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Subacute ruminal acidosis (SARA) is a common disease in dairy cows fed high

concentrate diets. This disease can result in rumenitis, laminitis and sudden death

syndrome, but the mechanisms responsible for this are not yet well understood. Roles of

the concentration of free lipopolysaccharide (LPS), in the rumen and LpS translocation

through the rumen epithelium, especially if the barrier function is compromised by

SARA' and inflammation, have been suggested in these mechanisms. The primary

objective of this study was to investigate the effects of grain induced SARA in cattle on

free ruminal LPS concentration and on major acute phase proteins and other

inflammation markers in cattle.

Subacute ruminal acidosis was induced using a nutritional model in which pellets

made of equal amounts of wheat and barley were fed to cattle. Feeding protocols used

included restricting other types of feeds during the time the pellets were fed, or mixing

pellets to form part of the ration offered to cattle. The pellets were fed to steers adapted to

an all forage diet (experiment 1), steers gradually adapted to 60yo concentrate over 2l

days (experiment 2) or to dairy cows after more than 17 wk of feeding a total mixed

ration that contained 44Yo concentrate (experiment 3). Rumen pH was monitored

continuously and summarized as average rumen pH, time with pH below 6.0 and 5.6 and

area (time x pH) below pH 6 and area below pH 5.6.

Wheat-barley feeding decreased average rumen pH from 6.49 to 6.l9in experiment

1, from 6.72 to 6.14 ín experiment 2, and ftom 6.24 to 6.01 in experiment 3. Wheat-

barley feeding also increased the time with pH below 6.0 from 9 to 5g9 min/d in

i
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experiment 1, from 22 to 600 mir/d in experiment 2 and from 460 to 742 minld, n

experiment 3. Time with pH below 5.6 increased from 5 to 187 min/d in experiment 1,

from 0 to 219 min/d in experiment 2 and from 187 to 309 mir/d in experiments 3 with

wheat-barley feeding. Free ruminal LPS concentrations increased from 3714 to 12,589

EU/mL in experiment 1, from 63I0 to 26,915 EU/mL in experiment 2, and from 22,g0g

to 128,825 EUimL in experiment 3 when SARA was induced. Lipopolysaccharide was

below detection limit of the assay in peripheral blood but serum amyloid A and

haptoglobin concentrations increased from 33.6 to 170.7 ¡tglmLand 0.43 to 0.79mgiml

when SARA was induced in experiment 1, and 38 to 163 VglmI- and 0.53 and 1.40

mg/mL when SARA was induced in experiment 2. In experiment 3 serum amyloid A

concentrations increased from 286.8 to 498.9 p.glmL following induction of SARA, but

haptoglobin and other markers of inflammation such as fibrinogen, serurn copper and

differential white blood cell counts were not affected.

These data demonstrate that inducing SARA in cattle resulting in 3 h or more with

pH below 5.6 activates an inflammation response as the host animal's immune system

responds to restore homeostatic balance. It is possible that such inflammation results

from a combination of tissue injury in the gastrointestinal tract and an increased rate of

free ruminal LPS translocation into the pre-hepatic blood circulation.
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Subacute ruminal acidosis (SARA) is defined as a digestive disorder in cattle that is

characterized by prolonged episodes of depressed rumen pH. Daily episodes of rumen pH

between 5.2 arñ 5.6 have been used to define SARA (Cooper and Klopfenstein, 1996)

although some disagreements exist in the literature on the precise pH range. It is generally

agreed that within the pH range that characterizes SARA, lactic acid does not accumulate

in the rumen and lactic acid concentrations are maintained below 10 mM @urrin and

Britton, 1986; Goad et al. 1998). Subacute ruminal acidosis has been shown to reduce fiber

digestion in dairy cows @laizier et a1.,200I; Krajcarski-Hunt et a1.,2002), reduce milk

yield (Krause and Oetzel, 2005), reduce milk fat percentage (Stone, 1999; Krause and

Oetzel,2005) result in reduced and erratic feed intake (Fulton et aI I9794b; Cooper et al.,

lggg), and increased total amylolytic bacteria, anaerobic lactobacilli and lactic acid

utilizing bacteria (Goad et al., 199S).

Subacute ruminai acidosis is estimated to cost the US dairy industry between

US$500 million and US$1 billion dollars every year through reduced milk production and

reduced longevity (Donovan, 1997). Economic losses due to SARA include decreased

efficiency of milk production, reduced milk fat yield, increased veterinary costs, and high

involuntary culling due to lameness-related problems (lr{ordlund et a1.,1995;Nocek, 1997;

Stone, 1999;Kleen et al., 2003).

The diagnosis of SARA is made on a herd basis and involves the analysis of feed

intake, milk production records and rumen pEI measurements of some animals (Nordlund et

al., 1995; Enermark et aL. 2002; Nordlund, 2002). Signs such as irregular feed intake, loss

GENERAL INTRODUCTION
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of body condition, intermiuent dianhea, dehydration, abscesses, milk fat depression and

laminitis are not specific to SARA, but form part of the diagnostic profile (Nordlund et al,,

1995). Measuring rumen pH is currently the oniy tooi used to confirm a diagnosis of SARA

in a herd' Rumenocentesis and stomach tubing are the methods that can be employed in

rumen fluid sampling for pH measurement in the field. However, problems such as

abscesses and other infections around the puncture site, and a reduction in milk production

are associated with rumenocentesis (Aceto et al., 2000). Although collecting rumen fluid

samples by stomach tube is less invasive, the samples can be contaminated with saliva, and

therefore may not be representative of rumen fluid Q.tocek, 1997; Duffield et al., 2004).

Therefore, only limited information on the prevalence of SARA is available. A survey of

15 dairy farms in Wisconsin reported the presence of SARA inlg%oof early lactation cows

and26%o of midJactation cows (Ganett et al., 1gg7). Another survey of 14 dairy farms in

Wisconsin detected SARA :rr.20.I% of early and peak lactation cows (Oetzel et al., lggg).

While there is no data on the prevalence of SARA in Westem Canadian dairy herds,

Pluzier et al. (2004) found that in at least 25Yo ofthe farms surveyed the particle size of

feeds used in the total mixed rations (TMR) were finer than recommended (Heinrichs,

1996), which put these cows at risk of developing SARA.

Dai.y cattle at high risk of developing SARA include transition dairy cows , cattle

with high dry matter intakes, and cows that are subjected to a high degree of variability in

ration composition and meal pattems (Stone, 2004).It has been shown that rumen pH

depression occurs in these cows when volatile fatry acid ryFA) production exceeds

absorption and outflow from the rumen and when there is insufticient rumen buffering

(Stone, 2004)-Feeding high concentrate rations increases the nonfiber carbohydrate content
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of the diet and subsequently VFA concentration in the rumen from microbial fermentation

(Allen, 1997). As well, insufficient fiber in these diets contributes to low rumen pH

because of reduced chewing time during eating and rumination which decreases saliva

production and subsequently rumen buffering (Shi and Weiner, Igg2). High concentrate

diets are used in dairy rations in order to meet the nutrient requirements for high yietding

cows.

In 'Westem 
Canada, dairy cow diets are commonly based on barley rather than corn.

ln comparison to corn, barley grain contains more neutral detergent fiber (NDF) than com

and barley starch is more rapidly fermented than cornstarch in the rumen which puts co\¡/s

on barley-based diets at risk of SARA (McCarthy et a1., 1989; Beauchemin and Rode,

1997). Barley based diets should contain at least 34% NDF to reduce the risk of SARA and

milk fat depression (Beauchemin, 1991).

Feeding high concentrate diets is also associated with nutrition-related laminitis

(Livesey and Fleming, 1987; Manson and Leaver, 19gg; Kelty and Leaver, 1990). The

mechanism through which these high concentrate diets cause laminitis is not well

understood but research data has shown some association between laminitis and or

laminitis and fiber and laminitis and the net energy contents of the diet (Donovan et al.,

2004)- Although the mechanisms that are involved in the etiology of laminitis are not

clearly understood, it has been suggested that laminitis is initiated by the presence of

vasoactive substances such as bacterial lipopolysaccharide (LPS) and histamine in the

blood which cause damage to blood capillaries and result in sole hemorrhaging (Nocek,

I99l)' It has also been suggested that a group of enzymes called matrix metalloproteinase

are important factors in the manifestations of laminitis (Johnson et al., 1998;pollitt, lgg4).
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This link between nutrition and laminitis may start with changes in rumen microflora due

to changes in rumen pH as a result of feeding high concentrate diets. The resultant low

rumen pH increases the concentration of free ruminal LPS. Additionally, low pH can

reduce the barrier function of the rumen wall by causing micro-lesions on the rumen

epithelium (Kleen et al., 2003). Histamine produced in the nrmen and from rumen mucosal

tissue damage and free ruminal LPS that is translocated into blood circulation are

vasoactive agents that can result in capillary damage and hemorrhaging in the digit which

culminates in laminitis (Nocek, 1997). Free ruminal LPS can increase as a result of rapid

growth, death and lyses of rumen gram-negative bacteria (Nagaraja et al.,I978a; Wells and

Russell, 1996). To date, there have been no studies of the effects of SARA on free ruminal

LPS concentration. Studies in which acute acidosis was induced by grain engorgement in

cattle do not support the hypothesis that free ruminal LPS increases when rumen pH

decreases (Andersen and Jarlov, 1990; Andersen et al., I994a). These studies cannot be

used to draw inferences on the effect of SARA on free ruminal LPS because acute acidosis

results in rumen pH depression below 5.0 whilst SARA only results from rumen pH

depressions in the range between 5.2 and 5.6. Rumen pH below 5.2 promotes the

proliferatio n of StreptococcLrs bovis and Lactobacillz.rs species as opposed to diverse rumen

bactenapopulations at higher pH (schwartzkopf-Genswein et al., 2003).

It is hypothesized that, in the rumen pH range between 5.2 and5.6, free ruminal LpS

concentration increases from a combination of LPS shed from rapidly growing bacteria and

through death and lyses of gram-negative bacteria. A low rumen pH also compromises the

barrier function of the rumen wall and increases the rate of LPS translocation into blood

circulation (Andersen, 2000). The presence of free ruminal LPS in blood circulation could
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tigger the host animal's immune system to respond by stimulating macrophage to release

pro-inflammatory cytokines, including interleukin-6 (IL-6), interleukin-l ([-l) and tumor

necrosis factor (TNF)0 (Klasing, 1988; Werling et a1.,1996).These cytokines can initiate

the acute phase response' which is indicated by dramatic increases in the hepatic synthetic

activity of acute phase proteins (colditz,2002).It is further poshrlated that the free ruminal

LPS and immune system responses are dependent on both the diet and the duration such a

diet is fed before SARA is induced' This is because microbial adaptation is a gradual

process that requires at least 3 wk for its completion (Mackie and Gilchri st, 1979).

Therefore inducing SARA through grain engorgement in cattle after they have been on

concentrate diets for less than or more than 3 weeks should produce different responses in
terms of concentrations of free LpS in the rumen.

The general objective of the studies described herein were to investigate the effects

of grain induced sARA on free ruminal LPS concentration in cattle after they had been on
grain based diets for varyìng periods of time. since sAlL{ is also believed to compromise

the barrier function of the nrnen wall and to increase the translocation of Lps into blood

circulation' the efflects of grain induced SARA on acute phase protein concentration \¡/as

also investigated.



Subacute ruminal acidosis (SARA) is a digestive disorder that is characte ¡1zed by

prolonged daily episodes with rumen pH between 5.2 and.5.6 (Cooper and Klopfenstein,

1996)' Apart from a low rumen pH SARA, shows no other discemible clinical signs. The

mmen pH that defines SARA is also a matter of controversy because various threshold

values have been used in the literature. For example, the upper pH threshold that defines

SARA has been defined as 5.5 (Flibbard et al., 1995; Reinhardt et al., lggT), 5.g

(Beauchemin et a1., 200I; Ghorbani et a1.,2002; Koenig et al., 2003) and 6.0 (Bauer et al.,

1995; Krehbiel et al., 1995a, b, c). Rumen pH depression during SARA is largely attributed

to increases in vFA with lactic acid concentrations of less than l0 mM @urrrn and Britton,

1986; Goad et al', 1998)' Ancillary clinical signs include erratic feed intake, high incidence

of lameness, depressed milk fat percentage; high incidence of unexplained dianhea or loose

feces as well as unexplained body condition loss and abscesses in afflected animals

(Nordlund et al.' 1995; Nocek, 1997; Enema¡k et al., 2002; Kleen et aI., 2003). These signs

are of limited diagnostic value because they are also associated with poor forage quality or

poor bunk management ${ocek, 1gg7). Therefore SARA is often not thought of

immediately as being the reason for poor productivity in affected herds.

Subacute nrminal acidosis is a major problem for beef cattle during adaptation to

high grain finishing diets (SchwartzkopÊGenswein et a1.,2003).In dairy cattle,SARA can

be a consequence of maximizing energy intake, which requires provision of appropriate

LITERATURE REVIEW

1.0 Definition of Subacute Ruminal Acidosis



7

levels of physical and chemical dietary components Qrtrocek, 1997). Groups of dairy cows

at high risk of developing SARA include; i) transition dairy cows, ii) cows with high dry

matter intakes, iii) cows that are subjected to high degree of variability in their ration and

meal pattems, and iv) cows fed TMR formulated from feeds with inconsistent moisture

content which produces differences in actual ration composition and the diet as represented

by the ration formulation (Stone, 2004). A comparison of the economic impact of SARA in

dairy and beef cattle has not been documented in the literature. However; it is likely to be

greater in dairy than beef cattle because dairy cows are exposed to high concentrate diets

for longer periods of time.

1.2.1 Dry Matter Intake

Studies on SARA with beef cattle reported in the literature have used feeding

protocols that simulate feedlot conditions where cattle consume large quantities of high

concentrate diets (Krehbiel et al., Iggsb,c; Hibbard et al., 1995; Reinhardt et al., 1997;

Goad et al., 1998; Brown et a1.,2000). When cattle were gradually adapted to diets that

contained wheat and corn at 35, 55,75 and 90o/o of dry matter, daily intake variation was

more pronounced in both corn and wheat based diets at the 90o/o inclusion rate (Fulton et

aJ'., 1979a).In a subsequent study feeding the 9[o/ocoarsely rolled wheat diet to Hereford x

Angus steers and maintaining rumen pH above 5.6 by intra-ruminal infusion of sodium

hydroxide increased dry matter intake which illustrates that low rumen pH depresses

voluntary feed intake in cattle (Fulton et al.,I979b).

1.2 Signs Associated With SARA
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Over time, dry matter intake can return to normal if SARA does not recur. Brown et

al' (2000) showed that inducing SARA in Hereford x Angus crossbred steers and then

giving them ûee access to feed in days following SARA induction resulted in a gradual

increase in dry matter intake over a 3 d period to become similar to that of control animals.

Depression in dry matter intake is believed to be caused by rumen hypomotility that is

observed at low rumen pH (Huber, 1976; Kleen et a1.,2003). Hypomotility is also believed

to result from increased translocation of gram-negative bacteria lipopolysaccharide (LpS)

from rumen bacteria as a result of low pH of rumen contents during SARA. The observed

hypomotility during acute rumen acidosis and after infusion of LpS into the blood support

this theory (Andersen, 2000). Bacterial LPS is the biologically active constituent of

endotoxin from gram-negative organisms that play a critical role in initiating

proinflammatory events that contribute to the pathogenesis of some diseases.

Proinflammatory mediators such as the c¡okines TNF0, IL-l and IL-6 are also believed to

suppress voluntary feed intake (V/eingarte n, I 99 6).

Rumen fluid osmolality increases in cattle after feed consumption. Inducing SARA

increases mmen fluid osmolality beyond the 300 mosm limit that is associated \¡¡ith normal

nrmen environment (Carter and Grovum, i990). osmolality of rumen fluid has been shown

to increase from 300 to 700 mosm / kg in cattle with acute acidosis (Andersen et al.,

1'994a)' The increase in osmolality is due to dissolved minerals, and organic acid in the

rumen' This results in an osmotic gradient that draws fluids into the rumen. osmolality

may also be registered by osmosensors in the reticulo-ruminal wall @ergen, lgT1).These

sensors then send a negative feedback that is independent of rumen motility to the brain for

the animal to stop eating (Carter and Grovum, 1990). Recent studies show that intraruminal
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water infi.lsions during water deprivation decreased rumen fluid osmolality and normalized

feed intake suggesting that a combination of rumen fluid and plasma hypertonicþ are

major factors in feed intake depression (Burgos et a1.,2000).

1.2.2 Laminitis

Laminitis is defined as the inflammation of the dermal layers inside the foot

(pododermatitis aseptica diffirsa) (lrtrocek, 1997).It is prevalent in daþ cows during early

lactation and beef cattle on feedlot (Brent, 1976;IJnderwood, Ig92).The true mechanistic

causes of laminitis are poorly understood but nutritional factors are important to its etiology

(Ruegg, 2000). Other factors such as season, housing type, and stall surface and stall type

are also important in the etiology of laminitis (Wells et al., 1993; Cook ,2003) Diets with

high proportions of digestible carbohydrates have been associated with the onset of

nutrition mediated laminitis (Livesey and Fleming,7987; Manson and Leaver, 1988; Kelly

and Leaver, 1990; Greenough et al., 1990), particularly in early lactation @rentice and

Ned'1972). One of the theories on laminitis that implicates nutrition postulates that rumen

acidosis increases free ruminal LPS from gram-negative rumen bacteria. The low nrmen

pH leads to damage to the ruminal walls which subsequently leads to translocation of free

ruminal LPS into blood circulation Q.trocek, 1997). Ruminal LPS and other substances such

as histamines act as vasoactive agents when they are released into blood circulation causing

vascular changes within the dermal capill4ry beds of the corium (Nocek, 1997;Donovan et

al:,2004). The vascular changes lead to blood seepage into the corium and subsequently to

ischemi4 inflammation, and necrosis of the corium-epidermal junction resulting in
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laminitis (Nocek, 1997; Donovan et aJ.,2004). Repeated incidence of laminitis as a result

of repeated bouts of sARA in the same animal can lead to lameness.

Surveys caried out over the last 30 years have demonstrated that lameness in dairy

cows is a major cause of losses to the dairy industry. Data pertaining to the prevalence of

SARA, lameness in general, and specific causes of lameness, along with losses caused by

each of these disorders, are scanü therefore it is difficult to estimate the cost of these

disorders (Stone, 2004). However, it is estimated that lameness is the third most important

problem on many modem dairy farms after mastitis and reproductive failure, contributing

to economic losses for farmers (Whitaker et al., 1983; Enting et al., lgg7).Economic losses

include cost of treatment, decreased milk production, decreased reproductive performance

and increased culling due to feet and legs problems. Data on the incidence of laminitis that

is included in surveys is often a result of diverse factors whose ultimate manifestation is

lameness in cattle. Therefore care must be taken to try and separate the contribution of

environmental from nutritional causes of lameness in order to avoid bias. However, the

leading cause of lameness is laminitis (Franken a et al., Igg2).

1.2.3 MiIk Fat Depression

Milk fat depression or low milk fat syndrome is also associated with SARA.

However, milk fat content is also influenced by stage of lactation, breed, the proportion of

concentrate in the diet, the levels of unsaturated dietaiy fatty acids and processing of

forages in the ration (Chouinard et al., 1999; Grant et al., 1990). The theory that low milk

fat can result from SARA comes from the observed linear relationship between the ratio of

acetate + bufyrate to propionate in rumen fluid and milk fat content (Kaufrnan, 1976;
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Sutton et al., 1986). This is because an increase in readily fermentable carbohydrates in the

diet favors a shift in rumen fermentation toward propionate. This shift in ruminal VFA can

affect milk fat synthesis through increasing supply of propionic acid at the expense of

acetate in the mmen. Propionic acid is a precursor for glucose formation and therefore

when its concentration increases more glucose is formed through gluconeogenesis. ln

lactating dairy cows glucose is an important precwsor for lactose synthesis and hence an

increase in glucose leads to higher milk yield without a concomitant increase in milk fat,

which invariably depresses milk fat. lncreased propionate production in the mmen can also

lead to low intra-ruminal production of vitamin 812 which causes a reduction in the

conversion of propionate to succinyl-coA. The resultant increase in the concenftation of

methyl-malonate in the blood inhibits fat synthesis in various tissues including the

mammary gland (Van Soest ,1gg4).

Other evidence suggests that incomplete saturation of fatty acids in the rumen is the

reason for milk fat depression. Inftsion of 50, 100 and 150 g/d of conjugated linoleic acids

(CLA) into the abomasum reduced milk fat content in Holstein daþ cows (Chouinard et

al', 1999). Conjugated linoleic acids represent a mixture of positional and geometric

isomers of octadecadienoic acid with conjugated double bonds, and represents incomplete

biohydrogenation in dietary fatry acids. The CLA in ruminant milk and meat originates

from CLA produced from incomplete biohydrogenation of dietary linoleic acid in the

nimen, and endogenous synthesis of CLA from trans-11 octadecadienoic acid (füiinari and

Bauman, lggg).Recent data show that biohydrogenation of polyunsaturated faty acids in

the rumen is reduced when high concentrate diets are fed (Loor et a1.,2004). This partly

explains the association between milk fat depression and high concentrate diets.



1.2.4 Diarrhea

lncidences of unexplained dianhea are associated with sARA in a dairy herd

(lriocek' 1997)' lt has been suggested that fecal consistency can be used as a diagnostic

aide for SARA' For example,Ireland-Perry and stalling (1993) found that cows consuming

low fiber diets had feces that visually appeared to be of more liquid consistency but

actually had greater DM content than those from cows on high fiber diets. Rumen pH was

not recorded in this study and hence it is not possible to postulate whether this would be

true under rumen conditions that define SARA. However, others (e.g. Nordlund et al.,

2004) content that diarrhea is of limited usefulness in the diagnosis of sARA.

