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Seven experiments were carried out to investigate the

involvement of carbohydrate and lipid metabolism on the

incidence of Sudden Death Syndrome (SDS) in broiler

chickens.

Hepatic arachidonate level decreased after 1 h post-

mortem. The decreased level of hepatic arachidonate

previously observed in SDS birds was, therefore, associated

with the post-mortem aging.

Broiler chickens fed diets high in glucose monohydrate

(cerelose) were more susceptible to SDS mortality than

broilers fed diets high in corn starch or corn-soy. Feeding

broilers a high cerelose diet increased the levels of plasma

calcium, total protein, triacylglycerol, and uric acid

compared to broilers fed corn starch diet. Broilers fed

Redacted for Privacy



cerelose diet also showed the higher incidence of leg

abnormality than broilers fed corn starch or corn-soy diets.

Daily intraperitoneal injection with 0.25 ml of L(+)

lactic acid solution (100 mg lactic acid/ml) to broilers

over a 7-d period failed to reproduce the SDS incidence,

whereas intravenous injection of 40% lactic acid solution

(200 mg lactic acid/kg body weight) resulted in 100%

incidence of SDS-type mortality. No SDS-type mortality was

observed with the intravenous injection of 40% sodium

lactate solution (200 mg sodium lactate/kg body weight).

Disturbance of physiological acid-base balance might be a

factor in the SDS-type mortality.

Suboptimal thiamin level in broilers fed cerelose diets

was observed. Thiamin supplementation to cerelose diet

improved the thiamin status of the broilers. Mortality due

to SDS was decreased when thiamin hydrochloride was

supplemented to cerelose diet at the level of 0.6 and 2.8 mg

thiamin hydrochloride/kg diet, respectively. Thiamin

supplementation, however, did not change the liver pyruvate

dehydrogenase activity and the proportion of pyruvate

dehydrogenase in the active form.

Disturbance of acid-base balance was postulated to be

associated with the incidence of SDS. Other genetic,

nutritional, and environmental factors are likely to modify

the incidence by affecting the acid-base status of the

chicken.
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POSSIBLE INVOLVEMENT OF CARBOHYDRATE AND LIPID

METABOLISM IN THE INCIDENCE OF SUDDEN DEATH

SYNDROME IN BROILER CHICKENS

CHAPTER I

INTRODUCTION

A. SUDDEN DEATH SYNDROME (SDS)

Sudden death syndrome (SDS) is a condition in which

healthy broiler chickens die suddenly without any sign of

disease prior to death. The syndrome was first reported

in England in 1965 (Hemsley, 1965) and since has been

reported in many countries with intensive broiler

production. The etiology of SDS is unknown and remains an

enigma despite attempts to elucidate the mechanism(s)

responsible for the condition.

B. JUSTIFICATION

The incidence of SDS has increased rapidly since it was

recognized 27 years ago. Steele and Edgar (1982) reported

2.46% SDS mortality in 64,000 broiler chickens in Australia.

In a survey of 51 broiler flocks in Western Canada, Riddell

and Springer (1985) reported SDS mortality ranged from .71%

to 4.07% of the total flock. Gardiner et al. (1988)

compiled data from 23 experiments, totalling of 90,000 male

broiler chickens and found the SDS incidence ranged from
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1.31% to 9.62%. More recently Nakaue (1990) surveyed the

incidence of SDS on an Oregon broiler farm involving 6

flocks totalling 605,000 broiler chickens and determined the

SDS mortality to be 1.24% which represented 35% of the total

mortality.

Based on 1990 broiler production figures and placing

monetary values from fifty cents to one dollar lost per bird

due to SDS mortality, the elimination of all the SDS

mortality can have an annual savings ranging from $147,000

to $328,700 and from $44,540,000 to $99,560,000 for broiler

producers in Oregon and United States, respectively.

C. IMPLICATION OF METABOLIC AND NUTRITIONAL INVOLVEMENT

Metabolism and nutrition have been implicated with SDS

incidence. Julian and Leeson (1985) observed that dietary

composition may be a factor influencing the severity of SDS

in a flock. Diets high in glucose (glucose monohydrate)

resulted in twice as much mortality from SDS than did diets

containing high levels of corn, or an animal-vegetable blend

of fat. Summers et al. (1987) demonstrated 100% incidence

of SDS-type death by injecting a 20% lactic acid solution

into the wing vein of broilers. Birds receiving diet high

in glucose monohydrate died within 30 min after dosing with

lactic acid solution while birds receiving corn starch took

over 1.5 h to die.

In general, glucose is oxidized to CO2 and H2O, with
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pyruvate as an intermediate metabolite in most tissues,

including heart muscle. Interference of mitochondrial

oxidative processes results in an accumulation of pyruvate.

Because lactate dehydrogenase is ubiquitous and the

equilibrium catalyzed by this enzyme greatly favors lactate

over pyruvate, accumulation of pyruvate results in

lactacidosis (Mayes, 1990).

The accumulation of pyruvate may also result from the

low nutritional status of thiamin which serves as a cofactor

(thiamin pyrophosphate) of pyruvate dehydrogenase. This

enzyme serves as a metabolic mechanism for entry of pyruvate

into tricarboxylic acid cycle. Levels of thiamin are

considered to be adequate in most poultry feedstuffs.

However, there have been several factors that may influence

the thiamin status of the birds or in the feed. Thiamin

requirements can be affected by environmental temperature,

genetic potential of the modern fast-growing broilers, and

the compositions of the diets. It is possible that

insufficient intake of thiamin under these conditions can

impair the activity of thiamin-dependent enzymes. If the

vitamin deficiency continues, the biological and

physiological signs become more severe, exceeding the normal

physiological deviation, and finally leading to death. SDS

could be caused by the thiamin deficiency in the broilers

that leads to the lactacidosis condition.
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D. RESEARCH OBJECTIVES

Experiments conducted at Oregon State University

involving the effect of dietary fish meal on the incidence

of SDS were shown an elevated level of oleate and a

decreased level of arachidonate observed in the liver lipid

of SDS birds (Wu, 1989). Similar findings have been

reported by Buenrostro and Kratzer (1982), and Rotter et al

(1985). Meanwhile, an attempt to develop the condition of

SDS-type death by Summers et al. (1987) via lactic acid

administration as well as the observation of Julian and

Leeson (1985) that birds fed diet high in glucose were more

likely to show SDS have provided more evidence of specific

factor(s) leading to mortality from SDS.

Therefore, it was decided to investigate the changes in

liver lipid and the involvement of lactic acid and dietary

glucose on this syndrome. The specific objectives of this

dissertation were to:

1. ascertain whether the decrease level of hepatic

arachidonate reported in SDS broilers were

due to post-mortem aging

2. investigate the effect of lactic acid on the

incidence of SDS

3. evaluate the effect of dietary carbohydrate

sources on the incidence of SDS and

4. determine whether thiamin is involved in the

etiology of SDS
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CHAPTER II

REVIEW OF LITERATURE

A. SUDDEN DEATH SYNDROME

A.1 DESCRIPTION

Sudden Death Syndrome (SDS) is a condition in

which healthy broiler chickens die suddenly without any sign

of disease before death. Different terms have been used to

describe this condition: Lung edema (Hemsley, 1965), Die in

good condition (Jackson et al., 1972), Fatal syncope (Volk

et al., 1974), Flip-over (Cassidy et al., 1975), Acute Death

Syndrome (Brigden and Riddell, 1975), and Sudden Death

Syndrome (Ononiwu et al., 1979a).

A.2 SIGNS AND PATHOLOGY

SDS has been reported to occur from the second day

of age up to market age (7 wks of age) with the highest

incidence emerging between 3 and 5 wks of age (Brigden and

Riddell, 1975; and Gardiner et al., 1988) followed by a

rapid decrease in the incidence to market age (Volk et al.,

1974). In some cases, mortality due to SDS appears to

increase throughout the growing period suggesting an error

in diagnosis or a different syndrome (Riddell and Springer,

1985).

Male broilers are more susceptible to SDS than

females. More than 50-80% of the loss due to SDS affects

male birds (Hemsley, 1965; Jackson et al., 1972; Brigden and
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Riddell, 1975; Hulan et al., 1980; Steele et al., 1982;

Mollison et al., 1984; Riddell and Springer, 1985; and Bowes

et al., 1989).

No apparent abnormalities of SDS birds can be

observed. All SDS birds are found in good body condition

(Brigden and Riddell, 1975; Ononiwu et al., 1979a; Hulan et

al., 1980; Riddell and Orr, 1980; and Mollison et al.,

1984). At necropsy, SDS birds are described as being well-

fleshed with a full gastrointestinal tract. The gall

bladder is usually empty and the lungs are often congested

and edematous (Steele and Edgar, 1982; Ononiwu et al.,

1979a). The congestion and edema of the lungs, however, may

be a post-mortem artifact as it is not found in birds

collected shortly after death (Riddell and Orr, 1980). The

liver and kidneys are slightly enlarged and there may be

hemorrhages in the kidney. The ventricles of the heart are

firmly contracted (Ononiwu et al., 1979a). Blood clots are

found in all four heart chambers (Cassidy et al., 1975).

The clots exhibit a smooth, shining surface that retains no

particular shape when removed from the heart. There is no

evidence of attachment to the heart wall and the underlying

endothelium appears to be normal in structure. All the

clots show dark red appearance and some have additional

white to pale yellow area. Microscopically, the clots are

composed of varying numbers of erythrocytes and leukocytes

embedded in a matrix of fibrin and serum. These clots may
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be the immediate cause of this syndrome, however, the study

by Cassidy et al. (1975) provided evidence that these blood

clots were probably of post-mortem origin.

Biochemical examinations of body tissues and

fluids have not established the physiological events

precipitating death from SDS. Blood chemistry of birds

dying from SDS and from killed healthy birds revealed no

consistent differences in serum levels of sodium, potassium,

chloride, calcium, phosphorus, magnesium, and glucose

(Riddell and Orr, 1980; Rotter et al., 1985; Rotter et al.,

1987; Bowes et al., 1989; and Buckley and Gardiner, 1990).

However, there has been some indication that tissue fatty

acids, particularly arachidonate, may be involved in the

syndrome (Buenrostro and Kratzer, 1982; Rotter et al., 1985;

Buckley et al., 1987; and Wu, 1989). Buenrostro and Kratzer

(1982), Rotter et al. (1985), and Wu (1989) observed

significantly higher levels of oleate and lower levels of

arachidonate in the heart and liver tissues of SDS birds

compared to non-SDS birds. From these findings, it has been

hypothesized that reduced arachidonate levels in liver

tissue would reduce the amount of prostaglandins (PGs) being

synthesized, which could lead to cardiac fibrillation or

arrhythmia. In other investigation, Buckley et al. (1987)

found a higher level of arachidonate in the hepatic

triacylglycerol fraction from SDS birds. These observations

support the hypothesis proposed by Lands (1979) that under
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conditions of hypoxia, tissue reesterification activity

could be expected to decrease without markedly affecting

hydrolytic activity. An increase steady state concentration

of nonesterified arachidonate, therefore, has been observed

associated with increased PGs formation. PGs can affect the

activities of many physiological processes, such as,

inflammation, blood flow, ion transport, synaptic

transmission (Stryer, 1988), platelet aggregation (Silver et

al., 1973; and Lands, 1982), and a variety of actions on

cardiac tissue (Lands, 1982). Therefore, over production of

PGs from arachidonate might initiate a series of

physiological processes leading to SDS.

A.3 PATHOGENESIS AND ETIOLOGY

Affected birds show no unusual behavioral traits

before death (Newsberry et al., 1987). Birds may squawk

during a sudden attack characterized by loss of balance,

convulsions, violent wing flapping and strong muscular

contraction. Most birds die on their backs with one or both

legs extended or raised; however, some may die on their

sterna or sides during violent flapping (Ononiwu et al.,

1979a; Riddell and Orr, 1980; and Steele and Edgar, 1982).

The etiology of SDS is currently unknown. It has

been suggested that it is a metabolic disease and that

genetic, nutritional, and environmental factors may affect

the incidence (Riddell and Orr, 1980).
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A.4 OTHER FACTORS

a. Genetics. Hemsley (1965) reported a lower

incidence of SDS (0.3%) in the progeny of a less developed

breed than in those of three White Rock strains (Arbor

Acres, 0.6% ; Cobb, 1.0% ; and Pilch, 0.6%). This

observation suggests a possible genetic implication

associated with SDS. However, more recent works by Brigden

and Riddell (1975) and Riddell and Springer (1985)

demonstrated that most modern broiler chicken strain crosses

are susceptible to SDS but the heritability is quite low

(Chambers, 1986).

b. Growth rate. It has been hypothesized that

there is a direct relationship between growth rate and SDS

incidence. Gardiner et al. (1988) reported a significant

increase in SDS incidence with increased weight from the

data collected from 23 experiments. These findings were

confirmed by Bowes et al. (1988) and Chung (1990) who found

that feed restriction and lower nutrient density diets

resulted in lower body weight and a lower incidence of SDS.

However, Mollison et al. (1984) reported that a 10%

reduction in growth rate did not significantly reduce the

SDS incidence. Riddell and Springer (1985) also reported no

correlation between body weight and SDS incidence.

c. Nutrition.

