.302 609 1782
559 SRC-N 6 5591 7.40 0.365 6.88 13.57
622 SRC-N 4 55.11 11.49 0.373 959 13.18
694 SRC-N 8 52.99 10.18 0.503 8.79 1536
756 SRC-N 3 54.94 13.06 0.241 6.08 1044
803 SRC-N 1 60.54 10.66 0.293 6.52 13.18
1339 SRC-N 7 53.23 6.56 0.189 517 1591
1389 SRC-N 2 52.31 8.55 0.259 5.43 8.46
3191 SRC-N 5 58.97 12.07 0.351 6.26 9.60

SFS: Steam-flaked sorghum (360 g/L); SRC: Steam-rolled corn (490 g/L); B: bST, N:
without bST.
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Appendix Table 10. Individual cow averages for follicular population', days to first ovulation®
(DFO), days open (DO), pregnancy (Preg.) at first artificial insemination and at day 220

postpartum, and services per conception (SPC). (Exp. 2)

Cow # TRT Block  Follicles DFO DFO DO Preg Preg. SPC
total ultra. P, d 1Al 220 #
454  SFS-B 7 9.47 17 17 1S3 O P 3
492  SFS-B 6 10.56 16 19 66 P P 1
557 SFS-B 5 8.56 59 38 106 O P 2
578 SFS-B 8 5.06 14 14 79 P P 1
696 SFS-B 4 10.81 19 19 104 O P 2
757 SFS-B 3 5.75 56 22 137 O P 3
804 SFS-B 2 6.76 18 22 67 P P l
808 SFS-B | 6.94 28 25 129 O P 3
317  SFS-N 2 13.06 11 11 142 O P 4
570  SFS-N 4 7.61 16 13 sm— emme eee- 0
628  SFS-N 5 7.33 16 20 86 P P l
723  SFS-N 8 7.56 30 19 66 P P 1
780  SFS-N 7 9.12 11 11 - 0 O 8
809 SFS-N 1 6.59 25 25 214 O P 7
810 SFS-N 3 3.6l 41 27 138 O P 3
2275 SFS-N 6 6.18 35 35 72 P P 1
330 SRC-B 6 12.77 26 20 71 P P 1
691 SRC-B 8 9.59 14 10 94 O P 5
730 SRC-B 5 8.56 29 33 118 O P 2
739 SRC-B 7 6.88 10 10 217 O p 5
761  SRC-B 2 7.00 13 17 —— e - 0
768 SRC-B 1 5.88 14 14 - 0 O 7
805 SRC-B 3 4.81 21 14 65 P P 1
1369 SRC-B 4 4.50 18 18 68 P P 1
559 SRC-N 6 8.11 12 12 158 O P 3
622 SRC-N 4 5.65 15 13 67 P P 1
694 SRC-N 8 9.75 18 21 65 P P 1
756  SRC-N 3 7.50 21 18 - 0 O 6
803 SRC-N 1 6.81 65 17 67 P P I
1339 SRC-N 7 4.89 24 21 - 0 o 10
1389 SRC-N 2 9.75 21 21 67 P P 1
3191 SRC-N 5 9.00 20 17 7 P P 1

SFS: Steam-flaked sorghum; SRC: Steam-rolled corn; B: bST; N: without bST.
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Appendix Table 11 Individual cow averages for total tract apparent digestibilities of DM,
OM, CP. Starch, NDF, and ADF. (Exp. 2)

Cow # TRT Block DM OM CP STARCH NDF ADF
%

454 SFS-B 7 6633 674 642 97.1 472 387
492 SFS-B 6 673 742 68.0 99.3 56.1 519
557 SFS-B 5 69.1 705 653 98.5 442 468
578 SFS-B 8 73.1 753 699 98.9 545 503
696 SFS-B 4 704 713 675 98.5 488 409
757 SFS-B 3 739 760 716 99.3 592 545
804 SFS-B 2 71.1 724 707 96.2 511 457
808 SFS-B 1 719 731 712 98.9 483 41.1

317 SFS-N 2 693 714 659 98.8 502 425
570 SFS-N 4 71,6 739 704 98.8 533 526
628 SFS-N 5 73.6 748 684 983 636 582
723 SFS-N 8 713 726 684 98.2 504 492
780 SFS-N 7 704 714 683 97.9 472 426
809 SFS-N 1 714 730 692 98.5 50.5 406
810 SFS-N 3 698 705 658 98.0 49.7 394
2275 SFS-N 6 70.5 71.1 66.6 97.6 505 493
330 SRC-B 6 69.1 698 685 90.7 528 516
691 SRC-B 8 715 722 702 93.4 556 438
730 SRC-B S 599 601 615 89.8 296 222
739 SRC-B 7 676 684 679 89.5 53.5 475
768 SRC-B l 721 727 714 95.5 528 472
805 SRC-B 3 722 730 712 90.3 612 623

1369 SRC-B 4 663 666 684 85.2 520 484
559 SRC-N 6 654 66.1 655 91.3 452 38.7
622 SRC-N 4 640 640 639 92.7 39.1 350
694 SRC-N 8 605 610 64.1 78.8 474 495

756 SRC-N 3 698 71.1 693 94.1 57.0 511

803 SRC-N 1 675 694 702 92.0 46.7 477
1339 SRC-N 7 698 704 694 915 534 415

1389 SRC-N 2 715 721 722 90.4 58.1 542
3191 SRC-N 5 69.5 70.1 707 88.4 565 489

SFS: Steam-flaked sorghum (360 g/L); SRC: Steam-rolled corn (490 g/L); B: bST. N:
without bST.
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