Qualitative evaluations of feces may yield important information. For example, feces

from cows with SARA may appear brighter and yellowish ({een et a1.,2003).Foamy

feces and diarrhea suggest extensive hindgut fermentation which can be associated with
SARA (Nordlund et al',2004)' Fermentation in the hindgut produces vFA and gases such

as carbon dioxide' whereas the vFA can be absorbed, microbial protein is excreted in
feces and the gas produced appear as bubbres in feces giving feces the ,foamy, 

appearance.

Hindgut fermentation also results in increased acidity of hindgut contents and feces and this

leads to sloughing of epithelial cells in the large intestine (Hall, 2[[2).protection from

further damage is accorded the animal by mucous or fibrin that is secreted to protect the

injured tissue (Argenzio et al., 198s). Mucin or fibrin casts found in the feces often have

the tubular form of the gut which is evident that intestinal damage has occurred (Hall,

2ß02)' Extensive hindgut fermentation may also contribute to diarrhea. This is because

fecal consistency is determined by movement of water into the digestive tract when digesta

become hypertonic to plasma as a resurt of sARA (Huber, rg76).

12



Subacute ruminal acidosis is associated with inflammation of different tissue and

organs (Kleen et al., 2003). Factors that initiate inflammation include physical damage to

mucosal tissue and translocation of enteric bacteria such as Fusobacterium necrophorum

into blood circulation. These pathogens ultimately end up in body organs such as heart,

lungs and kidneys (lriordlund et al., 1995; Nocek, lggT). A combination of high

concentration of free ruminal LPS and rumen mucosal tissue damage can increase free

ruminal LPS translocation into blood circulation which results in inflammation (lrtragaraja et

al',1978a,b; Andersen, 2000). Therefore changes in rumen fermentation that alters rumen

bacterial populations and increases the acidity of rumen contents predisposes cattle to

SARA-related diseases and conditions such as abscesses, laminitis and sudden death

syrdrome.

1.3 Patho-Physiology of SARA

1.3.1 Rumen pH

Feed factors that predispose cattle to low rumen pH include amount and type of

concentrate, grain processing, forage type and quality. High proportion of readily

fermentable carbohydrates in the diet increases ruminal VFA production beyond the

rumen's absorptive capacity leading to rumen pH depression (Stone, 2004) and inadequate

buffering from saliva flow due to either insufficient forage particle size in the diet or low

NDF content in the diet to promote chewing during eating and rumination @eauchemin,

1991; Beauchemin and Rode, 1997; Mertens, 1997; Nocek, rggT). Additionally, cereal

grains are digested more rapidly in the rumen than forages, which leads to more rapid VFA

1,3
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production and diurnal variation in rumen pH in concentrate based diets compared to

forage diets (Mertens, 1997).

Gradual introduction to high concentrate diets is necessary to allow rumen papillae to

increase in size and density so that capacity of the rumen wall to absorb VFA increases

suffrciently to prevent accumulation of VFA in the rumen (Stone, 2004). Gradual

intoduction of concentrate also allows both lactic acid-producing and lactic acid-utilizing

bacteria increase. The increase in lactic-acid utilizing bacteria is important under these

feeding conditions because lactic acid produced by lactic acid-producing bacteria can be

converted to VFA which prevents its accumulation in the rumen. Gradually adapting dairy

cows to high concentrate diets over 4 to 5 weeks increased the average surface area of

nrmen papillae from 10 mm2 to 60 mm2 and resulted in a fivefold increase in the absorption

of acetic, propionic and butyric acid during the fust hour of production (Dirksen et al.,

1985). The increased absorptive capacity prevented accumulation of VFA and prevented

rumen pH from falling below 5.6.

Studies by Mackie and Gilchrist (1979) showed that at least 21 days are required to

adequately adapt sheep from high roughage to high concentrate diets in order to allow the

slow growing lactic acid-utilizing bacteria to sufficiently increase in nrimber to prevent

accumulation of lactic acid produced by the more acid-tolerant lactic acid-producing

bacteria. Allowing the population of lactic acid-utilizing bacteria to increase ensures that

lactic acid concentration does not increase in the rumen fluid. Lactic acid is a more potent

acid which can reduce the rumen pH more drastically compared to VFA because it has a

lower dissociation constant; pKa: 3.8 compared to 4.8 for other ruminal acids (Owens et

a1., 1998). Taken together, data from the studies by Dirksen et al. (1985) and Mackie and
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Gilchrist (1979) suggest that ad,aptation of ruminants to high concentrate diets must be

taken in the context of allowing sufficient time for rumen papillary growth and lactic acid-

utilizing bacteria to increase in number to prevent nrmen pH depression by either an

accumulation of VFA or lactic acid in the rumen.

The time taken to adapt cows to concentrate diets is important. For example, Nocek

et aL' (2002) showed that putting cows on 50, 60 or 70yo grain diets and then switching

them between these diets whilst ensuring that the change in each case did not result in more

than 10%o increase in grain, increased diumal mmen pH variation and daily intake

variation for at least one week after the change. In order to meet requirements for energy

and protein for dairy cows in early lactation, the level of concentrate in the diet is increased

and high quality forages are used in ration formulation. The dilemma is often whether

increase nutrient density in the diet by increasing concentrate whilst reducing the forage

content; or to ensure adequate forage levels in the diet and reduce the nutrient density in the

ration' The latter would require the cows to mobilize their body reserves more rapidly in

early lactation in order to meet nutrient requirements for milk production. Forage content

is critical in maintaining rumen pH through saliva production. The ability of dietary forage

to stimulate chewing is important in maintaining the flow of salivary buffers into the

rumen' which are required to neutralize fermentation acids (Bailey, 196l; Mertens,1997).

Dietary fibre promotes chewing activity. The National Research council OIRC, 200r)

recommends a minimum of 25%DM as NDF and that 75%oof it must come from forage

sources, for diets containing corn grain. Diets that are low in fiber are often associated with

ruminal acidosis, reduced rumination, saliva secretion and fiber digestion, low acetate to

propionate ratio and milk fat depression (Mertens, 1gg7).
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The physical form of the fibre is also important because the feed particles size in the

diet affects saliva production during eating and nrmination. Saliva supplies an estimated 70

to 90%o of the fluid and buffering capacity entering the rumen @ailey 196l). Soita et al.,

(2000), fed low and high concentrate diets with either short or long chop barley silage

(either 4'68 mm ot 18'75 mm, respectively) and found that forage particle size had no

effect on dry matter intake but that eating and ruminating times per day were reduced by 30

mfu/d and 60 min/d, respectively for cows fed the short barley silage diets. There was no

data in this experiment on the effects of the additional saliva buffer production with the

long particle size on rumen pH. Theoreticall¡ a physical form of the diet that promotes

chewing and rumination will result in more saliva production per kg DM consumed and

increase the ability of the diet to buffer rumen pH. However there appears to be a limit to

this relationship. Dado and Allen (lgg4) showed that an increase in chewing time

(mir/daÐ in high producing cows was not proportional to the increase in DM intake, and

total chewing and rumination times per kg of DM intake declined by Ig% and, l5%o,

respectively as milk production and DM intake increased by 30% arñ,24%o,respectively.

Total chewing and rumination times per kg of DM intake were negatively correlated with

milk production. Thus, in high yielding dairy cows, it may be difficult to avoid conditions

that predispose the cow to SARA.

Maekwa et al. (2002a) found that multiparous cows spent more time chewing and

ruminating and had higher saliva production during resting than primiparous cows,

Howevet' the iate of saliva production during eating was not affected by parity. Total daily

saliva production was similar between primiparous and multiparous cows. Diumal rumen

pH variations showed that multiparous cov/s were at greater risk of ruminal acidosis
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because they ate more and probably had a higher ruminal totar vFA concentration.
chewing activity is usually a good indication of rumen health because chewing stimulates
saliva secretion.

ln addition to the depressive effect on saliva production, processing feeds through
grlnding and pelleting are etiological factors in hyperkeratosis of rumen epithelium which
compromises its ability to absorb vFA (Nocek and Kessler, i9g0). Rumen papllae of rg
week old calves fed pelleted feed lacked uniformity in height and size, were broad and
blunt while others were abnormally long, and there was evidence of erosion, crusting and
of firmly embedded feed particles on the rumen mucosa in contrast to calves fed a chopped
grass hay or corn silage-based diets. Resumption of conventional feeding in these calves
(i'e'' chopped hay or com silage-based calf diet) resulted in papillary rejuvenation and
development' Beharka et a:' (1998) observed that when commercially rolled grains and
ground alfalfa hay were fed to calves, shorter papillae with abnormal branching developed
in the dorsal sac and dorsal blind sac of the rumen compared to when the commercially
rolled grains were combined with chopped alfalfa hay. Grinding alfalfa hay also reduced
the rumen pH below 5'5 from week 2 to 8 of age. This suggests that rumen bufiFering ûom
saliva flow was lower in the calves on the gro'nd alfalfahay than in those fed chopped hay.

The type of feeds used in rations can affect the diet's inherent buffering capacity.
This is because buffering capacity varies tremendousry among feedstufß. Generally
forages and high protein feeds have more buffering capacity than grains, low protein feeds
and grass forages (Jasaitis etal., l9g7) 

r



1.3.2 Volatile Fatty Acids

Volatile fatty acids produced when carbohydrates are fermented by nrmen bacteria

are passively absorbed through the rumen wall. The rate of absorption is dependent on

volatile faffy acid chain length, pH, concentration and osmolarity (Hoover and Miller,

1992). Accumulation of total VFA in the rumen depresses pH. Data from a study by Goad

et al., (1998) showed a negative correlation between rumen pH and ruminal VFA

concentration when SARA was induced in hay and concentrate adapted steers. In the same

study rumen VFA concentration peaked at 48 hours after SARA induction which also

coincided \ ¡ith the time with the lowest pH in the rumen suggesting that total VFA played a

major role in the reduction of rumen pH. When acute acidosis is induced lactic acid

concentration increases and is the main determinant of mmen pH. This is because when

rumen pH decreases below 5.0, fermentation by Streptococcus bovis is altered so that end

products of fermentation change from a mixture of acetic acid, formic acid and ethanol to

lactic acid only (Russell and Baldwin, 1979; Russell and Hino, i985).

18

1.3.3 Rumen Fluid Osmolality

The osmotic pressure of rumen fluid has ær important physiological significance for

ruminal function and voluntary feed intake (Andersen, 199t). 'Water is drawn across

membranes by osmosis into areas of high osmolality. The rate and extent of an increase in

rumen fluid osmolality depends on factors such as diet, r.vater intake microbial activity and

time since the last meal (Carter and Grovum, i990). Ruminal osmolality normally ranges

between 260 and 360 mili-osmoles (mOsm) per kg (Hoover and Miller, 1992). When

ruminal osmolality increases beyond this range, VFA absorption from the rumen decreases
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(Oshio et al., 1984) because VFA absorption is through passive diffusion (Hoover and

Miller, 1992).If osmolality of rumen contents becomes higher than that of body fluids and

blood osmolality, there will be a net inflow of body fluids into the rumen. This rapid

osmosis may lead to damage to rumen epithelium. Telle and Preston (1971) noticed

massive hemorrhaging in many areas of the rumen mucosa of a ewe that died after intra-

ruminal infusion with a racemic solution of D-L lactic acid probably due to corrosive action

of low pH. Similar damage to rumen mucosa may occrn in cases of SARA. Once damaged,

these sites become focal points for enteric bacterial infection resulting in abscesses which

may subsequently lead to invasion of body tissue and organs such as the liver, heart and

lungs leading to formation of abscesses (Owen et al, 1998).

Rumen osmolality is strongly influenced by feed management prior to and at the time

of measurement. Aldersen (Igg3), found that rumen osmolality of grain engorged cows

was influenced by pre-experimental diets. Osmolality increased from 290 mOsm/ kgto 320

mOsm/ kg, when co\¡/s were adapted from hay to high concentrate diets. Inducing acute

rumen acidosis in these cows increased osmolality to 600 mOsm/ kg in concentrate adapted

cows compared to 400 mOsm/ kg in hay adapted cows.

1.3.4 Rumen Micro-organisms

The end products of microbial fermentation in the rumen depend on the diet and the

rumen microbial populations that are predominant. These end products of fermentation

which are mainly VFA and sometimes lactic acid, also determine the mmen pH depending

on their ruminal concentrations. This in tum determines the predominant types of rumen

bacteria (i.e., either frbrol¡ic or lactoly.tic). An increase in readily fermentable
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carbohydrates in the diet initially increases the growth of most rumen bacteria because

substrate is available for the growth of these dif[erent groups of bacteria (Nocek, IggT).

Grain processing makes starch granules, more availabie for microbial digestion. For

example, fine grinding or heat and presswe treatments like steam flaking of cereal g¡ains

increases the rate of ruminal digestion of starch Q.{ocek, 1997; Owens et al., 199g) As

fermentation proceeds and the concentration of products of fermentation such as acetate,

propionate and butyrate increase, the rumen papillae absorptive capacity is reached and the

accumulation of VFA in the rumen, decreases rumen pH. V/ithin the pH range of 5.2 and

5.6, the fermentative capacity and growth rates of major lactic acid-producing bacteria such

as Streptococcus bovis and lactic acid-utilizing bacteria such as Megasphaera elsdenii exist

in equilibrium and therefore lactic acid produced is immedi ately utilized. Therefore

decrease in rumen pH within this range is due to increases in total VFA rather lactic acid

(Goad et al., 1998; Enemark, 2002).

In general, rumen acidity results in a reduction in cellulolytic bacteria and a shift in

bacterial population so that gram-positive cocci and rods predominate even though gram-

negative bacterial numbers also increase under these conditions Q.{agaraja et al., l97ga;

Goad et al., 1998). There is a lack of data on studies to identiff the bacteria species that

predominates within the rumen pH range that def,rnes SARA. One possible reason is the

complexity of studies involving rumen bacteria in terms of nutrient and environmental

requirements such as pH and presence or absence of oxygen. This diversity in the

requirements for different microbial groups does not allow enumeration of different species

of bacteria on a single sample in the same medium. In one study, total coliform counts and

D-lactate concentrations were determine tn art Ìn vitro experiment where inoculum was
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obtained from hay- and concentrate-adapted steers to determine microbial changes that

occur at different pH (Slyter and Rumsey, 1991). A microbial model that can be used to

determine changes in rumen gram-negative bacteria populations that encompasses all

enteric gram-negative bacteria is lacking. Table I is adapted from Russell and Rychlik

(2001) and it contains the predominant rumen bacteria classified according to grarn

staining, substrate and end products of fermentation. Both gram-negative and gram-positive

bacteria belong to the group of bacteria that uses both fibrous and starchy material as the

main substrate. This may imply that in forage or concentrate based diets, gram positive and

gram-negative bacteria exist in the rumen. However, it is not clear whether gram-negative

or gram-positive species are predominant within a pH range between 5.2 and 5.6 in the

rumen.

Some protozoa species such as entodiniomorphid are also important in maintaining

rumen pH. This is because these protozoa engulf starch. Because starch is sequestered from

bacteria, the fermentation of starch by lactic acid-producing bacteria is slowed down

@onhomme, 1990). Other species of protozoa are susceptible to rumen acidity. For

example, in a study by Goad et al. (1998) where SARA was induced in two groups of

steers that had been adapted to either high grain or forage diet, the protozoa numbers

decreased more in the forage adapted than a high grain diet adapted steers. The contribution

from protozoa to the maintenance of rumen pH is small.
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TABLE l Fredomi

Fibrobacter succinogenes cellulose zuccinate, fonnate, acetate

Prevotella ruminìcola
Prevotella albensis
Prevotella brvantii

Ruminococcus

Ruminococcus albus

acrcns

Butyrivíbrio

Jìbrisolvens

Megasphaera

cellulose hemicellulose

Streptococcus bo,vis

cellulose hemicellulose

Selenomonas
ruminantium

starch, cellulose, hemicellulose, pectin,
sugars

Anaerovibrio lipolyti ca

Eubacterium
ruminantium

starch, pectin, xylans, sugars

Clostridium

starch, sugars

starch, dextrins, sugars, lacfate,
succinate

Clostridium

hemiceilulose, dextrins, s,lgars

Lactobacillus

succinate, formate, acetate, H2

lactate, sugars

acetate, formate, ethanol, H2
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butyrate, formate, acetate, H2

amino acids

amino acids

succinate, acetate, formate,
propionate

starch. su
glycerol,

lactate, acetate, formate, ethanol

lactate, acetate, propionate,
butyrate, formate, H2

acetate, formate, butyrate, lactate

propionate, acetate, bufiate,
branched chain VFA, þ
Branched chain VFA, acetate,
butyrate

Branched chain VFA, acetate,

lactate, acetate, formate
acetate, succinate, propionate

ethanol
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TABLE 1' (continued) Predominant ruminal bacteria classified according to gram staining, substrate and end products of
fermentation.

9ra{n-negative Gram-positi"é
Succinomonas starch suc"inutgìcetatglffirrate
^----.1 ^f- -¿: ^ -.am

Ruminobacter
amyrophirus 

starcn 
:ä;i:Ir,formate, 

acetate,

Lachnospira nectin, sugars lactate, a"@
multipaious2 '

olytica

Succinivibrio
dextrinosolvens

Source: Aclapted from Russell and Rychlik,200l.

Peptostreptococcus
anaerobius
Metahonbrevibacter
ruminantium

pectin, dextrin, sugars

amino acids

H2, CO2, formate

succinate, acetate, formate, lactate

branched chain VFA, acetate

cFI4



1.3.5 Systemic Manifestations Associated With SARA

Physiological changes that result ûom SARA are implicated in the etiology of some

diseases particularly those associated with inflammation. lnflammation may be due to

either tissue injwy or invasion of the systemic circulation by rumen bacteria. Prolonged

exposrue of the ruminal epithelium to low rumen pH leads to hardening and enlargement of

rumen papillae. This can be exacerbated by feeding pelleted feeds. When cows aïe

repeatedly exposed to conditions that result in low runen pH, papillae may adhere together

to form bundles and subsequently contain excessive layers of keratinized epithelial cells,

particles of food and bacteria Qrlocek, 1997). This decreases the ability of the rumen wall to

absorb VFA, and further exacerbates total VFA concentration in the nlmen making

afflected animals more prone to SARA.

Progressive epithelial tissue damage and formation of lesions on the rumen wall lead

to entrance of rumen micro-organisms most notably by Fusobacterium nercrophorum and

sometimes by Acanobacterium pyrogenes into the blood circulation (Nocek, 1997;

Nagaraja and Chengappa, 1998). These bacteria spread first to the liver where they form

abscesses and, in some cases, they may spread to other tissue and organs (Nordlund et al.,

lggs).This often leads to generalized abscessation within the ruminant body (Kleen et al.,

2003). The presence of micro-organisms within the body may also be manifested as

subcutaneous abscesses that are not related to injections QrTordlund et al., 1995), or as

incidences of hemoptysis and epistaxis especially when bacterial infection occur in the

lungs (bacterial pneumonia) or in the caudal vena cava (Ì.{ordlund, et al., 1995). The term

parakeratosis-rumenitis-liver abscesses complex has been proposed as being apt for the

description of these patho-physiological manifestations that originate with exposure of

24
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rumen mucosa to acidic nimen contents and then the invasion of body organs and tissue by

pathogens from the rumen (I(leen eta1.,2003).

One of the common physiological characteristic of the disease complexes described

above is the involvement of the inflammatory response. This response is indicated by

changes in concentrations of acute phase proteins synthesized in the liver. Immediately

following infection, trauma or tissue injury, a complex series of reactions occur in order to

prevent ongoing tissue damage, and to isolate and destroy infective organisms as well as to

start the repair process to return the affected organism to normal functions (Kushner, 1982;

Baumann and Gauldie,1994). The cumulative homeostatic process is called inflammation

and the cascades of reactions that are set off immediately in concert with the stimulus are

known as the acute phase response (APR). These are a well orchestrated sequence of

ptocesses initiated at the site of infection or trauma and involved the release of soluble

mediators such as cytokines, anaphylatoxins and glucocorticoids (Baumann and Gauldie,

1994; Kushner and Rzewnicki,1994; Steel and Whitehead, 1994).

1.4 Inflammation Response

1.4.1 The Acute Phase Response

The initial cascade of events during the APR starts with the tissue macrophages and

blood monocytes,which are activated to produce a broad range of mediators @aumann and

Gauldie, 1994). Additionally, other events that complement the elevation of these

mediators in the tissue and blood are also initiated. Notable among them are mast cell
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degranulation and aggregation-induced platelet activation which results in the release of

monocyte and macrophage chemo-tactic mediators such as transforming growth factor ß

(Baumann and Gauldie,1994 Kushner and Rzewnicki, i994). Macrophages and monocytes

are also activated by bacterial LPS or the byproducts of opsonins and thus contribute to the

APR cascade (Petersen et al. 2004). The major mediators that are important in the APR are

the cytokines IL-l, IL-6, and TNFc. These cytokines appear to be uniquely important for

setting off the initial reactions in the cascade that characterizes APR @aumann and

Gauldie, 1994).In terms of the immune response, a number of responses are triggered by

the initial wave of cytokines released at the reactive site. The cytokines ampliff their own

levels through the action of IL-l and TNFa, on stromal cells to cause a secondary wave of

cytokines. This is achieved through the secretion of molecules that are highly chemo-tactic

for neutrophils and mononuclear cells such as interleukin-8 and monocyte chemo-attractant

protein, respectively (Baumann and Gauldi e, I994).ln this way, leucocytes migrate into

the injured tissue and synthesize mediators that are released during the secondary wave of

cytokines (Lloyd and Oppenh eim,1992).

Another way in which the second wave of cytokines is produced involves endothelial

cells of the blood vessels adjacent to damaged tissue communicating with the reactive

tissue to facilitate the migration of leucocytes to the reactive tissue. Through the action of

IL-l and TNF, endothelial cells undergo major changes in gene regulation and surface

expression of important adhesion and integrin molecules which interacts with neutrophils

and other circulating leucocytes to slow their rate of flow and initiate trans-endotheiial

passage and subsequent migration to the reactive site (Rot, 1992; Baurnann and Gauldie,

tee4).
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The second wave of cytokines is responsible for the systemic inflammatory response.

