
- _ , /r' /“
.-2/

The Effects of NeonatallJuveniIe Heat Stress and
Varying L·Tryptophan Levels on Growth Parameters, Meat Quality,

~
and Brain Neurotransmitter Levels in Turkeys

bv
Forrest Craig Hobbs, III

E
Thesis submitted to the Faculty of the

Virginia Polytechnic Institute and State University
in partial fulfillment of the requirements for the degree of

Master of Science

in

Poultry Science

APPROVED:

1 ‘/ "‘ ·";
-

D. M. Denbow, Chairman

/36 “/
R. M. Hulet Y I J. H.”WoIford

/ i

May, 1989

Blacksburg, Virginia



The Effects of Neonatal/Juvenile Heat Stress and

Varying L-Tryptophan Levels on Growth Parameters, Meat Quality,

and Brain Neurotransmitter Levels in Turkeys

bv
Forrest Craig Hobbs, Ill

D. M. Denbow, Chairman

Poultry Science

(ABSTRACT)

A 2 x 2 x 4 factorial experiment utilizing 640 male Large White turkeys was conducted

to determine the effects of neonatal/juvenile heat stress and tryptophan supplementation upon

growth to 129 days of age, as well as meat quality and brain neurotransmitter levels.

Treatments consisted of neonatal heat stress (36 continuous hours at 38 C) starting at 5 days

of age, juvenile heat stress (8 hours a day at 38 C for 5 consecutive days) starting at 106 days

of age, and tryptophan supplementation (0, .1, .2, and .3 % added to the diet) from 112 days

of age to market (129 or 138 days of age). Feed consumption, weight gain, and mortality were

l recorded and selected meat quality measurements and brain neurotransmitter levels were

determined. Weight gain and feed consumption were signiticantly reduced by juvenile heat

stress treatment while early stress, late stress (EL) treatment signiticantly increased mortality

as compared to CC treatment during this period. Such tindings revealed that neonatal heat

stress did not reduce losses due to heat stress at market age. After live haul, (129 days of

age), EC birds had signiticantly greater cooking loss as compared to birds of the other three

treatments and CC birds had signilicantly larger thigh weights than EL treated birds. In birds

analyzed at 138 days of age, CL treatment resulted in a signiticantly higher Hunter L-value

(Iightness) in pectoralis major tissue as compared to CC treatment, indicating a darkening of

pectoralis musculature due to juvenile heat stress treatment. Tryptophan supplementation

resulted in no signilicant differences in food intake, body weight, or body weight gain.

Serotonin, 5 hydroxyindole acetic acid (5-HIAA), and norepinephrine levels increased linearly

with dietary tryptophan supplementation in the four brain regions analyzed while linear



increases in L-dihydroxyphenylalanine (L·DOPA) occurred in all regions analyzed except for
the cerebellum due to L—tryptophan supplementation. Plasma levels of serotonin also
increased in a positive dose—response fashion while tryptophan supplementation at all levels
signiticantly reduced norepinephrine levels as compared to the basal diet. The addition of
.1% tryptophan to the tinisher diet signiticantly increased carcass weight and thigh weights
while no signiticant differences occurred in breast protein and ether e><tract, or in either
pectoralis major and biceps femoris shear or Hunter color values due to supplemental
tryptophan.
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Chapter 1: Review of Literature

Meat Quality

Meat quality can be described as a composite of characteristics that make the meat

source desirable to the consumer and for which the consumer is willing fo pay (Hawthorne,

1984). Appearance, flavor, and texture are the main classiflcations ofthe many quality factors

that can be sensed by the human (Kramer, 1972). Other meat characteristics also important

for further processing include freedom from harmful microorganisms, water-retention

capacity, protein and fat content, as well as binding and emulsifying properties.
Of all the factors that affect meat, the degree of tenderness has been accepted as the

ultimate parameter in consumer acceptance (Stanley, 1976). Meat texture is affected by many

factors such as structural relationships, connective tissue, cold-shortening, postmortem aging,

sarcoplasmic proteins (including proteolytic enzymes), water·holding capacity, pH, cooking

time and temperature, intramuscular fat, flber size, fiber-bundle size, flber extensibility, and

animal factors such as breed and strain, sex, diet, and antemortem stress (Herring, 1976).

Collagen content is a major contributor to toughness. lntermolecular crosslinks in collagen

increase with the age ofthe animal, thus explaining the difference in tenderness found in older

animals (Nakamura et al., 1975; Marsh, 1977). Age affects the springiness and chewiness of

broiler meat (Lyon et al., 1984). ln addition, a negative correlation between biceps femoris

moisture and shear value has been shown in earlier research (Essary and Korslund, 1968).

Several techniques are used to analyze meat tenderness, including the Kramer Shear Press

(Kramer et al., 1961, Szczesniak, 1963; Stanley et al., 1971; Voisey and De Mann, 1976).

Genetic factors as well as managerial practices affect tenderness (Marion, 1967).

Additionally, many factors can affect meat quality during and after slaughter. Surprisingly,

studies have shown that varying diet has little or no influence upon the tenderness of turkey

or broiler meats (Nlarsden et al., 1957a,b; Harkin et al., 1958; Goertz et al., 1961a,b,c). Struggle
l

during slaughter as well as processing techniques influence the rate of postmortem glycolysis,

Chapter 1: Review of Literature 1



and thus affect the time of onset of rigor (Dodge and Stadelman, 1960; Grey et al., 1977; Ngoka

et al., 1982). Stewart et al. (1984a,b) showed that hot deboning affects anaerobic glycolysis

and that muscle should be held for at least 4 hours after slaughter before deboning in order

to curtail adverse effects on tenderness. Electrical stimulation of processed parts after

bleeding also improves tenderness (Thompson et al., 1987; Maki and Froning, 1987). The use

of brines has been shown to tenderize broiler meats (Oblinger et al., 1976; Janky et al., 1982,

1983; Hoey et al., 1983; Sams et al., 1986). Enzyme levels, scalding, beating and picking, aging,

and storage also affect meat tenderness (Marion, 1967).

Postmortem metabolism in the muscle plays a very important role in meat tenderness.

Alter death, muscle ATP levels are maintained by anaerobic glycolysis. A Iowering of pH due

to lactic acid buildup from this pathway can be used as a measurement of postmortem

glycolysis. When the glycogen is depleted, ATP levels decrease (Bate-Smith and Bendall,

1947, 1949) and rigor mortis is initiated when ATP levels fall below 20 percent of initial values

(Jones, 1980). Factors which slow postmortem glycolysis also slow toughening associated

with accelerated rigor mortis (de Fremery and Pool, 1960, 1963). For example, increasing the

amount of struggle at slaughter accelerates the loss of ATP and results in decreased

tenderness (Grey and Jones, 1977).

High carcass temperature after slaughter accelerates the onset of rigor due to

increased glycolysis and inhibition of enzymes associated with tenderization (Jones, 1980).

Heat stress has been shown to prolong this pathway (Wood and Richards, 1975b).

Postmortem metabolism and meat quality are also affected by peripheral epinephrine levels

(Wood and Richards, 1975a).

Myolibrillar proteins, which are directly involved in muscle contraction and relaxation,

are major sites for postmortem change (Scharpf et al., 1966). These contractile proteins are

the sites of toughening during the first few hours alter slaughter and are responsible for "cold

shortening”. DeFremery and Pool (1960) showed that chicken undergoes rigor mortis between

2 to 4.5 hours after slaughter, and has a linal pH of 5.8 to 5.9.
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Preslaughter excitement results in darker breast meat color which may be due to

increased levels of ectochrome C (Ngoka and Froning, 1982). However, heat stress just prior

to slaughter has been shown to cause paler colors in turkey meat (Babji et al., 1982).

Postmortem electrical stimulation after bleeding but prior to scalding yields a more desirable,

brighter colored, turkey muscle (Maki and Froning, 1987).

Heat Stress

Many environmental factors affect mortality and morbidity of poultry. An interaction

of air velocity, radiant energy, humidity, and environmental temperature affects fowl during

extremely hot weather (Siegel and Drury, 1968a,b). Leighton and Mason (1976) showed that

the desirable temperature for optimal growth and feed efticiency of turkeys 8 to 24 weeks of

age was 18.3 C . Increases in temperature above 18.3 C decreased feed consumption, body

weight gain, and feed efüciency of turkeys (Potter- et al., 1970; Leighton and Mason, 1976;

Hurwitz et al., 1980).

The body temperatures of the domestic turkey and chicken are between 41 and 42 C

(Arieli et al., 1980; Meltzer, 1983). These deep body (core) temperatures are not constant

within the thermoneutral zone (Weathers, 1981) and have been shown to acclimatize due to

air temperatures as well as other previously mentioned factors (May, 1987).

Managerial techniques including ventilation and evaporative cooling systems have

been investigated in an attempt to alleviate the mortality and morbidity resulting from acute

heat stress. For example, changing the dietary levels of fat (Fuller and Mora, 1973), ascorbic

acid (Pardue et al., 1985), NH,Cl, NaHCO,, CaCl, (Teeter et al., 1985), and amino acids

(Waldroup et al., 1976) have been shown to decrease mortality. Levels of NH,Cl, NaHCO„

(Branton et al., 1986), and NaHCO, (Bottje and Harrison, 1985) in the drinking water also have

been modiüed in an attempt to alleviate this problem. Other methods, including fasting

(McCormick et al., 1979), handling prior to stress (Bowen and Washburn, 1984), and heat

‘ Chapter 1: Review of Literature 3
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acclimatization (Hutchison and Sykes, 1953; Reece et al, 1972; Bohren et al., 1982) have been
tried as well. While some of these procedures show promise, they generally require

knowledge in advance when a heat wave will start.

Research has shown that acclimatization to hot environments lmproves heat

resistance (Hutchison and Sykes, 1953; Reece et al., 1972; Bohren et al., 1982). Recent studies

showed that exposing broiler chickens to elevated temperatures (35 to 38 C) for 24 hours at

5 days of age signiticantly reduced mortality resulting from heat stress later in life (Arjona
et al., 1988). While several groups of ubiquitous heat shock proteins have been isolated from

chickens, and may help explain the mechanism of acquired heat resistance (Schlesinger et

al., 1982), the mechanism by which elevated temperatures at 5 days of age induces

thermotolerance is unknown. ln addition, it is not known whether neonatal heat exposure can

induce thermotolerance in turkeys.

Elevated holding temperatures prior to slaughter have been shown to lower pH, water

holding capacity, and cooking yield while increasing shear value of turkey breast muscle

(Ngoka et al., 1982). Such treatment also produces a pale meat color (Babji et al., 1982).

Froning et al. (1978) showed that stressing birds for 1 hour prior to slaughter signiticantly

increased shear values of pectoralis muscle as compared to cold stressed birds, and implied

that pre-slaughter stress and struggle may affect color and textural characteristics of turkey

meat.

Tryptophan Supplementation

Tryptophan is the precursor to the neurotransmitter serotonin, which is a low

molecular weight amine that is unable to cross the blood-brain barrier due to its polarity under

physiological conditions. Although the human body contains 10 mg of serotonin, 90 percent

of this is found in the cells of the gut (Folk and Long, 1988) and the serotonin that affects the

brain must be synthesized either within the blood-brain barrier or in the brain endothelial cells
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thereof (Maruki et al., 1984). Many factors such as diet, aging, and light intensity affect

serotonin concentration and activity in specific regions of the brain (Fernstrom and Wurtman,

1971; Tang et al., 1985).

The synthesis of serotonin in the brain occurs by a two·step process that involves the

hydroxylation and then decarboxylation of tryptophan. A high—aftinity uptake mechanism

allows the uptake of serotonin by the brain at enormous concentration gradients and does not

allow end·product inhibition to occur (Folk and Long, 1988). lt has been shown that dletary

tryptophan can affect serotonin synthesis and concentration in the brain (Fernstrom and

Wurtman, 1971), thus infiuencing many behavioral patterns and physiological changes. Such

changes include alterations in sleep, appetite, and pituitary hormone secretion.

The major factor influencing the uptake of tryptophan from the plasma to the brain is

the ratio of plasma tryptophan to other large neutral amino acids (LNAA) (Fernstrom and

Wurtman, 1972; Knot and Curzon, 1972; Curzon, 1980). These LNAA, which include tyrosine,

phenylalanine, vallne, isoleucine, and leuclne, as well as tryptophan, compete for the same

transport system across the blood—brain barrier. Therefore, brain tryptophan levels, and

thereby brain serotonin synthesis, can be lncreased by increasing the plasma ratio of

tryptophan to LNAA (Fernstrom and Wurtman, 1971). While plasma tryptophan is increased

by the ingestion of a high protein diet, such diet modification may not increase brain

tryptophan or serotonin levels because the plasma levels of other large neutral amino acids

are simultaneously increased.

Plasma tryptophan exists in the bound as well as the free form (Knott and Curzon,

1972; Pardridge, 1979) and this binding is affected by insulin levels. An increase in insulin

levels allows the freeing of tryptophan from plasma protein as well as the cellular uptake of

other free LNAA. It has been assumed that bound tryptophan contributes minimally to brain

tryptophan infiux (Smith et al., 1976). lncreased insulin levels have been shown to cause

plasma and brain levels of serotonin to increase in rats (Fernstrom and Wurtman, 1971).

Factors also exist that affect the binding of tryptophan to albumen and the freeing of this

precursor as blood passes through the brain such as changes in transport system kinetics

Chapter 1: Review of Literature 5 t
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during this passage (James et al., 1978; Mans et al., 1979; Bloxam et al., 1978). During this
process, it should be noted that pre-existing brain tryptophan levels do not affect the brain
uptake of tryptophan (end-product inhibition).