1. Biotin. Biotin deficiency has been

suggested to have a relationship with SDS incidence. SDS
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mortality appears to be lower on corn-soy diet as opposed to

wheat-soy diet (Mollison et al., 1984; Riddell and Springer,

1985; and Blair et al., 1990). The amount of bioavailable

biotin in wheat is low; therefore, the increase in SDS

mortality in birds fed wheat-soy diet might come from biotin

deficiency. Hulan et al. (1980) supplemented biotin in

corn-soy-wheat diets and found that the addition of 150 gg

biotin per kg diet significantly reduced both total

mortality and mortality due to SDS in broiler flocks.

Buenrostro and Kratzer (1982) reported that parameters

recorded in broilers of a commercial flock that had died of

SDS showed alterations that were typical of a biotin

deficiency. The levels of liver biotin, total liver lipid

content, and distribution of palmitoleic and oleic acids in

liver lipids were markedly different from those of birds of

the same flock that had died of other causes than SDS.

Moreover, the values found in SDS birds were of the same

order of magnitude as values recorded from birds kept on a

diet low in biotin containing 60 gg per kg in a controlled

experiment. Therefore, a low biotin status may be

associated with SDS incidence in broilers. These findings

were contested by other workers. Steele et al. (1982) did

not find a decrease in SDS mortality following water

medication with biotin. Neither did Whitehead and Randall

(1982) observe a relationship between SDS incidence and a

wide range of biotin nutrition in broilers.
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2. Feed pelleting. An increased incidence of

SDS was also observed in broilers fed a crumble-pellet

regimen compared with broilers fed the same diet in mash

form (Proudfoot and Hulan, 1982 and Proudfoot et al., 1982).

This increased mortality was not related to the increased

growth rate but due to some unidentified factors involved

with the crumble-pelleting process.

3. Protein supplementation. Blair et al.

(1990) found the reduction of SDS incidence as a percentage

of the birds housed when the meat meal was included into the

diet at the expense of soybean meal. They concluded that

the inclusion of meat meal supplied a previously

unidentified factor present in animal protein that provides

some protection against the occurrence of SDS.

4. Fat/oil. Newberry et al. (1984) found

that replacing tallow with corn oil in the diets and fed to

broilers did not reduce the SDS incidence. On the other

hand, studies by Rotter et al. (1985) concluded that the SDS

incidence was found to be significantly reduced when a

wheat-soybean diet was supplemented with unsaturated fat

(sunflower oil) as opposed to saturated fat (tallow).

5. Glucose and lactic acid. Julian and

Leeson (1985) observed that the diets high in glucose

monohydrate resulted in twice the SDS mortality than did

diets containing high levels of corn or an animal-vegetable

blend fat. Summers et al. (1987) reported that an SDS-type
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death could be induced by injecting a 20% lactic acid

solution into the wing vein. Pipetting 5 ml of the same

solution into the crop had less consistent effect but gave

high mortality in general. Broilers fed diets high in

glucose monohydrate died within 30 min of dosing with lactic

acid while those receiving a diet high in corn starch took

over 1.5 h to die. Those birds fed high fat diets survived

more than 2 h before any mortality was noted. Summers et

al. (1987) also found that the blood lactate levels were

significantly lower for the glucose-fed than the corn starch

and fat-fed birds. This suggests that any dietary effects

as such, might be due to preconditioning of the bird to

tolerate or not to tolerate higher levels of blood lactate.

However, Julian and Bowes (1987) found that blood lactate

levels were high in some broilers unaffected by SDS and

normal in broilers that died from SDS. Recently Jacob et

al. (1990) studied the effect of dietary glucose

monohydrate (0 to 45%) and calcium lactate (0 to 7.5%) on

the incidence of SDS and were unable to confirm the results

of Summers et al. (1987). While there is no final

conclusion for the involvement of lactic acid as a

causative agent in SDS, it may be a contributing factor

(Guenter, 1991). The sudden elevation of lactate ions

caused by the metabolic reactions in the body could alter

the acid-base balance and affect cardiac function. The

involvement of acid-base balance in SDS has been studied by
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Mollison (1983). He demonstrated that electrolytes

imbalance in the diet may contribute to SDS. Electrolyte

balance (Na+-1-r-C1-) below 200 meq per kg diet could

contribute to increase in total and SDS mortalities.

6. Other factors. Guenter and Rotter (1985)

reported a trend towards a higher incidence of SDS with

several of the ionophore-type coccidiostats. Riddell and

Springer (1985) also suggested a relation between SDS and

specific coccidiostat program (monensin in the starter and

grower and no medication in the finisher). However,

Karunajeewa and Barr (1990) reported no difference in SDS

mortality between birds fed two different anticoccidial

agents (maduramicin and salinomycin).

Acetylsalicylic acid has been tried to

reduce the incidence of SDS in broilers and turkeys

(Proudfoot and Hulan, 1983 and Martine and Hunter, 1991).

Neither study reported a beneficial effect of

acetylsalicylic acid on SDS.

Gardiner and Hunt (1984) added

reserpine, a transquillizing or anti-stress agent, to the

broiler diet (0-3 mg/kg) and found no effect on the

incidence of SDS.

d. Environment. Environmental factors such as

sudden noise (Hopkinson et al., 1983 and Steele and Edgar,

1982); heat stress (Hopkinson et al., 1983); high stocking

density (Hemsley, 1965 and Bolton et al., 1972); social
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interaction (Ratcliff and Snyder, 1964); continuous light

(Ononiwu et al., 1979b and Cave, 1981); and light

intensities (Hulan et al., 1980 and Newberry et al., 1985,

1986) have been studied regarding to the incidence of SDS.

Broiler breeders have been observed to

convulse and die when startled by sudden noise (Hopkinson et

al., 1983). Sudden operation of feed auger motors or

heaters may have startled the broilers and caused some birds

to succumb to death (Steele and Edgar, 1982). There was a

suggestion that affected birds were more susceptible to heat

stress than normal (Hopkinson et al., 1983). Mortality due

to SDS was recorded to be higher on hot days. Hemsley

(1965) and Bolton et al. (1972) suggested that high stocking

density associated with a higher incidence of SDS. Ratcliff

and Snyder (1964) studied the incidence of myocardial

infarction caused by social interaction in male and female

chickens and found that coronary arterial disease was a

response to social interaction especially the interaction

associated with sexual behavior. Majority of broilers that

are raised without sex separation, therefore, are subject to

social interaction with resulting stress. Contrary to

previous findings, Newberry et al. (1985 and 1987) found

none of the SDS birds died immediately following a sudden

loud noise, agonistic interaction, cannibalism, piling up of

bird, or heat stress.
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Hulan et al. (1980) suggested that high

intensity light appeared to increase SDS incidence, but

Newberry et al. (1985 and 1986) found that light intensity

(0.1 to 100 lx) had no effect on SDS.

Ononiwu et al. (1979b) reported a higher

incidence of SDS in broiler chickens raised under continuous

light compared to intermittent light (continuous from day-

old to the 10th day; 3L:1D from 10 d to 17 d; 2L:2D from 17

d to 24 d; and 1L:3D from 24 d to 49 d) but this finding was

not supported by Cave (1981) who found no significant

difference in a similar study. Recently, Classen and

Riddell (1989) and Classen et al. (1991) reported studies

comparing continuous (24L:OD from day-old to 3 d and 23L:1D

from 3 d to 42 d) versus increasing photoperiods (24L:OD

from day-old to 3 d; 6L:18D from 3 d to 14 d; 10L:14D from

14 d to 21 d; 14L:10D from 21 d to 28 d; 18L:6D from 28 d to

35 d and 23L:1D from 35 d to 42 d) on broiler performances.

The increasing light program resulted in a decrease in SDS.

It was suggested that continuous lighting increased bird

interaction and stress that may be the cause of greater

overall and SDS mortalities in the flocks.

B. OTHER ASSOCIATED DISEASE SYNDROMES

Other disease syndromes observed in poultry and human

infants may have some relationships to SDS. They are as

follows:
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B.1 FATTY LIVER AND KIDNEY SYNDROME (FLKS)

Fatty Liver and Kidney Syndrome is a biotin-

responsive condition that has been observed in broiler

chicks (Bannister, 1976). It has been suggested that SDS of

broiler chickens is also a biotin-responsive condition

(Hulan et al., 1980). Later studies have not shown a

relationship between biotin supplementation and SDS (Steele

et al., 1982 and Whitehead and Randall, 1982).

Nevertheless, Whitehead and Randall (1982) suggested that an

abnormality occurring as a result of FLKS may contribute to

the initiation of SDS.

The most obvious FLKS post-mortem finding is a

massive accumulation of lipid in the liver and kidney. The

level of lipid was shown to be about double the normal

level. This increase is largely that of triacylglycerol

fatty acids with some change in the composition of these

fatty acids, with a marked increase in palmitoleic acid

(C16:1), a slight increase in oleic acid (C18:1), and a

decrease in the corresponding saturated fatty acids

particularly stearic acid (C18:0) (Whitehead, 1975 and

Pearson et al., 1976). Although effort was concentrated on

changes in lipid metabolism, it now appears that changes in

carbohydrate metabolism are much more profound. Development

of the signs of FLKS has been attributed to the fall in the

activity of pyruvate carboxylase, which is known to be

biotin dependent (Bannister, 1976). This decreased activity
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results in a marked drop in the capacity to form glucose

from a number of precursors such as lactate and alanine.

Birds with adequate feed intake and absorbed sufficient

dietary carbohydrate developed no obvious signs. Following

a short fast, hepatic glycogen is largely depleted and

plasma glucose can be maintained only by gluconeogenesis

(Bannister, 1979). The marked fall in rate of

gluconeogenesis results in a decrease in plasma glucose and

thus affects the central nervous system with loss of

consciousness and eventually death. In general, healthy

chicks of 3-5 wks of age become lethargic and die (Laursen-

Jones, 1971). Under industry conditions, mortality

attributed to FLKS is usually low (<1%), but occasional

outbreaks occur up to 20% of a flock. Before the onset of

the syndrome, the birds appear normal and cannot be

distinguished from their flock-mates in terms of growth rate

or feed intake, nor do they exhibit symptoms of previous

illness. The onset is sudden; the birds become motionless

and lie on their sternum, in which position they remain

until death, usually within 1 d and frequently within 6-10 h

(Bannister, 1976).

B.2 ASCITES

Ascites occurs principally in fast-growing

broilers reared at altitude more than 1000 m, although

isolated cases may occur at sea level. The condition is

characterized by accumulation of fluid in the body cavity,
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and dilation of the right chamber of the heart. Acute death

can occur between 2 and 4 wks of age, but most mortality due

to ascites is noted during the last 2 wks of the production

cycle (Shane, 1988).

The etiology of ascites is thought to be a

decrease in the oxygen content of the blood and subsequently

decrease oxygen content at the tissue level (Lopez Coello,

1985; Wideman, 1988; Hernandez, 1987; and Julian, 1990). A

number of factors such as high altitude, ammonia, cold

temperatures, rapid growth, high-density diets, vaccination

reactions, respiratory diseases, aspergillosis, and genetic

acts to promote an oxygen deficiency at the tissue level

(Dale, 1990). Any factor that reduces the oxygen content of

blood stimulates chemoreceptors and results in an increase

in heart rate and activity of the muscle of the right

ventricle which pumps a greater volume of blood to the lungs

(Shane, 1988). The response in chickens results in marked

increase in blood pressure that is passed through

progressively smaller blood vessels within lung tissue

(Altland, 1961). Persistent lack of oxygen increases the

load on the right ventricle of the heart which continues to

pump large volumes of blood (Burton et al., 1967), resulting

in an increase in the thickness of muscle comprising the

right ventricle (Huchzermeyer and De Ruyck, 1986).

Increased pressure in the incoming blood supply to the lungs

results in seepage and accumulation of fluid, which
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decreases the efficiency of oxygen transfer from pulmonary

air to erythrocytes in the capillaries lining the air

exchange chambers (alveoli). This intensifies the

adaptative response, increasing pressure in the circuit from

the heart to the lungs. In acute cases, death can result

from right heart failure and lung edema. If broilers

survive the initial period of right ventricular dysfunction,

ascites may occur (Shane, 1988). This is a direct result of

distension of the right atrium with consequential increase

in hydrostatic pressure of the blood in the venous return to

the heart. Filtration of the non-cellular component of

blood occurs from the small vessels draining the liver and

other digestive organs. The accumulation of proteinaceous

fluid and the presence of yellow clots adherent to the

intestines and liver represent the clinical condition

recognized in the field as ascites.

Ascites and SDS were hypothesized to be closely

related (Shane, 1988). Broilers that survive the initial

period of right ventricle dysfunction that is also the

typical symptom of SDS will later develop ascites due to a

result of distension of the right atrium.

B.3 SUDDEN INFANT DEATH SYNDROME (SIDS)

Sudden Infant Death Syndrome (SIDS) is a condition

in which healthy infants are found dead, often in their

cribs. SIDS usually occurs in young infant between 2 to 4

months of age followed by a rapid decline in frequency of
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mortality by age 6 months (Hunt and Brouillette, 1987).