The major manifestations of a systemic response are; elevation of the temperature set point

in the hypothalamus with a resultant febrile response @inarello et al., 1991), and altered

hepatic metabolism and subsequent changes in serum concentration of acute phase proteins

(APP) (I(ushner 1982; Petersen et aI.,2004). The APP produced by hepatocytes are present

in different concentrations. Acute phase proteins are generally classified by the magnitude

of their response during an APR. The concentration of positive APP generally increases

dwing an APR. These can further be classified into major, moderate or minor APP. The

concentrations of negative APP generally decrease during an acute phase response.

However, the term APP is usually used to refer to positive APP because these are the ones

that are of interest as diagnostic aides in inftammatory diseases for livestock @etersen et

al., 2004; Hirvonen, 2000). Hirvonen (2000) categorized APP in cattle according to the

magnitude of their response during an APR. Proteins that showed 10 - 100 fold increase

were classified as major APP and this group includes haptoglobin (Hp) and serum amyloid

A (SAA). Proteins that showe d a2-10 fold increase were classified as moderate APP and

this group includes or-acid glycoprotein and or-proteinase inhibitor. Proteins showing a 1-5

fold increase during an APR were termed mild APP and this group includes fibrinogen,

ceruloplasmin, o,2-macroglobulin, complement component 3 and bovine lipopolysaccharide

binding protein.



1.4.2 Acute Phase Proteins in Caffle

The range of APP in human medicine (Kushner, 1982; Steel and Whitefield, 1994;

Bauman and Gauldie, 1994; Kushner and Rzewniclci, lgg4) and veterinary medicine

@etersen et al',2004) has been reviewed in detail. In cattle, the major acute phase proteins

are Hp and SAA and these have been studied the most in this species. Their role as

diagnostic aides in various inflammatory diseases has been recognized and exploited

particularly in shrdies on mastitis and bovine viral and bacterial respiratory diseases. The

APP can potentially be useful in diagnosis of subclinical disease conditions where clinical

signs cannot be used to detect diseases. The merits and demerits of the various App will

not be discussed here but discussion hereon will be focused on those proteins that may have

a practical application in the present str,rdies.

1.4.3 Serum Amyloid-A

Serum amyloid-A is the collective name given to a family of polymorphic proteins

encoded by multiple genes in a number of mammalian species (Steel and Whitehead,

1994). Two members of this family have been identified in catrle (McDonald et a1.,2001).

Functionally, SAA is associated with lipoproteins in plasma and acts as a scavenger for

cholesterol released at sites of inflammation (Meglia et a1., 2005). Serum amyloid A may

also increase the clearance of bacterial LPS because of its association with high density

lipoprotein (Tobias et al.,l9B2).

Serum amyloid-A is released into the circulation in response to infection or injury.

Within 24-36 hours aftel infection or injury, the bloocl concentrations of SAA can increase

by as much as 10 times oveï basal concentrations (Heegaard et al., 2000). In cattle, SAA
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concentrations increased as a result of various infiammation stimuli such as infection with a

wide range of inflammatory diseases (Alsemgeest et al. 1994); in clinically and

bacteriologically defined acute metritis (Hirvonen et aI., 1999); experimental mastitis

infections with either Streptococcus uberis (Pedersen et al., 2003) or infra-mammary

infusion with Escherichia coti 011 1:84 LPS (Lehtolainen et al., 2004); experimental

infections with bovine respiratory syncytial virus (Heegaard et al., 2000); in cattle housed

in pens with slippery floors which induced stress (Alsemgeest et al. 1995); and as a result

of physical injury (Connor et a1., i988 ).

Serum amyloid-A response to acute phase stimulants is faster than that observed for

Hp. For example, Werling et al. (i996) reported an increase in SAA within 6 hours after an

intravenous LPS infusion but found no increase in Hp within the same time frame.

Horadagoda et al. (1994) also observed a more rapid SAA response comparedto that of Hp

in calves in experimental infections with Pasteurella haemolytica.Tlne magnitude and the

duration of response of SAA during an APR correlated positively with the severity of

clinical signs in cattle undergoing experimental infection with bovine respiratory syncytial

virus (Flirvonen et al., 1999; Heegaard et al., 2000). Lipopolysaccharide infusions at the

rate of 10 ng and 100 ng / kg body weight in dairy cows resulted in a dose dependent

increase in both SAA and Hp concentrations (Jacobsen et al., 7004). Serum amyloid-A can

be more useful in distinguishing between acute and chronic inflammation than neutrophils

and white blood cell counts (Horadagoda et al., 1999).



1.4.4 Haptoglobin

Bovine Hp consists of two subunits that are polymerized with albumin putting its

total molecular weight in the range between I 000 and 2 000 kDa (Morimatsu et al,

1991). The component subunits consist of one o-chain with a molecular weight of 16 -

23 l<Da and a p-chain with a molecular weight of 35 - 40 kDa @ckersall and Conner,

1990; Morimatsu et al, I99l). Large and heterogeneous molecular sizes with different

degrees of polymerization have been reported (Morimatsu et al., 1991).

The primary function of Hp is to bind hemoglobin released from red blood cells

during hemolysis and thus prevent the loss of iron by forming stable complexes with free

hemoglobin in blood (Putnam, lg75).The hemogiobin is then transferred to liver cells for

detoxification whereupon the iron is recycled in the body (Putnarn, 1975). By restricting

the availability of iron, Hp prevents the growth of some pathogenic bacteria that require

iron for their metabolism (Eaton et al., Ig82). Although Hp is a major APP in most

species, serum concentrations can be influenced by factors other than the APR. Hp

concentrations can increase under a variety of experimentally induced and naturally

occurring disease conditions and trauma. Diseases such as coliform mastitis (llirvonen et

al., 1996; Ohtsuka et a1., 2002) and trauma (Faulkner et al., 1992; Earley and Crowe,

2002; Ting et al., 2003) have been shown to increase Hp concentrations. Humblet et al.

(2004) concluded that Hp and fibrinogen can be used as screening aides to identifr calves

suffering from bronchopneumonia when selecting animals for treatment. Haptoglobin is

also increased in cattle suffering from pneumonic pasteurellosis @owling et a1., 2002) or

bovine respiratory syncy.tial viral disease (Fleegaard et al., 2000). It has been suggested that

Hp could also be used as a diagnostic aide for some reproductive problems in cattle after
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parfurition (Chan et al.,2004). Hirvonen et aL (1999) observed increased Hp concentrations

in cows with severe cases of acute mehitis. Non-infective metabolic conditions such as

milk fever and ketosis do not increase plasma Hp concentration (Skinner et al., I99l).

The fact that Hp concentrations can be elevated within 72 h after infection or mjury

make it a potentially useful diagnostic tool for detecting conditions that result in an

inflammation before the onset of clinical signs (Godson et a1.,1996).

1.4.5 Fibrinogen

Fibrinogen is a mild APP whose concentration may increase 2-3 times dwing an

acute phase response (Eckersall, 2000). Fibrinogen is an integral part of the coagulation

pathway. The coagulation cascade comprises two independent pathways termed the

intrinsic and extrinsic pathways which converge on the activation of factor x and

subsequently becomes a single coûrmon pathway which leads to the formation of fibrin

from fibrinogen Q'{utescu et a1., 2005). Fibrinogen concentrations increased after localized

inflammation from tissue damage without infection when turpentine was injected

subcutaneously in calves (Conner et al., 1988). Concentrations also increased as aresult of

trauma of surgery such as castration (Fisher et al., 1997;Earley and Crowe, 2002), or due

to transportation (Arthington et al., 2003), and experimental infections with bovine herpes

virus-l (Arthington et al., 1996).

Fibrinogen concentration can also remain unchanged or decrease during acute

inflammatory conditions in cattle. Fibrinogen concentrations may decrease because it is

vulnerable to proteolytic enzymes other than thrombin and is constantly being broken down

(Putnam, 1975). Fibrinogen may also decrease because of fibrinogen-fibrin conversion at
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the inflamed area, and thus its consumption may transiently exceed production (IVelles et

al', 1993). Fibrinogen responses to acute phase stimulants may be exacerbated by copper

deficiency in cattle (Arthington et al.,1996).

1.4.6 Hematological Analyses as a Diagnostic Tool For Inflammation

l'4.6.1 \ilhite Blood Cell Count: White blood cells (leukocytes) are made from stem

cells in bone marrow. White blood cells (!VBC) can be used in diagnosing infectious

diseases and inflammatory conditions in most species. There are frve types of leukocytes

and these are the granulocytes which include neuhophils, eosinophils, and basinophils and

two kinds of leucocytes that do not have granulocytes which include lymphocytes and

monocytes (Swenson, 1984). They are all important components of the immune system.

Neutrophils enter the tissue fluid by squeezing through capillary walls and phagocylize

foreign substances. Lymphocytes play an important and integral part in the body,s defense

against infections. The two categories of lymphocytes are T-cells, which attack cells

containing viruses and B-cells that produce antibodies (Tizard, 1gg2).

Total WBC are only slightly affected by inflammatory disease and are of limited

usefulness in diagnosing inflammatory conditions. White blood cell counts do not increase

very strongly with inflammatory diseases (Floradagoda et al., ßgg). However, changes in

the different types of leucocytes can be more informative in diagnosis than the total WBC.

For example, cows respond to inflammation with an initial leukopenia which is an

abnormal decrease in leukocyte, followed by a leukocytosis which involves the appearance

of abnormal and immature cells in circulation. The leukopenia is a result of loss of
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lymphocytes from circulation. This is because lymphocytes migrate to site of injury or

infection during infl ammation.

1.4.6.2 Platelet Count: Platelets are small, colorless, round or rod shaped bodies in the

circulating blood of mammals. Platelets respond to damaged endothelium or almost any

'foreign surface' by adhering to the surface, altering their shape, releasing platelet

constituents, and forming platelet aggregates (Gentry and Downie, 1984). Although their

diagnostic value has not been evaluated, it has been suggested that changes in platelet

counts may be a better diagnostic tool than WBC and that increased platelet count would

indicate persistent bacterial infection (FIiwonen, 2000). Therefore tissue damage and

pathogen invasion into tissue and organs can potentially elevate platelet counts in affected

animals.

The insidious nature of SARA has made documentation of its prevalence difficult.

However, it is suspected to be widespread within the dairy industries of most major dairy

farming nations where grains such as barley and corn are the major energy sources in the

rations. The problem of diagnosing SARA is the absence of specific clinical signs,

Additionally signs that are associatecl wiih SARA can also be attributed to poor

management (Nocek, IggT). Onty limited information on the prevalence of SARA is

currently available. A survey on 15 dairy farms in'Wisconsin showed the presence of

SARA in l9Yoof early lactation cows and 26Yo of mid-lactation cows (Ganett et al., lggT).

1.5 Incidence of SARA
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lactation cows (Oetzel et al., 1999). The problems in diagnosing SARA, makes it diffrcult

to assess its economic impact but it is believed to be significant. Data obtained from a case

study on a 500 cow dairy herd in New York can be used to illustrate the economic

importance of SARA. In this field study, SARA reduced milk yield, milk fat production

and milk protein production by 2.7 kg/d, 0.3 percentage points and 0.12 percentage points,

respectively (Stone, 1999). The percentage reduction on milk fat and milk protein may not

seem great but applied to an entire lactation these reductions can amount to a financial loss

of as much as $400 per cow lyear .If costs such as culling due to SARA related problems

and penalties incurred due to low milk fat are added, the estimated cost would be even

higher than this estimate.

Currently, there is no data on the prevalence of SARA in westem Canada. Since

barley grain and barley silage are common ingredients in dairy diets in western Canad4

and these feedstuffs are fermented more rapidly in the rumen than corn, barley-based diets

pose a greater risk for SARA. Recent data also shows that some dairy herds in western

Canada are likely to be at greater risk of SARA because of a potentially low buffering

capacity of the some of the diets due to a shorter than recommended particle size in the

diet. While it is recommended that at least 40Yo of feed particles of dietary ingredients in a

TMR for dairy cows be longer than 8 mm (Heinrichs, 1996), a survey of Manitoba dairy

farms revealed that TMR was finer than recommended on at least 25%o of fanns (plaizier et

al,2004)' Thus, colvs on at least 25Yo of the farms surveyed arc atrisk for SARA.



1.6.1. Structure of LPS

1.6. Effects of SARA on Ruminal Lipopolysaccharide

Bacterial LPS is a component of the cell wall of gram negative bacteria. In general

LPS is comprised of three main regions which are: the side chain, the core polysaccharide

and the lipid A S-aetz and Whitfield,2002). Different gram negative bacterial st¡ains have

different side chains. This enables LPS from different bacterial strains to be differentiated.

The side chain is made of repeating units of oligosaccharides whose type, sequence and

linkage determine the antigenic specificity of a particular LPS (Rietschel et al., 1996; Raetz

and Whitfie\d,2002). The side chain is known as 'the O-specific side chain' and is used for

serological typing of gram-negative bacteria (Rietschel et al., 1996). The core

polysaccharide is common to LPS from a one species of bacteria and it is structurally

distinct. Two unusual sugars are usually present, heptose and 2-keto-3-deoxyoctonoic acid,

in the core polysaccharide (Rietschel et a1.,1996). The lipid A part of LPS is composed of a

backbone of phosphorylated glucosamine-disaccharide with lipids attached to it. Lipid A is

responsible for endotoxic activity of LPS (Galanos et al., 1984).
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1.6.2. Ruminal Fluid Concentration of LPS

It has been suggested that LPS is released into the mmen from bacteria when they die

and lyse or during rapid growth (Nagaraja et al., 1978a; Wells and Russell, 1996). It has

also been suggested that as much as 6OYo of LPS in the mmen may be released during

bacteria growth (Andersen, 2000). During rapid growth, autolytic enzymes are required for

bacteria cells to expand and grow but excessive activity of these enzymes lead to bacteria
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cell lysis. Studies vnfh Fibro.bacter succinogenes showed that autolysis was 10 times

higher in rapidly growing cells compared to cells in the stationary phase (Wells and

Russell, 1996). Efforts to relate free ruminal LPS concentration to the total number of gram

negative bacteria in rumen fluid showed poor correlations Q'Jagaraja et al., 1978a). The

number of gram negative bacteria relative to gram positive bacteria is larger in hay fed

cattle than in grain fed cattle (Krogh, 1961). Howevet, the total number of bacteria is

greater in grain fed cattle and thus the total number of gram negative bacteria was found to

be greater in grain fed cattle compared to hay fed cattle ${agaraja et a1., I978a). Mullenax

et aL. (1966) were among the early scientists to investigate the presence of free LPS in the

nrmen. They extracted substances from ruminal fluid which, when injected in healthy

sheep and cattle, exhibited symptoms similar to endotoxicosis. In addition to the induction

of endotoxicosis they also found that symptoms were reduced if the animal had been

previously exposed to LPS.

Nagaraja et al. (1978b) measured LPS in cell-free ntmen fluid of two cows that were

fed either all hay or all grain diets. Lipopolysaccharide concentration in rumen fluid was

determined indirectly by determining the dose that would kill half the test population

(LDso), of mice that had been made tolerant to E coli endotoxin. Ruminal LPS was in the

range of 24.57 - 30J1 pglmL in the grain-fed cow and 6.47 - 11.62 ltglmI- in the hay fed

cow. Feeding grain has also been shown to increase both gram-negative and gram-positive

bactenain the fl:men although the proportion of gram-positive bacteria is higher than when

hay based diets are fed Qrlagar aja et al.,l978a).As indicated above, when rumen fluid from

a cow that had been aclapted to hay was incubated in vitro with either alfalfa hay or ground

extruded com, the gram-positive bacteria increased from I0.7%o md 19.I% to 28.9Ya and
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45.64o,respectively and gram-negative bacteria decreased fuom 89 '3Yo and 80.9% to 7l 'lYo

and 54.5% by t hours after the start of incubation Q',lagaraja et al., 1978a). However,

gram-negative bacteria numbers increased and were higher in rumen fluid incubated with

corn than alfalfa hay. This led these authors to conclude that LPS resulted from a process in

which rapidly growing gram-negative bacteria shed LPS into rumen fluid. Additionally,

death and lyses in other gram-negative bacteria that cannot thrive due to low pH also

contribute to free ruminal LPS.

Andersen et al. (I994a) observed that acute acidosis induced by grain engorgement

caused an increase in free ruminal LPS only in grain adapted cows compared to those

adapted to hay. These findings appeff to be inconsistent with the well accepted premise

that gradual introduction of concentrate prepares ruminants to deai with intakes of high

concentrate diets. These researchers also used a modified Limulus amoebocyte lysate

(LAt) technique that they described as a very sensitive and accurate technique for LPS

analysis. Mochizuki et al. (1996) measured the n-rminal concentration of LPS in dairy cows

immediately after calving and found that free ruminal LPS increased slightly with declining

pH but that the peak concentration varied with each animal. There was a tendency for

higher yielding cows to have a higher ruminal LPS level. Grain adaptation appears to

provide a greater potential for the release or production of free LPS in rumen fluid

(Andersen et al., 1994a). Therefore, high yielding dairy cows on high concentrate diets in

the transition period ol during early lactation are more susceptible to ruminal acidosis and

to high LPS concentration in the mmen,



1.6.3. Peripheral Blood Concentration of LpS

The role of LPS in the manifestation of clinical signs of ruminal acidosis is not clear.

Studies to measure LPS in peripheral blood circulation in experiments in which acute

acidosis was induced in cattle have yielded inconsistent results. Some studies reported the

presence of LPS in perþheral circulation of cattle with experimental acute acidosis

@ougherty et a1.,1975; Aiumlamai et al., 1gg2), while others (Andersen and Jarlov, 1990;

Andersen et al.,I994b) were not able to detect any LPS. It is generally believed that LpS is

not a contaminant of systemic blood in healthy animals and that its presence in peripheral

blood indicates impaired liver function (Andersen, 1990).

Aiumlamai et al. (1992) used oats to induce acute acidosis in calves and then

monitored plasma LPS' Four calves aged 5 months that had previously been adapted to a

roughage diet were used. Liver function was tested prior to the experiment and was deemed

normal in all animals. Blood samples were collected before acute acidosis was induced to

determine baseline values of plasma LPS. Two calves had significantly elevated plasma

LPS before grain engorgement. The LPS concentration increased in only one of the two

calves that had shown high LPS concentration before ruminal acidosis. There was no

change in LPS concentration of the other calves that showed high pre-engorgement LpS

levels. The two calves that did not show LPS in plasma before acute acidosis was induced

only showed a slight increase in LPS concentrations when acute acidosis was induced.

There was no evidence of liver damage in all the animals. These researchers concluded that

ruminal acidosis may be complicated by LPS from the gastrointestinal tract and that the

response in LPS translocation varies among animals. Dougherty et al. (1975) also detected

LPS in blood of three sheep and a steer after inducing acute ruminal acidosis. Their results
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showed that LPS was present in peripheral blood before and after acute ruminal acidosis

was induced.

The findings of these studies contradict those by Andersen and Jarlov (1990) who did

not detect any LPS in plasma samples from non lactating Jersey cows that had been

adapted to an all forage diet before acute rumen acidosis was induced. Instead they noticed

a decrease in ruminal LPS concentrations 2-4 days after grain engorgement. Subsequently,

Andersen et al. (1994b), using two fistulated jersey cows fitted with totally implanted

indwelling catheters in the portal and hepatic veins and carotid artery, detected LPS in the

portal and pre-hepatic circulation but not in the peripheral blood circulation. Hepatic and

portal blood samples tested positive to LPS even before ruminal acidosis was induced.

Starting 12 h after inducing acute acidosis, I PS was present in hepatic and portal blood

samples. ln one cow, only one blood sample collected 14 h after inducing acute ruminal

acidosis was positive to LPS in a¡terial blood whilst in the other cow, arterial blood

samples became positive 4 h after acute acidosis was induced and LPS could be detected

for up to 12h. Hepatic and porlal blood LPS concentrations increased 2-4 times compared

to concentrations in the same animals prior to inducing acute acidosis. The finding that

hepatic and portal blood concentrations of LPS were unpredictable and intermittent in this

experiment , ffiãY explain the inconsistencies reported in the literature on the effects of acute

acidosis on LPS concentration in peripheral blood (Andersen et al., Igg4b).ln the same

study, higher LPS concentration was detected in hepatic and portal blood but not in

peripheral circulation in cows with acute ruminal acidosis. The presence of LPS in hepatic

and portal circulation may imply that the rate of LPS translocation increases when acidosis

is induced. However, LPS concentrations are often undetected in peripheral circulation due
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to the ability of the liver to rapidly detoxified and remove LPS before it gets further into

peripheral circulation (Andersen, 2000). Therefore, an absence of LpS from peripheral

circulation must be interpreted cautiously as this does not necessarily prove that ruminal

bacterial LPS was not tanslocated into blood circulation.

When cattle experience daily episodes of low rumen pH, there are immediate and

long terrn effects on productivity and animal health. The immediate effects of SAIL{ on

cattle production include alteration in rumen microbial populations which lead to changes

in rumen fermentation. Subacute ruminal acidosis impairs the activity of cellulol¡ic

bacteria (Grant and Mertens,1992), which results in decreased rate of fiber digestion in the

rumen as demonstrated by in vilro (Grant and Mertens, 1992; Calsamigli a et a1.,2002) and

in vivo (Plaizier et al., 2lll;Krajcarski-Hunt et a1.,2002)studies. As a result, fermentation

shifts towards production of more propionic acid and less acetic acid in the rumen. The

altered n'lmen microbial populations also result in incomplete biohydrogenation of

unsaturated dietary fats in the rumen which has been suggested to cause a decrease in milk

fat content. Changes in the rate of mmen digestion also result in increased hindgut

fermentation of dietary starch. This leads to decreased amino acid absorption through a

concomitant decrease in rumen microbial protein which may subsequently lead to

depressed milk protein content: Some studies have shown significant decreases in milk fat

and protein contents when SARA was induced while others have not. This inconsistence

may be due to the variation in the period for which experimental animals are subjected to

t.7. Summary
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SARA in the different studies in the literature (Iftause and Oetzel, 2005). The changes

associated with altered rumen fermentation can be reversed if SARA is diagnosed and

rectified.