These influential factors thus control serotonin activity by controlling brain levels of
tryptophan; and thus, they control certain aspects of behavior. The raphe nuclei of the brain
stem contain the cell bodies of serotoninergic neurons while the axons of these neurons
extend to the spinal chord, diencephalon, limbic system, and other sections of the forebrain
(Weiner and Ganong, 1978). The raphe nucleus is involved in sleep regulation (Vergnes, 1978)
and brain serotonin has been shown to reduce cerebral activity (Mabry and Campbell, 1974)
and induce sleep (Quay, 1968; Hartman and Spinweber, 1979; Radulovacki, 1982). Smith et
al. (1976) found that intramuscular injections ofdifferent levels oftryptophan in pigeons caused

a temporary behavioral depression accompanied by an increase in telencephalon 5-HT levels.
Furthermore, the peripheral administration of tryptophan or 5—hydroxytryptophan, which are

precursors of serotonin, have been shown to affect sleeping behavior (Wada and McGeer,
_ 1966; Hartman and Spinweber, 1979). Oral doses of tryptophan have been used to treat sleep

disorders and depression in humans and have resulted in decreased time required to fall
asleep (Hartman and Spinwever, 1979; Van Praag, 1981). Hartman and Greenwald (1984)

showed a detinite relationship between tryptophan and sleep in humans in their overview of

43 different studies.

Feeding behavior is ultimately controlled by factors that affect the central nervous

system with many neurotransmitters acting at various brain sites to alter food intake (Denbow,

1985). The lateral hypothalamus has been termed the "feeding" center while the ventromedial

hypothalamic nucleus has been termed the ”satiety” center. Although many
neurotransmitters are known to control appetite and thirst (Leibowitz, 1986), the central

administration of serotonin has been shown to inhibit eating in rats (Blundell, 1977; Latham

and Blundell, 1979), chickens (Denbow et al., 1982), and turkeys (Denbow, 1984). Furthermore,

the oral administration of tryptophan has been shown to inhibit food intake in broiler and

Leghorn chickens (Lacy et al., 1986).
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Many mammalian studies have shown that serotonin is indirectly involved in anterior

pituitary hormone secretion (Weiner and Ganong, 1978). Serotonin inhibits the release of

luteinizing hormone (Quay, 1968) but increases circulating growth hormone levels (Bivens et

al., 1973; Smythe et al., 1975). Serotonin stimulates prolactin and follicle stimulating hormone

(FSH) secretion indirectly by supressing the release of prolactin inhibitory factor and

FSH·reIeasing factor (Kamberi ef al., 1971; Weiner and Ganong, 1978). ln the domestic fowl,

serotonin has been found to increase plasma prolactin levels but reduce growth hormone

levels (Rabii et al., 1981). Other studies indicate that increasing levels of dietary tryptophan

reduces levels of plasma growth hormone and T, in chickens (Carew ef al., 1983).U
Intraventricular injections of serotonin increases the duration of tonic immobility

(animal hypnosis) in chickens and serotonin increases in the brain have been found to

increase this phenomenon in guinea pigs (Harston et al., 1976). Other studies with chickens

have shown that the intragastric administration of tryptophan has no effect on tonic immobility

(Lacy et al., 1984). lnjecting serotonin IV into young chickens decreases the duration of this

phenomenon (Maser et al., 1975). Furthermore, repeated testing for tonic immobility leads to

the reduction of brain serotonin levels (Liberson et al., 1964). The systemic administration of

tryptophan has been shown to produce a dose·dependent increase in tonic immobility (Gallup,

1974). Although conflicting reports exist, it is evident that serotonin and tryptophan are

involved in tonic immobility.

Serotonin is also involved in body temperature regulation. In avian species, the

subcutaneous administration of serotonin as well as the intubation of tryptophan has been

shown to reduce body temperature (Hoffman, 1958; Lacy et al., 1986) while the central

adminstration of serotonin has been found to increase body temperature (Nistico et al., 1980).

Many other physiological functions and aspects of behavior can be modified by brain

serotonin alteration. The raphe nucleus has been found to be important in aggressive

behavior modification. Brain serotonin levels appear to be inversely related to aggressive

behavior, and can be inhibited through the use of serotonin in rats (Vergnes, 1978). A

Chapter 1: Review of Literature 7



relationship associated to maternal serotonin levels has been found between maternal dletary
protein levels and the protein selection of their offspring (Lephron and Anderson, 1982).

Tryptophan, which is adequately supplied by the normal corn·soybean meal turkey
tinisher diet, is speculated to be needed in levels of 0.13 to 0.15 percent ofthe diet (NRC, 1984;

Nixey, 1987). The addition of dletary tryptophan over a long period oftime while holding other

LNAA levels constant has been shown to increase hypothalamic serotonin levels in turkeys
(Lee and Britton, 1982). Very little work has been done with tryptophan and the effects thereof

upon stress reduction in turkeys.

Obiectives

The objectives of this study were fourfold and included the determination of the effects of: 1)

a 38-hour heat stress at 5 days of age on the mortality and morbidity resulting from a chronic

5-day heat stress period beginning at 15 weeks of age, 2) supplementing turkey diets with

tryptophan two weeks prior to market on the growth and food intake during the feeding period

as well as mortality due to live haul, 3) heat stress treatment and tryptophan supplementation

. on meat yield and meat quality at slaughter, and 4)suppIemental dletary tryptophan fed from

112 to 138 days of age on serotonin, 5-hydroxyindole acetic acid, dopamine, I-dopa,

epinephrine, and norepinephrine levels of the telecephalon, diencephalon, cerebellum, brain

stem, and plasma in the domestic turkey.

Chapter 1: Review of Literature 8
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Chapter 2

The Effects of Neonatal Heat Stress, Juvenile Heat Stress, and

Varying L-Tryptophan Levels on Growth Parameters, Meat Quality,

and Brain Catecholamine and Indoleamine Levels In Turkeys

Introduction

Many environmental factors, including an Interaction of air velocity, radiant energy,

humidity, and environmental temperature affect mortality and morbidity during extremely hot

weather (Siegel and Drury, 1968a,b). Frequently, high environmental temperatures result in

considerable economic loss (Brown, 1986). lncreases in the environmental temperature

above the desirable optimal growth range of 18 to 19 C adversely affects feed consumption,

body weight gain, feed efficiency, and thus, economic profit of turkeys (Potter et al., 1970;

Leighton and Mason, 1976; Hurwitz et al., 1980). Current research has shown that broiler

chickens heat stressed at 5 days of age have lower mortality rates due to high temperatures

prior to market (Arjona, 1988).

Elevating holding temperatures prior to slaughter has been shown to lower pH, water

holding capacity, and cooking yield (Ngoka and Froning, 1982), produce a pale meat color,

increase the shear value (Babji et al., 1982), and increase postmortem glycolysis of breast

muscle of avian species (Wood and Richards, 1975). Seasonal variations in poultry products

have also been noted and may be attributed to the adverse environmental conditions

associated with summer (Joiner and Huston, 1957; Simpson and Goodwin, 1975).

Dietary levels of tryptophan affect serotonin synthesis and concentration in the brain
(Fernstrom and Wurtman, 1971). Serotonin has been shown to be involved in altering many

behavioral activities including the reduction of cerebral activity (Mabry and Campbell, 1974),

induction of sleep (Hartman and Spinweber, 1979; Radulovacki, 1982), and the inhibition of

eating (Blundell, 1977; Latham and Blundell, 1979; Denbow et al., 1982). Smith et al. (1976)

found a temporary correlation between tryptophan level Injection, behavioral depression, and
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telencephalon serotonin levels in the pigeon. lntraperitoneal injections of tryptophan

decreased blood pressure in rats (Sved et al., 1982). lntracerebroventricular (ICV) injections

of serotonin decreased food intake in turkeys (Denbow, 1984).

Environmental, managerial, and genetic factors affect meat quality prior to slaughter

(Ngoka et al., 1982). Surprisingly, studies have shown that varying diet has little or no

influence upon the tenderness of turkey or broiler meats (Marsden et al., 1957a,b; Harkin et

al., 1958; Goertz et al., 1961a,b). Preslaughter excitement results in darker breast meat color

(Ngoka and Froning, 1982) while heat stress treatment results in paler colored turkey meat

(Babji et al., 1982). Postmortem metabolism is affected by epinephrine and glucocortlcoid

levels and their utilization (Hedrick, 1965), and exposing animals to heat stress prior to

slaughter causes an increase in the utilization and levels of these two compounds. Struggle

during slaughter influences the rate of postmortem glycolysis thus affecting the time required

for onset of rigor mortis (Dodge and Stadelman, 1960; Grey et al., 1977; Ngoka and Froning,

1982). lncreasing the amount of struggle at slaughter accelerates the loss of ATP and results

in decreased tenderness (Grey and Jones, 1977). When glycogen is depleted by anaerobic

glycolysis, ATP levels decrease (Bate-Smith and Bendall, 1947,1949); rigor mortis is initiated

when ATP levels fall below 20 percent of initial values (Jones, 1980).

The objectives of this study included the determination of the effects of: 1) a 36-hour

heat stress at 5 days of age on weight gain, feed consumption, feed efflciency, and mortality,

as well as meat yield and meat quality parameters after slaughter resulting from a chronic

5-day heat stress period beginning at 15 weeks of age, 2) supplemental dietary tryptophan two

weeks prior to market on weight gain, feed consumption, feed efficiency, morbidity and

mortality due to live haul, and meat yield and meat quality parameters after slaughter, and,

3) supplemental dietary tryptophan fed from 112 to 138 days of age on serotonin and

5-hydroxyindole acetic acid levels of the telecephalon, diencephalon, cerebellum, brain stem,

and plasma in the domestic turkey.
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Materials and Methods

Animals and Husbandry

Six hundred forty Nicholas Large White male turkeys were obtained on September 18,

1987 from a commercial hatchery, weighed, wing banded, and randomly assigned to 8 floor
pens (3.66 x 4.88 m) such that each pen contained 80 poults. The poults were raised under

standard husbandry conditions at the VPl&SU Turkey Research Center unless otherwise

noted. The brooding temperature was 31 :l: 1 C, which was decreased 1 C per week until a

temperature of 24 :l: 1 C was reached and maintained. Feed and water were available ad
8

libitum, and light was supplied continuously (24 Li; 0 D). The diets were changed at 4-week

intervals with the starter being fed as a mash and the remaining diets being pelleted.

Experimental Design

A 2 x 2 x 4 factorial design was used, with neonatal heat stress, late heat stress, and

dietary tryptophan as the main effects. At five days of age, one-half of the poults were

exposed to neonatal heat stress for 36 hours by gradually increasing the environmental

temperature over a 2·hour period to 38 i 1 C, and then returning the temperature to a control

level (31 :l: 1 C). The remaining four pens were maintained at the control temperature.

At 49 days of age, the birds were assigned to 32 floor pens with 20 birds per pen such

that half the pens had birds that were exposed to neonatal heat stress. When the birds were
105 days of age, 16 pens were late heat stressed by gradually increasing the environmental
temperature over a 2-hour period to 35 :l: 2 C for 8 hours per day on live consecutive days.

Feed and water were available ad libitum. From 112 to 129 days of age, a turkey

finisher diet containing either 0, .1, .2, or .3% L-tryptophan added at the expense of corn was

pelleted and fed to each of eight pens from 112 to 129 days of age (Table 1). Kjeldahl

nitrogen determination showed that the diet contained 17.92% C.P. and and calculations
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showed that the diet contained 3220 kcal/kg M.E. (NRC, 1984). Feed consumption, body

weight, and mortality continued to be monitored.

During the later heat stress period (106-110 days of age), rectal and foot pad

temperatures were measured daily using a digital thermometer (Fisher Scientific, Raleigh, NC)

with thermistar probes (T2605 and T2625; Yellow Springs International, Yellow Springs, OH)

at 4 hrs into the heat stress period of each day. Blood was collected daily from the brachial

vein during the later heat stress period. The plasma was separated by centrifugation at 3,000

g and stored at -70 C until further analysis. Plasma glucose was measured colorimetrically

using the glucose oxidase method (Raabo and Terkildsen, 1960) and plasma protein was

quantified using the the procedures of Bradford (1976; Biorad Protein assay kit; Biorad

Chemical Division, Richmond, CA).

Measurement of Meat Parameters

At 129 days of age, most of the birds (see below) were Ioaded onto a live haul truck

between 2:00 and 4:00 p.m. and transported approximately 250 miles to the processing plant

for slaughter. The environmental temperature was a wet and windy 0 to 4 C, and processing

began 26 hours after loading. Dead or condemned birds found upon arrival at the processing

plant were recorded. Weights of individual chilled carcasses with neck were weighed to the

nearest 10 g while breast muscle without tenderloin, breast skin, and two thigh weights were

weighed to the nearest gram.

The breasts without tenderloin were then placed into preweighed packages. After

weighing these packages one week later, package purge was calculated. Half of each one
of these breast samples were weighed and then cooked until an internal temperature of 70 C

was obtained. After cooling for 10 minutes, these breast half samples (without tenderloins)

were weighed again and cookloss was calculated. Kramer shear valuew were obtained 1

hour after removing from the oven in 2.54 cm (1 ”) diagonal center slices trimmed to 6.35 cm

by 6.35 cm (2.25 ” x 2.25 ").
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ln addition, ten birds from each of the dietary tryptophan treatments (40 birds total)

were kept at VPl&SU for further analysis in order to determine the effects of a stressful live
haul situation. After being fed the tryptophan diets from 112 to 138 days of age, the birds were

transported in open air crates to slaughter (5 mi). The birds were decapitated and the brains

removed and frozen at -70 C. In addition, the blood was collected during the exanguination

process into 14 ml plastic test tubes (Sarstedt; Princeton, New Jersey). The plasma was

separated and stored at -70 C until further analysis.

Temperatures (LED Digital Thermometer, Model T-TTC, Shimpo America Corp.,

Lincolnwood ILL) and pH (Fisher Accumet pH Meter, Model 620, Fisher Scientific Co., Raleigh,

NC) measurements were taken from breast muscle immediately after sacriücing, as well as

4 and 24 hours after cut-up. Processing consisted of skinning the breasts and one thigh

without scalding, and removing the whole breast and thigh from the carcass. The breasts and

thighs were packaged separately in plastic bags, and chilled in ice prior to further analysis.

ln preparation for the Hunter’s color test, one thigh per bird was deboned to expose

the internal surface of the biceps femoris muscle. The breast from each was cleaved down

the midpoint of the sternum, and the pectoralis major muscle from one side was deboned.

Color differences of intact, deboned, uncooked pectoralis major and biceps femoris muscles

from each treatment were determined through the use of a Hunterlab Model D25 Color and

Color Difference Meter with a 51 mm amperature (diameter of illuminated area) and L, a, b,

a:b, and AE were determined. A white reference plate was used as the standard (C 20-1651,

Whiteness = +91.7, Redness = -.8, and Yellowness = -1.0) and a clear glass plate was

juxtaposed on top of the muscle in order to ensure uniform readings.