Infants subjected to SIDS were previously viewed as being

quite well before their sudden deaths. However, after the

analysis of the data by Naeye et al.(1976), investigators

are becoming assured that the babies who die in this manner

are physiological handicapped before birth. Many of the

features of these neonates suggest a central dysfunction,

particularly of the brain stem, i.e., abnormalities in

respiration, feeding, temperature regulation, specific

neurologic tests, and low Apgar scores (Valdes'-Dapena,

1980) .

A small percentage of apparent SIDS victims may

have an unsuspected metabolic disorder. Medium chain acyl-

CoA dehydrogenase (MCAD) deficiency is the most common

disorder of fatty acid oxidation found in SIDS victims.

However, Miller et al.(1992) reported that MCAD deficiency

probably does not make a significant contribution to the

etiology of SIDS.

The etiology of SIDS at the present time remains

unknown. Although a multifactorial cause appears plausible

on the basis of available data, new data are needed to

determine which components of this multifactorial hypothesis

are most important and whether other factors need to be

added.
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C. POSSIBLE INVOLVEMENT OF GLUCOSE METABOLISM AND SDS

Several investigators have reported that glucose

metabolism may be possibly involved in the incidence of SDS.

Julian and Leeson (1985) reported that broilers fed diets

high in glucose monohydrate had twice as much SDS mortality

than broilers fed high levels of corn or an animal-vegetable

blend fat. Therefore, glucose metabolism in broilers may be

involved in SDS mortality. Glucose is the major circulating

form of carbohydrate in all animal species and adequate

levels in the blood must be maintained. Glucose is required

in large amounts by several tissues including the brain and

heart. Glucose metabolism produces high energy phosphate

compounds that provide energy to carry out the multitude of

biochemical reactions supporting metabolism and growth of

tissues. Oxidation of glucose starts from the break down of

glucose to pyruvate by the Embden-Meyerhof-Panas scheme of

carbohydrate utilization and then the entrance of pyruvate

into the tricarboxylic acid cycle. An alternative pathway

for glucose oxidation is the oxidative pathway called the

pentose phosphate pathway that converts hexoses to pentoses

in the synthesis of nucleotides, nucleic acids, intermediate

sugars for glycolysis, and NADPH for biosynthesis of fatty

acids. Complete oxidation of glucose to carbon dioxide and

water, therefore, undergoes various steps with many

biochemical reactions involved. Interference of these

processes at any individual step can affect the whole
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oxidative process which in turn affect the animal's overall

productivity and even for its survival.

Lactacidosis has been reported to be related to SDS

mortality (Summers et al., 1987). Lactacidosis can result

from the accumulation of pyruvate. Pyruvate metabolism in

the cell depends on the redox state of the cell itself

(Mayes, 1990). Under anaerobic condition, the reoxidation

of NADH by transfer of reducing equivalents through the

respiratory chain to oxygen is prevented. Pyruvate is

reduced by the NADH to lactate by the action of lactate

dehydrogenase. The reoxidation of NADH by way of lactate

formation allows glycolysis to proceed in the absence of

oxygen by regenerating sufficient NAD' for another cycle of

the reaction catalyzed by glyceraldehyde-3-phosphate

dehydrogenase. Thus, tissues that function under hypoxic

circumstances tend to produce more lactate.

In aerobic condition, pyruvate is oxidatively

decarboxylated to acetyl CoA. This reaction is catalyzed by

several different enzymes working sequentially in a

multienzyme complex called pyruvate dehydrogenase complex.

Pyruvate dehydrogenase is inhibited by its products, acetyl

CoA and NADH. It is also regulated by phosphorylation

involving an ATP-specific kinase that causes a decrease in

activity, and by dephosphorylation by a phosphatase that

causes an increase in activity of the dehydrogenase. The

kinase is activated by increases in the [acetyl CoA] /[CoA],
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[NADH]/[NAD4], or [ATP]/[ADP] ratios. Thus, pyruvate

dehydrogenase or glycolysis is inhibited not only by a high

energy potential, but also under conditions of fatty acid

oxidation (Mayes, 1990 and Wieland, 1983).

It is possible that interference of mitochondrial

oxidative processes will result in an accumulation of

pyruvate. Because lactate dehydrogenase is ubiquitous and

because the equilibrium catalyzed by this enzyme greatly

favors lactate over pyruvate, accumulation of pyruvate

results in lactacidosis. The most common interference with

mitochondrial oxidation is oxygen deficiency owing to anoxia

and/or poor perfusion caused by development of

atherosclerosis. Hence, one expects lactacidosis if there

is cardiac arrest, shock, and profound congestive heart

failure. Another possible interference is the inhibition of

pyruvate metabolism. Arsenite or mercuric ions complex the

-SH groups of lipoic acid and inhibit pyruvate

dehydrogenase, as does a dietary deficiency of thiamin,

allowing pyruvate to accumulate. In humans, patients with

inherited pyruvate dehydrogenase deficiency were found to

have similar lactacidosis, particularly after glucose load

(Mayes, 1990).
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CHAPTER III

INVOLVEMENT OF LIPID METABOLISM AND THE INCIDENCE OF

SUDDEN DEATH SYNDROME (SDS): THE INFLUENCE OF POST-MORTEM

AGING AND CHANGES IN HEPATIC FATTY ACID CONTENT

A. ABSTRACT

Two experiments were conducted to determine if

decreased levels of hepatic arachidonate in SDS broilers

were the result of post-mortem aging. In Experiment 1,

twenty five 4-wk old commercial male broiler chickens were

sacrificed by cervical dislocation and hepatic fatty acids

determined in tissues collected immediately (0 h) and at 2,

4, 8, and 16 h after death. In Experiment 2, thirty six 4-

wk old commercial male broiler chickens were sacrificed by

cervical dislocation and liver tissue collected at 0, 1, 2,

and 4 h after death. Fatty acids analyses were determined

by capillary gas-liquid chromatography on lipid extracts of

all the tissues collected.

In both experiments, post-mortem changes after death

had minimal effects on hepatic fatty acids except for

eicosapentaenoate (C20:5) which decreased (P<.05) between

0 to 16 h after death in Experiment 1 and stearate (C18:0),

arachidonate (C20:4), and docosahexaenoate (C22:6) which

decreased (P<.05) during the first h after death in

Experiment 2.
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Under the conditions of these experiments, the

decreased level of hepatic arachidonate at 1 h post-mortem

refutes the findings that lower hepatic arachidonate level

is associated with SDS.

B. INTRODUCTION

Sudden Death Syndrome (SDS) has become increasingly

important as a cause of mortality in rapidly growing broiler

chickens. The etiology of SDS is unknown but it has been

suggested that SDS is a metabolic disease influenced by

nutritional, genetic, and environmental factors (Riddell and

Orr, 1980; and Steele and Edgar, 1982). Limited information

is available regarding biochemical alterations in the

affected birds. There is some evidence suggesting that

changes in hepatic fatty acid are associated with SDS. An

elevated level of oleate and a decreased level of

arachidonate has been observed in the liver lipids of SDS

birds (Buenrostro and Kratzer, 1982; Rotter et al., 1985;

and Wu, 1989). In contrast, Buckley et al. (1987) reported

an increased level of arachidonate in the hepatic

triacylglycerol fraction of SDS birds. Since arachidonate

has been associated with the synthesis of prostaglandins

(Mayes, 1990), changes in arachidonate levels observed in

SDS bird could affect prostaglandin synthesis and

subsequently initiate a series of physiological processes

resulting in SDS.
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Comparative slaughter is an accepted method for

estimating changes in body composition of animals. In SDS

studies, however, death is unpredictable. Mortality in the

poultry house resulting from SDS may be found within a few

minutes to several hours after death. Thus, it is difficult

to investigate changes in tissue composition from SDS birds

because of the difficulty in matching non-SDS birds having

similar age, weight, sex, and time of death. Researchers

must, therefore, select representative birds at the end of

the experiment or use culled birds and sacrificed those

birds as the control birds. This procedure has been

criticized on the grounds that post-mortem age (time between

death and autopsy) may influence tissue composition and

subsequently confound the data interpretation. The purpose

of these studies described herein were to ascertain whether

changes in the level of hepatic arachidonate observed in SDS

broilers could be associated with post-mortem aging.

C. MATERIALS AND METHODS

Commercial male day-old broiler strain cross chicks

were reared in floor pens covered with wood shavings litter.

Each pen was equipped with an automatic dome waterer

(diameter 16.5 cm), tube feeder (diameter 30.5 cm), and an

infra-red heat lamp. Overhead continuous incandescent light

(24L:OD, 5.4 lux) was provided throughout the study. The

brooding and rearing methods used were described by North
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and Bell (1990). The chicks were provided corn-soy broiler

starter diet (23% crude protein and 3200 kcal ME/kg diet) to

4 wks. Water and feed were supplied ad libitum throughout

the growing period. At 4 wks of age, broiler chickens were

sacrificed by cervical dislocation and the carcass

undisturbed for various periods of time. At the end of each

period, the livers were excised, and stored at -20 C until

analysis.

Fatty acid analyses were determined as outlined by

Phetteplace and Watkins (1990). Total liver lipid was

determined gravimetrically by a chloroform/methanol (2:1

v/v) extraction as described by Folch et al. (1957). The

lipid extracts were subsequently saponified and methylated

using 12% boron trifluoride (Metcalfe et al.,1966).

Individual fatty acid concentrations were measured using a

capillary gas chromatographl equipped with a DB 225 fused

silica capillary column' (30m x 0.25 mm i.d., film thickness

0.15 um). The initial oven temperature (196 C) was

maintained for 12 min and then increased at a rate of 0.9

C/min to a final temperature of 214 C. Total run time was

40 min. The injection port and flame ionization detector

temperatures were 250 C. Nitrogen was used as the makeup

gas for the detector and helium served as the carrier gas.

1 Hewlett-Packard, model 5890A
2 J&W Scientific Co., Rancho Cordova, CA
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Fatty acid concentrations were transformed to natural

logarithms and then analyzed using Analysis of Variance for

Completely Randomized Design (Statistical Graphics

Corporation, 1991) with significance level of .05.

Differences among means were tested using Tukey's mean

separation test at .05 probability level.

C.1 EXPERIMENT 1

Twenty five 4-wk old commercial male broiler

strain cross chickens were randomized to 5 groups of 5 birds

each. The broilers in each group were sacrificed by

cervical dislocation and the carcasses left at room

temperature for 0, 2, 4, 8, and 16 h. At the end of each

period, the livers were excised and stored at -20 C for

subsequent analysis.

C.2 EXPERIMENT 2

Thirty six 4-wk old commercial male broiler strain

cross chickens were randomized into 4 groups of 9 birds

each. The broilers in each group were sacrificed by

cervical dislocation and the carcasses left at room

temperature for 0, 1, 2, and 4 h. At the end of each

period, the livers were excised and frozen with dry ice and

stored at -20 C for subsequent analysis.

D. RESULTS AND DISCUSSION

The hepatic fatty acid compositions from broilers left

dead at various periods of time in Experiments 1 and 2 are
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summarized in Tables III.1 and 111.2, respectively. In both

experiments, time after death did not affect most of the

fatty acid levels determined. Some of the long chain fatty

acids, however, underwent post-mortem oxidation. There was

a decrease (P<.05) in eicosapentaenoate (C20:5) levels

between 0 to 16 h after death in Experiment 1 (Table III.1).

Also, changes in linoleate (C18:2n6), arachidonate

(C20:4n6), and docosahexaenoate (C22:6n3) levels were

observed in this experiment but can not be interpreted due

to the fluctuations in mean values at the times examined.

In Experiment 2, there were decrease (P<.05) levels of

stearate (C18:0), arachidonate (C20:4), and docosahexaenoate

(C22:6) the first h after death. No further decreases were

observed after 1 h for these fatty acids.

Significant post-mortem changes in avian muscle lipids

may result from alterations in the phospholipid membrane

structures. The structural changes may be the result of

hydrolysis and/or the possible interaction of free fatty

acids released by the hydrolysis with lysosomal degradative

enzymes (Davidkova and Khan, 1967; Fishwick, 1968; and

Currie et al., 1978). Since chicken hepatic lipids contain

high stearate (C18) and C20-, C22-polyunsaturated fatty

acids in the phospholipid fraction (Sgoutas, 1966), the

reduction in the levels of stearate, arachidonate,

eicosapentaenoate and docosahexaenoate observed in these

studies may be their release from phospholipid membranes by



30

the action of phospholipase and follow by fatty acid

degradation.

Lower concentrations of arachidonate have been observed

in the liver of SDS than non-SDS chickens (Buenrostro and

Kratzer, 1982; Rotter et al., 1985; and Wu, 1989). By

contrast, Buckley et al. (1987) found an increased

arachidonate level in the hepatic triacylglycerol fraction

from SDS birds. These results suggest that interpretation

of fatty acid changes might be confounded if tissue samples

are collected at different times after death for SDS and

non-SDS birds. The results of the present studies indicate

that post-mortem changes 1 h after death do affect the

hepatic arachidonate concentration. Therefore, the

decreased hepatic arachidonate concentration observed by

several investigators (Buenrostro and Kratzer, 1982; Rotter

et al., 1985; and Wu, 1989) in SDS birds was not associated

with SDS but was the consequence of a post-mortem aging

process.