Subacute ruminal acidosis in dairy cows is also associated with unexplained episodes

of diarrhea that are often overlooked, subcutaneous abscesses, and sudden death syndrome

(Nordlund et al., i995). The initial effect of SAIL\ is the parakeratosis of the rumen

epithelium that leads to rumenitis and subsequent invasion of body tissue by pathogens

from the rumen. These pathogens include Fusobacterium necrophorum and

Arcanobacterium pyrogenes which have been isolated from SARA-related abscesses.

Another long term effect of SARA is believed to be subclinical laminitis which

subsequently leads to lameness. The high incidence of laminitis in cattle on high

concentrate diets particularly during grain adaptation in beef cattle during introduction to

finishing diets, has led to the presumption of a 'cause' and 'effect' relationship between

concentrate based rations and laminitis. Central to this hypothesis is the role of vasoactive

substances such as bacterial LPS and histamine. It has been suggested that rumen bacterial

LPS can be translocated into blood circulation via damaged epithelial tissue when SAIL{ is

induced. Tissue damage, presence of pathogens and presence of LPS in the tissue and

organs of animals are responsible for the perturbations that are associated with SARA.

Conditions that predispose covrs to SAIL{ inciude insufficient dietary physically

effective fiber, or conversely too much nonstructural carbohydrates of the diet. Physically

effective fiber is important because it stimulates saliva flow during chewing and

rumination. Saliva is a major source of buffers that are needed to neutralize the low rumen

pH that results from VFA production through microbial fermentation. There is a general
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paucity of data in the literatwe on the incidence of SARA because of the absence of

specific signs and simple diagnostic methods that can be used under field conditions.

Presently, rumenocentesis and obtaining rumen fluid samples by stomach tubing for

measuring nrmen pH in vitro are the only methods that are available to diagnose SARA

under field conditions.

It is generally believed that ruminal LPS concentration increases when SARA is

induced because of rapid growth and death and lyses of some gram-negative bacteria.

However, data from some experiments where acute acidosis was induced do not show

results consistent with this theory. Rumen bacteria populations that are predominant under

SARA and acute acidosis could be difflerent. It is important to investigate the changes in

ruminal LPS in order to better understand the factors that are involved in initiating disease

conditions that are related to SARA such as laminitis. In this way, interventions can be

designed that would minimize the negative effects of SARA, improve dairy production

efficiency and improve the consumers' perception of the industry.



The literature reviewed shows the central role of rumen bacteria in the development

of SARA-related diseases. Based on this, the following hypotheses are made:

1. Inducing SARA can create conditions in the rumen that increases free ruminal LPS

concentration. The changes in free ruminal LPS depend on the diet and the duration this

diet is fed prior to induction of SARA.

2. Changes in free ruminal LPS and the damage to rumen epithelium as a result of low

rumen pH activates a systemic inflammatory response that can be indicated by changes

in concentrations of inflammation markers such as serum amyloid A, haptoglobin,

fibrinogen, and white blood cells.

3. The inflammatory response that results from SAIL{ will be different in cattle

previously adapted to hay versus concentrate diet.

FTT/POTIMSES
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In order to test the hypotheses, experiments were designed to investigate the following:

1) To determine changes in free ruminal LPS, serum Hp, and plasma SAA concentrations

resulting from grain induced SARA in cattle.

2) To determine the effects of diets fed prior to SARA induction on free ruminal LPS

concentration, serurn Hp and plasma SAA in cattle.

3) To determine the ruminal LPS concentration and inflammatory response to grain

induced SARA mid-lactation dairy cows.

4) To determine the level of concentlate feeding that elicits an acute phase response

during gradual adaptation to concenhate diets in cattle.

5) To determine changes in total coliform counts in cattle during stepwise adaptation to a

high concentrate diets and when SARA is induced in cattle adapted to concentate

diets.

OBJECTTVES
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ABSTRACT

Subacute ruminal acidosis (SARA) was induced in 3 rumen fistulated Jersey steers

by offering them different combinations of wheat-barley pellets and chopped grass hay.

Steers were offered4,5, and 6 kgid of pelleted concentrate and 6, 5, and 4kgld of chopped

grass hay for diets l, 2, and 3, respectively, during 5-d treatment periods and were fed

chopped grass hay between treatment periods. Inducing SAIL{ increased blood

concentrations of haptoglobin and semm amyloid-A. Dry matter intake of concentrate and

hay decreased from d 1 to 5 in each period. Subacute ruminal acidosis was induced in all

steers during d 4 and 5 when concentrate was fed, with ruminal pH remaining below 5.6 for

an average of 187 and I74 nr:-r;,ld on these days. Lipopolysaccharide concentation

increased significantly during periods of grain feeding compared with times when only hay

was fed. Inducing SARA by feeding wheat-barley pellets activated a systemic

inflammatory response in the steers.
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INTRODUCTION

Subacute ruminal acidosis (SARA) is a metabolic disorder characteized by episodes

of low rumen pH between 5'2 and 5.6 (Cooper and Klopfenstein, 1996). Clinical signs of

SARA are variable and, thus, it is often difficult to identifi animals suffering from the

disorder. Affected animals may become anorexic, develop intermittent diarhea, become

dehydrated, have unexplained abscesses, and develop laminitis (lrtrocek, 1997;I(Ieen et al.,

2003). Some of these signs are not specific to SARA and this may lead to SARA being

dismissed as other problems such as poor forage quality or poor bunk management (Nocek,

1997)- Laminitis cannot be used to diagnose SARA because of the long time lapse between

SARA and appearance of signs of laminitis.

Lipopolysaccharide from rumen gram-negative bacteria has been implicated in

diseases that are related to feeding high concentrate diets such as sudden death syndrome,

rumenitis, ruminal acidosis, and laminitis (Doughe:fi et a1.,1975; Nagar aja et ar., 197ga),

There is a paucity of literature on changes in rumen fluid LPS concentration due to feeding

high concentrate diets. Nagaraja et al. (1978a) demonstrated that feeding high concentrate

diets increased ruminal LPS concentration compared to feeding only hay. However more a

recent study in which acute acidosis was induced by grain engorgement did not find such a

relationship (Andersen et al., I994a). It has been suggested that the acidic rumen

environment, changes in osmotic pressllre, and ruminal LPS may render the rumen

epithelium susceptible to injury (Brent, 7976; F.nemark et al., 2002;Kleen et al., 2003).

These changes may result in translocation of rumen LPS into the prehepatic bloodstream.
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The presence of LPS in the bloodstream results in the production of multþle

proinflammatory cytokines, reactive oxygen and nitrogen intermediates, and bioactive

lipids, which affect the host's metabolic response to inflammation (Baumann and Gauldie,

lgg4). When released in large quantities, these mediators lead to an acute phase response

(Kushner and Rzewnicki, 1994). Profiles of concentrations of some acute phase proteins

are used as markers for inflammatory response (Baumann and Gauldie, 1994). Haptoglobin

(Hp) and serum amyloid-A (SAA) are 2 such proteins that are used as inflammatory

markers in cattle (Alsemgeest et al., 1994). Their concentrations are elevated because of

tissue damage (Conner et al., 1988) or due to intradermal and intravascular LPS injections

@oosman et al., 1989), bacterial infections (Deignan et al., 2000), or viral infections

(Heegaard et al., 2000).

Although acute phase proteins have been used as inflammatory markers in various

situations where inflammation is the logical development, no studies have investigated

inflammatory responses in cattle with SARA. We hypothesize that SARA leads to

increased gram-negative bacterial lysis, which increases ruminal LPS concentration.

Rumen wall damage associated with SARA further increases ruminal LPS translocation

into the bloodstream, resulting in an inflammatory response. Therefore, the objective of this

study was to determine changes in ntmen fluid I.PS, serum Hp, and plasma SAA

concentrations in steers due to SARA induced by feeding wheat-barley pellets.



MATERIALS AND METHODS

Three ruminally fistulated adult Jersey steers were kept in metabolism crates at the

Animal Science Research Unit at the University of Manitoba throughout the experiment, in

accordance with the guidelines of the Canadian Council of Animal Care. The experimental

design was a 3 x 3 Latin square with 21-d periods that were divided into a 5-d treatment

period and 16-d rest period. During the treatment period, SARA was induced in the steers

by offering diets 1, 2, and3. Diets were combinations of wheat-barley pellets and chopped

grass hay, respectively, in the following ratios (as-fed basis): diet 1 (4 kg: 6 kg); diet 2 (5

kg: 5 kg); and diet 3 (6 kg: 4 kg). The concentra.te consisted of 50Yo wheat and 50o/o barley.

Concentrate and hay were offered in separate meals. All animals lvere offered 1 kg of

chopped grass hay at 0900 h followed by two-thirds of their allocation of concentrate at

1100 h. The remainder of the concentrate was offered at 1300 h. At 1700 h, concentrate not

eaten was removed and the steers were offered chopped grass hay, to which they had

access throughout the night. The steers were fed hay ad libitum during the 16-d rest period

between treatments. The last 2 d of the rest period, when only hay was fed, were designated

d-2 arñ d -1. Days when concentrate was fed were designated d 1 to 5. Dry matter (%),

CP, and NDF (%DM) content were 84.8, 18.9, and 27 '3%for chopped grass hay, and 93.0,

14.9, and 45.7%for wheat-barley pellets'

Rumen pH was measwed continuously throughout the treatment period by placing

one indwelling pH probe into the ventlal sac of the rumen of each steer as described by

Cumby et al. (2001). Measurements were taken every second and averaged over 60 s.

Rumen fluid pH data were summarized as average pH, time below pH 6.0, and time below
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pH 5.6, area (time x pH) below pH 6.0, and area (time x pFI) below pH 5.6 for each24-h

period. Rumen fluid samples were collected into sterile plastic tubes from the ventral sac of

the rumen at 0900 and 1400 h every day cluring the treatrnent period. Samples were mixed

thoroughly before 25 mL was transferred into sterilized centrifuge tubes and centrifuged for

30 min at 10,000 x g. The supematant was passed through a disposable 0.22-pm sterile,

pyrogen-free filter (Millex, Millipore Corporation, Bedford, MA). Samples were further

heated at 100oC for 30 min before being stored at-20"C forthe determination of rumen

LPS concentration using the Limulus amebocyte lysate (LAL) assay (Levin and Bang,

1964). The assay was performed using a 96-well microplate (BioWhittaker Inc.,

Walkersville, MD) with absorbance read at 405 nm using a microplate reader @ioRad

model 3550, Hercules, CA). Samples were diluted 1000-fold using pyrogen-free water to

determine the non-inhibitory dilution, with the final dilution being made of 50Yo diluted

sample and 50Yo ß-glucan blocker (BioWhittaker kit number N190; component number:

850-700). ß-Giucan blocker blocks the leactivity of LAL to ß-i,3-glucans, conferring

increased endotoxin specificity to the LAL test. Non-inhibitory dilution is achieved when

75 L25% of spike is recovered inpositive control samples. An average recovery rate of

78.0 + 8.6% (n: 8) was achieved in positive controls with a sample dilution of 1:60,000.

Two blood samples (7 mL) were collected by tail venipuncture from each steer on d

-2, -1, 1, 2, 3, 4, and 5 into plain and sodium heparin coated plasma tubes at 0900 h.

Serum and plasma were harvested by centrifuging samples at 3000 rpm for 30 min.

Haptoglobin and SAA were determined in serum and plasma, respectively, using ELISA

Tridelta Phase range kits (Tridelta Diagnostics Inc., Cedar Knolls, NJ; catalog numbers TP.

801 and TP-802, respectively) (Makimura and Suzuki, 1982; McDonald et al,1991). For
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Hp, serum samples were diluted 1:5 with PBS and vortexed. Seventy-five microliters of

diluted serum was added to duplicate rvells of a 96-well microtiter plate. Stabilized

hemoglobin diluted 1:1 with hemoglobin diluent, was added (100 pL) to the diluted

sample. Chromogen and substrate, mixed in a ratio of 9:5 (140 pL), were added to the

reaction mixture and incubated at room temperatwe (25'C) for 5 min. Absorbance was

read immediately at 630 nm using a microplate spectrophotometer (Spectra Max 340 PC,

Molecular Devices Corporation, Sunnyvale, CA). For SAA, plasma samples were diluted

1:500 in diluent buffer and vortexed. Fifty micro-liters were added to each well of a 96-

well plate coated \Mith 50 pL of biotinylated antiserum amyloid-A monoclonal antibody

(diluted 1:100 in ix diluent buffer). The microtiter plate was covered and incubated at37"C

for at least t h and then washed 4 times with diluted wash buffer to remove unbound

material. Streptavidin-horseradish peroxidase conjugate was diluted 1:4000 in diluent

bufFer and added (100 pL) to each well. The plate was incubated at room temperature

(25"C) in darkness for 30 min. The microtiter plate was washed (as described above) and

tapped dry. Substrate (100 pLL) was added to the plate, which was then incubated at room

temperature (25"C) in darkness for an additional 30 min. Stop solution was added, and the

plate was read in a microplate reader (BioRad model 3550) at 450 nm.

Statistical Analyses

Data were analyzed using mixed model analysis with the first-order autoregressive

covariance structure in Proc Mixed in SAS (SAS Institr-rt e, 1996). The following model was

used:

Yij* = p* u¡* F¡ + D¡. + (uxp)i¡ * T¡* (DxT)ru * e¡ju
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where Yrjkl : observations for dependent variables; p : overall mean; ai : average effect

of period i; ßj : average effect of the animal j; Dk: average effect of dietary treatment;

(a x ß)ij : animal x period interaction, which was the main plot elror; T1: average effect of

time in days for feed intake, or hours since the beginning of feeding concentrate for blood

metabolites or endotoxin concentration; (D x T)ld : interaction befween time and dietary

freatment; and eijkl : subplot effor. Lipopolysaccharide concentrations were log

hansformed because of nonhomogeneous residual error. Orthogonal contrasts were used to

compare Hp, SAA, and log-transformed LPS concentrations during the period when only

hay was fed with those when concentrate was fed to induce SARA. Mean differences for

rumen pH data and DM intake were separated using Tukey's multiple comparison

procedure.

REST]LTS AND DISCUSSION

Average runen fluid pH, time, and area with pH below 6.0 or 5.6 did not differ

¿rmong the diets (Table 2). However, feeding concentrate decreased average daily pH from

d 1 to a nadir on d 4. Both time below pH 6.0 and time below pH 5.6 increased from d 1 to

a peak on d 4. Area below pH 6.0 increased from d 1 to a peak on d 4 but area below pH

5.6 showed only numerical increases (P : 0.096; Table 2). Because the steers spent 187 and

L74 minld with pH below 5.6 on d 4 and 5, respectively, we concluded that SARA was

successfully induced on these days. The severity of SARA was less than that experienced

by cows used in studies by Krajcarski-Hunt el al. (2002), who reported time and area below

pH 5.6 of 594.4+ 188.9 min/d ,and,228.0 + 88.8 min x pFVd, respectively. The rumen fluid
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pH that defines SARA is still a controversial issue, with various threshold values having

been arbitrarily set to def,rne SARA. For example, threshold values of 5.5 (Hibbard et al.,

1995), 5.6 (Cooper and Klopfenstein, 1996), 5.8 (Beauchemin et al., 2001), and 6.0

(Ikiehbiel et al., 1995a) have been used to define the upper bound of pH that defines

SARA. The duration for which the pH must remain below this threshold has not been

precisely defined with respect to the definition of SARA.

Offering different amounts of concent¡ate and hay was intended to induce SARA to

different extents. Thus, diets were designed to differ signlficantly in their DM intake.

Intake of both concentrate and hay was variable in all diets. However, offering 6 kg of

concentrate resulted in more variable intake response among days compared with the other

2 diets. Dry matter intake of hay was moïe variable than that of concentrate and may be the

reason for the diet x day interaction (Table 3). Animals went through cycles in which a

high intat<e on one day was followed by low intake the following day. Averaged across

diets, the decrease in DM intake was gleatest between d 3 and 4 for concentrate and

between d 2 arú_3 for hay. The steers appeared to reduce hay intake in favor of concentrate

on d 2 and 3. Variations in intake couid explain the large variation in rumen pH among

days that was also observed (Table 2).

Different levels of wheat-barley pellets in the diets did not affect LPS concentration.

However, wheat-barley pellets increasecl (compared with hay-only days) LPS concentration

from d 1 to a peak on d 4 (P < 0.05; Figure 1). The peak coincided with the day when the

time with pH below 5.6 was greatest. Rurninal LPS increased from 3715 endotoxin units

per mL for the 0900-h sample on d 1 (before concentrate was fed) to a peak oî 12,589

endotoxin units/ml on d 4. This may have been due to an increase in free LPS under acidic
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conditions. High concentrations of LPS with low fl'tmen fluid pH may be due to increased

lysis of dead bacterial cells or shedding of free LPS from rapidly growing gram-negative

bacteria Q'{agaraja et al', 1978a)'

Haptoglobin concentration in blood serum was not affected by dietary treaÍnents'

However, inducing SARA increased concentrations of Hp from 0'43 + 0'14 (when only hay

wasfed)to0'79*0.14mg/mlond5ofthetreatrnentperiod(P<0.05;Figurel).

Inducing SARA resulted in higher Hp concentrations on d 3 and 5 (P < 0'05)'

Other researchers have reported that Hp concentrations are undetectable in healthy cattle'

with concentrations only becoming detectable when there is an inflammatory response

@eignan et a1., 2000). In the present study, low concentrations were detected during the 3

d prior to feeding wheat-barley pellets. The response in Hp concentration to sARA was

low compared with concentrations seen in experimentally induced bacterial and virus

infections, in which Hp concentrations increased 1O0-fold (Deignan et al'' 2000; Heegaard

et al., 2000)'

Senrmamyloid-Aconcentrationwasnotsignificantlydifferentamongthedifferent

diets but concentrations in blood plasma increased from 33'6 r 36'53 (when only hay was

fed) to 170.7 + 36.53 pdmLon d 5 (P < 0.001), when concentrate was offered in addition

to hay (Figure 1). Serum amyloid-A is the other major acute phase protein' and is a more

sensitive marker of inflammatory challenge than is Hp (Horadagoda et al', 1999)' The acute

phase protein profrles obtained in the present study indicate that as time with pH below 5'6

increased, the intensity of the acute phase response increased (Figure 1)' This could be due

to formation of extensive microlesions otl the ruminal epithelium ieading to increased LPS

translocatioll across the ruminal epithelium into the systemic circulation' which would
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amplify the acute phase lesponse associated with SARA' To ow knowledge' this is the fust

study that has examined an acute phase response due to SARA'

In conclusion, offering steers wheat-barley pellets and chopped glass hay

successfully induced SARA, particularly on d 4 and 5 of our study' although DM intake

declined from d 1 to 5. Inducing SARA increased the concentration of LPS in rumen fluid'

plasma sAA, and serum Hp concentrations. Although SAA concentrations increased

within 24 h offeeding concentrate, Hp concentration did not change until the third day of

feeding concentrate. Inducing SARA increased rumen LPS concentration and initiated an

acute phase response. causal factors for inflammatory response may be an increase in LPS

and bacterial translocation into the pre-hepatic circulation' Further work needs to be done

under controlled feed intake conditions to lemove possible confounding of LPS

concentration with variable feed intake'



TABLE 2. Rumen pH variables of steers offered different levels of wheat-barley pellets and chopped grass hay to induce

subacute ruminal acidosis'

Average PFI

Time <pH 5'6 (rnin/d)

Time <pFI6.0, (min/d)

Area <PH 5.6,

(min x PrVd)

Area <PH 6.0,

(min x PH/d)

Dietl Diet2 Diet3 SEM

6.39

42b

308

1J

7l

6.29 6.26

llTub l34u

369 404

25 35

"rr;, for diets with different letrer superscripts within a row were different (P < 0'05)'

.,dlsrneans for days with different letter superscripts within a Iow were different (P < 0'05)'

,Diet I :4k1of wheat-barrey pelrets qd 6 ke of chonggd grass hay offered dlily; Diet2: 5 kB of wheat-barley pellets

and 5. kg of chopped grass hay offered daily; Diet 3 : 6 kg oi*rrã-uurrey pe*"is and a kg of chopped grass hay offered

0.05 6.49u

33.1 5b

77.3 9b

13.6 1

t24 r25 28.9 2b

daily.

6.20ub

g0ub

47lu

7

6.27u

Tgub

425u

10

6.19b

187u

5g9u

54

SEM Diet DaY Diet x DaY

6.24ub

l74u

480u

49

104ub 11lub 189u ll}u 31 '5 0'20 0'005 0'13

Effect, P value

0.10

42.3

88.0

18.1

0.19

0.045

0.64

0.17

0.006

0.013

<0.001

0.096

0.057

0.11

0.14

0.19



TABLE 3. Feed intake of steers offered different levels of wheat-barley pellets and chopped grass hay to induce subacute

ruminal acidosis'l

Concentrate (kg of DN{/d)

Diet 1 3'72

Diet} 4'65

Diet 3 5'6lu

Average across diets 4'66u

Chopped grass haY (kg of DN{/d)

Diet I 5.06u 4'69"b

Diet 2 4'24u 4'40u

Diet 3 3.72u 4'25u

Average across 4'34u 4'45o

Day

2.68

4.65

4.41u

3.g3u

u,b,"Means with different superscripts within each row differed (P < 0'05)'

rDiet 
1 :4kgof whçat-barrey pe[ets *Jã r.À of chopped gr"ìr h"v ofiered ultttt Diet2:5 kB of wheat-barley pellets

and 5 kg of chopped grass rray offered ¿ãilv;"ui"t g :6 kgãi*rr.ut-u*rey peliets and 4 kg of ðhopped grass hay offered

daily.