The L-value indicates lightness and expresses the darkness to lightness characteristic

in a sample, the a·value indicates redness to color pigmentation, and the b-value indicates the

yellowness and yellow color which is mainly due to the oxidation of fats in the presence of

tissue proteins. The a:b-value represents the ratio of redness to yellowness or, more notably,

the color saturation. Total color difference (AE) represents the distance between two sample

points in the L, a, and b coordinates of the Judd·Hunter Color Space (ClE, 1974).
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After dividing the bone—in breast, the rear section of the pectoralis muscle was ground
(Kitchenaid by Hobart Mfg. Co; Model 4 C; Troy, Ohio), analyzed for moisture using the freeze
dry method (Vir Tis 10-145MR-BA; Gardiner, NY with a 10—MRSM chamber), and then analyzed
for protein, and crude fat content through the use of proximate analysis techniques (AOAC,
1984). The remaining thigh and breast quarter from each bird were cooked at 177 C in a
commercial electric range (Hotpoint Automatic; F·09254; Chicago, III) until an internal
temperature of 74 C was obtained. The cooked meat samples were cooled to 3 C and stored
in a cooler for further analysis. Cubical meat samples were obtained from the biceps femoris
of the cooked thigh (averaged 34 x 22 x 72 cm). Shear values were determined through the
use of an lnstron Universal Testing Machine (TMS-311; lnstron Corp.; Canton, Maine) with a

Kramer shear attachment (maximum force = 5000 Newtons, crosshead speed = 100

mm/min). In order to compare results with other measurements reported in this study, two

breast samples were taken from the bone·in, cooked breasts, which averaged 51 x 49 x 23 cm.

These samples were cut and trimmed from the breast samples in a manner similar to what

was shown above. After weighing these breast samples (averaged 62.5 grams), shear values

were determined in a similar manner (Kramer et al., 1961).

Measurement of indoleamines and Catecholamines

Catecholamines and indoleamines were determined using high performance liquid

chromatography with electrochemical detector (HPLC-EC) with isoproterenol as the internal

standard and duplicate working standards consisting of the compound ofinterest. The system
consisted of a Rheodyne Sample lnjector (Model 1725; Cotati, California), an isocratic pump

(Model SM—909; Anspec; Ann Arbor, Michigan) a 5 pm ODS-Biophase C—18 reverse phase 250

x 4.6 mm column (Model MF6017; Bioanalytical Systems; West LaFayette, Indiana), and an

amperometric detector (Princeton Applied Res. Corp. Model 400 electrochemical detector;

Princeton, NJ).
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I
After homongenizing the brain parts separately in a buffer (37.5 mg diNa EDTA per 250

ml) and adding 100 ng isoproterenol/ml buffer as the internal standard, the sample was filtered

through a .22pm filter and 100 pl of the supernate was Ioaded into this system. The fiow rate

was established at 1.5 ml/min and a back pressure of 2,430 zi: 37 psi (16.5 to 17 mpa) through
the column. The mobile phase consisted of 85 mls acetonitrile, 1.8 mls triethylamine, 150 mg

“
diNa EDTA, 350 mg NaOH, 19.2 g citric acid, 200 mg Na octyl sulfate, and brought to the volume

of 1 L with HPLC grade water. The mobile phase was adjusted to pH 3.1 using NaOH and

passed through a degasser (ERMA Inc. Model ERC-3001; Tokyo, Japan) before entering the

HPLC.

Standards for plasma levels of catecholamines and indoleamlnes consisted of 2 mls

of a mixed standard containing the compounds of interest and 50 mg of acid·ashed aluminum

oxide (AAO). In order to measure plasma catecholamines and indoleamines, 2.0 mls of

plasma was added to 25 pl 3,4-dihydroybenzylamine (DHBA) and then 50 mg of AAO and 1.0

ml Tris buffer were added respectively. The alumina slurry was washed twice with 2 - 3 mls

of HPLC grade water and transferred to microfilters for centrifugation (100 g for 30 sec). The

alumina remaining on the filter (catecholamines and indoleamlnes bound) was then washed

with 200 pl .1 M HCIO., and centrifuged again. After storage (-70 C) 100 pl of this supernate

was injected into the system.

Analysis of Data

The data were analyzed using the General Linear Model (GLM) of the Statistical

Analysis System (SAS Inst. Inc., 1985) and differences between treatments were determined

using Duncan’s New Multiple Range test. Growth parameters during and prior to the late heat

stress period, as well as carcass, breast, thigh, and thigh skin yield data, purge, cooking loss,

pH of cooked tissue, shear value after live haul, and total color difference were analyzed using

themodel:I

I
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where p is the mean of Y,,, T equals the heat treatment or tryptophan treatment and e,, is the

random variation unique to each pen or bird analyzed. Percent mortality and condemnation

data were analyzed using Bonferroni Chi-square statistics (Jensen et al., 1968). Otherwise,

the data was analyzed through the use of the GLM model:
l

Y,,,, = p + T, + S + + (TS),, + e,,

where p is the mean of Y,,,,, T equals the heat treatment and S equals tryptophan

suppiementation, and e,,,,,, is the random variation unique to each pen or bird analyzed.

Significance implies P 5 .05 unless otherwise noted.

Results and Discussion

Heat Stress

For clarity, the treatment types were coded as follows: lf the first letter of the pair is

"E", the treatment consisted of neonatal heat stress at five days of age. lf the second letter is
”L", then the treatment consisted of adolescent heat stress. Ifthe letter ”C" is noted, then the

treatment consisted of control temperatures during either the neonatal or adolescent

treatments for the first and second letters of the code, respectively. I
Neonatal heat exposure had no significant effect onsubsequent feed consumption, l

body weight, or feed efticiency (Table 2). Neonatal heat exposure did, however, cause

adecreasein body weight gain from 49 to 56 days of age. This difference may have been due Il
to adaptation to a new environment. Although body weights were not significantly different l

l
at any age, exposure to elevated environmental temperatures from 106 to 110 days of age l

ll



caused a signiücant decrease in body weight gain and food intake during the period.
Thiseffectwas not modiüed by neonatal heat exposure. The decrease in body weight gain and
food intake caused by elevated environmental temperature was consistent with previous
reports in chickens (Joiner and Huston, 1957; Prince et al., 1961; Arjona et al., 1988) and
turkeys (Leighton and Mason, 1976; Hurwitz et al., 1980).

During the first three days of the juvenile heat stress period, core temperatures were

signiücantly increased due to heat stress (Appendix A, Table 10). During days four and tive
of the juvenile heat stress period, no signiticant differences were found, indicating

acclimatization in the heat stress treated birds. Throughout this latter heat stress period,

surface (foot pad) temperatures were significantly higher due to increased environmental

temperatures, and neonatal treatment did not alter this effect. The body temperature of many

different bird species is influenced by environmental temperature (Weathers, 1981). ini
chickens, body temperature appears to be influenced by the time of day (Kadono and Besch,

1978) and has been shown to be important to the rate of growth (Meltzer, 1983).

Mortality was elevated by late heat stress, and this effect was not ameliorated by

exposure to elevated temperature at 5 days of age (Table 3). In broilers, it has been reported

that exposure to elevated temperatures at 5 days of age significantly reduced mortality

resulting from Iatter heat stress (Arjona et al., 1988). While the reason for such an effect not
‘

being seen in turkeys is unknown, it appears likely that the thermotolerance effect induced

by neonatal heat exposure in broilers, did not last until the birds were 105 days of age in

turkeys. Clearly, more work is needed to understand this response.
i

The various heat treatments had no signiücant effect on carcass, breast, or breast skin

weights (Table 4). Thigh weights were significantly reduced in the EL treatment compared to

the CC treatment, although this difference was not signilicant when expressed as a

percentage of carcass weight. While there was no signiticant difference in percent package

purge between control and late heat stressed groups, the percent cooking loss was

significantly greater in birds exposed to neonatal heat stress but not exposed to juvenile heat

stress.
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No signiticant differences in pectoralis Kramer shear values occurred due to heat

stress treatment in birds that underwent live haul or in birds analyzed at Virginia Tech (Tables
4 and 5). ln addition, birds analyzed at Virginia Tech had no signiücant differences in biceps

femoris shear values due to heat stress. Since the turkeys were slaughtered 18 and 27 days

after late heat stress treatment, the short term effects of such treatment may have changed

during this time period. lt has been shown that holding turkey toms at 38 C for 4 hours prior

to slaughter results in meat with a higher shear value, but a lower pH, water holding capacity,

and cooking yield (Babji et al., 1982).

Although it has been found that heat stress treatment prior to slaughter not only

increased shear values, but also increased lightness (L-value) while decreasing redness

(a—value) in turkey pectoralis muscle (Ngoka and Froning, 1982), no signiticant differences

were found in thigh color parameters or in pectoralis major a—vaIues in the present study due

to heat treatments. CL treatment resulted in a signiücantly higher L-value in pectoralis major

tissue as compared to CC treatment, indicating a darkening of pectoralis musculature due to

juvenile heat stress treatment. No signiticant differences were also found in total color.

difference (AE).

A signiticant tryptophan by heat stress interaction occurred in pectoralis major b

values. Further analysis indicated that the interaction occurred between 0 and .1% added

tryptophan with EC and CL treatments responding in a similar manner due to additional levels

of tryptophan while CC and EL treatments responding in a manner similar to each other but

not congruent to the aforementioned pattern. A signiücant tryptophan by heat stress

interaction also occurred in pectoralis major azb-values. The aforementioned b-value

interaction may have resulted in this phenomenon. Previous work indicates that pre-slaughter

stress and struggle affects color and textural characteristics of turkey musculature (Froning

et al., 1978). In theory, a-values, which are mainly due to color pigmentation, should be

affected by both tryptophan and heat stress treatment due to the vasodiliatory actions of both

treatments affecting the exanguination process of slaughter. Serotonin also causes tissue

edema, which releases water·binding mucopolysacharides from cells (Asboe-Hansen and

Chapter 2 25



Wegelius, 1956). Changing the tissue properties of the meat may have lead to such

interactions. Therefore, heat stress treatment and tryptophan supplementation affect turkey

meat color parameters, thus influencing the consumers impression of meat quality.

No significant differences due to heat stress treatment were found in breast protein

or ether e><tract in pectoralis samples (Table 5). Seasonal variations in environment affect the

quality of poultry products (Joiner and Huston, 1957; Simpson and Goodwin, 1975).

Preslaughter holding conditions also influence meat quality (Froning et al., 1978; Babji et al.,

1982; Ngoka ef al., 1982), but the partitioning of protein and fat content of the meat has not

been shown to be affected by such treatment.

Although no signiticant differences were found in either postmortem muscle

temperature or postmortem pH of thigh and breast samples, EC treatment induced a

significantly greater pH change in deep thigh muscle over either CL or EL treatment, indicating

a higher rate of postslaughter glycolysis (Appendix A, Table 11). Heat stress treatment prior

to slaughter has been found to hasten the rate of postmortem glycolysis and is a cause of

decreased breast tenderness in chickens (Wood and Richards, 1975) and in turkeys (Babji et

al., 1982).

Glucose levels were significantly greater in CC plasma than found in either CL or EL

plasma while EC plasma was also significantly greater than EL plasma on the first day of the

latter heat stress period (Appendix A, Table 12). On the second day of this period, plasma

glucose from CC birds was significantly greater than found due to EL treatment. No signiticant

differences were found on days 3 or 4 of the latter heat stress treatment or at slaughter (138

days of age). A mild stress condition results in a breakdown of liver and muscle glycogen
‘

while a severe stress may alter postmortem muscle quality due to the depletion of glycogen

reserves. Therefore, glucose levels can be used to monitor the severity of short·term

stressors on an animal. Glucose levels have been shown to peak in chickens at

approximately 45 min after initial exposure to heat stress (Edens and Siegel, 1976). ln addition

to core temperature data, this finding also reveals that an acclimatization due to juvenile heat
stress treatment occurred.
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No differences were found in plasma protein levels during this Iatter heat stress [
period. Plasma proteins are formed mainly in the liver and have many functions. They are

broken down for use as cellular proteins, maintain colloid osmotic pressure and normal blood
pressure, influence the stability and suspension of red blood cells, provide antibodies, affect
solubility of many compounds such as carbohydrates and lipids, transport many substances,

and help maintain acid·base balance (Swenson, 1984). Arjona (1988) found that plasma

protein levels increase during the first day of heat treatment. Although water consumption

was not monitored in either this experiment or experimentation reported in Arjona (1988), this
effect may have been due to a failure of the bird to replenish the water losses during the

evaporative cooling process. Treatment differences were expected in this study, but such was

not found.

Tryptophan

No significant differences occurred in weight gain, feed consumption, feed efficiency,

or mortality of birds fed varying levels of added tryptophan from 112 to 129 days of age (Table
6). lt has previously been reported that intracerebroventricular injection of serotonin or
quipazine, a serotonin agonist, decreased food intake in turkeys (Denbow, 1984). The central

administration of serotonin has been shown to inhibit eating in rats (Latham and Blundell,

1979) and inchickens (Denbow et al., 1982). The oral administration of tryptophan has also

been shown to inhibit food intake in broiler chickens (Lacy ef al., 1986). Conflicting with these

studies is the findings of Amano et al. (1981) which show that feed intake as well as body

weight gains are improved by supplementing broiler chicken diets with 1% tryptophan.
Tryptophan has also been shown to be involved in the jejunal absorption of sodium in newborn

rabbits (Cooke and Cooke, 1982). Although tryptophan was the first amino acid shown to be

nutritionally indespensable (Wilcock and Hopkins, 1906), early studies have shown that high

levels of dietary tryptophan depress growth rate in domestic fowl (Jones et al., 1967). The

proper balance of tryptophan for optimal growth and the reduction of stress in finisher diets

[
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l
of turkeys may still require further studies. Although these reports would suggest the
elevating dletary tryptophan should modify food intake, such was not the case.