Table III.1. Fatty acid profiles of liver samples (gg/g
liver) from broiler chickens left dead at 0,
2, 4, 8, and 16 h (Experiment 1)

Fatty
acid

Hours after death' SE

0 2 4 8 16

C16:0 3416 3125 3437 3277 3887 416

C16:1n7 328 278 311 284 432 65

C18:0 3679 3687 3697 3483 3270 280

C18:1 3836 3663 3472 3491 3499 590

C18:2n62 2147' 1994b 2432a 1928b 2032' 98

C18:3n6 0 0 0 14 0 6

C18:3n3 0 0 0 0 0 0

C20:0 0 0 0 0 0 0

C20:1n9 57 47 43 15 24 17

C20:2n6 122 119 114 149 149 27

C20:3n6 377 351 370 329 263 37

C20:4n62 1918' 1897ab 2137a 1729ab 1547b 128

C20:5n32 95a 65' 51' 21b 15b 17

C22:0 0 0 0 0 0 0

C22:1n9 0 0 0 0 0 0

C22:4n6 144 111 172 107 139 18

C22:5n6 152 134 221 94 99 41

C22:5n3 23 38 67 0 18 21

C22:6n32 363ab 423ab 506a 369ab 268b 52

31

1 Mean values in each row with different superscripts were
significantly different at P<.05.

2 C18:2n6 (linoleate); C20:4n6 (arachidonate); C20:5n3
(eicosapentaenoate); and C22:6n3 (docosahexaenoate)
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Table 111.2. Fatty acid profiles of liver samples (gg/g
liver) from broiler chickens left dead at 0,
1, 2, and 4 h (Experiment 2)

Fatty
acid

Hours after deaths

0 1 2 4
SE

C16:0 3300 2708 3192 2820 215

C17:0 28 23 25 21 3

C18:02 3520a 2922b 3019b 3060b 117

C18:1 3416 2976 4073 3591 387

C18:2n6 2568 2195 2562 2338 143

C18:3n6 21 15 18 18 2

C18:3n3 26 22 48 22 8

C20:0 17 13 16 13 1

C20:1n9 77 74 82 84 5

C20:2n6 87 72 70 71 5

C20:3n6 375 315 319 337 15

C20:4n62 1835a 1487b 1514b 1591b 78

C22:0 2 0 1 1 1

C22:1n9 2 7 11 12 3

C22:4n6 112 95 92 99 8

C22:5n6 187 171 154 155 11

C22:5n3 49 42 38 41 6

C22:6n32 521a 315b 332b 341b 28

1 Mean values in each row with different superscripts were
significantly different at P<.05.

2 C18:0 (stearate); C20:4n6 (arachidonate); and C22:6n3
(docosahexaenoate)
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CHAPTER IV

INVOLVEMENT OF CARBOHYDRATE METABOLISM AND THE INCIDENCE OF

SUDDEN DEATH SYNDROME (SDS) I. EFFECTS OF DIETARY GLUCOSE

MONOHYDRATE AND CORN STARCH WITH LACTIC ACID

AND SODIUM LACTATE ADMINISTRATION

A. ABSTRACT

Three experiments were conducted to determine the

effect of feeding glucose monohydrate (cerelose) and corn

starch diets to broilers and the influence of lactic acid

and sodium lactate administration on broiler performance,

SDS mortality, and changes in selected blood chemistries.

In Experiment 1, isonitrogenous corn starch and glucose

monohydrate (cerelose) diets were fed to 40 Peterson x

Hubbard male broiler chickens from 1 to 6 wks of age. At 5

wks of age, the broilers from each diet were administered

either .25 ml of a L(+) lactic acid solution (100 mg /ml) or

a saline solution intraperitoneally for 7 consecutive days.

Body weight gains were the same for both diets. The SDS

incidence was increased (P<.10) in broilers fed the cerelose

diet than those broilers fed corn starch diet. Plasma

levels of calcium, protein, triacylglycerol, and uric acid

were increased (P<.05) in cerelose-fed broilers. Decreased

(P<.05) concentrations of plasma calcium, glucose,

potassium, triacylglycerol, and uric acid were observed in
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the cerelose-fed broilers after the injections of either

lactic acid or saline.

In Experiment 2, thirty 6-wk old Peterson x Hubbard

male broilers were randomly distributed to three groups.

Each group was dosed intravenously via the wing vein with

either saline, a 40% lactic acid solution (200 mg lactic

acid/kg body weight), or a 40% sodium lactate solution (200

mg sodium lactate/kg body weight). Only broilers subjected

to the lactic acid injection demonstrated SDS-type deaths.

An acid-base imbalance may have been responsible for the

SDS-type deaths.

In Experiment 3, two hundred Peterson x Arbor Acres

male broilers were fed isonitrogenous diets containing

either corn starch or glucose monohydrate (cerelose) from

day-old to 7 wks of age. Mean body weight gain, feed

consumption, and feed gain ratio were improved (P<.05) in

broilers fed the cerelose diet. Diets did not influence

either total mortality or mortality due to SDS. Broilers

fed the cerelose diet had a higher (P<.10) incidence of leg

abnormality than the corn starch-fed group. Whole blood

transketolase (TK) activity and thiamin pyrophosphate (TPP)

effect were not influenced by diets; however, broilers fed

the cerelose diet showed a trend of increased TPP effect

than broilers fed the corn starch diet (117% versus 73%).

Based upon these studies, SDS mortality, broiler

growth, and circulating levels of plasma calcium, total
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protein, triacylglycerol, and uric acid were increased in

cerelose-fed broilers. Lactate ion concentration was not

associated with SDS-type mortality, however, an acid-base

imbalance caused by the generation of 1-14- from lactic acid

could be a major factor responsible for SDS-type mortality.

B. INTRODUCTION

The relationship of lactic acid and SDS incidence in

broiler chickens can be deduced from the acidosis-like

conditions observed in ruminants and horses. Ruminant

animals switched abruptly from a hay diet (high roughage) to

a grain or high glucose diet exhibited acute indigestion, a

rapid rise in ruminal lactic acid, and death (Hungate et

al., 1952). Laminitis was observed in sheep (Morrow et al.,

1973) and horses (Garner et al., 1977) following a dietary

carbohydrate overload. Plasma lactate levels in responses

to laminitis and/or circulatory collapse were highest for

horses that died and lowest for horses not exhibiting

laminitis. Prior to death, labored breathing due to lung

congestion and circulatory collapse occurred. Labored

breathing and circulatory collapse are two signs that have

been observed in SDS broilers. Summers et al.(1987) in

studies attempting to associate lactic acid concentrations

and SDS, found that high blood lactate levels were observed

in SDS broilers. They demonstrated that a 100% incidence of

SDS-type death in broilers can be induced by injecting a 20%
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lactic acid solution into the wing vein. Pipetting 5 ml of

the same acid solution into the crop had a less consistent

effect. When ten broilers of similar weight and age were

crop dosed with 5 ml of acetic acid per kg of body weight

(20% acetic acid solution), no SDS-type signs or mortality

resulted. In further support of their hypothesis, these

investigators fed broilers a diet high in glucose

monohydrate (39.64% of the diet) then dosed them with lactic

acid. SDS-type deaths occurred within 30 min of the acid

dosing. Other broilers fed a diet high in corn starch

(36.45% of the diet) and also dosed took over 1.5 h to die.

The association of glucose monohydrate diets and SDS in

broilers is not consistent. Julian and Leeson (1985)

reported that broilers fed diets high in glucose monohydrate

are more likely to die from SDS. Jacob et al.(1990)

conducted an experiment using diets with different levels of

glucose monohydrate (0 to 45%) and calcium lactate (0 to

7.5%) to determine their effects on SDS. Supplementation of

the diet with calcium lactate had no effect on SDS mortality

and dietary glucose did not exacerbate the SDS incidence.

Suboptimal dietary levels of thiamin are thought to be

associated with diets high in glucose monohydrate. Glucose

monohydrate (cerelose) is a reducing sugar and is very

reactive towards free amino groups. Since thiamin contains

a free amino group, it is vulnerable to destruction in a

dextrose-containing diet (Baker, 1991). Since thiamin is a
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cofactor of pyruvate dehydrogenase, suboptimal thiamin

levels can depress this enzyme resulting in the accumulation

of lactic acid.

The evidence for the possible involvement of dietary

carbohydrate sources and lactic acid in the SDS are

inconclusive (Julian and Leeson, 1985; Summers et al., 1987;

and Jacob et al., 1990). In an attempt to clarify this area

of contradictory findings, a study was conducted to

determine the effects of glucose monohydrate (cerelose) and

corn starch diets with the administration of lactic acid and

sodium lactate on broiler performance, SDS mortality, and

changes in blood chemistries that may be associated to SDS.

C. MATERIALS AND METHODS

Three experiments were conducted involving commercial

male broiler chickens. Hatching eggs (purchased from Keith

Smith Company, Hot Spring, AR) were incubated and the chicks

feather-sexed at Department of Animal Sciences, Oregon State

University for Experiments 1 and 2 and at Jenk's Hatchery

(Tangent, OR) for Experiment 3. Only male broilers were

used in the three experiments. The broilers were reared in

floor pens (1.22 m x 3.05 m) covered with wood shavings

litter. Each pen was equipped with an automatic dome

waterer (diameter 16.5 cm), tube feeder (diameter 30.5 cm),

and an infra-red heat lamp. Overhead continuous

incandescent light (24L:OD, 5.4 lux) was provided throughout
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the experiments. The brooding and rearing procedures were

those described by North and Bell (1990).

C.1 EXPERIMENT 1

The influence of dietary carbohydrate source and

administration of lactic acid on SDS mortality and blood

chemistry profile were determined in this experiment. Forty

1-wk old male Peterson x Hubbard broiler chicks were

randomized to two groups of 20 birds each. Isonitrogenous

corn starch and glucose monohydrate (cerelose) diets (Table

IV.1) were fed to each group from 1 to 6 wks of age.

At 5 wks of age, 10 birds from each diet were

given .25 ml of a lactic acid solution (100 mg L(+) lactic

acid/ma) or a physiological saline solution (9 g NaCl/L)

intraperitoneally on 7 consecutive days . Those broilers

receiving the saline solution served as the control. The

quantity of lactate administered together with endogenous

plasma lactate content were calculated to provide plasma

lactate values similar to those reported by Summers et al.

(1987). Before and after the period of injections, the

broilers were fasted for 12 h then blood samples collected

from each bird (via the wing vein) to determine the plasma

chemistry profiles and lactate concentration. The blood

samples for the chemistry profiles were collected in

lithium heparin (45 USP units) evacuated tubes',

1 Fisher Scientific Company, Seattle, WA
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centrifuged) for 10 min at 750 x g, the plasma separated and

subsequently analyzed. Plasma chemistries were performed

using an automated chemistry analyzer2'3.

The blood samples for lactate determination were

collected into evacuated tubes4 containing 6.0 mg of

potassium oxalate and 7.5 mg of sodium fluoride. Blood

samples were mixed with a 10% trichloroacetic acid solution

and centrifugedlfor 10 min at 1500 x g. Plasma lactate

concentration (lactate diagnostic kits) was determined in

the clear supernatant by measuring changes in absorbance at

340 nm6.

Body weights were measured at 1 and 6 wks of age

and mortality data recorded daily. Death attributed to SDS

was recorded if there was no evidence of other disease. SDS

broilers in good physical condition were necropsied and the

appearance of the digestive tract, gall bladder, heart, and

lungs recorded.

The plasma chemistry and lactate data were

transformed to natural logarithms prior to statistical

analysis with Two-Sample Analysis and Two Factors Analysis

of Variance (Statistical Graphics Corporation, 1991). SDS

1 Beckman TJ-6 Centrifuge, Palo Alto, CA
2 Good Samaritan Hospital Laboratory, Corvallis, OR
3 Boehringer Mannheim/Hitachi 717 Analyzer, Indianapolis, IN
4 Fisher Scientific Company, Seattle, WA
5 Sigma Chemical Company, St. Louis, MO
6 Bausch and Lomb Spectronic 2000 with thermoelectric

flowcell, Rochester, NY
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mortality data were tested for the independence between the

incidence and diets using Chi Square Test of Independence

(Little and Hills, 1978).

C.2 EXPERIMENT 2

This experiment was conducted to determine the

effect of lactic acid and sodium lactate administration on

SDS incidence. Thirty day-old male Peterson x Hubbard

broiler chicks were raised to 6 wks of age using a 23% crude

protein broiler starter mash feed from day-old to 4 wks of

age and a 21% crude protein broiler finisher mash feed from

4 to 6 wks of age (Table IV.1).

At 6 wks of age, ten broilers each were

intravenously dosed via the wing vein with either a saline

solution (9 g NaCl/L), a 40% lactic acid solution (200 mg

lactic acid/kg body weight), or a 40% sodium lactate

solution (200 mg sodium lactate/kg body weight). After

dosing, the birds were observed for SDS-type behavior.

Plasma lactate concentrations were determined for all dead

birds as previously described. Blood samples from surviving

birds were analyzed for lactate levels one hour after

dosing. The plasma lactate data were transformed to natural

logarithms before statistical analysis with Two-Sample

Analysis (Statistical Graphics Corporation, 1991).