3.r4 2.62 2.84

4.05 3.26 3.45

5.61u 4.26u 1.91b

4.27u 3.38ub 2.73ub

2.5gb 3.7fb 3.5oub

4.0go 2.78b 2.08b

3.35ub 1.98ub 0.83b

334b 2.82b" 2-14"

SEM Diet

Effect, P value

0.15

0]5 0.005 0.01

0.88

0.56

Day Diet x DaY

0.48

0.4s 0.085

0.s9

0.28

0.28

<0.0001 0.036
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FIGURE 1. Concentrations of ruminal lipopolysaccharide (LPS; panel A), haptoglobin

çHp; panel B), and serum amyloid-A (sAA; panel c) in steers fed chopped grass hay only

illl*a ¿ -i) *¿ during concentrate feeding (d 1 to 5). Orthogonal contrasts were used

to determine which conJentrations differed 
-from 

baseline values' Lipopolysaccharide

concentrations measured in rumen fluid samples collected before feeding concentrate on d

i *.r. taken as baseline. Bars indicate SE, and significance was declared at the 5% level of

significance.
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ABSTRACT

Three rumen flstulated Jersey steers were gradually adapted to a wheat-barley

concentrate over a 4 wk period. Adaptation steps consisted of four 1 wk periods during

which steers were fed diets with forage to concentrate (F:C) ratios of 100:0, 80:20, 60:40

and 40:60. The forage consisted of chopped grass hay and the concentrate consisted of

ground and pelleted concentrate containing 50% wheat and 50%o barley. Animals were fed

the 100% forage diet ad libintm during week 1 and the average intakes were determined

and used to predict intake for weeks 2 to 5. On two days that were set 3 d apart during

week 5, SARA was induced in the steers by feeding them 1 kg of chopped grass hay at

0900 h followed by two meals of 3.2 kg each of wheat-barley concentrate at 1100 h and

1300 h and 1 kg of chopped grass hay at 1700 h. During stepwise adaptation, time with pH

below 5.6 increased to an average of I21mfu/d when the steers were on the 40:60 F:C ratio

diet. Feeding the 20:80 F:C ratio diet induced SARA because the steers spent an aveiage of

219 min/d with pH below 5.6. Ruminal lipopolysaccharide concentration increased from

6310 Eu/mL with the 100% forage diet to 18197 Eu/mL with the 40:60 F:C ratio diet. The

ruminal LPS concentration increased to 26915 Eu/mL when SARA was induced. Total

coliform counts increased during stepwise adaptation to a peak when 40%o of the diet was

wheat-barley concentrate. Subsequent additional concentrate in the diet resulted in a

decrease in coliform numbers. Inducing SARA in concentrate adapted animals had no

effect on coliform numbers. Serum haptoglobin increased from 0.53 mg/ml when steers

were on the 100% forage diet to 1.90 rng/ml with the 40:60 F:C ratio diet and were not
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further increased by inducing SARA. Serum amyloid-A was not significantly affected

during concenhate adaptation but increased to 163 pg/ml when SARA was induced'

Ruminal lipopolysaccharide concentrations were increased during stepwise adaptation and

when SARA was induced in the steers.

(Key \ilords: steers, subacute ruminal acidosis, rumen pH, lipopolysaccharide' serum

amyloid-A, hapto globin, gram-negative bacteria)

Abbreviation key: Eu = endotoxin units, F:C = forage to concentrate ratio, Hp :

haptoglobil, LAL : Limttlus amebocyte lysate, LPS = lipopolysaccharide sfu{ : serum

amyloid-A, SARA : subacute ruminal acidosis, cGH: chopped grass hay, wBP: wheat

barley pellets.



INTRODUCTION

The foliowing indicators of subacute ruminal acidosis (SARA) appear in the

literature; daily episodes of low rumen pH between 5'2 and 5'6 for at least three hours

(Cooper et al., 1999; Gozho et al., 2005a); erratic feed intake, diarrhea, abscesses' loss of

body condition, and laminitis (Nordlund et al., 1995; Nocek, 1997)' Apart from rumen pH'

these signs are not specific for SARA and individually are of limited diagnostic value'

However, if the clinical signs, production recotds, diet characteristics' and rumen pH' are

considered together on a herd basis, SARA can be diagnosed Q'{ordlund et al',2004)'

One of the geatest impediments to the diagnosis of SARA is the measurement of

rumen pH because of the diffrcuþ in obtaining accurate data under field conditions'

Therefor-e only limited information on its prevalence is available. A sqrvey on 15 dairy

farms in Wisconsin showed the presence of SARA in 19Yo of eariy lactation cows and26%o

of mid-lactation cows (Garrett et aI.,1997)' Another survey on 14 dairy farms in Wisconsin

detected SARA tn2l.IYoof early and peak lactation cows (Oetzel et al', tggg)'Dairy cattle

at high risk of developing SARA include transition dairy cows, cattle on high dry matter

intakes, ancl cows that are subjected to a high degree of variability in ration composition

and meal patterns (stone, 2004). Suddenly switching cattle frorn high forage to high starch

diets result in decreases in rumen pH that is characteristic of SARA because VFA

accumnlate in the rumen (Goad et al., 1998)'

The increase in nonstructural carbohydrates in the diet of cattle during graduai grain

adaptation results in microbiological changes in the rumen Key among the changes is the

increase i1 lactic acid utilizing bacteria llke Megashera elsdnenii (cotnotte et al', 1981)'
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These are relatively slow growing bacteria, found in low numbers in ruminants fed high

forage diets, and only increase in numbers when lactic acid is a major end product of rumen

fermentation. If the rate of concentrate inclusion in the diet results in lactic acid synthesis at

a rate higher than the rate at which it can be utilized by adaptive increases in lactic acid

utilizing bacteria, then lactic acid accumulates in the rumen and rumen pH is depressed

more drastically than would be expected based on levels of volatile fatty acids (owens et

al., 1998). Fluctuation in the numbers of lactic acid producing and utilizing bacteria occur

even in gr.ain adapted cattle during the course of the day due to variation in nutrients and

the range in substrate preferences of different microbial species (Dijkstra et al',2002)'

Inducing SARA by abruptly introducing concentrate in the diet of forage fed steers

results in a rrarked increase in the concentration of ruminal lipopolysaccharide (LPS)

(Gozho et al., 2005a). The increase i¡ LPS in the nmen may be due to autolysis during

rapid growth or death and lysis of gram-negative bacteria in the rLÌmen Q'{agaraja et al',

I978a; V/ell ancl Russell, 1996). Data on bacteriological changes (Mackie et al'' 1978;

Mackie a'cl Gilchrist, 1979) and changes in ruminat LPS (Andersen et al., I994a), have all

been obtained in experiments in which acute ruminal acidosis was induced' Therefore

inducing SARA may result in a response that differs from that observed with acute acidosis

because the decrease in rumen pH is not as severe as that experiencecl with acute acidosis'

Feedi'g diets with graded levels of concentrate during adaptation to concentrate

results in changes in numbers of both gram-negative and gram-positive bacteria' It is

hypothesized that the ruminal LPS concentrations would be affected by the level of dietary

concentrate inclusion and hence the inflammatory response is different during grain

adaptation to concentrate and SARA induction in concentrate adapted cattle. Therefore the
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objective of this study was to determine the effect of how gradual stepwise adaptation to

concentrate and inducing SARA in animals adapted to a 600/o concenffate diet affect

ruminal Lps concentration and acute pirase proteins. The level of concentrate feeding that

elicits an acute phase response was also of interest. Rumen coliform bacteria were also

monitorecl to determine trends that suggested changes in gram-negative bacteria'

MATEIì.IALS AND METHODS

Animals and Diets

Tluee adult ruminally fistulated Jersey steers were adapted to a wheat-barley pellet

$rBP) cliet over a 4 wk period in a time series experimental design. The steers were

maintainecl in metabolism crates in the Animal Science Research unit building at the

university of Manitoba, in accordance with the guidelines of the canadian council of

Animal Car.e. The room that houses the crates is fitted with the Proportional Environment

Control system (Model PEC, Phason, Winnipeg, MB, Canada)' Ambient temperature inthe

room was set at 15'C for the duration of the experiment. The steers were kept indoors from

Monday to Friday and were let out into a courtyarcl for 4 h to exercise on Saturdays and

Sundays.

Sreers were initially fed an all forage diet comprising chopped grass hay (cGH) ad

libintmfor 7 d. In subsequent weeks, the steers were adapted to concentrate diets' Each step

was fed lor a7 d period and CGH was replaced with 0,20,40, and 60% @M basis) of

'wBP cluring weeks I to  ,respectively. The amount of DM supplied to the steers was kept
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constant at a level equal to the daily average DM intake achieved with the 100% forage diet

in week 1. This was done to prevent erratic feed intake that can occur when high

concentrate cliets are introduced. During weeks 2 to 4, WBP were thoroughly mixed with

CGH, ancl offered to the steers at 0900 h every day. On Monday and Friday of week 5'

SARA was induced in the steers by feecling them 1 kg CGH at 0900 h followed by two

meals or3.2kg each of wBP at 1100 h and 1300 h and 1 kg of cGH at 1700 h' During the

other days of this week, steers were given the 40:60 F:C ratio diet. The chemical

composition for WBP and CGH is given in Table 4'

Each 7 d period in the first 4 weeks during which a different concentrate diet was

fed as r,¿ell as the days that SARA was induced in week 5 were considered as separate

teatme¡ts. Thus treatments v/ere arranged in a time series design and diets with F:C ratios

of 100:0, 80:20, 60:40 and 40:60 were designated treatments 1,2,3 and 4, respectively'

The two clays during which SAIL\ was induced in week 5 was designated treatment 5 and

the oth,:.-days of this week during which the 40:60 F:C ratio diet was fed were assigned to

heatmer-Lt 4 for dry matter intake determination only. Weigh backs were determined and

\
sampleC for clry matter determination. Dry matter contents wete 92.5o/o for chopped grass

hay anct 89.2% for wheat-barley peilets.

Rumell pH Measurement

Rumen pH was measured continuously for T¿vo 24 h periods during each week by

inserting one indwelling pH probe into the rumen of each steer' For weeks I to 4, probes

were i'serrecl on Thursday at 0900 h and were taken out on satr-*day at 0900 h' During

week 5. probes were inserted on Monday at 0900 h and taken out on Tuesday 0900 h and
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reinsenecl at 0900 h on Thursday and removed on Friday at 0900 h. The indwelling pH

probes r,vere placed into the ventral sac of the rumen of each steer and kept in position by

means of a 0.5 kg weight. Rumen pH was measured every second and averaged over 60 s

and the rninutely averages were captured by a data logger and stored.

Rumen flgid pH data were summarized as average pH, time below pH 6.0 and time below

pH 5.6. area (time x pH) below pH 6.0, and area (time x pH) below pH 5.6 fot each 24h

perioci.

Rlulen fluid samples were collected into sterile plastic tubes from the ventral sac of

the runren at 0900 h, 1200 h, 1500 h, 2100 h and 0300 h during weeks I to 4 starting on

Thursday morning and ending on Saturday morning. In week 5 rumen fluid samples were

collectecl for two 24 h periods so that sampling began on Monday morning and ended on

Tuesday morning for the first24 h period whilst the second 24 h sampiing period started on

Thursday moming and ended on Friday morning. The rumen fluid samples were processed

for subseclLrent LPS determination as described previously (Gozho et a1., 2005a). Another

rumen fluicl sample was collected from each animal into sterile plastic vial with airtight lids

at 0900 h, 1200 h, 1500 h and 2100 h. This sample was used immediately to determine total

colifomr counts. A portion of this second sample was centrifuged at 1500 x g for 10

minutes ancl the supematant was stored at -20'C for VFA analysis at a later stage.



TABLII 4. Chemical composition for wheat-barley pellets and chopped grass hay

(DM basis).

Iten

DM,YO

CP,o/o of DM

NDF, % of DM

ADF, % of DM

NSC. % of DM

Ca,%o of DM

P. % ofDM

K.%ofDM

}y'lg,o/o of DM

Na, o/o of DM

Chopped grass hay WBP

92.5

10.9

64.0

3s.9

15.2

0.38

0.27

r.93

0.20

0.01

89.2

15.5

17.6

5.9

62.2

0.27

0.35

0.56

0.i6

0.03
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Ruminnl LPS and VFA Analyses

The Limttlus amebocyte lysate (LAL) assay was used to determine LPS

concentration (Levin and Bang, 1964). The assay was performed using a 96-well

microplate kit (Cambrex Bio Science Walkersville Inc, MD) with absorbance read at 405

nm using a rnicroplate reader (BioRad model 3550, Hercules, CA), Detailed procedures for

sample preparation and method validation have been described previously (Gozho et al.,

2005a).

Volatile fatty acids were determined in previously frozen rumen fluid samples.

Samples were thawed at room temperature and 1 mL of a 25%o meta-phosphoric acid

solution was added to 5 mL of rumen fluid. The tubes containing the mixture were

vortexecl and placed in a -20"C freezer for 17 h after which samples were thawed and

centriflrged for 10 min at i500 x g. Approximately 2 mL ofsupernatant were decanted into

a clean dry vial which was capped and placed into the auto-sampler device (model 8100;

Varian, Walnut Creek, CA). Concentrations of VFA weïs determined by gas

chroinatoglaphy (model 3400 Star; Valian) using a 1,83-m glass column (model 2-1721;

Supelco, Oakville, Ontario, Canada) (Erwin et al., 196l). The injector and detector

temperatnres were set at ll0 and 195, with initial and final column temperatures set at

I20'C ¿rnd 165"C, respectively. The run time was 4 min followed by a2min thermal

stabilization period.
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Acute Phase Proteins

Blood samples were collected twice via extended use pollurethane catheters (Mila

Cath@, Mila International, Florence, KY 41042 USA) fittecl into the jugular vein of each

steer. Samples were collected at 0900 h and 2100 h on the days that rumen pH was

measured (Thursday and Friday for weeks 7 to 4and Monday and Thursday for week 5).

At each blood sampling, and at least once daily, the catheter sites were examined for

inflammatory reactions, and catheters were flushed with approximately 15 mL of 0'9Yo

sterile saline. After each sample collection, 5 mL of 0.9Yo sterile saline containing 50IU of

heparin (Sigrna-Aldrich, St Louis, MO USA) was infused into the vein to prevent clot

formation. Before biood collection, the heparinized saline solution was withdrawn along

with approxirnately 10 - 15 mL of blood and discarded. Two blood samples (10 mL) were

collected into serum and sodium heparin coated plasma tr-rbes. Serum and plasma were

harvested by centrifuging samples at 1500 x g for 30 minutes. Haptoglobin and serum

amyloicl-A were determined in serum and plasma, respectively, using ELISA Tridelta

PhaserM range assay kits (Tridelta Diagnostics Inc, NJ, USA; catalogue numbers TP-801

and TP-802, respectively) as described by Gozho et al. (2005a).
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Total Colií'orm Counts

Preparation of chromogenic medium(Escherichia coli / coliform medium catalogue

number CM0956, Oxoid Inc. Nepean ON, Canada) was moctified to include a step in which

20o/o of the distilled water was replaced with clarified rumen fluid. The clarification plocess

for the mnren fluid included centrifuging the rllmen fluicl at 1500 x g for 10 minutes,

followecl by ar,rtoclaving the supematant al I2loC for 15 minutes. The supernatant was
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storecl frozen at -20oC until required for preparing meclir"rm. The rumen fluid was collected

from a fistulatecl cow fed on a diet comprising 100% CGH. The hay fed to the cow was

from the same batch that was used in this experiment.

Buffered peptone water (pH 7.2) (DifcorM) was prepared according to

manufactr-rrer''s instructions. Carbon dioxide gas was bubbled through buffered peptone

water ancl the chromogenic E. coli /coliform medium immediately after preparation and

autoclaving in order to reduce the oxygen tension (Bryant, 1972). The coliform medium

was used 1-or culturing rumen coliform bacteria whilst bufferecl peptone water was used for

the serial dilutions of rumen fluid samples prior to inoculation into Petri dishes. The

chromogenic meclium is normally used to differentiate between E.coli and other coliforms

in cultr-u'es produced from food and environmental samples (Flampton et al., 1983).

Rumen fluid (100 pL) was inoculated into 900 pL of 2o/obuffered peptone water in

a 2 ml sterile deep well plate and thoroughly mixed. Subsequently dilutions were made

from this initial dilution whilst maintaining a dilution ratio of 1:10 until the appropriate

dilution r,vas reached. Sterile pipette tips were used for each dilution. Ten drops of 50 pL

each were pipetted (RepeaterrM 4780, Eppendorf) onto modified chromogenic E coli

/colifon-n rledium that had been prepared previous and allowed to set. After the drops on

the agar cL'ied, the plates were inverted and incubated at 37"C for 18 h. Colonies v/ere

manually courted and broadly classified according to color with purple being designated.ð

coli andpinJ< to brown colonies as other coliforms. The countable dilution was determined

as the clilrrtion tliat gave 3 to 30 colonies per dlop of sarnple dispensed.



Statistical AnalYsis

Data were analyzed using SAS Mixed Proceclure (SAS Institute Inc., 1996) as

recomrnended by Wang and Goonewardene (2004) for the analysis of animal experiments

with repeated measures. The effects of treatment, time (day for rumen pH and total VFA;

or hour for SAA, Hp or LPS data), and their interactions weïe considered fixed. Animal

and interactions of other factors with animal were considered random. Data for ruminal

LPS ancl total coliform counts were log transformed because of non-homogenous residual

effor. The most appropriate covariance structure relative to the hourly oI daily

measurenÌents that were tested included; simple, first order ante clependence, unstructured

covaLiance, compound symmetry and first order auto regressive (Wang and Goonewardene

2004). Final mixed models were accepted only if the converge criteria was met, the

estimated G matrix was positive definite and the degrees of freedom were the same as those

obtai'ed by running the same model using the general linear models procedure (SAS

Institute Inc., 1gg6). The covariance structure that resulted in the lowest value for the fit

statistic rvas chosen (Wang and Goonewardene 2004)' Orthogonal contrasts were used to

compare the 100:0 F:C dier with the 40:60 F:C ratio diet; and the 40:60 F:C with the 20:80

F:C r.atio cliet for all variabies. However, where a diurnal variation of a variable was of

interest ancl in the absence of a signihcant interaction, Tukey's multiple range test was used

to separate means.
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RESULTS

Dry Matter Intake

Average dry matter intakes were 5.9, 5.g,5.9,5.4 and 6.9 kgDM/d when steers were on the

diets with F:C ratios of 100:0, 80:20, 60:40, 40.60 and 20:80, respectively (Table 5). Dry

matter- intake d¡ring week 5 was separated into the 5 days when the steers were fed the

40:60 F:C ratio diet and the two days when SARA was induced. Intake on the 40:60 F:C

ratio diet in week 5 was added to that for week 4 in order to determine average daily intake

when steels were on the same diet. The amount of feed allocateci to each steer when SARA

was induced in week 5 was higher than that for other treatments in the experiment. The

intencled and actual dietary F:C ratios were similar. Steels consumed all the feed offered

during weeks 2 to 4. Dwing week 5 intakes were slightly depressed following SARA

induction and as much as 8.5 %o of feedoffered was recorcled as or1s. This is reflected as a

lower intal<e for the 40:60 F:C ratio diet (Table 5)'
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Rumen pII, VFA and Ruminal LPS

Orthogonal contrasts revealed that the average rumen pH tended to be lower (P : 0.06)

when steers were on the 40:60 F:C ratio diet compared to the 100% forage diet. lnducing

SARA with the 20:80 F:C ratio diet decreased (P = 0.04) average runen pH compared to

the 40:60 F:C ratio diet (Table 6). Similarly, the time with pH below 6 tended to be higher

(p = 0.07) with the 40:60 F:C ratio diet than the 100% forage diet but inducing SARA after

concentrate adaptatio¡ did not increase (P > 0.1) time with pH below 5.6 compared to the

40:60 F-:C ratio diet. The area under the pH x time curve for both the 5.6 and 6.0 pH
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thresholds were not affected (P > 0.1) by stepwise adaptation to concentrate or inducing

SARA. Comparecl to the 100% forage diet, the area under the pH x time curve tended to be

higher (P < 0.1) when SARA was induced (Table 6). Total volatile faffy acids were

measured to indicate changes in rumen pH and changes in fermentation patterns. The

concentration of VFA was influenced by both treatment and time after feeding (Figure 2).

VFA concentrations increased to peak around 1200 h during concentrate adaptation, but

peaked around 1500 h when steers were fed to induce SARA ciuring week 5.

Ruminal LPS concentration increased (P < 0.0001) when the 40:60 F:C ratio diet was

fed cornpared to the 100% forage diet. Inducing SARA after concentrate adaptation

increased (P : 0.05) LPS concentration compared to when the 40:60 F:C ratio diet was fed

(Figure 3).There was also a (P < 0.0001) diurnal variation in LPS concentration and in the

absence of a treatment x hour interaction; data were poolecl across treatments to present

diurnal variations. Rurninal LPS concentration increased from 4.039 Log,o EU/mL at 0900

h to a peak of 4.135 Logro EU/mL at 1500 h (Figure 4).



TABLE 5. Dry matter intake (means + standard deviation) of steers offered graded levels of wheat-barley concentrate

. and chopped grass hay.
ffi12345

Intended F:C ratio 100 : 0 80 : 20 60 :40 40 : 60 20 : 80

Intake (As fed) (kg / d)

Chopped grass hay

Wheat-barley pellets

Intalce (DM Basis) (kg / d)
Clropped grass hay 5.9 + 2.5
Wheat-barley pellets 0

Ofts / d (% DM offered) 4l
Total DM intake (kg / d) 5.9

Actual F: C Ratio 100 : 0

n:21 n:ZI n:21 n:36 n:6

'Daily average feed intake for week 4 is the average week 4 intake and the 5 days in week 5 when steers were on the 40:60
F:C ratio and only week 5 intake is the average of two days during which SARA was induced.