The addition of tryptophan to the basal diet did not significantly alter mortallty and
condemnations during the feeding period or during live haul (Table 6). Previous work showed
that intraperitoneal injections of L-tryptophan resulted in a dose-dependent decrease in blood
pressure in rats (Sved et al., 1982), and high blood pressure was a major factor causing aortic
rupture in turkeys. Since it has been shown that the administration of serotonin precursors
have antihypertensive action (Sved et al., 1982), induce sleep (Radulovacki, 1982), and cause
behavioral depression (Smith et al., 1976), it might be expected that dietary tryptophan

supplementation would reduce losses due to struggle and stress during grow-out, loading, and
live haul, but such did not occur in this study.

In the 412 birds analyzed after slaughter at the processing plant, carcass and thigh
weights were signiiicantly increased when diets were supplemented with either .1 or .3%
added tryptophan as compared to no added tryptophan (Table 7). No signilicant differences

were seen in breast or breast skin weights. No signilicant differences were found in pH of

cooked breast samples, package purge, or cooking loss due to tryptophan supplementation.

ln the 40 birds analyzed at Virginia Tech, added tryptophan did not affect the shear

value of pectoralis major muscle (Table 8). Other than the previously mentioned tryptophan
by heat stress interactions in b- and azb-values, no significant differences occurred in meat I
color parameters of either the pectoralis major muscle or thigh muscle due to added

tryptophan. Earlier studies showed that free struggle during the slaughter process resulted

in darker turkey breast musculature, which was indicated by a higher a·value (Ngoka and

Froning, 1982; Ngoka et al., 1982). This was not the case in the present study.

No signiticant differences in either moisture, protein, or ether extract of pectoralis

samples were found due to tryptophan supplementation (Table 8). Eliminating struggle at

slaughter has been shown to increase initial pH while reducing shear force of turkey breast

muscle (Ngoka et al., 1982). Since it has been shown that serotonin induces sleep

(Radulovacki, 1982) and causes behavioral depression (Smith et al., 1976), it might be
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expected that dietary tryptophan supplementation would decrease struggle during loading and

processing and thus, increase meat tenderness. The lack of an effect of tryptophan on meat

tenderness could be due to the excessive time the birds were off feed prior to processing (i.

e. 26 hours). Any "caIming” effect due to supplemental tryptophan may have been diminished

during this time and may not have been present during slaughter. Furthermore, receptor sites

have been known to up-regulate and down·regulate in response to neurotransmitter levels

(Leibowitz, 1986). Therefore, an increased level of serotonin may have reduced serotoninergic

receptor numbers as well as receptor responsiveness, and serotonin depletion may have had

the opposite effect on the behavior of the bird during processing.

Thigh temperatures were signiticantly higher at 4 hours postslaughter in birds fed 0

and .1% added tryptophan as compared to temperatures of breasts from birds fed .2 or .3%,

indicating that higher rates of postmortem glycolysis occurred due to these treatments. At 24

hours postslaughter, thigh temperatures were signiücantly higher in thighs from birds fed .1%

added tryptophan as compared to 0 and .3% added tryptophan. The pH at 0, 4, and 24 hours

after processing of breast and, thigh muscle were not affected by tryptophan supplementation.

A significant increase in breast pH change between 0 and 4 hours was found in birds fed .3%

added tryptophan as compared to those fed .1%, indicating an increased rate of postmortem

glycolysis. No signiiicant differences were seen in thigh muscle pH change during this time

interval. The effects of pH on protein net charge affects muscle hydration, and when pH

increases above the tibrillar protein isoelectric point (5.0-5.1), repulsion between tilaments

occurs, and is thought to be responsible in the entrapment of water (Hamm, 1986).

Dietary tryptophan supplementation from 112 to 138 days of age signiticantly increased

brain levels of serotonin and 5-HIAA in a linear fashion (Table 9), indicating an increase in

serotonin synthesis as well as in activity of serotoninergic neurons due to supplemental

tryptophan. These tindings are similar to the results reported in rats (Ashley and Curzon,

1981). Although tryptophan supplementation offered no distinct and clear relationship in

dopamine levels except for the telencephalon region where a dose—response pattern was
4

shown, L-dopa concentration was increased linearly in the brain stem, diencephalon, and
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telencephalon regions while no signilicant differences were found In the cerebellum.

Supplemental tryptophan also increased norepinephrine levels of all regions analyzed in a
linear fashion.

Plasma serotonin levels followed a positive dose-response pattern due to

supplemental tryptophan (Appendix A, Table 18). Epinephrine levels were signiticantly

reduced due to .1% tryptophan supplementation as compared to the other three diets. Thus,

the addition of tryptophan may reduce the struggle of slaughter that is triggered by

norepinephrine or epinephrine in the periphery.

Lee and Britton (1982) found that turkeys fed supplemental tryptophan levels had

higher hypothalamic levels of serotonin and 5-HIAA while norepinephrine levels were

increased slightly. Earlier work showed that tryptophan had no pronounced effect upon

norepinephrine secretion in rats (Welner and Gonong, 1978). Smith et al. (1976) found that IM

administration of tryptophan resulted in an increase in telencephalon serotonin levels while

tending to reduce norepinephrine levels of diencephalon·mesencephalon and pons-medulla

oblongata sections of the pigeon brain.
·

Of particular interest is the level and balance of neurotransmitters in the

diencephalon. In turkeys it has been shown that ICV injections of either serotonin,

norepinephrine, or epinephrine decreased food intake while the ICV Injection ofdopaminedoes

not alter food intake (Denbow, 1983, 1984). ln mammals, serotonin acts upon the medial

hypothalamus and inhibits eating while norepinephrine acts upon the az receptors of the

paraventricular nucleus to stimulate eating (Leibowltz, 1986). Epinephrine levels were

significantly increased in the diencephalon by the addition of .1% tryptophan whereas

norepinephrine levels were increased in a linear manner by .1, .2, and .3% added tryptophan.

The rate of tryptophan supply to the brain depends upon the plasma tryptophan

concentration In relation to other large neutral amino acids (LNAA; tryptophan, tyrosine,

phenylalanine, valine, isoleucine, and isoleucine) which compete for the same transport

system across the blood—brain barrier. Thus, the serotonin precursor tryptophan and the
catecholamine precursor tyrosine compete for this carrier-mediated transport system.
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Serotonin synthesis in the brain can be increased by decreasing the availability of other LNAA
or by increasing dietary tryptophan levels (Fernstrom and Wurtman, 1971). Plasma tryptophan
is increased by the ingestion of a high protein diet, but such an increase in either brain
tryptophan or serotonin may not be noted, thus showing the importance of the plasma ratio
of tryptophan to LNAA.

Oral doses of tryptophan have been used to treat sleep disorders and depression in

humans and have resulted in decreased time required to fall asleep (Hartman and Spinweber,

1979). Hartman and Greenwald (1984) showed a definite relationship between tryptophan and

sleep in humans in their overview of 43 different studies. Furthermore, intraperitoneal

injections of tryptophan reduced time required to fall asleep (Radulovacki, 1982). While this

is occurring, 5-HIAA levels in the cortex and pons—medulla increase, hippocampal

norepinephrine and dopamine levels decrease, and cortical dopamine levels decrease. Since

catecholaminergic activity has been reported to be attenuated by tryptophan treatment

(Wurtman et al., 1974; Wojcik et al., 1980), the mechanism of sleep appears to involve

serotoninergic neuron activation (raphe nuclei) and catecholaminergic deactivation.

lncreases in brain norepinephrine levels due to tryptophan supplementation may be

due to several factors. This phenomenon may have been due to the serotoninergic system

stimulating catecholaminergic neurons (Smith et al., 1976). A region of the tegmentum known

as the locus coeruleus contains more than 40% of the norepinephrine in the rat brain and it

has been suggested that the function of the neurons in this region depend upon interaction

with serotonin-rich raphe nuclei (McRae-Degueurce et al, 1985). ln addition, exposing animals

to an inescapable acute heat stress situation results in impaired behavior termed "learned

heIplessness.” This condition is characterized by a depletion of brain norepinephrine while

dopamine levels are not altered (Weiss, 1981; Nurse et al., 1988). lt has been theorized that

when an animal cannot cope to stress through behavioral modifications, an increasing

demand is placed upon neurochemical coping mechanisms, and monoamine utilization

(especially norepinephrine) will exceed synthesis, resulting in amine depletion and behavioral

depression (Anisman et al., 1982). Additionally, it has been shown that various forms of acute
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stress decreases brain norepinephrine levels while dopamine and serotonin levels are not

altered (Usdin et al, 1980; Glavin, 1985). Others have suggested that stress is accompanied
by serotoninergic activity in the brain and that plasma free tryptophan is increased from pools

of plasma bound tryptophan due to stress (Joseph and Kennet, 1983). Relationships between

helplessness and depression, as well as stress and depression, have been reviewed

(Seligman, 1975; Anisman and Zacharko, 1982; Breslau and Davis, 1986), and serotonin

precursors have been used to treat depression (Heninger et al., 1984). Depression, which is

viewed by Seligman (1975) as a helplessness from the control of environment (acute stress),

may result in a reduction of brain norepinephrine. lt can be theorized that an increase in brain

serotonin may lead to a less stressful situation which is accompanied by increased levels in

brain norepinephrine while dopamine levels are not affected.
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Summary and Conclusion

The purpose of this study was to determine the effects of: 1) neonatal heat stress on

mortality and growth aspects due to an acute heat stress period prior to market, 2) tryptophan

supplementation on brain and plasma levels of indoleamines and catecholamines as well as

morbidity and mortality due to live haul, and 3) tryptophan supplementation and

neonatal/juvenile heat stress on meat quality. Neonatal (early) heat stress consisted of

gradually increasing the environmental temperature over a 2-hour period to 38 i 1 C and then

returning the temperature to a control level (31 dz 1 C). Juvenile (late) heat stress consisted

of gradually increasing the environmental temperature over a 2-hour period to 35 i 2 C for

8 hours per day on tive consecutive days beginning at 15 weeks of age. Tryptophan

supplementation occurred from 112 to 129 or from 112 to 138 days of age by feeding a diet

containing either 0, .1, .2, or .3% added tryptophan.

Exposing the poults to high environmental temperatures at live days of age did not

ameliorate Iosses due to mortality, weight gain, feed consumption, or feed efticiency

stemming from a heat stress period experienced at 15 weeks of age. No signiticant

differences in carcass, breast, breast skin, or pecotralis shear values occurred due to heat

stress treatment, but birds from early control-late control (CC) had signiiicantly increased

thigh weights as compared to birds from early stress·late stress (EL) treatment. Percent

cooking loss was signiticantly lower in early stress-late control (EC) birds as compared to the

other three treatments. In pectoral muscle, EC and early control-late stress (CL) birds had

significantly higher Hunter L-values while tryptophan by heat stress interaction occurred in

Hunter b and the a to b ratio. The differences in L-values indicates that juvenile heat stress

treatment results in a darker pectoralis musculature. No signiticant differences were found in

pectoralis a or total color difference values due to heat stress treatment. No significant

differences were found in biceps femoris color parameters due to heat stress treatment.

Supplemental tryptophan increased brain serotonin, 5-HlAA, and norepinephrine as

well as plasma serotonin in a positive dose-response manner. Tryptophan supplementation
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at all added levels reduced plasma norepinephrine concentration and .1% added tryptophan

significantly reduced plasma epinephrine levels as compared to birds fed the other three

diets. No significant differences were found in body weight, weight gain, feed consumption,

or feed efticiency during the 112 to 129 days of age feeding period. Although no signiticant

differences were found in breast or breast skin weight, .1% added tryptophan significantly

increased carcass weight and thigh weight. No signiticant differences were found in breast

package purge, pH, cooking loss, shear value, or hunter color value due to supplemental

tryptophan. Additionally, no significant differences were found in biceps femoris Hunter color

or shear values due to supplemental tryptophan.
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I
Table 1. Basal diet fed from 112 to 129 days of

agelngredients Tryptophan‘ Protein'IQ/kg) (9/kg)
Ground yellow corn 658.58 .5927 57.96
Dehulled soybean meal 250.00 1.6750 121.25
Stabilized fat 50.00
Mono—dicalcium phosphate 24.00
Ground limestone 10.00
lodized salt 4.00
Trace mineral mix3 1.00
Vitamin and feed additive3 1.42
DL—Methionine 1.00 1.00
Total 1000.00 2.2677 180.21

‘
National Research Council, 1984. Nutrient Requirements of Poultry. 1. Nutrient
Requirements of Domestic Animals. 8th ed. Natl. Acad. Sci., Washington, DC.

3 Per kilogram, the trace mineral mix provided 120 g lvln, 120 g Zn, 40 g Fe, 50 g Cu, 20 g I,
and 4.5 g Co from the following sources: manganese oxide, zinc oxide, ferrous sulfate,
copper oxide, ethylene diamine dihydroiodide, cobalt carbonate, and calcium carbonate.

3 Per kilogram, vitamins and feed additives provided 200,200 IU vitamin A, 100,000 ICU vitamin
D3, 50 lU vitamin E, 0.08 mg menadione bisultite, 0.4 mg ribotlavin, 0.4 mg D-calcium
pantothenate, 1.5 mg niacin, 1135.2 mg choline chloride, 0.25 mg Biz. 0.0125 mg folic acid,
5.617 mg ethoxyquin, 0.02 mg selenium from sodium selenide, and 5.675 g bacitracin zinc
from baciferm.

I
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Table 2. Body weight, weight gain, feed consumption, and feed efficiency from 49 to 105 days of
age in male Large White turkeys subjected to neonatal heat stress treatment'

Treatment typez
Age

(days) C C C L E C E L PSE

Body weight, kg 49 2.43 2.48 2.46 2.46 .020
56 3.10 3.16 3.07 3.06 .028
84 6.73 6.94 6.78 6.86 .087
105 9.57 9.83 9.63 9.48 .125
112 10.40 10.37 10.49 9.95 .136
129 12.41 12.56 12.38 12.31 .140

Weight gain, kg 49-56 .67* .68* .61** .60** .018
49-84 4.30 4.46 4.32 4.39 .080
49-105 7.14 7.34 7.17 7.02 .119
49-112 7.96 7.89 8.03 7.49 .133
49-129 9.98 10.08 9.92 9.85 .141
105-112 .82* .55** .86* .47** .092

Feed consumption, kg 49-56 1.48 1.46 1.43 1.42 .018
49-84 10.13 10.13 10.20 10.06 .099
49-105 18.80 18.76 18.92 18.44 .228
49-112 21.90* 21.34*** 21.88** 20.87** .243
49-129 29.94* 28.96** 29.85* 28.70** .326
105-112 3.10* 2.58** 2.96* 2.43** .070

Feed efticiency° 49-56 .45** .47* .43** .42* .011
49-84 .42 .44 .42 .44 .009
49-105 .38 .39 .38 .38 .005
49-112 .36 .37 .37 .36 .004
49-129 .33 .35 .33 .34 .004

l
105-112 .27 .22 .29 .19 .036

‘
Values represent means and Pooled Standard Errors (PSE).