C.3 EXPERIMENT 3

This experiment was conducted to ascertain the

effect of dietary glucose monohydrate (cerelose) on the
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incidence of SDS and to determine the thiamin status of

broilers fed cerelose and corn starch diets. Two hundred

day-old Peterson x Arbor Acres male broiler chicks were

randomly distributed to two isonitrogenous diets (23% crude

protein) containing corn starch or glucose monohydrate

(cerelose) as shown in Table IV.1 with 5 replicates per

treatment. The broilers were raised from day-old to 7 wks

of age. Body weights and feed conversions were measured at

4 and 7 wks of age. Mortality was recorded daily. Death

attributed to SDS was recorded as described in Experiment 1.

Incidences of crooked toes, rotated tibia, and tibia

dyschondroplasia were recorded in the category of leg

abnormality.

At 7 wks of age, blood samples from 3 birds of

each replicate were collected from the wing vein for the

determination of whole blood transketolase (TK) activity.

Blood samples were collected in lithium heparin (45 USP

units) evacuated tubesl. Whole blood hemolysates were

prepared by hemolyzing 0.5 ml blood with 2 ml ice-cold

distilled deionized water. All hemolysates were stored at

-70 C until analysis. An enzymatic single-point assay for

the measurement of whole blood TK activity was conducted as

outlined by Walzem and Clifford (1988). Hemolysates were

incubated with ribose-5-phosphate, NADH, triose phosphate

1 Fisher Scientific Company, Seattle, WA
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isomerase, and glycerol-3-phosphate dehydrogenase which were

present in excess to ensure rapid, quantitative conversion

of glyceraldehyde-3-phosphate produced in the TK reaction to

glycerol-3-phosphate. Glycerol-3-phosphate was then

quantified by measuring the reduction of NAD as glycerol -3-

phosphate was converted back to dihydroxyacetone phosphate

which was trapped as the hydrazone in an alkaline

glycine/hydrazine buffer. Thiamin pyrophosphate (TPP)

effect was measured by incubating hemolysates with TPP. The

increase in TK activity produced by the added TPP was

considered an index of thiamin depletion (measuring the

absorbance at 340 nm1. The TK activity was expressed in

units (U), equal to gmol of glycerol 3-phosphate formed per

min per liter of blood.

Two Sample Analysis (Statistical Graphics

Corporation, 1991) was used to determine statistical

significance for traits in which replicate means were

obtained. SDS mortality and leg abnormality data were

tested for the independence between the incidences and diets

using Chi Square Test of Independence (Little and Hills,

1978) .

1 Shimadzu UV-Vis Recording Spectrophotometer model UV-160A,
Shimadzu Corporation, Kyoto, Japan
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D. RESULTS AND DISCUSSION

D.1 EXPERIMENT 1

Feeding broilers either the glucose monohydrate

(cerelose) or corn starch diet had no effect on body weight

gain (1-6 wk) or total mortality (Table IV.2). Three

cerelose-fed broilers (15 % of the total birds) died of SDS

while none was observed in corn starch-fed broilers. Two of

the three SDS birds died before the injection period and one

died during the administration of lactic acid.

The blood chemistry profiles of broilers fed corn

starch and cerelose and subjected to lactic acid and saline

solutions are shown in Table IV.3 and IV.4. The means

presented in Table IV.3 are for broilers fed corn starch and

cerelose diets, whereas, the values in Table IV.4 represent

the difference in natural log values between the after and

before the injections of either lactic acid or saline

solutions for each parameter measured. Increased levels

(P<.05) of plasma calcium, total protein, triacylglycerol,

and uric acid were observed in the cerelose-fed broilers

(Table IV.3). Injecting lactic acid and saline solutions

did not affect the broiler blood chemistries from both

groups (Table IV.4). In birds fed the cerelose diet,

following injections of either lactic acid or saline when

compared to the birds fed corn starch, plasma calcium,

glucose, potassium, triacylglycerol, and uric acid

concentrations decreased (P<.05).
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Previous studies have shown that SDS-type death is

associated with lactacidosis as well as a high level of

glucose in the diet (Summers et al., 1987; and Julian and

Leeson, 1985). In contrast, Jacob et al. (1990) were unable

to reproduce the dramatic and acute effects reported by the

two earlier studies. This discrepancy may be because of the

differing forms of lactate ions used in the studies.

Summers et al. (1987) dosed the broilers directly with a

lactic acid solution into the crop or wing vein whereas

Jacob et al. (1990) supplemented the diets with calcium

lactate. Since calcium lactate is alkalogenic, the

supplementation of this form of lactate was likely to create

alkalotic condition rather than the acidotic condition of

Summers et al. (1987).

In this experiment, the lactic acid solution was

introduced into the broilers via intraperitoneal injection.

The injections administered over a 7-d period would provide

for cumulative effect, if any. Nevertheless, this study did

not support the findings reported by Summers et al. (1987).

Administration of lactic acid solution to both corn starch-

and cerelose-fed broilers did not influence the incidence of

the syndrome nor change the blood chemistry of the broilers.

One bird was found dead due to SDS during the period of

lactic acid administration; however, its plasma lactate

concentration which was obtained from blood collected

immediately after death showed an elevated level beyond the
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combined endogenous and administrated lactate levels. The

SDS casualty was not due to lactic acid administration.

Also, in the remaining birds, plasma lactate concentrations

in the birds receiving lactic acid were not different than

those birds provided only saline (Table IV.4). Perhaps the

rate of uptake of intraperitoneally administrated lactic

acid into the blood was either relatively slow or the body

had the capacity to buffer the daily lactic acid

administrations. Lactic acid administration in this

experiment did not influence the SDS incidence.

The results of this experiment agree with the

observation of Julian and Leeson (1985) that birds fed diet

high in glucose monohydrate are more likely to show SDS.

Three of 20 birds (15%) fed cerelose diet died from SDS

while none was observed in corn starch-fed broilers. Levels

of calcium, protein, triacyglycerol, and uric acid were

higher in cerelose-fed broilers compared to corn starch-fed

broilers. This difference may be the result of an impaired

glucose tolerance affected by the increase glucose load of

the chickens. Impairment of glucose tolerance can be

attributed to a decreased glucose uptake, increased protein

catabolism, and increased lipolysis (Ganong, 1987). The

decreases in plasma glucose, triacylglycerol, and uric acid

concentrations after injections of either lactic acid or

saline observed in cerelose-fed broilers (Table IV.4)

support the above postulation. Goodyear et al. (1991) found
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that exercise can normalize glucose metabolism in a rat

model for impaired glucose tolerance. Therefore in this

study, the increase in birds' activities during the period

of injection by multiple injections as well as multiple

blood samplings may have improved glucose homeostasis and

glucose tolerance in birds fed cerelose diet.

D.2 EXPERIMENT 2

Administrations of saline and sodium lactate

solutions to the broilers showed no observable mortality in

the first 24 h after dosing whereas lactic acid injection

resulted in SDS-type mortality within seconds after dosing

in all birds. Affected birds showed increased respiration

rates, strong muscular contractions followed by loss of

balance, convulsions, and violent wing flapping.

Plasma lactate concentrations of broilers

subjected to saline and sodium lactate injection obtained

1 h after dosing showed no difference between these two

injections (Table IV.5). However, increased plasma lactate

concentrations (P<.05) were observed from blood collected

shortly after death in broilers subjected to lactic acid

injection. Since lactic acid is present in the blood as the

lactate ion, the injection of lactic acid causes the

generation of Win the blood. The H' load from this

injection exceeded the capacity of the buffering systems

(hemoglobin, protein, and H2CO3) in the body to remove the

free H" resulting in the death of all broilers in this
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treatment. In contrast, injecting sodium lactate showed no

SDS-type mortality. The plasma lactate level of broilers

1 h after subjected to sodium lactate injection was not

different from the broilers subjected to saline injection.

Sodium lactate dissociates to sodium and lactate ions. The

sodium ion reacts with bicarbonate to form NaHCO3 which

functions against the metabolic acidosis (Ganong, 1987). On

the other hand, the lactate ion can be transported to the

liver and kidney where it can be synthesized into glucose

(Mayes, 1990). It is, therefore, believed that the lactate

ion itself is not associated with SDS-type mortality.

Disturbance of acid-base balance caused by the generation of

1.14- from lactic acid dissociation was considered to be the

factor triggering the SDS condition.

D.3 EXPERIMENT 3

Mean body weight gain, feed consumption and feed

gain ratio are presented in Table IV.6. The glucose

monohydrate (cerelose) diet was found to improve (P<.05)

mean body weight gain, feed consumption, and feed gain ratio

when compared to broilers fed the corn starch diets. These

improvements are in agreement with the report of Baker

(1991) who observed that using dextrose (glucose

monohydrate) as the carbohydrate source in experimental

diets containing intact proteins (e.g., casein or soybean)

improved feed consumption and growth rate of the broilers.

Mortality and leg abnormality data are presented
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in Table IV.7. The total mortality and mortality due to SDS

was not affected by the carbohydrate sources. However,

broilers fed cerelose diet showed a trend to increase SDS

incidence compared to broilers fed corn starch diet (6%

versus 2%). Leg abnormalities (crooked toes, rotated tibia,

and tibial dyschondroplasia) were significantly higher

(P<.10) in cerelose-fed than the corn starch-fed broilers.

Whole blood transketolase (TK) activity and

thiamin pyrophosphate (TPP) effect have been used as the

indirect measurement of thiamin status of the broilers. In

this experiment, there were no differences in the whole

blood TK activity and TPP effect between the broilers fed

the cerelose and corn starch diets (Table IV.8). Broilers

fed the cerelose diet, however, showed a trend toward an

increased TPP effect when compared to broilers fed the corn

starch diet (117% versus 73%). A decreased thiamin

availability with glucose additions to the diet was reported

by Baker (1991). Cerelose (dextrose or glucose monohydrate)

is a reducing sugar that is very reactive with free amino

groups. Thiamin contains one amino group that is

susceptible to destruction in high glucose containing diets.

Thiamin has a major role in the transketolase reaction

supplying pentose to chondrocytes for the synthesis of 5-

carbon xylose and proteoglycan (Otte, 1986). The suboptimal

level of thiamin in cerelose-fed broilers may have resulted

in the higher (P<.10) incidence of leg abnormality (Table IV.7).
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E. CONCLUSION

Broilers fed glucose monohydrate (cerelose) diet had

improved broiler performances compared to broiler fed corn

starch diet. The SDS mortality was found to be higher

(P<.10) in the cerelose-fed than the corn starch-fed

broilers in Experiment 1 but was not different between

diets in Experiment 3.

Higher levels of plasma calcium, protein, triacyl-

glycerol, and uric acid were observed in cerelose-fed than

corn starch-fed broilers. This difference suggests the

development of a glucose tolerance impairment in cerelose-

fed broilers.

Broilers subjected to intravenous injection of lactic

acid displayed an SDS-type mortality whereas those receiving

sodium lactate injection sustained no mortality. Lactate

ion itself was not associated with the SDS condition,

however, an acid-base imbalance caused by the generation of

fr- from lactic acid could be a major factor for such

mortality.

Development of a thiamin deficiency was observed in

cerelose-fed broilers. The potential of feeding a cerelose

diet to modify the SDS incidence may be related to the

suboptimal level of thiamin in the cerelose diet. Further

investigations of the thiamin status of broilers fed high

glucose containing diets are required in order to determine

whether thiamin deficiency is involved with SDS incidence.
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Table IV.1. Composition of experimental diets

Ingredients Corn
starch

Cerelose Broiler
starter

Broiler
finisher

(%)

Corn 0 0 59.0 64.0

Corn starch 41.0 0 0 0

Cerelose 0 41.0 0 0

Soybean meal 49.0 49.0 32.5 27.75
(47.0%CP)

Meat and bone meal 0 0 5.0 5.0

Animal fat 6.0 6.0 2.0 2.0

Monodical. 2.15 2.15 .35 .25
(15%Ca, 21%P)

Limestone flour 1.05 1.05 .52 .40

Iodized salt .40 .40 .25 .25

Trace mineral mixl .05 .05 .05 .05

Vitamin premix2 .20 .20 .20 .20

d,1 Methionine (98%) .22 .22 .13 .10

Amprol-25 premix3 .05 .05 .05 .05

Calculated analysis:

Crude protein, % 23.0 23.0 23.2 21.4

ME, kcal/kg 3088 3080 3042 3098

Ca, % 1.0 1.0 .96 .89

Avail. P, % .50 .50 .47 .44

Meth., % .59 .59 .49 .44

Meth+Cyst, % .94 .94 .88 .80

1Provided per kg of diet: Ca, 97.5 mg; Mn, 60 mg; Fe, 20 mg;
Cu, 2 mg; Zn, 27.5 mg; and Co, 2 mg.

2Provided per kg of diet: vitamin A, 3300 IU; vitamin D3,
1100 IU; riboflavin, 3.3 mg; d-pantothenic acid, 5.5 mg;
niacin, 22 mg; choline, 190.9 mg; vitamin B12, 5.5 mcg;
vitamin E, 1.1 IU; vitamin K, 55 mg; folic acid, 22 mg,
and ethoxyquin, 0.06 g.