6.4!2.8

0

5.l+0.5

1.3 + 0.1

4.1 + 0.4
1.2+ 0.1

3.9 + 0.3

2.6 + 0.2

5.9

80:20

3.6 + 0.3
2.3 + 0.3

2.5 + 0.5

3.5 + 1.0

5.9

60 :40

2.3 + 0.4
3.1 + 0.9
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8.5

1.8 + 0.4

6.0 + 0.5

5.4

42:58

1.6 + 0.4
5.3 + 0.4

8.3

6.9

23 :77



IABLE 6. Rumen pH variables of steers offered graded levels of wheat-barley concentrate and chopped grass hay. I

Week 1 2 3 4 5 Pvalue

Time < pH 5.6, min / d 0b 0b 0b lzr"b 2rg^ 6r.6 0.069 0.71 0.gg
Time < pH 6.0, min / d 22b" 0' 10b' 344ub 600u 119.3 0.007 0.78 0.30
Area<pH5.6,minxpH/d 0 0 0 17 38 15.2 0.34 0.23 0.68
Area < pH 6.0, minx pH / d 1 0 1 101 216 73.4 0.20 0.38 0.65

u'b''Means with different superscripts within each row differed @<0.05).torthogonal contrasts were used for mean separation for significant treatment effects.
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Total Coliform Counts

The chromogenic medium used for culturing coliforms is based on the ability of E.

coll specihc glucuronidase to cleave a chromogenic substrate and produce purple colonies

whilst a second chromogenic substrate is cleaved by galsctosidase, an enzyme produced by

the majority of coliforms to produce pink colonies (Oxoid manual). Lipopolysaccharide

from E coli (0I1 1:84) is used as a reference standard endotoxin in determination of LPS

with the LAL assay. In the absence of any other group of bacteria that could be used to

relate changes in ruminal LPS concentration to gram-negative bacteria, coliforms numbers

were monitored during the course of the experiment. Total coliform concentrations for

samples collected at 0900 h from week 1 to 5 were used to determine the effects of

stepwise concentrate adaptation on coliform numbers. Samples that were coliected during

the four time intervals during weeks 2 to 5 were used to determine diurnal variations in

coliform counts. Using only the samples collected at 9:00, total coliform concentrations

were 6.60, 6.71, 6.75,6.48 and 6.62logto cfu/mL in rumen fluid samples from the 0,20,

40, 60 and 80% diets, respectively (Figure 5). Coliform numbers varied with diet (P :0.05)

in that numbers for the 60oá concentrate diet were less than the 4}Yoand 80% concentrate

diets.
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FIGURE 2. Changes in total VFA concentration (millimoles I mL) in rumen fluid of steers

fed diets with diffelent F:C ratios over timel, The average rumen pH (o) is also

superimposed on the graph.
tDi"t x time interaction was significant (P<0.001). Bars indicate SE
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FIGURE 3. Concerfration of ruminal LPS (lo916 endotoxin units/ mL) in steers fed diets
with different forage to concentrate ratios.
4b'c'dOfthogonal contrasts were used to compaïe ruminal LPS in steers fed diets with
different F:C ratios and statistical significance was declared at the 5%olevel of significance.
Bars indicate SE.
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FIGURE 4. Diumal changes in ruminal LPS concentrations (logro endotoxin units/ mL)
(bar graph) in steers fed diets with different forage to concentrate ratios. Mean rumen pH
(line graph) over the same tirne is superimposed.
4o'tTttkey's multiple comparison procedure was used to separate means and significance
was declared at the 5% level of significance.
Bars indicate SE
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Inducing SARA after adaptation to concentrate did not affect coliform numbers. There was

no diurnal variation in coliform numbers in rumen fluid from the steers when the

concentrate dietary inclusion rates were 20,40,60 or 80% of DM'

Acute phase proteins

Serum haptoglobin concentrations were higher (P < 0.01) for the 40.60 F:C ratio diet

compared to the 100% forage diet. Inducing SARA after stepwise adaptation did not affect

haptoglobin concentration. Haptoglobin concentrations were higher (P : 0.0008) for both

the 40:60 and 20:80 F:C ratio diets compared to the 100% forage diet (Table 7).

Haptoglobin concentrations increased from 0.53 mg/ml with the 100% forage diet to 1.90

and 1.40 mg I mL for steers consuming the 40:60 and 20:80 F:C ratio diets, respectively.

Plasma concentrations of serum amyloid-A tended to be elevated (P : 0.09) in steers on the

40:60 F:C ratio diet compared to the 100% forage diet and were higher (P < 0.0001) in

steers fed the 20:80 F:C ratio diet compared to the 40:60 F:C ratio diet (Table 7).
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FIGURE 5. Total coliform counts (TCC) (logro cfu / mL) in rumen fluid of steers fed diets

with different forage to concentrate ratios.
ab,qorthogonal contrasts were used to compare counts in steers fed diets with different

F:C ratios and significance was declared at 5%o level of significance.

Bars indicate SE
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TABLE 7. Flaptoglobin (FIp) and Serum Amyloid-A (SAA) concentrations in steers fed diets with different F:C ratios.r

Week
Intended F:C ratio

Hp (mg/mL)
SAA (ushnL)

u'bMeans with different superscripts within each row differed (PS0.05).
lOrthogoual contrasts were used for mean separation for significant treatment effects.

100:0

0.53b

3gb

80:20

0.54b

4gb

60:40 40:60

0.56b

55b

1.90u

7f

20:80
1.40u

l63u

SEM
0.23 0.0008 0.78 0.99

13.83 <0.0001 0.23 0.44

Trt Time Trt x Time
P value
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DISCUSSION

Dry matter supplied to the steers was kept constant to minimize variability in intake

because erratic feeding patterns have been observed in studies when diets that induce

SARA are fed ad libittm (Fulton et a1.,1979). Only the possible maximum amount of feed

that each animal could eat was predetermined in the present str-rdy. The average dry matter

intake for each individual steer during week 1 was used to determine the feed supplied to

each animal. It was anticipated that the 20:80 F:C ratio diet would result in enatic feed

intake as was observed in a study with a similar treatment (Gozho et al., 2005a).In the

present study, feed intake was slightly depressed during SARA induction and on

subsequent days. Using a combination of feed restriction and complete withholding of feed,

Brown et al. (2000) induced SARA in beef steers and were able to show that feed intake

returned to normal by the third day after SARA was induced. In the present study, SARA

was induced on Monday and Thursday of week 5 so that if animals became anorexic, due

to SARA, there would be suffrcient time for them to resume normal intake before the next

bout of SARA induction.

Rumen pH progressively decreased as the proportion of concentrate increased

(Table 6). This is because the amount of non-structural carbohydrates increased whilstthe

content of physically effective fibre in the diet decreased with each successive addition of

concentrate. According to the definition of SARA of Cooper et al. (1999), it was only when

the proportion of concentrate increased to 60 and 80% DM that the steers experienced

SARA. However, according to recent stuclies by Gozho et al. (2005a), the time spent with

rumen pH below 5:6 when SARA in induced determines the activation of an inflammatory
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response as a result of SARA. Time with pH below 5.6 was higher (P : 0.02) when the F:C

ratio in the diet decreased from i00:0 to 20:80. The 20:80 F:C ratio diet represents the

nutritional model used to induce SARA. In the present study, SARA was only induced with

the 20:80 F:C ratio diet because the steers spend an average of 2I9 min/d with pH below

5.6 when they were on this diet. In the rumen pH range that defines SARA, the decrease in

pH is due to an increase total VFA concentration in the rumen (Krehbiel et a1., 1995c;

Goad et al., 1998; Stone, 2004). In the present study, total VFA increased with each

successive increment in concentrate in the diet (Figure 2). The time taken for peak VFA

concentration to be achieved differed among the diets leading to a significant diet x time

interaction for VFA concentration.

The concentration of ruminal LPS increased significantly starting with the 60:40

F:C ratio diet and contin-ued to increase with subsequent additions of concentrate to the diet

(Figure 3). There is a paucity of data on the effects of SARA on ruminal I PS concentration

and there also appears to be contradictions in the literature on the effect of acute acidosis on

LPS concentration. For example, Andersen and Jarlov (1990) induced acute acidosis in two

adult Jersey cows and measured both rumen pH and ruminal LPS concentrations. The LPS

concentrations clecreased with decreasing rumen pH. In another study, Andersen et al.

Q99aa)observed relative increases in LPS concentration after grain engorgement to induce

acute acidosis only in cows that had previously been adapted to a concentrate diet. The

reductions in rumen pH below 5.0 that occurred when acute acidosis was induced in the

previous studies probably resulted in bacteriological alterations that differ from those

experienced when SARA is induced. Additionally rumen pH was not measured and

presented in a manner similar to that used in the current study, which makes it difficult to
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speculate on possible reasons for the differences. More recently, Gozho et al. (2005a)

showed that there was a 239% increase in ruminal LPS concentration when SARA was

induced in steers without prior adaptation to concentrate diets. In the present study there

\ilas an increase of about 300% in ruminal LPS when the steers were on fhe 60%

concentrate diet. When SARA was induced to concentrate adapted steers, there was only an

increase of about 48o/o in nrminal LPS which was statistically significant. Osmolarity of

runen fluid is higher when acute acidosis is induced in grain adapted compared to forage

adapted cattle (Andersen, Igg3).It is possible that the changes in osmolarity may results in

changes in the rumen gram-negative bacteria which lead to more LPS in grain adapted

cattle.

The observations that the proportion of gram-negative bacteria in the rumen

decreases when pH decreases although the numbers for both gram positive and gram-

negative species increase has led some researchers to suggest that LPS in the rumen comes

from either intact rapidly growing gram-negative bactelia, or they could also be from gram-

negative bacteria death and lysis (I.{aga raja et aI., I978a). It is also been suggested that as

much as 60Yo of LPS in the fl:men may be released during bacteria growth (Andersen,

2000). During rapid growth, autolytic enzymes are required for bacteria cells to expand and

grow btrt excessive autolytic activity leads to bacteria cell lysis. Studies wilh Fibrobacter

succinogenes showed that autolysis was 10 fold higher in rapidly growing cells compared

to cells in the stationary phase (Wells and Russell, i996). It is possible that rumen pH

conditions for some part of the day resulted in rapid growth of some gram-negative bacteria

and this contributed to increases LPS in the rumen during concentrate adaptation and

SARA induction. The negative collelation between average rumen pH and LPS was
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probably because changes in rumen pH affected the growth rate of some rumen bacteria so

that these bacteria's contribution of LPS due to autolysis was low during periods \Mith high

rumen pH but was high when rumen pH was low (Figure 4).

Rumen fluid total coliform coturts were unaffected by increasing grain during

concentrate adaptation up to when the F:C ratio in the diet was 60:40 (Figure 4). Krause et

al. (2003) aiso reported higher E. coli counts in the contents of rumen, ileum and upper

colon of cattle after adapted to concentrate compared to those on an all forage diet. It is

possible that with step-wise adaptation substrate supply and rumen environment continue to

be favorable for coliforms to thrive although the change in numbers was not significantly

altered. When concentrate increased beyond 40Yo of DM, the more acid prone coliforms

were not able to proliferate. However, when SARA was induced in concentrate adapted

steers, the coliform numbers were similar to those observed with the I00% forage diet

probably because there was an increase in acid tolerant strains when concentrate was fed.

Some strains of E. coli can develop tolerance if they are growït in the presence of un-

dissociated VFA (Diez -Gortzalezand RusselI, ßgg).

Concentrations of acute phase proteins have been observed to increase when the

time with pH below 5.6 increases to more than three hours per day (Gozho et a1.,2005a).

Increasing the proportion of WBP in the diet beyon d 60% of DM activated an

inflarnmatory response (Table 7). The high levels of concentrate depressed rumen pH and

compromised animal health probably due to inflammation of the epithelial tissue of the

digestive tract as well as increased LPS translocation into blood circulation due to a

compromised digestive tract physical barrier. if LPS translocation is the main determinanl

of inflammation when SARA is induced, it is not clear how much LPS must be translocated
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into bloodstream in order to increase the acute phase protein concentrations in peripheral

circulation. Repeated episodes of SARA lead to rumen papillae inflammation as well as

hyperkeratosis of the rumen wall which exacerbates the acidity in the rumen leading to

fi¡rther damage of the fllmen epithelium, pathogen infiltration and abscessation of various

organs in the body Qllocek,1997; Kleen et al., 2003). This damage to rumen mucosal tissue

may contribute to the observed inflammatory response in SARA -induced cattle.

Haptoglobin concentration increased (P : 0008) when the 40:60 and 20:80 F:C

ratio diets were fed. Haptoglobin concentrations have been increased after experimentally

induced inflammation (Conner et a1., 1988), trauma (Earley and Crowe,2002) and also

after experirnental infections with bovine respiratory syncytial virus (Fleegaard et al., 2000)

and natural diseases (Alsemgeest et al. 1994). Serum amyloid-A concentrations increased

when steers were fed the 20:80 F:C ratio diet. The 20:80 F:C ratio diet was particularly

successful in inducing SARA and SAA concentrations obtained with this treatment were

comparable to those obtained during the latter stages when SARA was induced for 5-day

periods at a time (Gozho et a1., 2005a). In the present study, the SAA data suggest that

relationships between the occruïences of SARA and acute phase proteins may be

developed. However, this would only be possible in the absence of other acute phase

stimulants such as mastitis, metritis in dairy cows, other tissue injury or viral or bacterial

infections that induce an inflammatory response (Petersen et alr, 2004). Acute phase

proteins are released from hepatocytes upon stimulation by inflammation mediators which

include interleukin-l, interleukin-6 and tumor necrosis factor (TNFa). These mediators are

produced by tissue macrophages or blood monocytes at the site of injury or infection (Steel
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and Whitehead, 1994). The quantification of acute phase proteins in this and a previous

study inclicate that SARA initiates an inflammatory response (Gozho et al., 2005a).

CONCLUSION

In this experiment, gradual stepwise adaptation to a wheat-barley concentrate

resultecl in a 300/o increased in ruminal LPS concentration. Inducing SARA after

adaptation resulted in a 48%o increase in ruminal LPS. Coliform bacteria increased during

stepwise adaptation up to when 40% of the diet was wheat barley concentrate. However,

adding more concentrate resultecl in a significant decrease in coliform numbers and

subsequently inducing SARA in steers adapted to concentrate diets did not affect coliforrn

numbers compared to the I00% forage diet. Inflammation occurred because the

concentration of Hp and SAA which were used as inflammation markers increased when

SARA was induced in the steers. These data show the importance of acute phase proteins

in the early detection of SARA in the absence of overt signs. V/ith wheat and barley as the

main concentrate ingredients and alfalfa hay as the main forage, it appears that dietary F:C

ratio gleater than 40:60 result in a decrease in rumen pH that is sufficient to activate an

inflammatory response. The data also suggests that the factors that determine the

concentrations of ruminal LPS are still not clearly understood
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ABSTRACT

The effects of grain induced subacute ruminal acidosis (SARA) in lactating dairy

cows on free ruminal lipopolysaccharide and indicators of inflammation were determined.

Four mid lactation dairy cows were divided into two groups with t'wo cows each and used

in a repeated switchover design. During each period SARA was induced in two animals for

5 snbsequent days by replacingL5% of their total mixed ration (dry matter basis) with a

concentrate made of S}o/owheat and S}I/obarley. The other two cows acted as controls and

were fed a TMR diet in which 44o/o of DM was concentrate. On average, inducing SARA

increased the duration of nrmen pH below 5.6 from 187 to 309 mfuVd and increases free

ruminal lipopolysaccharide concentration from 22,908 EU/mL to 128,825 EU/mL. Serum

lipopolysaccharide concentration in both control and SARA cows was less than the

detection limit of <0.01 EU /mL for the assay. Induction of SARA elevated serum amyloid

A concentrations from 286.8 to 498.8 pg/ml but did not affect haptoglobin, fibrinogen,

ceruloplasmin or white blood cell profiles. These results suggest that inducing SARA in

mid lactation dairy cows increases the lysis of gram-negative bacteria and activates an

inflammatory response, However, this inflammatory response only increased serum

amyloict A and did not affect other markers of inflammation.

Key Words: subacute ruminal acidosis, rumen pH, iipopolysaccharide, serum amyloid-A,

hapto globin, copper in serum, ceruloplasmin, fibrinogen,

Abbreviation key: EU : endotoxin units, Hp : haptoglobin, LAL : Limulus amebocyte

lysate, LPS : lipopolysaccharicle, NSC : nonstructural carbohydrates SAÂ : serum

amyloicl-A, SARA: subacute ruminal acidosis
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INTRODUCTION

Subacute ruminal acidosis (SARA) is a common health problem in high yielding

dairy cattle (Nordlund et al., 1995; Garrett et al., 1997), but data to quantiff associated

losses are scarce. A case-str-rdy of a 500 cowherd inNewYork State estimated losses due

to SARA to be $1 .72per cow per day (Stone,1999). Losses that are attributed to SARA

include decreased milk yield, recluced milk fat, a general loss in efficiency of milk

production and increased culling due to lameness Q'{ocek, 1997; Stone,1999).

It has been suggestecl that translocation of free ruminal LPS into blood circulation is

an irnportant factor in diseases such as sudden death syndrome, rumenitis, ruminal acidosis,

and laminitis that are related to feeding high concentrate diets @ougherfy et al., 1975;

Nagaraja et al., 7978a, b). Free ruminal LPS increases as a result of rapid growth or death

and lysis of rumen gram-negative bacteria Q'{agaraj a et al., I978a; Aldersen, 2000).

Autol¡ic enzymes that facilitate growth can also result in bacterial lysis during the rapid

bacteria growth phase (Wells and Russell, 1996). Feeding high concentrate diets may

stimuiate the growth of some gram-negative bacteria in the rumen and therefore increase

free ruminal LPS. Abrupt induction of SARA by feeding excess grain pellets in steers on

an all forage diet increased free ruminal LPS, SAA and Hp from 3,714 to 12,589 endotoxin

units EU/mL, from 33.6 to 170.7 VglmL and from 0.43 to 0.79 m/ml, respectively

(Gozlro et al., 2XLla).Gradual aclaptations to a ÍIYoconcentrate diet over a 4 week period

foliowed by inducing SARA increased free ruminal LPS, SAA and Hp from 6,542 to

32,275 EU/mL, from 36.5 to 131.3 ptglmL, and from 0.54 to 2.39 mglml, respectively

(Gozho et al.,2O05b). This shows that the composition of the diet prior to the induction of

91,
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SARA and the duration that this diets has been fed affect the increase in free ruminal LPS

dge to this induction. Lactating clairy cows receive high concentrate diets throughout most

of their lactation As a result, the effects of grain induced SARA on ruminal free LPS and

indicators of inflammation in mid-lactation dairy cows might differ from that in steers.

Serum amyloicl A and Hp are the major inflammation markers in cattle whose

concentrations have been shown to increase as a result of tissue injury (Conner et al.,

1988), intravascular LPS injections (Jacobsen et al., 2004) or inflammatory diseases in

cattle (Alsemgeest et a1.,1994). Acute phase proteins such as fibrinogen and ceruloplasmin

as well as white bloocl cells can also be used as markers of hfiammation (Arthington et a1.,

1996; Horadagoda et al., 1999). Fibrinogen and ceruloplasmin show only minor increases

in response to inflamrnatiòn in cattle (Hirvonen, 2000). However, they can potentially be

usecl to augment the diagnostic value of acute phase proteins to SARA under field

conclitions because blood samples for their analyses can be collected during routine visits

by clairy practitioners.

The objectives of this study were to determine whether inducing SARA in dairy

cows in mid-lactation changes free r-Lrminal LPS, the concenhation of LPS in peripheral

blood, SAA, Hp, fibrinogen, serum copper concentrations and white blood cell profiles

MATERIALS AND METHODS

Animals and Diets

Four primiparous, mminally fisftrlated Holstein dairy cows were housed in individual

tie stalls in the Metabolism Unit of the Glenlea Dairy Research in accordance with the

guiclelines of the Canadian Council of Animal Care (1993). Cows averaged 538 + l2.4kg
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of BW and 121+ 8 (mean t SD) DiM with an average milk yield of 30 + 4.3 (mean + SD)

kg/d at the beginning of the experiment. The experiment was conducted as a switchover

design with four periods of 1 wk. During each period, SARA was induced in two cows by

replacing 25%o of the TMR DMI measured in the previous period with an equal amount of

DM from grain pellets (50% wheat:S\Yo barley). The amount of pellets fed to each cow

averaged 4.4 + 0.4 (mean t SD) kg/d and was offered in two meals with 67% of the daily

allocation offered at 1100 h and the remaining 33o/o at 1400 h. The TMR was withheld

befween 1100 h and 1700 h. The other two cows received a TMR only (control).

Treatments were switched in each subsequent week. Cows in both groups had ad libítum

access to fresh water. The ingredients and chemical composition of the TMR and wheat

barley concentrate are given in Table 8. Feed intakes were determined daily and

representative feed and orts samples were taken three times per week. Samples were pooled

by week and cow and DM content was determined by oven drying at 60"C for 48 h.

Ruminal Fluid pH Measurements and Analyses.

Rumen pH was measured continuously for 5 days in each period by inserting one in-'

dwelling pH probe irfo the rumen of each cow as described by Gozho et al. (2005a).

Rumen pH was measured at 1-min intelvals and stored for subsequent analysis. Rumen pH

data lvere summarizecl by calculating average pH, time below pH 6, and time below pH 5.6

area (time x pH below pH 6 and area below pH 5.6) for each 24-h period. Time with rumen

pH below 6.0 was monitored because rnicrobial fiber digestion and nutrient digestibilities

are reduced below this rumen pH (Calsamiglia et a1.,2002).
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TABLE 8. Ingredients and chemical composition of the total mixed diet and wheat-barley
concentrate (DM basis).