’
First letter - E, Early stress at five days of age; C, early Control. Second letter - L, Late stress
from 105 to 110 days of age; C, late Control.

° Feed Efficiency = Body Weight Gain / Feed Consumption.

*** Means in a row with different superscripts are signiücantly different (P s .05).l
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Table 3. Effect of heat treatment on mortality‘

105 to 112 days 112 to 129 days 49 to 129 days
Treatment’ dead/total % dead/total % dead/total °/O

EL 19/135 14.07° 1/114 .88 24/149 16.11

EC 3/136 2.21*** 4/129 3.10 15/154 9.74

CL 9/139 6.47*** 2/127 1.57 19/149 12.75

CC 1/141 .71** 5/139 3.60 12/149 8.05

‘
Percentages were analyzed using Bonferroni Chi-square analysis.

* First letter - E, Early stress at five days of age; C, early Control. Second letter — L, Late stress
from 105 to 110 days of age; C, late Control.

•** Means in a column with different superscripts are significantly different (P 5 .05).
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Table 4. Summary of carcass yields and meat quality characteristics of male Large White turkeys
subiected to neonatal and juvenile heat stress treatment‘

Treatment type'
C C C L E C E L PSE

Carcass weight, kg 10.10 10.04 9.99 9.81 .107
Breast weight, kg° 2.74 2.75 2.75 2.67 .043
Breast skin weight, kg .38 .39 .37 .37 .010
Individual Thigh weight, kg .612* .605*** .595** .586* .0066

Percent breast yieId" 27.46 27.85 27.84 27.21 .571
Percent skin yield 3.84 3.98 3.74 3.76 .111
Percent thigh yield 6.12 6.11 6.02 6.07 .0086

pH of cooked breast 6.24** 6.25** 6.17** 6.30* .029
Percent package purge 1.42*** 1.82* .90* 1.21** .237
Percent cooking loss 18.47** 16.99** 20.54* 18.25** .751
Kramer shear value (Newtons/g) 4.84 4.77 4.67 4.96 .162

‘
Values represent means and Pooled Standard Errors.

’
First letter - E, Early stress at live days of age; C, early Control. Second letter - L, Late stress
from 105 to 110 days of age; C, late Control.

° Without tenderloin (deep pectoral muscle), with skin.

** Means in a row with different superscripts are significantly different (P s .05).
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Table 5. Pectoralis major and blceps femoris meat quality parameters of male Large White
turkeys subjected to neonatal and juvenile heat stress treatment

‘ 2

Treatment type2
C C C L E C E L PSE

Pectoralis Major

Hunter Value

L 42.6* 44.7* 45.0* 43.4** .569
a 8.48 7.97 7.84 8.35 .218
b 7.88** 7.93** 8.52* 7.32* .236

AE° 3.02 5.56 5.49 2.78 1.129
azb 1.08** 1.02** .93* 1.17* .043

Shear value (Newtons/g) 4.31 3.76 3.32 4.68 .613

Percent moisture 73.64 73.29 73.30 73.60 .176 t
Percent protein‘ 23.45 23.49 23.41 23.35 .155
Percent ether e><tract 1.55 1.53 1.60 1.30 .152

Biceps Femoris

Hunter Value
L 39.4 40.9 39.7 39.6 .701
a 11.2 10.9 10.8 11.1 .312
b 8.84 8.84 8.53 8.68 .225

AE° 8.12 16.96 17.93 10.30 1.547
azb 1.27 1.24 1.28 1.28 .049

Shear value (Newtons! cubic cm) .071 .075 .093 .089 .0103

‘
Values represent means and Pooled Standard Errors (n=9 or 10 birds).

2 First'Ietter - E, Early stress at five days of age; C, early Control. Second letter - L, Late stress
from 105 to 110 days of age; C, late Control.

° Total Color Dlfference (AE) = {(AL)2+(Aa)2+ ={(Ab)2}"2, compared to CC.

" Total N x 6.25.

** Means in a row with different superscripts are signilicantly different (P 5 .05).

NOTE: Total color difference is a measure of the distance between two sample points in the
"L" (lightness), "a" (redness), and ”y" (yellowness) coordinates of the Judd-Hunter
test.

NOTE: The correlation coefficient for comparing Newtons per cubic centimeter to Newtons
per gram is .94.
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Table 6. Summary of growth and productivity aspects of male Large White turkeys fed varylng
levels of added tryptophan from 112 to 129 days of age ‘

'

Percentage added tryptophan
0 .1 .2 .3 PSE

Body weight at 112 days of age, kg 10.02 10.42 10.51 10.26 .136
Body weight at 129 days of age, kg 12.13 12.71 12.44 12.39 .136
During Feeding Period

Body weight gain, kg 2.11 2.29 1.94 2.13 .123
Feed consumption, kg 7.76 8.03 7.87 7.80 .186
Feed efficiency° , .272 .286 .244 .273 .012
Mortality 4/122 2/131 2/121 3/135
Percent mortality during feeding" 3.28 1.53 1.65 2.22 ··-
During Live haul

Mortality 7/100 2/112 3/102 2/114
Percent mortality and condemned‘ 7.00 1.18 2.94 1.75 -——

‘
Values represent means and Pooled Standard Errors (n=8 pens).

' No significant differences (P > .05).

° Feed Efficiency = Body Weight Gain / Feed Consumption.

" Data were analyzed using Bonferroni Chi-square analysis.
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Table 7. Summary of carcass yields and Kramer shear value of breasts from male Large Whiteturkeys fed varying levels of added tryptophan from 112 to 129 days of age'

Percentage added tryptophan
Measurement 0 .1 .2 .3 PSE

Carcass weight (kg) 9.77** 10.22* 10.01*** 9.97*** .141
Breast weight (kg)? 2.70 2.78 2.71 2.72 .044
Breast skin weight (kg) .376 .386 .381 .370 .010
Individual Thigh weight (kg) .59** .62* .60*** .59** .007
Percent breast yield' 28.0 27.2 27.6 27.6 .179
Percent breast skin yield 3.91 3.80 3.89 3.74 .111
Percent thigh yield 6.08 6.16 6.16 6.10 .009
pH of cooked breast 6.24 6.25 6.28 6.20 .029
Percent package purge 1.69 1.11 1.04 1.50 .233
Percent cooking loss 19.92 18.04 18.05 18.23 .715
Kramer shear value (Newtons/g) 4.81 4.51 4.83 5.10 .161

‘
Values represent means and Pooled Standard Errors.

’
Without tenderloin (deep pectoral muscle), with skin.

*** Means In a row with different superscrlpts are significantly different (P S .05).
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Table 8. Pectoralis major and biceps femoris meat quality parameters of male Large White
turkeys fed dietary tryptophan from 112 to 138 days of age

‘
'

Percentage added tryptophan
0 .1 .2 .3 PSE

Pectoralis Major

Hunter Value
“

L 43.59 43.49 43.54 44.97 .569
a 8.08 68.67 8.01 7.89 .218
b 7.76 8.60 7.64 7.62 .236

AE° 1.61 3.47 5.83 2.28 1.556
azb 1.05 1.02 1.10 1.04 .043

Shear value (Newtons/g) 4.20 4.47 3.64 3.82 .613

Percent moisture 73.41 73.65 73.16 73.63 .176
Percent protein" 23.28 23.23 23.70 23.47 .155

. Percent ether extract 1.55 1.53 1.60 1.30 .152

Biceps Femoris
Hunter Value

L 38.5 40.8 39.8 40.0 .701
a 10.8 10.8 11.0 11.3 .312
b 8.48 9.05 8.58 8.74 .225

AE° 3.14 6.47 5.83 2.81 1.547
azb 1.29 1.20 1.29 1.30 .049

Shear value (Newtons/cubic cm) .056 .086 .091 .087 .0103

‘
Values represent means and Pooled Standard Errors (n=9 or 10 birds).

’
No significant differences (p > .05).

° Total Color Difference (AE) = {(AL)“ +(Aa)2+ ={(Ab)“}"', compared to 0.
‘

Total N x 6.25.

NOTE: Total color difference is a measure of the distance between two sample points in the”L" (lightness), "a" (redness), and "y” (yellowness) coordinates of the Judd-Hunter
test.

NOTE: The correlation coefficient for comparing Newtons per cubic centimeter to Newtons
per gram is .94.

[
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Table 9. Catecholamine and lndoleamine levels (pglg) from selected brain regions ol male Large
White turkeys fed varying levels of added tryptophan from 112 to 138 days of age&su

Percentage added tryptophan F value of contrasts
0 .1 .2 .3 PSE Linear Quadratic

Serotonin
brain stem 1.42 2.24 3.21 4.98 .225 125.721 4.261
cerebellum .92 1.26 1.79 2.96 .082 293.191 21.671 ‘
diencephalon 1.37 2.12 2.57 4.02 .162 124.631 3.50
telencephalon .96 1.93 2.66 3.59 .150 156.101 .01

5-HIAA
brain stem .26 .39 .49 .46 .028 31.771 7.641
cerebellum .20 .29 .38 .40 .016 88.291 5.311
diencephalon .33 .39 .44 .55 .022 43.881 1.59
telencephalon .31 .33 .37 .42 .019 16.181 .28

Norepinephrine
brain stem .82 .87 1.05 .99 _ .038 14.131 .56
cerebellum .84 .90 1.04 1.03 .036 18.301 .85
diencephalon .76 .92. 1.06 1.41 .103 20.741 .77
telencephalon .95 1.07 1.10 1.16 .040 14.751 .56

Epinephrine
brain stem .29 .34 .30 .24 .020 5.091 7.571
cerebellum .20 .26 .29 .30 .018 15.971 1.32

_ diencephalon .35 .42 .39 .31 .018 1.33 16.991
telencephalon .25 .21 .25 .28 .021 2.08 3.97

L-Dopabrain
stem .18 .23 .40 .31 .031 15.071 4.06

cerebellum .21 .23 .25 .24 .018 .43 .00
diencephalon .19 .29 .35 .39 .023 35.841 1.37
telencephalon .16 .23 .26 .29 .015 35.941 1.74

Dopamine
brain stem .18 .28 .20 .22 .021 .28 3.89
cerebellum .19 .18 .20 .23 .013 3.48 2.08
diencephalon .17 .24 .18 .19 .024 .16 .95
telencephalon .19 .23 .22 .32 .017 23.861 2.56

‘
Values represent means and Pooled Standard Errors (n=9 or 10 birds).

1 Critical F (1, 23) = 4.28, P S .05, therefore, these contrasts are significant.
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Appendix A

Additional Tables to Chapter 1
Table 10. Core and foot pad temperatures (C) of male Large White turkeys subiected to neonatal

and juvenile heat stress treatment‘

Treatment typez
Day C C C L E C E L PSE

Core

106 40.93* 41.67* 40.85** 41.94* .095

107 40.84* 41.36* 40.97* 41.54* .112

108 40.82* 41.16* 40.97** 41.16* .090

109 40.93 40.90 40.83 40.84 .066

110 41.04 41.06 41.01 41.21 .083

Foot Pad

106 34.15* 38.46* 33.18* 38.23* .397
107 32.98* 36.91* 31.04* 36.45* .718

108 33.88* 36.83* 31.88* 36.79* .538

109 31.89* 35.93* 33.03** 35.90* .912

110 33.64* 36.98* 32.62* 37.38* .646

* Values represent means and Pooled Standard Errors (n=16 birds).
’

First letter - E, Early stress at tive days of age; C, early Control. Second letter - L, Late stress
from 105 to 110 days of age; C, late Control.

*** Means in a row with different superscripts are signiticantly different (P S .05).
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Table 11. Postmortem muscle temperature (C) and pH of male Large White turkeys subjected to

neonatal and juvenile heat stress treatment‘

Treatment typez

U Time° C C C L E C E L PSE
Temperature

Breast O 42.9 42.8 42.3 42.4 .181
4* 18.8 19.1 17.8 19.3 1.420

24 10.1 11.9 9.3 10.4 .680
Thigh 4* 10.7 10.1 8.8 9.1 .922

24 6.7 7.2 7.0 6.7 .217
pH

Breast 0 5.95 5.91 6.10 6.05 .085

4 5.86 5.79 5.82 5.76 .039

24 5.92 5.87 5.94 5.86 .040

A pH 0-4 .09 .12 .28 .29 .084

Thigh 0 6.51 6.77 6.76 6.51 .096

4 5.97 6.07 6.04 6.11 .042

24 6.05 6.18 6.11 6.08 .050

A pH 0-4 .54*** .70° .72** .40° .086

’
Values represent means and Pooled Standard Errors (n=9 to 10).

’
First letter - E, Early stress at tive days of age; C, early Control. Second letter - L, Late stress
from 105 to 110 days of age; C, late Control. ‘

° Time (hours) after slaughter.

'° Means in a row with different superscripts are signilicantly different (P S .05).
* Temperatures at 4 hours varied due to the ice and water used in chilling and the size ofthe

breast or thigh.
NOTE: Thigh temperatures at slaughter were sampled and found to be the same as breast

temperatures at slaughter.
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Table 12. Plasma glucose and protein levels (mgldl) of plasma from male Large White turkeys
subiected to neonatal and juvenile heat stress treatment‘

Treatment typez
Day n C C C L E C E L PSE

Glucose

106 16 254* 250*** 252*** 248* 1.12
107 16 260* 257*** 258*** 256** 1.07
108 16 266 268 271 272 5.13
111 16 257 260 255 262 4.10
138 9 or 10 241 226 224 236 7.94.