3Provided gratuitously by MSD Agvet, Rahway, NJ



Table IV.2. The effect of dietary carbohydrate sources
on body weight gain, total mortality and
mortality from SDS in male broiler chickens
(Experiment 1)

Diets No.
Birds

Weight gain1.2 Mortality3
(1-6 WOA)

SDS Total

Corn starch

Cerelose

20

20

(g)

1868±241

1941±241

Oa

15b

(%)

10a

15a

51

Mean ± Standard error

Mean values in the column between the diets were not
significantly different (P>.05).

Mean values in each column between the diets were
significant different at P<.10.
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Table IV.3. Blood chemistry of male broiler chickens fed
corn starch and cerelose diets prior to lactic
acid administration (Experiment 1)

Blood chemistry
Corn Cerelose Pooled
starch diet SE
diet

Albumin (g/dl) .64 .67 .06

Alkaline phosphatase 15553 17150 9700
(U /i)

Calciuml (mg /dl) 11.61a 11.91' .38

Chloride (mEq/1) 114 115 2

Cholesterol (mg/di) 144 148 16

CPK (U/l) 3320 2994 1673

Glucose (mg /dl) 264 278 25

Lactate dehydrogenase 594 587 142
(Urn

Lactate (mg/d1) 38.25 36.79 18.05

Phosphorus (mg /dl) 6.88 7.22 .51

Potassium (mEg/1) 6.31 6.82 .87

Proteinl (g /di) 3.21a 3.39' .23

SGOT (U/l) 196 184 21

Sodium (mEq/1) 154 155 3

Triacylglyceroll (mg /dl) 38.82a 57.50' 14.25

Uric acids (mg /dl) 6.62a 8.37' 2.05

1Mean values in each row with different superscripts were
significantly different at P<.05.



Table IV.4. Changes in blood chemistry of male broiler
chickens fed corn starch and cerelose diets
after the lactic acid administration'
(Experiment 1)

Blood
chemistry

Injection Diet

Saline Lactic
acid

Corn
starch

Cerelose

Albumin -.02 -.01 +.02 -.05

Alkaline
phosphatase

-.62 -.59 -.54 -.67

Calcium2 +.03 +.01 +.04a +.003b

Chloride +.001 -.01 -.01 -.003

Cholesterol -.06 -.11 -.09 -.08

CPK +.12 -.17 -.05 +.01

Glucose2 -.04 -.04 +.01a -.09b

Lactate -.16 -.26 -.20 -.21
dehydro-
genase

Lactic acid -.18 -.01 +.09 -.23

Phosphorus -.07 -.03 -.04 -.06

Potassium2 +.03 -.03 +.05a -.05b

Protein +.12 +.09 +.12 +.09

SGOT +.01 -.07 -.01 -.04

Sodium +.02 +.01 +.02 +.01

Triacyl-
glycerol2

-.15 +.08 +.22a _.33b

Uric acid2 -.18 -.08 +.18a -.48b

1 Blood parameter values expressed as the differences in
natural logs before and after the administrations, (-)
means decrease in the levels after administration and
(+) means increase in the levels after administration.

2 Mean values in each row with different superscripts were
significantly different at P<.05.

53
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Table IV.5. SDS-type mortality and plasma lactate levels
of broilers intravenously injected with
solutions of lactic acid and sodium lactate
(Experiment 2)

Treatment No. No. SDS-type Plasma
birds Mortality lactate

levels1'2

(mg/di)

Saline 10 0 42a

Sodium lactate 10 0 39a

(200 mg Na-
lactate/kg BW)

Lactic acid 10 10 213b
(200 mg lactic
acid/kg BW)

1 1 h after dosing or immediately after death

2 Mean values in each column with different superscripts
were significantly different at P<.05.



Table IV.6. The effect of dietary carbohydrate sources on broiler performances
(Experiment 3)

Diets

Body weight gain' Total Feed consumption' Feed gain ratio'

Wks of age Wks of age Wks of age

0-4 4-7 0-7 0-4 4-7 0-7 0-4 4-7 0-7

Cerelose

Corn
starch

Pooled
S.E.

924'

843b

41

(g)

1545'

1418b

86

2469"

2261b

86

1620'

1476b

48

(g)

3323'

3245"

137

4925'

4721b

128

1.74'

1.75'

.05

2.15'

2.29'

.10

1.99'

2.09b

.06

I Mean values in each column with different superscripts were significantly different
at P<.05.
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Table IV.7. The effect of dietary carbohydrate sources on
the incidence of Sudden Death Syndrome (SDS) and
leg abnormality (Experiment 3)

Mortality'
Carbohydrate Leg

Sources
SDS Total

Abnormality'

Cerelose

Corn starch

( % )

6.0a 10.0a 7 . Oa

2.0a lo.oa 1.0b

1 Mean values in each column with different superscripts
were significantly different at P<.10.
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Table IV.8. The effect of dietary carbohydrate sources on
whole blood transketolase (TK) activity, and %
thiamin pyrophosphate (TPP) effects
(Experiment 3)

Diets TK activity2 TPP effect2

(U3) (%)

Cerelose 6.54 ± 1.16 117 ± 2

Corn starch 6.33 ± 1.32 73 ± 1

1 Mean ± standard error

2 Mean values in each column between the diets were not
significantly different (P>.05).

3 pmol glycerol 3-phosphate formed per min per liter of
blood
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CHAPTER V

INVOLVEMENT OF CARBOHYDRATE METABOLISM AND THE INCIDENCE OF

SUDDEN DEATH SYNDROME (SDS) II. EFFECT OF

THIAMIN SUPPLEMENTATION

A. ABSTRACT

Two experiments were conducted to ascertain the thiamin

status in broilers fed diets with three carbohydrate sources

(corn, glucose monohydrate, and corn starch) and to

determine the effect of thiamin supplementations to glucose

monohydrate diets on the incidence of SDS and broiler

performance.

In Experiment 1, six hundred Peterson x Hubbard male

broilers were fed 3 dietary treatments containing either

corn-soy, glucose monohydrate (cerelose), or corn starch

from day-old to 6 wks of age. No differences among the

diets were observed for broiler performances and mortality

due to SDS. Whole blood transketolase (TK) activity was

found to decrease in cerelose-fed and corn starch-fed

broilers compared to corn-soy-fed broilers. Thiamin

pyrophosphate (TPP) effect of the whole blood TK activity

was observed to be highest in broilers fed cerelose diet

followed by corn starch and corn-soy diets, respectively.

TPP effect is indicative of the thiamin status in the diets.
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No difference in plasma lactate concentration was observed

in broilers fed these three diets.

In Experiment 2, eight hundred Peterson x Arbor Acres

broilers were fed 4 dietary treatments which were corn-soy,

unsupplemented-thiamin-cerelose (1.2 mg thiamin/kg), 0.6 mg

supplemented thiamin hydrochloride-cerelose (1.7 mg thiamin

/kg), and 2.8 mg supplemented thiamin hydrochloride-cerelose

(3.7 mg thiamin/kg) diets from day-old to 6 wks of age. No

differences in mean body weight gain and feed gain ratio

were observed among dietary treatments. Broilers fed

unsupplemented-thiamin-cerelose diets consumed more feed

than the broilers fed corn-soy diet. A decreased TK

activity and an increased TPP effect were observed in

broilers fed unsupplemented-thiamin-cerelose diet when

compared to broilers fed corn-soy diet. Supplementation of

0.6 mg thiamin hydrochloride to the cerelose diet (1.7 mg

thiamin/kg) improved the TK activity and lowered the TPP

effect. No differences in plasma lactate concentration,

liver pyruvate dehydrogenase (PDH) activity, and the

proportion of PDH in active form (PDHa) among the dietary

treatments were observed in this study. Mortality due to

SDS was higher in cerelose-fed than corn-soy-fed broilers.

Supplementation of thiamin to the cerelose diet was found to

reduce the number of SDS birds.

In these studies, broilers fed cerelose diets were

found to have higher SDS incidence than corn-soy-fed
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broilers. Suboptimal thiamin status was observed in

cerelose-fed broilers. Thiamin supplementation improved the

thiamin status of the cerelose-fed broilers and decreased

the SDS incidence.

B. INTRODUCTION

Sudden Death Syndrome (SDS) was found to be increased

when glucose was used as carbohydrate sources in the diet

(Julian and Leeson, 1985). Experiments conducted earlier

(Chapter 4) showed similar results when dietary glucose

monohydrate (cerelose) was incorporated in the diet. Also,

in the previous study, broilers fed a diet high in cerelose

showed a trend in increasing thiamin pyrophosphate (TPP)

effect in whole blood transketolase (TK) activity compared

to broilers fed corn starch (117% versus 73%). Since blood

TK activity is a reliable index of the availability of the

coenzyme thiamin pyrophosphate, and is correlated with the

degree of deficiency in animals (Gubler, 1991), the increase

of TPP effect in broilers fed glucose-rich diet may indicate

a suboptimal level of the coenzyme in the broilers.

Glucose is available commercially as dextrose (glucose

monohydrate or cerelose) which is a reducing sugar and very

reactive with free amino groups. Since thiamin contains

amino group, it is vulnerable to destruction in a dextrose-

containing diet (Baker, 1991). Thiamin is a cofactor

involved in several reactions associated with carbohydrate
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metabolism. pyruvate dehydrogenase (PDH), a thiamin-

dependent enzyme, converts pyruvate to acetyl CoA which is

further metabolized in tricarboxylic acid cycle. A dietary

deficiency of thiamin, therefore, can interfere with this

oxidation process resulting in an accumulation of pyruvate.

Because lactate dehydrogenase is ubiquitous, the

accumulation of pyruvate results in lactacidosis which is

postulated by Summers et al. (1987) as the cause of SDS

mortality in broiler chickens. The objectives of these

studies were to ascertain the thiamin status in broilers fed

diets with three carbohydrate sources (corn, glucose

monohydrate, and corn starch) and determine the effect of

thiamin supplementations to glucose monohydrate diets on the

incidence of SDS and broiler performance.

C. MATERIALS AND METHODS

Two experiments were conducted to evaluate the effect

of thiamin on the incidence of SDS. Hatching eggs

(purchased from Keith Smith Company, Hot Spring, AR) were

incubated and the chicks feather-sexed at Department of

Animal Sciences, Oregon State University. The day-old

chicks were randomly distributed to the dietary treatments

(Table V.1). The broilers were raised in floor pens (1.22 m

x 3.05 m) covered with wood shavings litter. Each pen was

equipped with an automatic dome waterer (diameter 16.5 cm),

tube feeder (diameter 30.5 cm), and an infra-red heat lamp.
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Overhead continuous incandescent light (24L:OD, 5.4 lux) was

provided throughout the experiment. The brooding and

rearing procedures were those described by North and Bell

(1990).

Body weights were measured at 4 and 6 wks of age and

mortality data recorded daily. Death attributed to SDS were

recorded if there were no evidence of other disease. SDS

broilers in good physical condition were necropsied and the

appearance of the digestive tract, gall bladder, heart, and

lungs recorded. Incidences of crooked toes, rotated tibia,

and tibia dyschondroplasia were recorded in the category of

leg abnormality.

Analysis of variance (Statistical Graphics Corporation,

1991) was used to determine statistical significance for

traits in which replicate means were obtained. Significant

differences among the means were determined by Least

Significant Difference. Chi Square Test of Independence

were used to determine significance for mortality and leg

abnormality. Natural logarithm transformation was applied

to all plasma lactate, whole blood TK activity, and liver

PDH activity data before statistical analyses.

C.1 EXPERIMENT 1

The experiment employed six hundred day-old

Peterson x Hubbard male broiler chicks. All birds were

randomized to three dietary treatments (corn-soy, cerelose,

and corn starch) with 5 replicates each. The broilers fed
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corn-soy diet were subjected to a 23% crude protein broiler

starter (Table V.1) feed from day-old to 4 wks of age, and

then a 21% crude protein broiler finisher (Table V.1) feed

from 4 to 6 wks of age. The broilers subjected to cerelose

and corn starch diets (Table V.1) were fed from day-old to 6

wks of age.

At 4 wks of age, blood samples from 3 birds of

each replicate were collected from the wing vein in order to

determine the plasma lactate concentration and whole blood

TK activity as previously described (Chapter 4).

C.2 EXPERIMENT 2

A total of 800 day-old Peterson x Arbor Acres

broiler chicks were randomly assigned to 4 dietary

treatments with 5 replicates each. The dietary treatments

consisted of (1) corn-soy diet (control) , (2) cerelose diet

without thiamin supplementation (total level of 1.2 mg

thiamin/kg diet), (3) cerelose diet with 0.6 mg thiamin

hydrochloride supplementation (total level of 1.7 mg

thiamin/kg diet), and (4) cerelose diet with 2.8 mg thiamin

hydrochloride supplementation (total level of 3.7 mg

thiamin/kg diet). The control broilers were fed a corn-soy

23% crude protein broiler starter diet (Table V.1) from day-

old to 4 wks of age, and then a 21% crude protein broiler

finisher diet (Table V.1) from 4 to 6 wks of age.