Ingredients, o/o

Alfalfa silage

Oat silage

Energy supplement3

Protein supplementa

Ground wheat

Ground barley

Nutrient composition

DM,YO

CP,Yo of DM

NDF, % of DM

ADF, % of DM

NSC, % of DM

Ca,o/, of DM

P,%ofDM

K, % ofDM

Mg,%o of DM

Na, o/o of DM

32.6

22.4

35.2

8.8

63.4

18.5

31.1

23.3

37.2

r.25

0.53

t.72

0.38

0.36

50.0

50.0

Itotal mixed ration
2wheat-barley pellets
'Energy supplement contained 0.13%t vitantin ADE premix, 0.|4%trace mineral premix,
2'6Yo soybean meal, 0.06% selenium, 39.I%wheat shorts, 5.0% distillers grain, 17.5%
canola meal, 15.0oá ground wheat, l.7o/o dicalcium phosphate, 7.6Yo salt,2.0o/o dynamate,
0.3% pellet binder, I.0%o cane molasses, 33Yo calcium carbonate, and 10.0% corn gluten
meal.
aProtein pellets conlained 42.0% driecl distiller's grain, 7.\Yo fishmeal,22.B%ocanola meal,
20.0 soybean meal, 3.2Yobeet molasses, 0.3 % niacin (vitamin B3j, and 5.0% sodium
bicarbonate.

89.2

15.5

17.6

5.9

62.2

0.27

0.3s

0.56

0.16

0.03
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Time with rumen pH below 5.6 was also used because this has been used as the upper pH

bouncl for the onset of SARA (Cooper et al., 1999).

Rumen fluid samples were collected into sterile plastic tubes from the ventral sac of

the rumen at 1500 h from Monday to Friday. Samples were also collected at 6-h intervals

starting at 0900 h on Wednesday during each week. A portion (25 mL) of each sample of

rumen fluid was processed for subsequent free ruminal LPS determination as described by

Gozho et al. (2005a). The Limulus amebocyte lysate (LAL) assay was used to determine

LPS concentration (Levin and Bang, 1964). The assay was performed using a 96-well

microplate kit (Cambrex Bio Science Walkersville Inc, MD) with absorbance read at 405

nm on a microplate reader (BioRad model 3550, Hercules, CA). Detailed procedures for

sample preparation and method validation have been described previously (Gozho et al.,

2005a).

A second portion of rumen fluid (1.5 mL) was mixed with an equal volume of

glycerin in plastic tubes and stored at -2foCuntil used for total coliform enumeratio n at a

later stage. Total coliform counts were determined using modified chromogenic medium

(Escherichia coli /coliform medium catalogue number CM0956, Oxoid Inc. Nepean ON,

Canacla) and buffered peptone water (pH 7.2) (DifcorM) as a diluent for serial dilutions of

rumen fluid samples before plating. The chromogenic medium was modified by replacing

20% of the distilled water with clarified rumen fluid. The clarification process for the

rumen fluid included centrifliging the rumen fluid at 1500 x g for 10 minutes, followed by

autoclaving the supernatant at l2I'C for 15 minutes. Buffered peptone water (pH7.2)

@ifcorM) was prepared according to manufacturer's instructions. Carbon dioxide gas was

btrbbled through buffered peptone water and the chromogeni c E. coli /coliform medium
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immediately after preparation and autoclaving in order to reduce the oxygen tension

@ryant, 1972).

The remaining portion of rumen fluid was centrifuged at 1500 x g for 10 minutes and

the snpematant stored at -20"C for VFA analysis. A day before analysis rumen fluid

samples were thawed at room temperature and 1 mL of a 25o/o meta-phosphoric acid

solution was added to 5 mL of rumen fluid. The tubes containing the mixture were

vortexed and placed in a -20C freezer for 17 h after which sampies were thawed and

centriftiged for 10 min at 1500 x g. Approximately 2 mL of supernatant were decanted into

a clean dry vial which was capped and placed into the auto-sampler device (model 8100;

Varian, Walnut Creek, CA). Concentrations of VFA \¡/ere determined by gas

chromatography (model 3400 Star; Varian) using a 1.83-m glass column (model 2-1721;

Supelco, Oakville, Ontario, Canada) (Erwin et al., 1961). The injector and detector

temperatures were set at 170 and 195, with initial and final column temperatures set at

I20"C and 165'C, respectively. The run time was 4 min followed by a 2 min thermal

stabilization period.

Blood Sampling and Analyses

Blood was collected at 0900 h and 1500 h on Wednesday during each period into

twol0 rnl. plain, one 10 mL sodium heparin coated and one 5 mL K3EDTA coated

vacutainer tubes (Becton Dickinson, Franklin Lakes, NJ). Plasma fibrinogen was

determined by refractometry (George, 2001). Copper in serum was analyzed by atomic

absorption spectrophotometer (Varian AA240FS, Walnut Creek, CA). An a¡tomated

hematology analyzer (Cell-Dyn 3500 system, Abbott Laboratories, Abbott Park, IL, USA)



97

was used for enumeration and delineation of white blood cells in whole blood. White blood

cells were differentiated into neutrophils, eosinophils, lymphoc)-tes, monocytes, basophils

and bands where present. Platelet count was done using the manual method of Brecher and

Cronkite (1950). These analyses were conducted at the Manitoba Veterinary Services

laboratory using either sefl.rm or K3EDTA-preserved whole blood.

The other sample in the serLrm tube was left to clot at room temperature, which was

about 18oC, for 45 min and subsequently centrifuged at 1500 x g for 30 min. The sodium

heparin-preserved blood sample was centrifuged immediately after collection at 1500 x g.

The serum and plasma harvested was used in the determination of haptoglobin and serum

amyloid-A, respectively, using ELISA Tridelta PhaserM range assay kits (Tridelta

Diagnostics Inc, NJ, USA; catalogue numbers TP-801 and TP-802, respectively) as

described by Gozho et al. (2005a).

Serum was also used to determine blood concentration of LPS using the Limulus

amebocyte lysate (LAL) assay and the same method as in ruminal LPS analyses except that

a metallo-modified polyanionic dispersants called PyrosperserM was added to the samples

prior to analysis. PyrosperserM is recommended by the manufacturers (Cambrex Bio

Science Walkersville Inc, MD) for use with serum to prevent endotoxin binding. Serum

samples were diluted 1:5 with pyrogen-free water and the assay was also performed using a

96-well microplate kit with absorbance read at 405 nm on a microplate reader (BioRad

model 3550, Hercules, CA).



Milk Yield and Composition

Cows were milked tr¡¿ice daily in their stalls, and milk production was determined

using Tru Test regulation meters (Westfalia Surge, Mississauga, ON). Milk samples from 4

consecutive milkings were collected into 50 mL vials in each collection period and were

preserved with 2-bromo-2-nitropropane-1,3 diol. Milk samples were stored at 4'C until

analyzed at the laboratory of the Dairy Farmers of Manitoba (Winnipeg, MB) by near

infrared analyzed for milk fat and milk protein content using the Milk-O-Scan 30348

(Foss Electric, Hillerød, Denmark) and for somatic cell counts using the Fossomatic 300

cell counter (Foss Electric, Hillerød, Denmark).

Statistical Analyses

Data were analyzed using SAS Mixed Procedures (SAS Institute Inc., 1996) as

recommended by W*g and Goonewardene (2004) for the analysis of animal experiments

with repeated measures. The effects of diet, time (which was either hour or day), and their

interactions were considered fixed. Week effects were considered random. Compound

symmetry was deemed the most appropriate covariance structure relative to the hourly or

daily measurements that were tested. Tukey's multiple range test was used to separate

means after a significant (P S 0.05) treatment or time effect.
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RESULTS

Total DMI was lower in control than in SARA cows on first day of SARA

induction but not on other days (Figure 6). However, control cows tended qP:0.14) to

consume more feed on day 5 of SARA induction and these changes led to a diet x day
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interaction (P:0.003). Dry matter intake averaged 18.0 and 18.3 ky'cow for control and

SARA cows, respectively.

Somatic cell counts (SCC) were used to screen cows with subclinical mastitis, as this

disease can also result in an inflammatory response. One cow had an abnormaily high SCC

for the first 3 weeks of the study which averaged gg1,542 with a range of 16,000 to

4,087,000 cells /mL. Data on inflammation markers in blood samples from this cow weÍe

excluded from the analyses. The SCC for the other three cows avera ged, 98,125 cells /mL

with a range of 21000 to 299,000 cells /mL. Milk yield and milk composition are given in

Table 9' Milk yield, fat yield and protein yield did not differ between SARA and control

cows. Milk fat content did not differ between SARA and control cows but was lower than

the provincial herd average o13.57% (\¡/CDHIS, 2001) in both treatments.

Inducing SARA resulted in a decrease (P : 0.0008) in average daily rumen pH of

0.23 units in SAIL{ cows compared to control cows (Table 10) and increased (p :0.000g)

the duration of time with pH below 6.0 from 45gsmin/d to 74l.9mir/d and also increased

(P < 0.0001) the duration of time with pH below 5.6 from 187.0 min/ dto 309.4minld. The

area (time x pÐ below pH 6.0 increased e < 0.0001) from 145.7 to 278.7 and the area

(time x ptr) below pH 5.6 increased (p:0.001) from 2g.4 to 67.0 when sARA was

induced (Table 10). Total VFA concentrations in the rumen were not affected by treatment

and were 137.2 and 129.7 mM for SARA and control cows, respectively. Ruminal

propionic acid concentration increased e < 0.0001) from 26.I mM in conhol cows to 39.g

mM in SARA cows which also led to a lower e < 0.0001) AclPr ratio for SARA cows

(Table 11), Average across periods and treatments, highest propionic and butyric acid

concentrations were measured,at 2100 h.
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Averaged across sampling times, inducing SARA increased (P < 0.0001) free

ruminal LPS 22,908 to 128,825 EU/mL (Table 12). There was a diurnal variation in free

ruminal LPS and averaged across treatments, lowest concentrations were measured in

samples collected at 1500 h. For the entire period of study free ruminal LPS concentrations

were relatively higher duling the second SARA challenge compared to the first (Figure 7).

In order to determine the day to day variation, free nrminal LPS was measured in samples

collected at 1500 h everyday. The difference in free ruminal LPS between SARA and

control cov/s progressively increased up to the fourth day of treatment (Figure 8). Serum

LPS concentration was below the detection limit of 0.1 EU /mL for the LAL assay

Rectal temperature did not differ between treatments and were 38.4"C and 38.5 oC for

control and SARA cows, respectively. Averaged across period and treatment, lowest (P =

0.004) rectal temperature within the 24 hour period were recorded at 1500 h. Haptoglobin,

fibrinogen and platelet count clid not differ between treatments and respective

concentrations for Hp, Fibrinogen and platelet count were 0.24 mg/ml and 0.27 mghnL,

4.5 mglmLand 5.0 mg/ml and,476.0x i0e/L and 466.2x 10e/L, for control and SARA

cows, respectively. The plopoÍions of white blood cells did not differ between treatments

and were within normal range for cows as defined by The Merck Veterinary Manual.

Serum copper concentlations were not affected by treatments buJ inducing SARA tended

(P : 0.17) to depress concentration by 0.06 mg/ml. This was probably due to clifferences

in dietary copper levels in the two diets. Replacing TMR with WBP reduced clietary copper

by 5%. Serum amyloid A increased 1P:0.03) from 286.8 ¡tglnLto 498.8 ¡rg/ml when

SAIL{ was induced.
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FIGURE 6. Total dry mattel intake (kg / d) for dairy cows fed a TMR only (conrrol) (r) or
TMR and wheat-barley pellets to induce SARA (n) in four animals averaged across four
periods. Each bar represents lnean + SEM total dry matter intake (n : g). \, : p < 0.05,
Control vs. SARA;
Diet x clay interaction was signif,rcant (P:0.03)



TABLE 9. Dry matter intake, milk yield and composition of cows fed the contol or SARA dietl

rrem control SARA sEM Diet Day Diet x Day

Total dry matter intake (kg/d) 18.0 1g.3 1.62 0.2g 0.13 0.003
Milk vield (kg/d) 27.5 28.6 1.83 0.27 0.8r 0.69
Milk components

Milk fat (%) : 2.49 2.21 0.23 0.41 0.69 0.03
Fat vield (kg/d) 0.68 0.63 0.04 0.43 0.g4 0.91
Milk protein (%) 3.60 3-3g 0.14 0.27 0.69 0.02
Milk prorein (<g/d) 1.0i 0.98 0.08 0.77 0.86 0.76

o'oMeans within the same row followed by diflerent superscript letters differ significantly (p e0.05).

rDiets were a TMR only (conhol) or TMR + 25yowheat barley concentrate.

2Dry matter intakes were calculated for two animals on each treatment averaged across periods (n : 40) and for four animalsaveraged across periods and treatments for day effect (n: 16); milk yietd uãd .o-position were from samples collected on twodays dtrring each week (n: 12) for treatment and for day effects 1n 
: +¡ and analyied by analysis of variance.

Diet P value

1.02
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Averaged across period and cows within treatment, coliform counts did not differ between

treatments and were 6.77 \ogls cfi./ mL and 6.72log1s cfi./ mL for control ¿urd SARA cows,

respectively. However, coliform numbers were lower (P : 0.05) in SARA cows than in

control cows for samples collected at2100 h (Figwe 9).



TABLE 10. Rumen pH variables of cows fed the contol or sARA dietr

.. ) ¡ v4ruvrtem- control SARA sEM Diet Day Dav x Di
Average pl{ 6.2 0.75 0.6õ
Time < pH 5.6, min/d 187.0b 309.4^ 32.1 <0.0001 0.59 0.gg
Time < pH 6.0, min/d 459.5b 74I.gu 61.5 0.000g 0.74 0.87
Area < pH 5.6, rnin x pFVd 29.4b 67.0u g.7 0.001 0.12 0.95
Area < pH 6.0, min x pFVd 145.7b 27g.7u 24.g <0.0001 0.4g 0.9g

u'bMeans within the sarre row followed by different superscript letters differ significantly (p:0.05).
rDiets were a TMR only (control) or TMR t 25yo wheat barley concentrate.

2Tim" and area with pFI below each rumen pH threshold was calculated fol five days and in two animal on the same treatment
averaged across perìods (n: 40) and for four animals averaged across periods and treatments for day effect (n: 16) and analyzed
by analysis of variance.

Diet p valìte
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TABLE 11. Volatile

Time of day

acid concentration

0900 h
1500 h
2100 h
0300 h
SEM

o'b''Means for variables in same part of a :olryT folþwed by a different superscript letters differ significantly (p Ë0.05).rDiets were a TMR only (controì; o. TMR +2l%wheat barley concentrate.
'Rumen fluid VFA concentration was averaged for two animai across periods (n : 16) for each sampling time and across sampling
times and periods Q=32) for each treatment and, analyzed by analysis of variÀce.
Other acids : isobutyric acid + isovaleric acid + valeric aciá4acetate: propionate ratio

'Dietary means were calculated across sampling times.

Control
SARA
SEM

84.s
84.5

91.2
85.5

6.76

of rumen fluid of dai

88.9
84.0
6.22

27.3
ionate B

34.9u

35.9u

33.9u

3.s3

cows fed the control and SARA dietsl

26.1

8.5

39.9u

3.30

1 1.0ub

12.6u
g.gb'

t.l2

4.0u

3.sub
a ^bJ.J
3.5ub

0.36
10.9

10.1

1.1 1

Total AclPr ratio
t24.4 3

4.0u

3.2b

0.31

133.8 2.7b
142.9 2.7b

132.7 21b
10.8 0.18
129.7 3.
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137.2 2.2b
9.84 0.20



TABLE 12- Ruminal LPS, rectal temperatwe, serum amyloid A, haptoglobin and other blood chemistry variables in dairy cows
fed the control or SARA åiet.r

ltem2

Ruminal LPS (Logl6Eu/ml)
Rectal temperature ("C)
Serum amyloid A (¡rg/ml)
Haptoglobin (mg/ml-)
Fibrinogen (mg/ml,)
Serum copper (¡rg/ml)

v/hite blood cells (103 cells /mL) 5.i 5.2 0.24 0.20 0.r2 0.09

Diffelential V/BC count (% V/BC)
Neutrophils (%) 43.5 44.9 2.Bg 0.60 0.41 0.85
Eosinophils (%) 3.8 2.3 0.26 0.001 0.60 0.i9
Lyrnphocytes (%) 46.2 45.5 2.61 0.57 0.65 0.91
Monocytes (%) 6.5 6.1 1.01 0.68 0.46 0.93
Basophils (%) 0.8 0.9 0.23 0.53 0.61 0.09
Bands3 (%; 0.3 0.3 0.zz 0.91 0.59 0.69

Thrombocytes 476.0 466.2 6s.g 0.gz 0.51 0.zl

rDiets were a TMR only (control) or TMR + 25%wheat barley concentrate.2Ruminal LPS concenhation and rectal temperature were calculated for the animals on each treatment averaged across periods and
times of sampling (n :32) and for time intervals (n: l6); blood chemistry variables (n : 16) for treatment ãffects andln :32) for
time inter¡¡als and were analyzedby analysis of variance
3Bands : irnrnature white blood cells.

Control
4.36
38.4

2g6.gb

0.24
4.5
1.0

Diet

5.1

38.5
49g.gu

0.27
5.0
0.9

0.1 l6
0.19
8s.6
0.03
0.29
0.04

<0.000i
0.14
0.03

0.s9
0.24
0.r7

P value
Hour
0.20

0.005
0.61
0.17
0.99
0.28
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Diet x Hour
0.99
0.20
0.68
0.r7
0.40
0.41
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FIGURE 7' Ruminal LPS concenü'ations in cows durins times when they were fed TMR only (control) or- TMR arñ,4.4+ 0.4 kg ofwheat barley concentrate to induce SARAI 
-'--J '

lTreatments 
were: week 1 : all cows were fed TMR only, week 2:Miaand Jinny: sAlL{ and Bea + Jude: control,

week 3: Mia and Jinny: control and Bea + Jude: sARA, v/eek 4: Mia and Jinny: SARA;àã.u * Jude: control,
Week 5: Mia and Jinny: control and Bea + Jude: SARA.

107



4.9

J
e 4.7

f¡.ì

.:45
J

{, q.t
I

4.1

FIGURE 8. Ruminal LPS in dairy cows fed a TMR only (control) (c) or TMR and wheat-
barley pellets to induce SARA (o) in two cows averaged u.ros four periods. Each bar
represents mean + SEM LPS concentration in logls Eu / mL (n : 8). ** - p < 0.01, Control
vs. SARA; 'i'F* : P < 0.001, Control vs. SARA in samples collected at 1500 h every day.
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FIGURE 9. Total coliform counts (logro cfu / mL) of cows fed a TMR onJy (control) (r) or
TMR and wheat-barley pellets to incluce SARA (n) enumerated in *-rn nui¿'aì O h
intervals over 2 days ancl averaged across four periods. Each bar represents mean =t SEM
Total coliform counts in lo916 cfu /mL (n: 16). i : p < 0.05, Controivs. SARA.

Time of the day



DISCUSSION

Wheat-barley pellets were used in a model to induce SARA to simulate

consumption of excess of nonstructural carbohydrates. In this study, inducing SARA by

replacing 25Yo of the TMR with wheat barley pellets did not depress feed intake. previous

studies in steers have shown that daily episodes with rumen pH below 5.6 for at least 3

hours per day activate an inflammatory response (Goáo et al., 2005a). Cows in both

treatments experienced SARA because they had more than 3 hours with pH below 5.6, but

SARA increased this rumen pH depression. Beauchemin (199i) recommended that barley

grain based diets must contain at least 34%DM of NDF to prevent SAR-.{. Although the

TMR was formulated to meet this recommendation, the analysis of the diets revealed NDF

content was 3l'l% DM' Hence, the low pH in the cows receiving the control diet might

have been due to the low NDF content of the diet. Replacing TMR with pellets increased

the concentrate content of the diet to 67Yo further reducing rumen buffering and probably

reduced saliva flow (Maekwa et al., 2002b) leading to longer periods of time with pH

below 5'6 in SARA cows. Total vFA concentrations in our experiment were sirnilar to

those observed with dairy steers with sARA (Gozho et al. 2005b).

Milk fat content clepression is commonly associated with SARA Q.,rocek, 1997). Milk

composition did not cliffer between SARA and controls in the current study. This might

have been due to the low-pH in the cows receiving the control diet. Reports in the literature

indicate that milk fat clepression does not always accompany SARA induction. For

example, Cottee et aL- (2004) and l(eunen et al. (2002)did not observe that sARA results in

milk fat depression but Klause et al. (2002) found a positive correlation between mean

1.70
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rumen pH and milk fat content and a negative correlation between time with pH below 5.8

and milk fat content. It has also been suggested that the inconsistent response in milk fat in

experimentally-induced SARA may be related to the duration of the bout(s) of SARA with

shorts period being likely to have no effect on milk fat content (Krause and Oetzel, 2005).

Reduction in rumen pH results in the production of trans-fatty acids, e.g. trans-l0 C18:1

that limits milk fat synthesis and leads to milk fat depression (Griinari et al., 1998).