Protein

106 16 2.40 2.37 2.54 2.34 .064
107 16 2.12 1.98 2.10 2.05 .055
108 16 2.27 2.27 2.30 2.39 .064
111 16 2.14 1.97 2.07 2.05 .072
138 9 or 10 1.83 2.00 2.00 2.09 .137

‘
Values represent means and Pooled Standard Errors.

’
First letter · E, Early stress at tive days of age; C, early Control. Second letter - L, Late stress
from 105 to 110 days of age; C, late Control.

•*** Means in a row with different superscripts are signiücantly different (P S .05).
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Table 13. Catecholamine and indoleamine levels (pglg) of selected brain regions of Large White
turkeys subjected to heat stress treatment’ Z

Heat Stress Treatment°
CC CL EC EL PSE

Serotonin
brain stem 2.59 2.93 3.49 2.99 .225
cerebellum 1.49 1.76 2.01 1.77 .082
diencephalon 2.31 2.39 2.85 2.63 .162
telencephalon 2.04 2.44 2.40 2.39 .150
5-HIAA
brain stem .40 .37 .42 .42 .028
cerebellum .31 .323 .34 .32 .016
diencephalon .40 .43 .48 .42 .022
telencephalon .34 .38 .35 .36 .019

Norepinephrine
brain stem .88 .93 1.00 .92 .038
cerebellum .94 .89 1.01 .97 .036
diencephalon .98 1.14 1.07 1.00 .103
telencephalon 1.05 1.02 1.07 1.15 .040

Epinephrine
brain stem .31 .27 .29 .28 .020
cerebellum .25 .28 .28 .26 018
diencephalon 40 .34 .35 .37 .018
telencephalon .24 .24 .24 .27 .021

L-Dopa
brain stem .27 .34 .25 .28 .031
cerebellum .23 .24 .24 .22 .018
diencephalon .29 .33 .30 .33 .023
telencephalon .23 .26 .21 .24 .015

Dopamine
Z

brain stem .23 .18 .27 .20 .021
cerebellum .20 .21 .21. .18 .013
diencephalon .15 .18 .24 .20 .024
telencephalon .22 .23 .23 .29 .017

’
Values represent means and Pooled Standard Errors (n=9 or 10 birds).

Z No signiiicant differences (P > .05).

° First letter · E, Early stress at tive days of age; C, early Control. Second letter - L, Late stress
from 105 to 110 days of age; C, late Control.

1 Critical F (1, 28) = 4.28, P S .05, therefore, these contrasts are signiticant.
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Table 14. Catecholamine and lndoleamine levels (pglg) of plasma from male Large White turkeys
subjected to neonatal and juvenile heat stress'

Heat Stress Treatment2
CC CL EC EL PSE

Serotonin .173 .278 .262 .248 .022
5·H|AA .020 .026 .029 .028 .004

Norepinephrine .056 .070 .048 .040 .011

Epinephrine .004*** .007* .004* .006*** .0007

L·DOPA .003 .004 .003 .004 .0004

Dopamine .002 .002 .002 .003 .0006

’
Values represent means and Pooled Standard Errors (n=9 to 10).

2 First letter · E, Early stress at five days of age; C, early Control. Second letter - L, Late stress
from 105 to 110 days of age; C, late Control.

*°=* Means in a row with different superscripts are significantly different (P 5 .05).
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Table 15. Postmortem breast and thigh muscle temperature (C) and pH of breasts from male
Large White turkeys fed varying levels of added tryptophan'

Percentage added tryptophan
Meat Type Timez 0 .1 .2 .3 PSE

Temperature

Breast 0 42.47*** 42.94* 42.89* 42.00** .181
4* 18.02** 22.89* 17.22** 16.83** 1.420

24 9.88 11.22 9.67 10.67 .680

Thigh 4* 13.21* 12.78* 7.78** 5.28** .922

24 6.48* 7.33* 7.06*** 6.61* .217

pH

Breast 0 5.96 5.92 5.97 6.18 .085

4 5.78 5.90 5.80 5.75 .039

24 5.91 5.93 5.91 5.85 .040

A pH 0 to 4 .17*** .02** .18** .43* .084

Thigh 0 6.65 6.57 6.60 6.72 .096

4 5.99 6.13 5.99 6.07 .042

24 6.06 6.19 6.05 6.10 .050

A pH 0 to 4 .66 .44 .61 .65 .086

‘
Values represent means and Pooled Standard Errors (n=9 or 10 birds).

’
Represents time (in hours) after slaughter.

* Temperatures at 4 hours varied due to the ice and water used in chilling and the size of the
breast or thigh.

*** Means in a row with different superscripts are significantly different (P 5 .05).
NOTE; Temperatures at 4 hours post·sIaughter varied due to ice-water variation and sizes

of breasts and thighs.
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Table 16. Plasma glucose and protein levels (mgldl) from male Large White turkeys fed
supplemental tryptophan from 112 to 138 days of age’

’

Percentage added tryptophan
0 .1 .2 .3 PSE

glucose 231 234 235 227 7.94
protein 2.0 1.9 2.0 2.0 .137

‘
Values represent means and Pooled Standard Errors (n=9 or 10 birds).

’
No signiticant differences (P > .05).

l
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4 Table 17. Effect of neonatal heat treatment on mortality from 0 to 49 days of age' ’

0 to 5 days 0 to 49 days 5 to 7 days
Treatment’ dead/total % dead/total % dead/total %

Control 2/320 .63 12/320 3.75 1/318 .31
Stress 3/320 .94 16/320 5.00 0/317 .00

’
Percentages were analyzed using Bonferroni Chi-square analysis.

’
No signiiicant differences (P > .05).
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Table 18. Catecholamine and indoleamine levels (pglg) of plasma from male Large White turkeysfed varying levels ol added tryptophan

Percentage added tryptophan F value of contrasts
0 .1 .2 .3 PSE Linear Quadratic

Serotonin .063** .132* .300** .443* .024 139.281 2.31
5-HIAA .025 .025 .022 .029 .004 .22 .66
Norepinephrine .123* .027** .033** .037** .013 19.491 15.401
Epinephrine .005* .003** .006* .007* .009 .19 1.54
L·DO PA .005 .002 .003 .004 .001 .27 8.611

Dopamine .003 .001 .002 .003 .006 .20 7.251

‘
Values represent means and Pooled Standard Errors (n=9 or 10 birds).

****·* Means in a row with different superscripts are signiücantly different (P S .05).

1 Critical F (1, 28) = 4.20, P S .05, therefore, these contrasts are significant.
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7 Appendix B

Colorimetric Determination of Plasma Glucose
Precautions:

1. Some of the substances that may interfere with the assay include: ascorbic acid,
catechols, cysteine, glutathione, acetylsalicilic acid, L-dopa, mercurial diuretics,
tetracycline. All tend to decrease the value to some degree.

2. Contact with rubber by reagents or water used in preparing reagents must be avoided
since certain substances present in the rubber may inhibit the reaction.

3. A new blank must be prepared for each series of tests (Blank color will increase with
time).

4. Distilled water must be used in the preparation of all reagents.

Preparation of solutions:

1. PGO Enzymes:

• Dissolve 1 capsule in distilled water.
• Bring up to 100 ml. (Gentle shaking).
• Store in an amber bottle as followsc

0-5 C, solution is stable for 1 month.
-20 C, solution is stable for at least 6 months.

2. Dianisidine Dihydrochloride (Color Reagent):

• Reconstitute vial with 20 ml distilled water.
• Stable for 3 months at 0-5 C.

3. PGO enzyme solution and Dianisidine Dihydrochloride solution:

• To 100 ml PGO enzyme solution, add 1.6 ml of Dianisidine Dihydrochloride (color
reagent).

• Solution is stable for up to a month at 0-5 C, unless turbidity develops.
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Procedure:

1. Label tubes as follows: blanks, standards, sample 1, sample 2 ect. Run all blanks,
standards and samples in duplicate.

2. Set up a standard curve such that values are within range for avian plasma glucose
concentration (Refer to Beljan et al, I971).

3. Pipette into the tubes as follows:

Blank Sample
Distilled H20 (ml) .500 .48
Sample (ml) - .02
PG0 Enzyme-color
reagent sol. (ml) 5.0 5.0

4. Mix each tube thoroughly

5. Incubate all tubes at room temperature (18-26 C) for 45 min or for 30 i 5 min at 37 C.

NOTE: AV0lD EXPOSURE T0 BRIGHT LIGHTS

6. Read and record absorbance (abs) of blanks, standards, and tests by setting the
Spectrophotometer at 450 nm. (visible, single wavelength, 6 seconds draw time)

NOTE: READINGS SHOULD BE COMPLETED WITHIN 30 MIN.

Results:

Plasma glucose concentrations were read from the standard curve.

Expressed in Sl (Systeme International) units:

Plasma glucose (mg} 100 ml)Plasma Glucose (mmol/I)
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Preparation of Tubes for Blood Collection

At room temperature, glucose undergoes glycolysis at a rate of 5% per hr. Leukocytosis and
bacterial contamination accelerate the loss.

Fluoridated blood is stable for several hours at room temperature.

Procedure:

1. Prepare by dissolving 4 g of Sodium Fluoride in 100 ml of dlstilled water. (Heating will
facilitate solution)

2. Cool solution to room temperature.

3. Add .61 g (140 USP/mg) Heparin Sodium salt.

4. Store at room temperature.

Preparation of Heparin l Sodium Fluoride Tubes:

1. lnto a tube add 5 drops of Heparin / Sodium Fluoride solution.

2. Oven dry at 60 C. (ln order to reduce any contribution to the total volume of the blood
sample collected.- small amounts). Not necessary if large volumes are going to be
harvested.

3. Cool and stopper.

4. Stable at room temperature.
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Appendix C

Biorad Bradford Protein Assay
Reduced Sample Volume Protocol

Procedures:

1. Dilute BioRad dye reagent concentrate 1:5 with double distilled water. Filter through a
Whatman No. 1 paper. Make enough dye reagent to used 2 ml in each standard and
unknown and enough to run a single blank between each set of duplicate standards and
unknowns. Reason for running blanks between duplicates: dye tends to build up on the
inside of the tubing (ifa sipper is being used).

2. Reconstitute the Bovine Serum Albumen protein standard provided by the kit so that a
1.4 mg/ml concentration is achieved.

3. Pippete into the tubes as follows:

Tube # p BSA Stock ul Buffer Dye Reagent (ml)

1,2 0 40 2
3,4 10 30 2
5,6 20 20 2
7,8 30 10 2
9,10 40 0 2

Unknowns total volume 40 ul

4. Determine dilution required for sample to be within the standard curve (20 ul of a 1:20
dilution was used with plasma from 16 week old male turkeys).

5. Mix and allow to stand for 5 minutes.

6. Measure OD-595: read each set of duplicates, a single blank, then the next set of
duplicates,

7. Obtain sample concentration from the standard curve. Adjust for dilution.

8. Spectrophotometer could be cleaned by running through a 0.1% Sodium Dodecyl Sulfate
solution (SDS) several times. Then, it should be rinse thouroughly with double distilled
water.
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Appendix D

Brain Catecholamine and lndoleamine Assay
Materials: Chemicals:

Volumetric Flasks 70% Perchloric Acid
1-1 Liter diNaEDTA
1-250 ml Sodium Hydroxide
7-100 ml Sodium Octyl Sulfate
1-25 ml Citric Acid
7-10 ml Acetonitrile

Balances - (.00 mg and .000 g) Triethanolamine
Millipore Filtering Apparatus NorepinephrineBitartate
pH meter L—dopa (DOPA)
Stir plate Dopamine (DA)
Pipettes - (200, 250, and 500 ul, 2 and 10 ml) Serotonin (5HT)
Polytron (Brinkman) . 5-Hydroxyindole acetic Acid (5-HIAA)
Microlilters (Bioanalytical Systems) HPLC Grade Water
Centrifuge (refrigerated) '
Ultralow freezer (-70 C)

Procedure:

Plan how many samples you can run that day. Each sample takes about 20 minutes to run.
In addition to your samples plan to run a standard every 4 samples. Keep brains and all
solutions on ice.

1. Weigh brain sections in 10 ml tubes and record.

2. Add brain buffer:
a. 3 mls of diencephalon, brain stem, and cerebellum .
b. 6 mls for the telencephalon (adjust to 5 if necessary)

3. Add 300 ng isoproterenol per 3 mls of brain buffer or 600 ng per 6 mls.

a. .15mg/50 ml .1M HCIO., · 100 ul/3mls buffer

4. Centrifuge (refrigerated) at 11,000 g for 15 minutes.
5.“

Pour off supernatant into BAS tilters and centrifuge 5 minutes at 3000 g.

6. Freeze samples immediately and keep until ready to inject.
7. lnject 100 ul of supernatant into HPLC.
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HPLC Mobile Phase for Brain Catecholamine Assay

1. 150 mg diNa EDTA
2. 350 mg NaOH
3. 19.2 g Citric Acid
4. 200 mg NA Octyl Sulfate (variable)
5. Add 85 mls acetonitrile
6. 1.8 mls triethylamine (or diethylamine)
7. Bring to 1 liter with HPLC grade water
8. Set pH to 3.1 using NaOH or citric acid
9. Filter and degas by passing through degasser before it enters HPLC

(Na Octyl Sulfate increases retention time; acetonitrile decreases retention time; triethylamine
helps decrease "tailing-in" of last peaks)

Brain Buffer (for 250 mls)

1. 37.5 mg diNA EDTA
2. 1.075 mls of 70% perchloric acid (.5 M)
3. Bring to 200 mls with HPLC grade water ‘
4. Bring up to 250 mls with HPLC grade water and refrigerate

Standards:

All standards are made with .1M HCIO. (Perchloric Acid) using 70% HCI. (sp. gr. 1.66)

1. Preparation of stock solutions-50 mg/100 mls
a. NE - 94.36 mg of NE per 100 mls of .1 M HCIO.
b. E · 90.97 mg of E per 100 mls of .1 M HCIO. .
c. DOPA - 50.0 mg DOPA per 100 mls .1 M HCIO.
d. DA · 61.91 mg DA per 100 mls of .1 M HCIO.
e. 5HT per 100 mls of .1 M HCIO.
f. 5HlAA - 50.0 mg of 5HlAA per 100 mls of .1 M HCIO.
g. IS - 50.0 mg of IS per 100 mls of .1 M HCIO.