The broilers subjected to cerelose and corn starch diets

(Table V.1) were fed from day-old to 6 wks of age.
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At 4 wks of age, blood samples from three birds in

each replicate were collected via the wing vein in order to

determine plasma lactate concentration and whole blood TK

activity as previously described (Chapter 4).

At 5 wks of age, the same birds used for plasma

lactate concentration and whole blood TK activity

determinations were sacrificed by electric fibrillation.

The livers were removed and immediately frozen in liquid

nitrogen. The liver samples were stored at -70 C until

analysis. Pyruvate dehydrogenase (PDH) activity was assayed

in crude homogenates of frozen liver tissue using a coupled

reaction system with the final formation of acetyl phosphate

and its colorimetric determination of acetyl hydroxamate

(Lombardo and Menahan, 1978 and Wieland et al., 1971).

Approximately 1 g of frozen liver was homogenized in 3 ml of

ice-cold 20 mM potassium phosphate buffer pH 7.0 containing

40% (v/v) glycerol using a polytron-large generator'

(setting no.7 for 40 sec). The liver homogenate was then

sonicated for 1 min on ice with a sonifier2 fitted with a

microtip (2 mm probe) at a setting of 40. The activity

before addition of Me to the homogenate was used as a

measure of the active form (PDHa) present. The activity

after incubation in presence of Me (20 mM MgC12 for 60 min

1 Kinematica CH-6010 Kriens-Lu, Brinkmann Instruments Co.,
Westbury, NY

2 Tekmar Sonic Disrupter, Tekmar, Cincinnati,
OH
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at 25 C) was representative of the total PDH activity. The

concentrations of cofactors in the reaction mixture have

been described by Wieland et al. (1971). In this

experiment, 100 gl of the reaction mixture was utilized with

30 gl of tissue extract and water to a volume of 200 gl. The

reaction was started by the addition of 20 gl of a 10 mM

CoA-SH solution, which was replaced by water for the blanks.

After incubation at 37 C for 30 min, 200 gl of a freshly

prepared mixture (1:1) of 3.5 N NaOH and 2 M NH2OH.HC1 was

added to stop the reaction. After keeping the samples for

10 min at room temperature, the Fe (III) complex was

developed by addition of 0.6 ml color reagent described by

Wieland et al.(1971). After centrifugation, the absorbance

was read at 546 nm on the supernatant using the

spectrophotometers. PDH activity is expressed in U, 1 U

corresponding to formation of 1 gmol acetylhydroxamate in 30

min at 37 C.

D. RESULTS AND DISCUSSION

D.1 EXPERIMENT 1

There were no differences in body weight gain,

total feed consumption and feed gain ratio from 0 to 6 wks

of age among broilers fed corn-soy, cerelose, and corn

1 Shimadzu UV-Vis Recording Spectrophotometer model UV-160A,
Shimadzu Corporation, Kyoto, Japan
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starch diets (Table V.2). No difference among the dietary

treatments were observed for mortality due to SDS (Table

V.3). In this experiment, there was a marked loss of

broiler chicks in all treatments during the first week of

age due to water stress. The remaining birds developed the

ability to tolerate stress. The SDS incidence observed in

this experiment, therefore, may be influenced by the stress

that birds experienced at the early stage of their lives.

The results of assays for plasma lactate

concentration and whole blood TK activity are presented in

Table V.4. There was no difference in plasma lactate

concentration observed among the dietary treatments.

However, a significant reduction (P<.05) in TK activity was

observed in broilers fed cerelose and corn starch diets

compared to broilers fed corn-soy diet. Thiamin

pyrophosphate (TPP) effect increased (P<.05) from 33% in

corn-soy-fed to 58% in corn starch-fed and to 79% in

cerelose-fed broilers. Brin et al. (1960) employed

the following classification for degrees of thiamin

deficiency in humans:

Normal 0-15 percent TPP effect

Marginally deficient 15-24 percent TPP effect

Severely deficient > 25 percent TPP effect

However, it does not seem possible to apply this

classification to the present data since the normal values

(corn-soy-fed broilers) are higher. One of the effects of
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thiamin deprivation seems to be a decline in the level of

the TK apoenzyme (Clausen, 1977). It is not known whether

this is due to the instability of the apoenzyme or a

reduction in its rate of formation. When the level of

apoenzyme approaches the limits of instrument detection

sensitivity, the stimulatory effect of TPP may appear

elevated . Nevertheless, broilers fed cerelose and corn

starch diets in this study showed significantly high values

of TPP effect compared to broilers fed corn-soy diet. Since

the determined thiamin levels in the cerelose and corn

starch diets were 1.3 and 1.2 mg/kg diet, respectively, as

compared to 1.8 mg/kg diet in corn-soy diet, the difference

in TPP effect observed in broilers fed corn-soy diet and

broilers fed cerelose and corn starch diets can be counted

as a reflection of the amount of thiamin present in the

diets. The increase in TPP effect observed in cerelose-fed

broilers were also greater (P<.05) than in corn starch-fed

broilers eventhough both diets contained the same thiamin

level. The decrease in thiamin availability with glucose

addition in the diet was noticed by Baker (1991). Cerelose

(dextrose or glucose monohydrate) is a reducing sugar which

is very reactive with free amino groups. Thiamin contains

one amino group and is susceptible to destruction in a high

glucose containing diet.

Broilers fed cerelose diet also showed a higher

(P<.10) incidence of leg abnormalities than broilers fed
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corn starch and corn-soy, respectively (Table V.3). This

leg abnormality has been observed to be higher in broilers

fed cerelose compared to broilers fed corn starch in

previous study (Chapter 4, Experiment 3). The suboptimal

level of thiamin present in the cerelose diet may have had

an effect on this incidence.

D.2 EXPERIMENT 2

Body weight gain, total feed consumption, and feed

gain ratio of broilers fed corn-soy diet and cerelose diets

with different levels of thiamin from day-old to 6 wks of

age are shown in Table V.5. Body weight gain in both male

and female broilers were not influenced by the types of diet

or the thiamin supplementation. Broilers fed either

unsupplemented or supplemented thiamin cerelose diets

consumed more (P<.05) feed (0-4 wks) than the broilers fed

corn-soy diet. Supplementation of the cerelose diet with

0.6 mg thiamin hydrochloride (total level of 1.7 mg

thiamin/kg) did not improve the total feed consumption

compared to the unsupplemented-thiamin-cerelose diet (total

level of 1.2 mg thiamin/kg) throughout the 6 wk period.

Thiamin hydrochloride supplementation of 2.8 mg (total level

of 3.7 mg thiamin/kg) decreased (P<.05) the total feed

consumption compared to the supplementation of 0.6 mg

thiamin hydrochloride(total level of 1.7 mg thiamin/kg);

however this decrease was not different from the

unsupplemented-thiamin-cerelose diet. No difference in
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total feed consumption was observed among the diets during

the 4-6 wk period. There was no difference in feed gain

ratio among broilers fed the various diets.

SDS mortality (Table V.6) was higher (P<.10) in

broilers fed cerelose diets compared to broilers fed corn-

soy diet. Supplementation the cerelose diet with thiamin

reduced the SDS incidence from 5.26% for the unsupplemented

cerelose diet (total level of 1.2 mg thiamin/kg) to 2.15%

and 1.12% for the 0.6 mg thiamin hydrochloride supplemented

(total level of 1.7 mg thiamin/kg) and 2.8 mg thiamin

hydrochloride supplemented (total level of 3.7 mg

thiamin/kg) cerelose diets, respectively. No SDS mortality

was observed in females of all the dietary treatments.

No difference in plasma lactate concentration was

observed among the broilers fed the diets (Table V.7).

Broilers fed the unsupplemented-thiamin-cerelose diet had

lower (P<.05) whole blood TK activity than the broilers fed

the corn-soy and both thiamin supplemented cerelose diets.

As expected, TPP effect of broilers receiving the

unsupplemented-thiamin-cerelose diet was elevated (P<.05)

compared to broilers receiving either the corn-soy or the

both thiamin supplemented diets. This elevated level was

lowered to the corn-soy level when 0.6 mg thiamin

hydrochloride was supplemented to the cerelose diet (total

level of 1.7 mg thiamin/kg) and further supplementation (2.8

mg thiamin hydrochloride or total level of 3.7 mg
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thiamin/kg) did not increase the TK activity or improve the

TPP effect as compared to the 0.6 mg thiamin hydrochloride

supplementation (total level of 1.7 mg thiamin/kg).

pyruvate dehydrogenase (PDH) complex is a thiamin

dependent enzyme and is a key enzyme system that controls

the conversion of pyruvate to acetyl CoA. It was

interesting to determine the effect of thiamin

supplementation on the activity of this enzyme complex.

Supplementation of thiamin hydrochloride from 0.6 to 2.8 mg

in cerelose diets did not increase the proportion of PDH in

the active form (PDHa) or the total activity of the enzyme

(Table V.8). Regulation of the PDH complex is controlled by

phosphorylation-dephosphorylation process. Phosphorylation

and concomitant inactivation of PDH is catalyzed by a

specific kinase whereas dephosphorylation and reactivation

is catalyzed by a phosphatase. Studies with isolated PDH

preparations, Wieland (1983) indicated that the kinase is

also inhibited by NADI+ and CoASH, and stimulated by NADH and

acetyl CoA, respectively. It can be assumed that increased

input of reduction equivalents and of acetyl groups derived

from fatty acid oxidation leads to an increase of the

mitochondrial [NADH]/[NAD+] and [acetyl CoA]/[CoASH] ratios,

thereby activating the kinase and subsequently promoting

phosphorylation of PDH and ensuring inactivation. Since the

liver's primary source of energy is fatty acids, the

proportion of PDH in the active form is expected to be small



71

and relatively constant (Wieland, 1983). This is in

agreement with the result of this study which demonstrated

no changes in active PDH observed in liver obtained from

broilers fed cerelose diets with different levels of

thiamin.

E. CONCLUSION

In Experiment 1, there were no differences in body

weight gain, total feed consumption, and feed gain ratio

among broilers fed corn soy, cerelose, and corn starch

diets. In Experiment 2, supplementation of 0.6 mg thiamin

hydrochloride to cerelose diet (total level of 1.7 mg

thiamin/kg) increased the total feed consumption from 0 to 4

wks. However, body weight gain and feed gain ratio were not

affected from the thiamin supplementation.

In both experiments, feeding high cerelose (glucose)

diets to broilers resulted in the decrease of whole blood TK

activity and the increase of TPP effect compared to feeding

corn-soy and corn starch diets. Supplementation of 0.6 mg

thiamin hydrochloride (Experiment 2) to the cerelose diet

(total level of 1.7 mg thiamin/kg) improved whole blood TK

activity and decreased TPP effect compared to cerelose diet

(total level of 1.2 mg thiamin/kg). Plasma lactate

concentration (in both experiments) and liver PDH activity

and the proportion of PDHa (Experiment 2) were not affected

by the type of diet or thiamin supplementation. In
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Experiment 2, mortality due to SDS was higher in cerelose-

fed broilers than in corn soy-fed broilers and

supplementation of thiamin was found to reduce the SDS

mortality in cerelose diet.

Therefore, under the condition of these studies,

broilers fed diet high in glucose monohydrate demonstrated a

suboptimal level of thiamin in the bodies. Thiamin

supplementation improved the thiamin status and reduced SDS

mortality in the broilers fed diet high in glucose

monohydrate.
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Table V.1. Composition of experimental diets

Ingredients Corn

starch

Cerelose Broiler

starter

Broiler

finisher

Corn

Corn starch

Cerelose

0

41.0

0

0

0

41.0

(%)

59.0

0

0

64.0

0

0

Soybean meal 49.0 49.0 32.5 27.75
(47.0%CP)

Meat and bone meal 0 0 5.0 5.0

Animal fat 6.0 6.0 2.0 2.0

Monodical. 2.15 2.15 .35 .25
(15%Ca, 21%P)

Limestone flour 1.05 1.05 .52 .40

Iodized salt .40 .40 .25 .25

Trace mineral mixl .05 .05 .05 .05

Vitamin premix2 .20 .20 .20 .20

d,1 Methionine (98%) .22 .22 .13 .10

Amprol-25 premix3 .05 .05 .05 .05

Calculated analyses:

Crude protein, % 23.0 23.0 23.2 21.4

ME, kcal/kg 3088 3080 3042 3098

Ca, % 1.0 1.0 .96 .89

Avail. P, % .50 .50 .47 .44

Meth, % .59 .59 .49 .44

Meth+Cyst, % .94 .94 .88 .80

Thiamin (analyzed)4,
mg/kg

1.2 1.3 1.8 2.3

'Provided per kg of diet: Ca, 97.5 mg; Mn, 60 mg; Fe, 20 mg; Cu, 2 mg; Zn, 27.5 mg; and Co, 2 mg.
'Provided per kg of diet: vitamin A, 3300 IU; vitamin D3, 1100 IU; riboflavin, 3.3 mg;

d-pantothenic acid, 5.5 mg; niacin, 22 mg; choline, 190.9 mg; vitamin B12, 5.5 mcg; vitamin E, 1.1 IU;
vitamin K, 5mg; folic acid, 22 mg, and ethoxyquin, 0.06 g.