Free ruminal LPS was higher in the cows on a 54%o forage diet than in steers on an

all forage diet in previous studies (Gozho et al., 2005a, b). Inducing SARA in steers

adapted to a hay diet or after gradual adaptation to a 60%o concentrate diet increased

ruminal LPS by 8874 and 8718 EU/mL, respectively (Gozho et al., 2005a, b). In the

present study free ruminal LPS concentration was already higher than that of control

animals in both these studies. Increases of over 400% in ruminal LPS when SARA was

inducecl in the cows may also highlight the effects of basal diet, the duration the anirnals

y matter intake on nlicrobial

populations in the rumen. Rapid growth of bacteria is associated with bacterial lysis due to

excessive activity of autolytic enzymes during cell growth and division in the rapicl glowth

phase (Wells and Russell, 1996). It has been suggested that as much as 60Yo of rurninal

LPS is produced by rapidly growing gram-negative bacteria (Andersen, 2000). Introducing

large ploportions of nonstmctural carbohydrates in the diet stimulates the growth of some

ruminal bacteria. In the present study the basal diet already contained 31.2% of

nonstructural carbohydlates which led to long periods when bacteria could gror.v rapidly

and shed LPS into rumen fluid. Since the TMR and wheat barley pellets were offered at

different times, this ensured that nonstructural carbohydrate availability foL rllmen
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microbial growth was staggered and was available for longer times in SARA cows than

conhols. The total nonstructural carbohydrate content from TMR and pellets in the SARA

diet was 43.5%. The higher ruminal LPS concentration observed during the second SARA

challenge may be because the first week of SARA resulted in a rumen bacteria population

shift towards those gram-negative bacterial species that grow rapidly at rumen pH lower

than 5'6. Thus during the second SARA challenge there may have been larger numbers of

these gram-negative bacteria present than at the beginning of the first SARA challenge.

Within a24-hperiod ruminal LPS were lowest when the lowest total coliform counts v/ere

recorded which may imply a slower growth rate in gram-negative bacteria dwing this time

compared to all other sampling times.

SARA can result in damage to rumen epithelium which leads to pathogen infiltration

and subsequently to abscessation of various organs in the body Q.{ordlund et al., 1995). The

pïesence of pathogens and LPS in blood circulation sets off inflammatory responses

(Andersen, 2000). In the present study, LPS was not detected in peripheral blood

circulation. Dougherly et al. (1975) and Aiumlamai et al. (1992) reported the presence of

LPS but Andersen and Jarlov (1990) and Andersen et al. (1994b) did not detect LpS in

peripheral blood circulation when acute acidosis was induced. Free ruminal LpS that is

translocated into hepatic portal circulation can be detoxified by the liver before it reaches

the peripheral blood circulation (Andersen, 2000). However, the majority of cytokine

receptors are found in the Kupffer cells in the liver (Bode and Heinrich, 200i) and

therefore the first \À/ave of proinflammatory cytokines may be initiated prior to

detoxification.
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Rectal temperature was recorded to determine the occurrence of fever. A febrile

response does not appear to be a consistent clinical sign in ruminal acidosis related

endotoxaemia (Andersen, 2000). Copper concentration was measured in serum because it

is an integral component of ceruloplasmin and ceruloplasmin activity correlate closely with

serum or plasma coppff concentrations (Blakley and Hamilton, 1985). Therefore serum

copper was used as an indirect measure of ceruloplasmin concentrations in control and

SARA cows. Ceruloplasmin concentrations started to raise 3 days and peaked 6 days after

turpentine injections to induce local inflammation in calves (Conner et al., 1988) which

shows a delay in response after inflammation. The fibrinogen concentrations in orn study

are similar to concentrations obtained after experimentally induced infections with bovine

herpes virus-l (Arthington et al., 1996). This may suggest that both control and SARA

co\ils responded to SARA induction with an inflammation response. Additionally blood

samples were collected 48 h after the beginning of each period and this may have been too

early for proteins such as ceruloplasmin and fibrinogen whose concentrations have been

shown to peak 3 to 6 days after inducing inflammation (Conner et a1., 1988).

In the present study, SAA in control co\Ã/s was higher than that in steers with grain-

induced SARA (Gozho et a1.,2005a b). This agrees with the rumen pH data that show that

both control and SARA cows had a mmen pH below 5.6 for more that 3 hrld. and the

conclusion from Conner et al. (1988) and Alsemgeest et al. (1995) that healthy animals

have very low levels of SAA. In previous studies Hp concentrations increased when SARA

was induced in hay- and concentrate-adapted steers, respectively (Gozho et a1.,2005a, b).

Hp concentrations greater than}2mglml- suggest early or mild infection in cattle (Skinner

et al., 1991). In the present study Hp concentrations were 0.24 and.2.70 mghnLfor control
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and SARA co\¡/s and were, therefore, above the threshold suggested by Skinner et al.

(1991). Hence, the data obtained in the present study suggests that inflammation occuned

in both control and SARA cows. This agrees with rumen pH data that shows that SARA

was induced in both the controi and SAIL{ cows. The disparity in the concentations of Hp

and SAA cows with SARA could be due to a difference in the cytokines involved in

initiating the synthesis of these acute phase proteins (Jacobsen et a1.,2004). SAA synthesis

can be induced by either interleukin-6 or tumor necrosis factor-o but both these cytokines

are required for haptoglobin to be synthesized (Alsemgeest et al., 1996). Therefore the

combination of cytokines that is required for SAA synthesis may be different from the

combination that activates haptoglobin synthesis (Jacobsen et al., 2004). The cows in the

current experiment had received a high concentrate diet for at least 17 wk prior to the

study' As a result, co\ /s might have suffered from chronic SARA, whereas the steers in our

earlier studies (Goztro et al., 2005 a, b) experienced acute SARA. The reasons the

combinations of cytokines to activate Hp synthesis were not synthesized.indairy cows with

chronic inflammation in this study are presently not known. SAA is also considered to be

the more sensitive and to respond faster to inflammation stimuli because it is detected

earlier in blood than haptoglobin (Horadagoda et al., 1994; Alsemgeest et al., lgg4).

Further research is required to determine cytokine and acute phase protein ïesponses

as a result of acute or chronic SARA. This is because chronic inflammation most likely

results from SARA that occurs in dairy cows compared to acute inflammation that results

from experimentally induced SARA.



CONCLUSION

Grain induced SARA increased free ruminal LPS concentration in mid lactation in

dairy cows, but did not result in detectable LPS in peripheral blood. Induction of SARA

increased the dwation with pH below 5.6 from 187.0 to 309.4 min/d. Milk yield and milk

composition did not differ between control and SARA cows, but milk fat content was

depressed in all cows. Inducing SARA increased SAA from 286.88 to 498.8 ¡rglml. The

concentrations of SAA are consistent with an inflammatory response in both control and

SAIL{ cows and also show that concentrations of SAA increase in proportion to the

duration with pH below 5.6. Haptoglobin concentrations did not differ between treatments,

but were higher than baseline values for all cows Serum copper concentration, fibrinogen

and white blood cell profiles were also not affected by SARA. The absence of an effect of

SARA on markers of inflammation, \Ã¡ith the exception of SAA and Hp could be due to the

chronic nature of SARA in lactating dairy cows.

11.5



The primary aim of the study was to determine the ruminal LPS concentration and immune

response when SARA was induced to cattle that had been on different feeding regimes that

allowecl varying degrees of adaptation to high grain diets. SARA was induced by ieeding

ground wheat and barley that was made into pellets and fed in combination with chopped

grass hay in experiments 1 and 2 and or with a total mixed ration in experinrent 3. The

wheat barley pellets increased the dietary nonstructural carbohydrate, ancl chopping

reducecl feed particle size, therefore rumen pH depression resulted from increased r.uminal

VFA and low rumen buffering due to reduced saliva production from chewing during

eating and rumination in experiments 1 and 2. Even though ruminal VFA concentrations

were not measured in experiment 1, same combinations of wheat barley ¡reliets and

chopped grass hay were used in experiment i and 2. In experiment 3, a comþination of

high nonstructural carbohydrate and low dietary NDF depressed rumen pH because clietary

NDF was lower than recommended for barley based diets (Beauchemin, 1991) (Manuscript

3). Wheat-barley pellets were fed separately in experiment 1 and 3 (Manuscript I and 3) or

was mixed to form part of the diet in experiment 2 (Manuscript 2). Feeding the pellets

alone increased the concentration of mmen readily fermentable carbohydrates in the diet

which increased VFA production from rumen bacteria fermentation. This subsequently

depressed rumen pH. Since the chopped grass hay or TMR was not fecl at the same time

with the pellets, rumen buffering from saliva flow was very low at the time of feeding

wheat barley pellets. By using wheat-barley pellets to induce SARA in all expeliments, the

causes of rumen pH clepression were similar across experiments. Steers were used in

GENERAL DISCUSSION

1,16
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experiment 1 and 2 because these studies involved feeding high forage diets wlich do not

contain sufficient nutrients to meet the nutrient requirements for high yielding dairy cows.

In experiment 1, steers had been adapted to an all forage diet before SARA was

inducecl abruptly (Manuscript 1) and therefore this represents a sudden introduction of

grain in the diet without adaptation. In experiment2, the steers were adaptedto a 60Yo

concentrate diet using |l'ree 20Yo incremental steps over a 3' wk period (Manuscript 2).

However, prior to this study, the steers were also fed an all forage diet. This study

represented a short adaptation period before SARA was induced. In experiment 3, mid-

lactation dairy cows that had been on a44Yo concentrate diet for 17 wk were induced to

SARA. This experiment also represented situations in which cattle have been adapted to

high grain diets and have been on these high diets for a long period of time before SARA is

induced.

Abrupt induction of SARA in cattle on an all forage diet increased free ruminal LPS

in the rumen from 3,714 to 12,589 EU/mL (N4anuscript 1). Gradually increasing the

concentrate inclusion in the diets of steers from 0% to 80%o of dry matter increasecl free

ruminal LPS from 6310 to 26,915 EU/mL $4anuscript 2). Inducing SARA feeding long

periods of feeding a high grain diet increased free ruminal LPS from 22,908 to 128,825

EU/mL. A second induction of SARA after a 1 week period during which cows were fed

the high grain diet increased free ruminal LPS up to 145,383 EU/mL. Despite of these large

increases of free LPS in mmen fluid, no LPS was detected in the serum.of peripheral blood

(Manuscript 3).

These results highlight that gradual adaptation and durations of feeciing high grain

diets before SARA is induced has a significant effect on the free ruminal LPS response.
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The model used to induce SARA in the studies described in this thesis could sustain the

cattle in a subacute mminal acidotic condition for five days. During the same period free

ruminal LPS was maintained at levels that were higher than for control cows for as long as

SARA was induced. This suggests that the larger percentage of free ruminal LpS under

these conditions resulted from autolytic activity driring the rapid growth phase of gram-

negative bacteria. It has been suggested that as much as 60Yo of free runlinal LPS is shed as

a result of rapid bacterial growth (Andersen, 2000). Rapidly growing gram-negative

bacteria shed LPS into the rumen because the enzymes involved in the processes that

facilitate cell expansion and division can also cause bacterial cell lysis (Wells and Russell,

1996). Studies with Fibrobacter succinogenes showed an association between rapid growth

phase and high autolytic activity of these enzymes (Wells and Russell, 1996). Maintaining

the ntmen pH below 5.6 consistently increased free ruminal LPS which shows that some

gram-negative bacteria species were able to proliferate within this pH range. In conffast,

free mminal LPS decreased when acute acidosis was induced in cattle by grain

engorgement (Andersen and Jarlov, 1990) which illustrates the importance of mmen pH in

maintaining the gram-negative bacteria populations. Therefore, a combination of a high

growth rate and lysis of some of the bacterial cells ensures that species are maintained in

the rumen to act as a continual source of LPS.

Low LPS is associated with high forage diets as shown by lower concentlations of

free LPS in rumen fluid of cattle fed all forage diets in experiment 1 (l\4anuscript 1) and in

experiment 2 (Manuscripl 2).lt has been argued that grain engorgement increases the

proportion of gram-positive bacteria and decreases that of gram-negative bacteria

Q'iagaraja et al,, 1978a). Howevet, the important factors that may govelrì free ruminal LpS
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may not be the size of the gram-negative population in relation to the rumen microbial

pool, but their ability to grow rapidly and avoid washout from the rumen so that they

continually contribute to free ruminal LPS. Observations that free ruminal LPS was higher

in expeliment 2 (Manuscript 2) and in experiment 3 (N4anuscript 3) show the effect of grain

on free ruminal LPS. In experiment 3, free mminal LPS concentration during the second

week of SARA induction were higher relative to the first SARA inductions which may

imply that the first SARA induction acted as a primer in the cows.

Total coliform counts increased only during gradual concentrate adaptation

Manuscript 2) but did not show trends that were similar to changes in free nrminal LPS

when SARA was induced in experiment 2 and. experiment 3. Coliform counts may

therefore not be representative of changes in other gram-negative bacteria that are involved

in the production of free ruminal LPS. Therefore urtil more information on the species that

contribute the most free mminal LPS are known, it is diffrcult to relate free ruminal LPS to

any one $oup of gram-negative bacteria. In experiment 3, total coliform counts decreases

coincided with the lowest free ruminal LPS and this may illustrate that at lower rumen pH,

the production of free LPS clecreases probably because the growth of gram-negative

bacteria slows down. The low concentration of LPS was measured 5 h after the first meal

of wheat barley pellets and therefore may have coincided with the rumen pH nadir

(Duffield et al., 2004).

Serum amyloid A and Hp are major acute phase proteins that have been used as

inflammation markers in cattle. Inducing SARA abmptly increased SAA and Hp in serum

of peripheral blood from 33.6 fo 770.7 pglmL and from 0.43 to 0.79 nglml-, respectively

(Manuscript 1). Inducing SARA after gradual adaptation to high concentrate diets for 3 wk
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increased SAA and Hp from 38 to 163 pglnL and from 0.53 to 1.40 mg/ml, respectively

(Manuscript 2). Inducing SARA after feeding a high grain diet for more than 17 wk

increased SAA from 286.8 to 498.8 VdmL but did not affect Hp concentration (Manuscript

3). The reasons for a lack of response in Hp when SARA was induced after a long period of

feeding high concentrate in cattle are not clear. Acute inflammation resulted from abrupt

induction of SARA in cattle that had been on an all forage diet and after a short adaptation

period to grain' Chronic inflanrmation may have occurred in all cattle used in experiment 3.

This is because the TMR contained insufficient NDF as revealed by chemical analyses of

the diet after the experiment. This may have resulted from variations in chemical

composition of the feeds used in formulating the TMR suggesting that all cattle used in the

experiment may have experienced bouts of SARA even before the beginning of the SARA

induction experiment. Additionally, daily episodes of rumen pH below 5.6 in control cows

of more than 3 h also showed that both treatments were experiencing SARA in experiment

3. Chronic inflammation therefore resulted from SARA bouts in experiment 3 whilst acute

inflammation occured in experiments I and 2.

According to observations with bacterial, viral infections and LpS inflisions into

blood circulation, the acute phase response in the studies reported in this thesis were

moderate' Inflammation in cattle with SARA can potentially arise from damage of the

rumen wall due to low pH or a combination of this damage and free ruminal LpS

translocation into blood circulation. The term translocation is usecl to describe the

movement of free mminal LPS from the gastrointestinal tract to other organs or the

bloodstream as clefined by Andersen (2000). The present str.rdies were not designed to

investigate how the inflammation is initiated when SARA is incluced. However,
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inflammation could occur from a combination of fi'ee ruminal LPS translocation into pre-

hepatic circulation and tissue damage that varies from formation of micro-lesions to local

spots superficial lesions to extensively damaged areas and micro abscesses on the mmen

mucosa.

LPS was not detected in peripheral blood in experiment 3 birt this does not rule out

translocation of free ruminal LPS into pre-hepatic blood supply. This is because the LPS is

detoxifìed in the liver hence peripheral blood may not show detectable concentrations

(Andersen, 2000). The liver is recognized to have a huge capacity to detoxiff LPS and

peripheral detection of LPS occurs only when there is liver malfunction as can occur when

there is lipidosis. The ability of the liver to recognized and detoxify LPS and the fact that

the majority of cytokine receptors are found in the Kupffer cells in the liver (Bode and

Heinrich, 2001) ensures elimination of LPS to be linked to activation of the synthesis

cytokines that are the primary signals in an acute phase response. In all the experiments

SAA concentrations consistently increased when SARA was induced. Hp responses were

low particularly in experiment 3 where Hp concentrations were similar in control and

SARA treatments. The control animals in experiment 3 spend as much as three hours with

pH below 5.6 therefore SARA was induced in both treatments. Hp concentrations have

been found to be very low or undetectable in healthy cattle in the absence of inflammation

stimuli. Concentrations in controls in all studies in this thesis were greater than 0.2 mglmL

which is a threshold for mild inflammation (Skinnel et al., 1991). Tl'rere is no evidence that

acute phase protein baseline concentrations are affected by gender and therefore the use of

steers or cows in some experiments cannot explain the low Hp concentrations in both
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treatments in experiment 3. The relative changes in the concentrations of the acute phase

proteins are informative in determining the activation of an inflammation response.

In experiment 3, the lack of Hp response when SARA was induced compared to

SAA may be related to differences in the cytokines involved in initiating the synthesis of

these proteins. This is because SAA synthesis can be induced by either interleukin-6 or

tumor necrosis factor-o, but both these cytokines are required for haptoglobin to be

synthesized (Alsemgeest et al., 1996).It may be that the combination of cytokines that is

required for Hp was not achievecl in the stLrdy with cows.

The rumen pH range that defines SARA has been set arbitrarity with pH upper

bounds that range from 6.0 to 5.5 being used in the literature. Increasing the time with

nrmenpH below 5.6 from 0 to 187 min/d in experiment 1, from i21 to2I9 min/d in

experinrent 2 and fiom 187 to 309 min /d in experiment 3, increased SAA by 400%o,329%

and, J4o/a,respectively. In all these experiments, when the duration with pH below 5.6 was

3 h or greater, an inflammatory response occurred. In experiment 3, even the control

animals were experiencing SARA and SAA concentrations in these animals were

comparable to the SARA treatnent in experiments 1 and 2. Haptoglobin concentrations

increased by 84,164 and less than 10% in experiment l, 2 and 3, respectively. Across

experiments, there was no correlation between Hp and the cluration with mmen pH below

5.6. Although Hp is recognized as a major acute phase protein, it has been shown that Hp

serum concentrations do not always correlated well with futnre clinical cases of respiratory

infections under feedlot conditions (Young et al., 1996). These studies also show that FIp is

a poor predictor of inflamrnation caused by a subclinical stimulus like SARA.
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Our research findings shoiv free ruminal LPS increases when SARA is induced and

gradually adapting cattle to high grain diets results in even.higher concentrations when

SARA is induced. Inducing SARA in cattle that are already adapted to high grain diets

increased the free ruminal LPS concentrations by the greatest margin. This shows that

ruminal gram-negative bacteria species that are responsible for shedding LPS in the mmen

may actually thrive within the rumen pH that defines SARA. Our str-rdies also show that the

inflammation response from SARA depends on the duration with pH below 5.6. Daily

episodes with pH below 5.6 of 3 h or more per day activate an inflammatory response.

Serum amyloid A is sensitive and response faster to SARA-related inflarnmation than Hp

and may offer a diagnostic method for detection of SARA in dairy herds. Coliform counts

cannot be used to show hends in gram-negative bacteria changes in the rumen during

SARA.



On the basis of the results obtained in this thesis it is conciuded:

l. Inducing SARA increases free ruminal LPS concentrations in the rumen in cattle.

The concentration of free ruminal LPS is dependent on diet and the duration these

diet are fed prior to inducing SARA. Cattle on forage diets have lower free ruminal

LPS compared to those on concentrate based diets. Feeding concentrate diets

increases free ruminal LPS prior to inducing SARA but does not diminish the

increase in LPS when SARA is induced.

2. An inflammatory response is activated when SARA is induced in cattle. However,

haptoglobin may not be a very sensitive indicator of the inflammatory response that

results from SARA. Serum amyloid-A showed consistent elevation of

concentrations when cattle spent three or more hours with rumen pH below 5.6:

The immune response as determined by SAA was similar in studies with both steers

and cow in spite of differences in free ruminal Lps concentrations.

CONCLUSIONS
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J. Concenhate inclusion rates higher than 600/o may be detrimental to animal health

because these high levels results in the activation ofan acnte phase response.

Gram-negative rumen bacteria other than coliforms are involved in the production

of free ruminal LPS within the pFI range between 5.2 and.5.6. Coliform numbers

cannot be used as a representative group for rumen gram-negative bacteria that can

show trends consistent wjth changes in mminal LPS concentrations.

4.
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5. SARA must be defined in terms of the rumen pH and the duration spent with pH in

below the threshold because daily episodes less that 3 h with pH below 5.6 in our

studies did not constitute the occurrence of a subclinical disease condition in cattle.

These studies show that adapting the rumen environment to high grain diets provides

greater potential for the production or release of free ruminal LPS. Subjecting cattle to a

rumen pH below 5.6 for more than 3 hours through grain overload is accompanied by

an inflammatory response. The origins of systemic infla.mmation are not presently

known but possible sources include tissue damage on the rllmen mllcosa or other parts

of the gastrointestinal tract, LPS translocation into portal circulation, or a combination

of both these factors' Therefore there is a need for further research to determine the

following:

a) To identify the inflammatory stimulus in the gastrointestinal tract that is responsible

for the acute phase response. This can be done through experimentally inducing SARA

repeatedly in one group of cows and feeding the seconcl goup to attain normal rumen

pH before animals from both groups are slaughtered. Cows will be subjected to

postmortem examination and histological examination of gut-associated lymphoid

tissue from difference part ofthe gastrointestinal tract to qualitatively evaluate changes

in immrurological tissue.

b) To determine if there are differences in free ruminal LPS concentrations in cows

subjected to SARA by grain engoïgement or intra-runrinal infusion of VFA. Free

ruminal LPS may be differ in these treatments because grain engorgement will promote

rumen bacteria growth whilst VFA infusions will reduce rumen pH. Thus these two
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models will help to determine if the inflammatory response is due mainly to tissue

injuty CVFA infusion) or tissue injury and higher rates of free ruminal LpS

hanslocation into blood circulation.

c) Identifu the rumen gram-negative bacteria species that could contribute to free

ruminal LPS and develop methods for selectively curturing them.

d) To determine cytokines synthesized and present in blood in cattle with chronic and

acute inflammation. This is important in determining why the acute phase response was

different between the steers and the co\4/s.
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