2. Preparation of working stock solutions (10 pg/ml)

a. For all the above standards, add 200 pl of the 50 mg/100 mls stock solution to
a 10 ml volumetric Ilask.

b. Dilute to 10 mls using .1 M HCIO.

3. Preparation of mixed standard for analysis.

a. For all the standards, except IS, add 125 pl of the 10 pg/ml IS solution to the flask.

b. Dilute to 25 mls using the brain buffer. Make the mixed standard fresh daily.

c. Refrigerate between uses.
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HPLC Settings and Specifications:

Column speciücations - Biophase ODS 5 um; 250 x 4.6 mm (Bioanalitical Systems · Part #
MF6017)

Set pump at 1.5 ml/min

Set detector at 600 mV potential and 10 nA/V

Sample Calculatlons (pg/g)

pk ht ofx
k ht flS k x std conc. x dil. factorpk ht ofy
pk ht of/S known

BRAIN PART WEIGHT

pk ht= Peak height

x=catechoIamlne or indoleamine of interest from sample run

IS unknown =the peak height of IS from the sample run

y=catechoIamine or indolemine of interest from calibration run

IS known=the peak height of IS from the calibration run

STD. CONC.=the concentration of the standard used for calibration

NOTE: The dilution factor takes into accout the amount injected into the HPLC verses the
amount of extract. For example if 100 pl are injected and one had 3 mls of extract, the dilution
factor would be 3000 pl/100 pl or 30.

The lntegrator and the computer can be programmed to calculate the numerator ofthe above
equatlon.
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Appendix E

Plasma Catecholamine and lndoleamine Assay
Materials: Chemicals:

Volumetric Flasks 70% Perchloric Acid (HCIO.,)
3-1 Liter Disodium EDTA (diNaEDTA)
1-250 ml Sodium Hydroxide
8-100 ml Sodium Octyl Sulfate
7-10 ml Monochloroacetic acid (MCAA)

Acetonitrile Acid-ashed Aluminum Oxide (AAO)
Balances - (.00 mg and .000 g) Tris Base
Millipore Filtering Apparatus Hydrochloric Acid
pH meter and pH buffers Sodium Phosphate (monobasic: KHZPO.,)
Stir plate and magnetic stir bars Norepinephrine Bitartate
Pipets Epinephrine Bitartate

2 and 10 ml L-dopa (DOPA)
100-1000 ul adjustable Ependorph, 2 and 10 ml) Serotonin (5HT)

Microülters (Bioanalytical Systems) Dopamine (DA)
Centrifuge (refrigerated)
Ultralow freezer (-70 C)
Reciprocal shaker
5 ml conical reaction viles
Aspirator (vacuum source and filtering tlask)
Vortex mixer
100 ul Hamilton syringe

Chemical Solutions

Mobile Phase:
a. 14.15 g MCAA
b. 4.675 g NaOH
c. .75 g Na2EDTA
d. 25 mg sodium octyl sulfate (increases retention time)
e. add above chemicals to approximately 900 mls of HPLC grade water and stir.

Bring up to 1000 ml with water.
f. Adjust pH to 3.00 · 3.05 using either MCAA or NaOH
g. Filter and degas either by vacuum, helium, or by passing through

a degasser before it enters the HPLC.

Tris Buffer (EDTA-1.5 M; pH 8.6)
a. 45 g Tris buffer (trizma base)
b. 5 mg Na,EDTA
c. Add above to approximately 200 mls of HPLC grade water and adjust

pH with HCI to 8.6.
d. Bring up to 250 ml with water and refrigerate
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Phosphate Buffer
a. 8.64 g Na,HPO.,
b. 2.36 g KHZPO.,
c. 20.0 mg Na2EDTA
d. Add above to approximately 900 mls of HPLC grade water and stir.
e. Bring up to 1000 ml with water.

Perchloric Acid (.1 M)
a. Add 8.55 mls of 70% HCIO., to 950 mls HPLC grade water and mix
b. bring up to 1000 ml with water.

Standards:

1. Preparation of stock soIutions·50 mg/100 mls
a. NE - 94.36 mg of NE per 100 mls of .1 M HCIO.,
b. E - 90.97 mg of E per 100 mls of .1 M HCIO.,
c. DOPA - 50.0 mg DOPA per 100 mls .1 M HCIO4
d. DA · 61.91 mg DA per 100 mls of .1 M HCIO4
e. 5HT per 100 mls of .1 M HCIO.,
f. 5HlAA - 50.0 mg of 5HlAA per 100 mls of .1 M HCIO,
g. DHBA·80.0 mg of DHBA per 100 mls of .1 M HClO«

2. Preparation of working stock solutions (10 pg/ml)
For all the above standards, add 200 pl of the 50 mg/100 mls stock solution to a 10 ml

volumetric flask.

b. Dilute to 10 mls using .1 M HCIO.,

3. Preparation of mixed standard for analysis (for 2 ng/ml, except DHBA which Is 1.25 ng/ml)

a. For all the standards, except DHBA, add 20 pl of the 10 pg/ml working solution to
A a 100 ml llask. Also add 12.5 ul of 10 ug/ml DHBA solution to the flask.

b. Dilute to 100 mls using .1 M Phosphate buffer. Make the mixed standard fresh daily.

c. Refrigerate between uses.
HPLC Conditions

Detector Settings:
a. BAS Electrochemical Detector

1. Potential -060
2. Offset-Direct reading potentiometer should be adjusted at the start of the day after

the baseline has stabilized. lt Is usually set between 10-20. Polarity switch is
set to "-" and thre range switch to ”10’”.

b. Princeton Electrochemical Detector
1. Mode - DC
2. E (mV) - 600
3. l Range -1 nA
4. Time Const. · .20 Sec.
5. Offset - Use Auto Offset to have the detector calculate offset before each Injection.
6. Cell On
7. Run On

,
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Pump Settings:
a. Dupont 870

1. Pressure Limit- Max 250: MIN - 0
2. Flow -1.5 ml/min
3. Drain Valve - Closed

b. Anspec HPLC Pump
1. Pressure Limit- Max 250: MIN - 0.2
2. Flow -1.5 ml/min
3. Drain Valve - Closed
4. Compressibility - Auto

Data Handling Devices:
a. Chart Recorder

1. Chart Speed 0.5 cm
2. Volts Full Scale - 1

Procedure:

Sample preparation time is approximately 12 samples per hour and analysis time is 10 - 20
min. depending on conditions. Samples must be frozen until ready for analysis.

1) Into a 5 ml conical reaction vial, add 2.0 mls of plasma and 25 ul DHBA. Then add 50 mg
AAO.

2) Add 1.0 ml of Tris buffer, vortex, and shake immediately on a reciprocal shaker for 5 min.

3) After shaking, allow alumina to settle, then asirate the supernatant.

4) Wash the alumina twice with 2-3 mls of HPLC grade water, aspirating after each washing
to near dryness.

5) After washing step is completed, add about 1.0 ml of water to each sample and transfer
the alumina slurry into BAS microtilters using a disposable pipete.

6) Centrifuge at 1000 g for 30 sec.

7) Put a new reciever tube onto the microfilter and add 200 ul of stand for 3 min., and vortex
again.

8) Centrifuge again at 1000g for 1 min. Keep the extract that is in the receiving tube.

9) Freeze extract immediately and keep until ready to inject.

10) lnject 100 ul of the extract into the HPLC.

11) For each set of samples prepare two standards as followsz To a reaction vial add 2 mls
of a mixed standard containing the compounds you wish to analyze and 50 mg of AAO.
Then repeat steps 2 through 10.
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Appendix F

Proximate Analysis Determination of Moisture, Meat Protein, and Ether Extract

Freeze Dry Method of Moisture Determination

Pass meat samples through a food chopper (3 mm plate openings) and mix thoroughly
l

after each grinding (AOAC, 1984). Prevent drying during storage by freezing in air—tight plastic
bags. lncrease the surface area of the frozen samples by breaking into chunks. Weigh

approximately 35 g of the tissue and place in the freeze dryer apparatus. Alter at least 72
hours, take the samples out and weigh. Prepare the samples for further protein and crude fat
analysis by powdering with a mortar and pestle.

Kjeldahl Determination of Nitrogen

The procedures of AOAC (1984) were followed.

Materials:

Kjeldahl 1030 Auto Analyzer Kjeldahl flasks
catalysts packets freeze·dried tissue samples
.1N H,SO„ concentrated HZSO.,
.1N NaOH 50/50 NaOH
granulated zinc 541 ashless ltlter paper
distilled water Erlenmeyer flasks
.1% methyl red .2% methyl blue solution burret
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Procedure:

Record the weight of dried tissue samples (approx 1.5 g). User ashless tilter paper to

wrap the samples up and then place them into a flask. Add one prepared catalyst packet and

25 ml of concentrated HZSO., to each flask. Place the flask on the digestion unit ofthe Kjeldahl

apparatus and let this digest until 25 minutes after the solution becomes light green in color.

Let the flasks cool for 20 minutes. Add 50 ml of distilled water slowly and cautlously

(CAUTION: violent reaction occurs when adding water to acid; hold the neck of the Kjeldahl

flask underneath a ventilated hood pointed away from the face, and hands as well as the rest

of the body). The procedure may be stopped at this point and the solution can be stored.

· Add 150 ml of standard .1 N HZSO4 into an Erlenmeyer llask and add 4 drops of

methylene red-methylene blue. Place the flask at the receiving end ofthe Kjeldahl apparatus

and place the condenser tube beneath the surface of this acidic solution.

Add 200 ml ofdistilled water to the Kjeldahl digestion flask and swirl until the digestion

mixture is dissolved. After being dissolved. layer 100 ml of saturated NaOH solution below the

digestion mixture solution (tilt the neck of the flask while pouring). Add 10 to 15 pieces of

granulated zlnc and immediately connect the flask to the condenser. lgnite the burner and

swirl the flask gently in order to mix the acid and alkali (should be a deep blue color). Into the

receiving flask, distill 200 ml of the liquid from the flask. Titrate the excess acid remaining in

the receiving flask after distillation with standard .1 N NaOH.

Calculations:Percempmtem = (titrate ofblank — titrate ofsample)x.1 Normalityx 1.4 X625weght ofsample ·
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Ether Extract Method of Lipid Extraction

Tissue Iipids are normally extracted in two stages. The dried tissue is lirst extracted
with a hot alcohol-diethyl ether mixture. This extract is then evaporated to dryness and the
residue is re-extracted with petroleum ether. Direct extraction with a water-immiscible
solvent does not remove the lipids completely since many of them are bound to proteins as
Iipoproteins. The purpose of heating with alcohol is to denature the Iipoproteins in order to
render the Iipid fraction soiuble in fat solvents and also to remove water residue in the tissue.

The alcohoI·ether e><tract contains certain substances other than Iipids that are carried over

in water, such as salts and urea. Re—e><traction with petroleum ether is necessary in order to

eliminate these. The procedure used to analyze salts and urea along with Iipids was followed

in compliance with AOAC (1984) procedures.

Materials:

ether extract apparatus ‘
e><traction beakers
e><traction thimbles
petroleum ether

Procedure: ·

Alter drying the samples, thimbles, and extraction beakers overnight, record the

weights of the beakers. Weigh .5 to 1.0 g of the dried sample into the thimble and cover with

cotton. The thimbles are then placed into the ether extract apparatus. Place 50 ml of

petroleum ether into each beaker and place them into the apparatus. Slowly lowerthe thimble

into the ether and then let it boil for 30 minutes (bp 36.4 to 50 C). Let the thimbles rinse for
60 minutes by raising them above the solvent. Then, let the solvent collect for 15 minutes by

reducing the temperature. Evaporate the solvent for 15 minutes. Remove the cups and

thimbles and place both in a 90 C oven for 10 minutes. After drying in a dessicator overnight,

weigh back the beaker containing the e><tract.

f
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Calculatlons:final

beaker wt. — initialbeaker wt X100 = percebt etber extracrsample wt.
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Appendix G

Analysis of Variance Tables
Appendix G Table 1. Analysis of Variance of body weight, weight gain (WG), feed consumption(FC), and feed efticiency (FE)

Days Source of Sum of
of Age Parameter Variation df Squares F-value P

49 Weight Stress 3 .0101 1.03 .3938
Error 28 .0918
Total 31 .1019

56 Weight Stress 3 .0514 2.65 .0680
Error 28 .1808
Total 31 .2322

49-56 WG Stress 3 .0408 5.37 .0048Error 28 .0709
Total 31 .1117

49-56 FC Stress 3 .0217 2.93 .0508
Error 28 .0691
Total 31 .0908

49-56 FE Stress 3 .01050 3.66 .0242
Error 28 .02679
Total 31 .03729

84 Weight Stress 3 .2011 1.12 .3577
Error 28 1.6761
Total 31 1.877349-84 WG Stress 3 .1273 .83 .4874 _
Error 28 1.4275
Total 31 1.5548

49-84 FC Stress 3 .0821 .35 .7886
Error 28 2.1816
Total 31 2.2636

49-84 FE Stress 3 .00181 1.98 .1405
Error 28 .00855
Total 31 .01036

105 Weight Stress 3 .5210 1.38 .2686
Error 28 3.5174
Total 31 4.0384

L
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49-105 WG Stress 3 .4412 1.31 .2919
Error 28 3.1522
Total 31 3.5934

49-105 FC Stress 3 .9892 .79 .5076
Error 28 11.6292
Total 31 12.6184

49-105 FE Stress 3 .00086 2.58 .0738
Error 28 .00312
Total 31 .00398

112 Weight Tryp 3 1.0758 2.43 .1031
Stress 3 1.3866 3.13 .0549
Tryp x Stress 9 1.8199
Error 16 2.3621
Total 31 6.6444

49-112 WG Tryp 3 .8638 2.03 .1504
Stress 3 1.4364 3.35 .0455
Tryp x Stress 9 1.8153
Error 16 2.2707
Total 31 6.3762

49-112 FC Tryp 3 13.5090 1.90 .1072
Stress 3 5.7574 4.05 .0256
Tryp x Stress 9 2.6734
Error 16 7.5850
Total 31 21.0940