2 Provided gratuitously by MSD Agvet, Rahway, New Jersey
2 Analyzed gratuitously by Roche Vitamins and Fine Chemicals, Nutley, NJ



Table V.2. The effect of dietary carbohydrate sources on broiler performances
(Experiment 1)

Diets

Body weight gain' Total feed consumption' Feed gain ratio'

Wks of age Wks of age Wks of age

0-4 4-6 0-6 0-4 4-7 0-7 0-4 4-7 0-7

(g) (g)

Corn-soy 1060' 927' 1986' 1622* 2051' 3666' 1.53' 2.22' 1.85*
Cerelose 1044' 9818 2025' 1728b 1859' 3587' 1.66' 1.94' 1.78'
Corn
starch

985b 986' 1971' 1587' 1919' 3506' 1.61* 1.99' 1.79'

Pooled 16 55 55 31 51 76 .04 .14 .08S.E.

' Mean values in each column with different superscripts were significantly differentat P<.05.
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Table V.3. The effect of dietary carbohydrate sources on
total and Sudden Death Syndrome (SDS) mortality
and leg abnormality (Experiment 1)

Diets Total
birdsi

Mortality2

SDS Total
Leg

Abnormality3

(no.) (%)

Corn-soy 175 2.9 5.7 1.7

Cerelose 151 4.6 6.0 7.9

Corn starch 158 4.4 9.5 5.1

1 The remaining birds from water stress during the first
week.

2 There was independent correlation between mortality
(SDS and total) and carbohydrate sources (P>.10).

3 There was dependent correlation between leg
abnormality and carbohydrate sources (P<.10).
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Table V.4. The effect of dietary carbohydrate sources on
plasma lactate, whole blood transketolase
(TK) activity, and thiamin pyrophosphate (TPP)
effect (Experiment 1)

Diets Plasma
lactates

TK activityl TPP effects

(mg/di) (U2) (%)

Corn-soy 54.8a 15.2a 33.3a

Cerelose 41.5' 11.5b 78.6b

Corn starch 46.5a 12.3b 57.9'

Pooled SE 4.1 0.6 3.6

1 Mean values in each column with different superscripts
were significantly different at P<.05.

2 gmol of glycerol 3-phosphate formed per min per liter of
blood



Table V.5. The effect of varied levels of thiamin hydrochloride supplementation to
cerelose diet on broiler performances from day-old to 6 wks of age
(Experiment 2)

Diets

Body weight gain' Total feed consumption' Feed gain ratio'

0-6 Wks of ages Wks of ages Wks of age

Male Female 0-4 4-6 0-6 0-4 4-6 0-6

(g) (g)

Corn-soy 1968' 1735' 1515" 1829' 3344' 1.67' 1.94' 1.80'
Cerelose 2071' 1778' 15901' 1845' 3435 1.64' 2.00" 1.82'

Cerelose + 0.6
mg thiamin HC1

2045' 1778' 1621' 1858' 3479' 1.67' 1.99' 1.83'

/kg

Cerelose + 2.8
mg thiamin HC1

1997' 1723' 1566b 1794' 3360ab 1.65' 2.01' 1.83'

/kg

Pooled SE 29 25 11 22 26 .01 .02 .01

I Mean values in each column with different superscripts were significantly different
at P<.05.
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Table V.6. The effect of thiamin hydrochloride
supplementation to cerelose diet on the
incidence of Sudden Death Syndrome (SDS) in male
and female broilers from day-old to 6 wks of age
(Experiment 2)

Diets No. of birds % SDS bird

Male Female Malel Female

Corn-soy 97 103 0 0

Cerelose 95 105 5.26 0

Cerelose + 0.6
mg thiamin HC1

93 107 2.15 0

/kg

Cerelose + 2.8 89 111 1.12 0

mg thiamin HC1
/kg

1 There was dependent correlation between SDS incidence
and diets (P<.10).



Table V.7. The effect of thiamin hydrochloride
supplementation on plasma lactate, whole blood
transketolase
pyrophosphate

(TK) activity, and % thiamin
(TPP) effect (Experiment 2)

Diets Plasma Transketolase TPP
lactates activityl effect1

(mg/di) (U2) (%)

Corn-soy 62.3a 16.7a 32.9a

Cerelose 57.7' 11.3b 71.9b

Cerelose + 0.6
mg thiamin HC1

53.2a 17.0a 39.3a

/kg

Cerelose + 2.8
mg thiamin HC1

64.8' 17.5' 29.5'

/kg

Pooled SE 1.1 0.6 3.9

79

1 Mean values in each column with different superscripts
were significantly different at P<.05.

2 gmol of glycerol 3-phosphate formed per min per liter of
blood
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Table V.8. The effect of thiamin hydrochloride
supplementation on the liver pyruvate
dehydrogenase (PDH) activity and the proportion
of PDH in active form (PDHa)1 (Experiment2)

Diets PDH activity PDHa

(U2) (%)

Corn-soy 97.7 62.7

Cerelose 98.3 62.0

Cerelose + 0.6
mg thiamin HC1

107.6 59.1

/kg

Cerelose + 2.8
mg thiamin HC1

111.5 61.0

/kg

Pooled SE 4.6 2.8

1 Mean values in each column among the diets were not
significantly different (P>.05).

2 gmol of acetylhydroxamate formed in 30 min at 37 C
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CHAPTER VI

CONCLUSION AND POSTULATION

A. CONCLUSION

Seven experiments were conducted to investigate the

involvement of carbohydrate and lipid metabolism on the

incidence of Sudden Death Syndrome (SDS) in broiler

chickens. The following observations were :

1. Broilers left dead after 1 h had lower level of

hepatic arachidonate. This finding refutes earlier reports

that lower hepatic arachidonate level in SDS broilers is

associated with SDS.

2. Broiler chickens fed glucose monohydrate (cerelose)

diets were more susceptible to SDS mortality than broilers

fed corn starch or corn-soy diets. Feeding broilers a high

cerelose diet resulted in increased plasma levels of

calcium, protein, triacylglycerol, and uric acid levels than

in broilers fed a corn starch diet.

3. Daily intraperitoneal injection with 0.25 ml of L(+)

lactic acid solution (100 mg/ml) to broilers over a 7-d

period failed to induce SDS, whereas intravenous injection

of 40% lactic acid solution (200 mg lactic acid/kg body

weight) resulted in 100% incidence of an SDS-type death.

Lactate ion was not associated with SDS-type mortality.
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Disturbance of physiological acid-base balance might be a

factor in the SDS-type mortality.

4. Suboptimal thiamin levels in broilers fed cerelose

diets was observed. Thiamin supplementation to cerelose

diet improved the thiamin status of the broilers. Mortality

due to SDS was decreased when thiamin hydrochloride was

supplemented to cerelose diet at the level of 0.6 and 2.8 mg

thiamin hydrochloride/kg diet, respectively. Thiamin

supplementation, however, did not change the liver pyruvate

dehydrogenase activity and the proportion of pyruvate

dehydrogenase in the active form.

B. POSTULATION

Growth is a dynamic and complex process that can be

defined as biological synthesis. This development of an

animal depends upon the regulated, orchestrated functioning

of the thousands of biochemical reactions including cell

multiplication, cell enlargement, and the incorporation of

materials from the environment (Brody, 1945). During the

normal growth of broiler chickens, the rate of growth is

very rapid from hatching to 21-28 d of age followed by a

plateau and eventual decline (Johnson, 1989). This growth

pattern of broiler chickens is accompanied by concomitant

SDS incidence which begins within days after hatching with

the highest incidence between 3 and 5 wks of age. Greenlees

et al. (1989) reported an increased myocardial irritability
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in large young broilers (3 wks of age) that was no longer

present in a similar group of older broilers (6 wks of age).

Therefore, it is possible that young broilers which undergo

a period of extreme rapid growth and is in a state of

extreme endocrine and biochemical flux may be especially

vulnerable to inappropriate biochemical modulation.

Sudden Death Syndrome has been suggested to be a

metabolic disorder and that genetic, nutritional, and

environmental factors may affect the incidence (Riddell and

Orr, 1980). There is evidence that a change in acid-base

balance is responsible in someway for SDS. Broilers that

were subjected to lactic acid administration showed a

typical SDS-type mortality (Summers et al., 1987). The

experiment conducted in this dissertation demonstrated

similar results with intravenous injection of a lactic acid

solution to broilers. Lactate ion was found not to be

associated with SDS incidence. Disturbance of the acid-base

balance in broilers caused by lactic acid was found to be

one factor responsible for this SDS-type mortality.

Several factors can affect the acid-base balance in the

body. These factors include insufficient oxygen intake of

the bird, the presence or absence of some specific

ingredients or nutrients in the diets, or even the imbalance

of dietary electrolytes in the diet. Broiler chickens are

extremely susceptible to low levels of atmospheric oxygen

and particularly sensitive to circumstances which interfere
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with oxygen content of the blood because of their genetic

potential for rapid growth (Shane, 1988). Chicken contains

2 different types of muscle fiber. The white muscle cells

contain fewer mitochondria than the red muscle cells and are

likely to utilize energy from the glycolytic pathway,

whereas the red cells derive energy principally from

tricarboxylic acid cycle, which is an aerobic process.

Since the aerobic process depends upon the supply of oxygen

to the cell, the rate of energy production is limited by the

rate of oxygen intake of the cell. Deprivation of oxygen

caused by poor ventilation, or high stock density, or the

increase in the demand of oxygen during the period of rapid

growth can shift the energy production to anaerobic

glycolysis which subsequently decrease the synthesis of ATP

and increase of NADH. The reoxidation of NADH by way of

lactate formation is required to allow glycolysis to proceed

in the absence of oxygen by regenerating sufficient NAD' for

another cycle of the reaction catalyzed by glyceraldehyde-3-

phosphate dehydrogenase. Thus under hypoxia condition, the

tissues tend to produce more lactic acid. Based on the fact

that chicken has a large proportion of its muscle fibers in

the form of white cell type, it is believed that chicken has

this potential to produce more lactic acid.

Diets high in glucose were also found to increase SDS

incidence (Julian and Leeson, 1985). In this study, broiler

chickens fed glucose rich diets were observed to have
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increased plasma triacylglycerol, protein, and uric acid

levels. It is possible that when a large amount of

exogenous glucose is consumed by the animal, the imposed

load rapidly diminishes hepatic glucose production and

accelerates glucose disposal by various routes. Glucose is

excreted when the blood glucose level exceeds the

reabsorptive capacity of the renal tubules (Mayes, 1990).

The loss of glucose depletes the carbohydrate stores, which

leads to the break down of lipid and protein. The

mobilization of fat leads to the formation of acetyl CoA.

However, much of the acetyl CoA cannot enter the

tricarboxylic acid cycle because there is insufficient

oxaloacetate for the condensation step, instead, they

generate ketone bodies. Most of the acid produced in the

normal metabolism is in the form of CO2, which is readily

excreted by the lungs. In contrast, ketone body acids

cannot be excreted by the lungs. In high concentrations,

they overwhelm the kidneys' capacity to maintain acid-base

balance. Accelerated ketone production, therefore, leads to

acidosis. It has to be recognized that other nutritional

factors may play a part in the development of acidosis.

Thiamin is involved in oxidative decarboxylations of a-keto

acids and a-ketoglutarate. If this process is impaired by

the deficiency of thiamin, energy metabolism is also

impaired. A deficiency of thiamin results in accumulation

of pyruvate and lactacidosis, which is frequently lethal.
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The proper balance of dietary electrolytes is essential

in ensuring optimum acid-base status in the chickens.

Mongin (1980) has stressed the importance of adjusting the

mineral content of the diet to not only meet requirements

but also to maintain an electrolyte balance conductive to

optimal performance. Mollison (1983) demonstrated that

electrolytes imbalance in the diet may contribute to SDS

incidence. Electrolyte imbalance (Na++K++C1-) below 200 meq

per kg diet could contribute to increase in SDS mortality.

Riley and Austic (1984) conducted an experiment to determine

the influence of dietary electrolytes on the pH of the

digestive tract and acid-base status of chicks. They found

that variations in dietary electrolytes affected the acid-

base balance of the chicken and alter the pH of the crop.

Therefore, it is possible that the imbalance of dietary

electrolytes can affect the acid-base balance of the chicken

and may be a factor contribute to SDS incidence.

Overall, the accumulations of lactic acid, keto acids,

or the imbalance of acid-base status in the chicken can

increase the intracellular osmolarity and alter membrane

permeability and eventually decrease the pH of the cell. If

these acidic accumulations appear in heart muscle cells, the

increase of insufficient contraction of heart muscle is

expected which can lead to the cessation of contraction.

Although our understanding of SDS is far from complete,

it now appears possible to draw the general conclusion that
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the SDS condition arises when broiler chickens are

undergoing a period of extremely rapid growth. This stage

of extreme endocrine and biochemical flux requires

sufficient oxygen intake in order to supply the needs of the

cells. Deprivation of oxygen supply can lead to the

disturbance of acid-base balance which, in turn, contribute

to SDS mortality. Other genetic, nutritional, and

environmental factors are likely to modify the incidence by

also affecting the acid-base status of the body. The fact

that the disturbance of acid-base balance is influenced by

changes in dietary anions and cations illustrates the need

for more definite research in this area regarding to the

incidence of SDS.
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