49-112 FE Tryp 3 .00065 1.85 .1793
Stress 3 .00056 1.59 .2305
Tryp x Stress 9 .00326
Error 16 .00187
Total 31 .00633

129 Weight Tryp 3 1.3614 2.90 .0674
Stress 3 .2582 .55 .6556
Tryp x Stress 9 1.9963
Error 16 2.5055
Total 31 6.1214 '

49-129 WG Tryp 3 1.2618 2.66 .0835
Stress 3 .2204 .46 .7112
Tryp x Stress 9 1.9375 1.36 .2831
Error 16 2.5319
Total 31 5.9517

49-129 FC Tryp 3 6.7581 2.65 ..0842
Stress 3 9.3441 3.66 .0349
Tryp x Stress 9 5.0621 .66 .7311
Error 16 13.6022
Total 31 34.7664
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49-129 FE Tryp 3 .0005049 1.58 .2338
Stress 3 .0014276 4.46 .0185
Tryp x Stress 3 .0020307 2.12 .0916' Error 16 .0017069
Total 31 .0056700

105-112 WG Tryp 3 .41400 3.29 .0477
Stress 3 .90720 7.22 .0028
Tryp x Stress 9 .81255 2.15 .0865
Error 16 .67054
Total 31 ’ 2.80428

105-112 FC Tryp 3 25.72276 2.32 .1142
Stress 3 234.95981 21.19 .0001
Tryp x Stress 9 26.17091 .79 .6325
Error 16 59.1458
Total 31 345.99929

105-112 FE Tryp 3 .06355 2.95 .0642
Stress 3 .05155 2.39 .1064
Tryp x Stress 9 .11167 1.73 .1626

. Error 16 .11483
Total 31 .34160

112-129 WG Tryp 3 .50682 1.40 .2784
Stress 3 1.00472 2.78 .0748
Tryp x Stress 9 .73397 .68 .7188
Error 16 1.92710
Total 31 4.17261

112-129 FC Tryp 3 .35042 .35 .7925
Stress 3 .82162 .81 .5061”
Tryp x Stress 9 1.36260 .45 .8881_ Error 16 5.40152
Total 31 7.93616

112-129 FE Tryp 3 .007253 2.02 .1517
Stress 3 .021071 5.87 .0067
Tryp x Stress 9 .009277 .86 .5758
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Appendix G Table 2. Table of Contrasts for Bonferroni Chi-Square Analysis of percent
mortality due to heat stress treatment

Age Value of Critical
(days) Contrast Statistic df Value Conclusion

0-5 C vs E .0612 1 3.841 Accept
5-7 C vs E .3100 1 3.841 Accept
7-49 C vs E .2414 1 3.841 Accept
0-49 C vs E .1786 1 3.841 Accept
49-105 CC vs CL .1210 1 6.960 Accept

CC vs EC .1488 1 6.960 Accept
CC vs EL .2684 1 6.960 Accept
CL vs EC .0028 1 6.960 Accept
CL vs EL .6667 1 6.960 Accept

· EC vs EL .8016 1 6.960 Accept
105-112 CC vs CL 4.6272 1 6.960 ·Accept

CC vs EC .7685 1 6.960 Accept
CC vs EL 12.0826 1 6.960 Reject
CL vs EC 2.0993 1 6.960 Accept
CL vs EL 2.2652 1 6.960 Accept
EC vs EL 5.0503 1 6.960 Accept

112-129 CC vs CL .7908 1 6.960 Accept
CC vs EC 3.6775 1 6.960 Accept
CC vs EL 1.6535 1 6.960 Accept
CL vs EC .4980 1 6.960 ‘

Accept
CL vs EL .1985 1 6.960 Acce_pt
EC vs EL 1.2429 1 6.960 Accept

49-129 CC vs CL .8594 1 6.960 Accept
CC vs EC .1599 1 6.960 Accept
CC vs EL 2.6846 1 6.960 Accept
CL vs EC .4032 1 6.960 Accept
CL vs EL .3902 1 6.960 Accept
EC vs EL 1.5684 1 6.960 Accept

Live haul CC vs CL 4.1571 1 6.960 Accept
CC vs EC 1.7440 1 6.960 Accept
CC vs EL .4914 1 6.960 Accept
CL vs EC .7028 1 6.960 Accept
CL vs EL 2.1690 1 6.960 Accept
EC vs EL .4537 1 6.960 Accept
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Appendix G Table 3. Analysis of Variance of carcass, breast, and thigh weights

Source of Sum of
Variation df Squares F-value P

Carcass Weight
Tryp 3 10.5222 2.97 .0317Stress 3 4.9398 1.39 .2440Tryp x Stress 9 16.8990 1.59 .1159Error 396 467.5634
Total 411 499.9244

Breast Weight
Tryp 3 .36997 .64 .5892Stress 3 .43675 .76 .5192Tryp x Stress 9 4.39290 2.54 .0077Error 396 76.22271
Total 411 81.42232

% Breast Yield ·
Tryp 3 28.184 .28 .8368Stress 3 28.777 .29 .8325
Tryp x Stress 9 115.027 .39 .9414Error 390 12894.485
Total 405 13066.474

Breast Skin Weight
Tryp 3 .015344 .54 .6574Stress 3 .043553 1.52 _ .2079
Tryp x Stress 9 .126715 1.48 .1541Error 396 3.77425
Total 411 3.95987

% Breast Skin
Tryp 3 2.091 .56 .6421Stress 3 3.665 .98 .4020
Tryp x Stress 9 7.307 .65 .7527Error 390 486.009
Total - 405 499.071

Thigh Weight
Tryp 3 · .10318 3.93 .0084Stress 3 .08261 3.15 .0245
Tryp x Stress 9 .18801 2.39 .0114Error 801 7.01057
Total 816 7.38438

% Thigh Yield
Tryp 3 .492 .11 .9546Stress 3 1.368 .30 .8255
Tryp x Stress 9 9.357 .69 .7153Error 801 1200.869
Total 816 1212.085
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Appendix G Table 4. Analysis of Variance of breast meat quality aspects

Source of Sum of
Variation df Squares F—value P

pH Stress 3 .3606 3.83 .0111
Error 153 4.7559
Total 159 5.2601

Purge Stress 3 8.91403 2.74 .0494
Error 73 76.81432
Total 79 91.47495

Cooking Loss Stress 3 129.75697 4.23 .0081
Error 76 777.33987
Total 79 907.09684

Kramer shear value (pounds of force per pound of mass)
Stress 3 936301 .57 .6366
Error 73 37968874 „
Total 79 42565311

l
l
l
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Appendix G Table 5. Analysis of Variance of breast color parameters

Source of Sum of
Variation df Squares F-value P

Lightness Tryp 3 15.32853 1.05 .3816
Stress 3 36.29642 2.95 .0458
Tryp x Stress 9 60.94610 2.14 .0678
Error 23 72.66868
Total 38 185.23974

Redness Tryp 3 3.64527 2.63 .0745
Stress 3 2.12094 1.53 .2337
Tryp x Stress 9 9.54961 2.29 .0522
Error 23 10.63435
Total 38 25.95017

Yellowness Tryp 3 6.49970 4.00 .0199
Stress 3 8.60471 5.29 .0064
Tryp x Stress 9 16.75692 3.44 .0081
Error 23 12.46377
Total 38 44.32510

Total Color Difference
Stress 3 67.5578 .95 .4215
Error 35 826.0449
Total 38 893.6027

Total Color Difference
Tryp 3 100.27094 2.69 .0612
Error 35 434.82529
Total 38 535.09622

Redness to Yellowness _
Tryp 3 .03127 0.57 .6405
.Stress 3 .331966 6.05 .0034
Tryp x Stress 9 .56337 3.42 .0083
Error 23 .420783
Total 38 1.347393

l
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Appendix G Table 6. Analysis of Variance of pectoralis major tenderness parameters

Source of Sum of
Variation df Squares F-value P

Newtons per cubic centimeter
Tryp 3 .001938 .27 .8457Stress 3 .008079 1.01 .4065
Tryp x Stress 9 .007368 .34 .9493
Error 21 .050084
Total 36 .066642

Shear Value (pounds of force per pound of mass)
Tryp 3 3.9228 .38 .7708
Stress 3 8.9898 .86 .4757
Tryp x Stress 9 6.7275 .22 .9889
Error 21 72.9169
Total 36 92.5570

l
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Appendix G Table 7. Analysis of Variance of thigh meat quality aspects.

Source of Sum of
Variation df Squares F-value P

Lightness Tryp 3 25.50438 1.78 .1798
Stress 3 13.42632 .93 .4398
Tryp x Stress 9 84.92392 1.97 .0913Error 23 110.09595
Total 38 233.95057

Redness Tryp 3 1.65364 .58 0.6338
Stress 3 1.06856 0.38 .7718
Tryp x Stress 9 8.92009 1.04 .4373Error 23 21.84150
Total 38 30.76159

Yellowness Tryp 3 1.82679 1.23 .3210
Stress 3 0.65438 0.44 .7258
Tryp x Stress 9 5.52061 1.24 .3197Error 23 11.37318
Total 38 19.37496

Total Color Difference
Stress 3 693.12638 2.14 .1123Error 35 3771.94528
Total 38 4465.07165

Total Color Difference
Tryp 3 101.39276 1.45 .2452
Error 35 816.30952
Total 38 917.70227

Redness to Yellowness
Tryp 3 .06027 .87 .4704
Stress 3 .01196 .17 .9136
Tryp x Stress 9 .39945 1.92 .0991
Error 23 .53055
Total 38 1.34739

Biceps Femoris shear value (Newtons per cubic centimeter)
Tryp 3 .0065707 2.24 .1136
Stress 3 .0027220 .93 .4449
Tryp x Stress 9 .0039123 .44 .8951
Error 21 .0205490
Total 36 .0337541
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Appendix G Table 8. Table of Contrasts for Bonferroni Chi-Square Analysis of percent
mortality due to tryptophan supplementation

Value of Critical
Contrast Statistic df Value Conclusion

During Feeding Period

.0 vs .1 .6388 1 6.960 Accept

.0 vs .2 .1110 1 6.960 Accept

.0 vs .3 .2029 1 6.960 Accept

.1 vs .2 .2265 1 » 6.960 Accept

.1 vs .3 .1290 1 6.960 Accept

.2 vs .3 .0141 1 6.960 Accept

During Live haul
A

.0 vs .1 3.0947 1 6.960 Accept

.0 vs .2 1.6571 1 6.960 Accept

.0 vs .3 3.1431 1 6.960 Accept

.1 vs .2 .2825 1 6.960 Accept

.1 vs .3 .0003 1 6.960 Accept

.2 vs .3 .3000 1 6.960 Accept
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Appendlx G Table 9. Analysis of Variance of Pectoralis moisture, protein, and ether extract

Source of Sum of
Variation df Squares F—value P

°/8 Moisture
Tryp 3 1.52667 1.68 .1997Stress 3 .78477 .86 .4748
Tryp x Stress 9 4.50309 1.65 .1599
Error 23 6.97994
Total 38 13.79447

% Protein
Tryp 3 1.35231 1.93 .1530
Stress 3 .11215 1.93 .9221
Tryp x Stress 9 2.47585 1.18 .3541
Error 23 5.37292
Total 38 9.31323

% Ether Extract
Tryp 3 .51917 .77 .5223
Stress 3 .78383 1.16 .3452
Tryp x Stress 9 4.76384 2.36 .0470
Error 23 5.16551
Total 38 11.23235

l
l
l
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Appendix G Table 10. Analysis of Variance of Postmortem muscle temperature

Source of Sum of
Hours Variation df Squares F-value P

Breast
0 Tryp 3 5.75683 6.00 .0036Stress 3 2.12056 2.21 .1142Tryp x Stress 9 4.20317 1.46 .2212Error 23 7.35597

Total 38 19.43653
4 Tryp 3 236.11137 4.00 .0198Stress 3 7.66528 .13 .9413Tryp x Stress 9 83.15433 .47 .8799Error 23 452.36626

Total 38 779.29725
24 Tryp 3 15.28121 1.04 .3851Stress 3 34.36051 2.54 .0814Tryp x Stress 9 32.66281 .80 .6162Error 23 103.70370

Total 38 186.00823
Thigh

4 Tryp 3 438.08035 17.60 .0001
Stress 3 7.80043 A .31 .8155
Tryp x Stress 9 90.31343 1.21 .3362Error 23 190.79218
Total 38 726.98639

24 Tryp 3 4.51567 3.28 .0390Stress 3 1.61959 1.18 .3400
Tryp x Stress 9 4.06971 .99 .4771Error 23 10.54527
Total 38 20.75024
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Appendix G Table 11. Analysis of Variance of Postmortem breast pH

Source of Sum of
Variation df Squares F-value P

0 Tryp 3 .40508 1.91 .1558Stress 3 .17680 .83 .4886
Tryp x Stress 9 .77373 1.22 .3319Error 23 1.62397
Total 38 2.97957

4 Tryp 3 .125147 2.79 .0634
Stress 3 .046832 1.04 .3921
Tryp x Stress 9 .235696 1.75 .1340
Error 23 .344083
Total 38 .751759

24 Tryp 3 .038312 .82 .4951
Stress 3 .040453 .87 .4719
Tryp x Stress 9 .240875 1.72 .1407Error 23 .357333
Total 38 .676974

0-24 (Change in pH)
Tryp 3 .864995 4.15 .0173
Stress 3 .247251 1.19 .3368
Tryp x Stress 9 .687548 1.10 .4009
Error 23 1.597883
Total 38 3.397677

Ä
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Appendix G Table 12. Analysis of Variance of Postmortem thigh pH

Source of Sum of
Variation df Squares F—value P

0 Tryp 3 .12641 .47 .7037
Stress 3 .651449 2.44 .0901
Tryp x Stress 9 .699645 0.87 .5615
Error 23 2.046867
Total 38 3.524374

4 Tryp 3 .12556 2.47 .0871
Stress 3 .100692 1.98 .1446
Tryp x Stress 9 .409211 2.69 .0269
Error 23 .389233
Total 38 1.024697

24 Tryp 3 .12264 1.70 .1939
Stress 3 .117704 1.64 .2086
Tryp x Stress 9 .248173 1.15 .3703
Error 23 .551583
Total 38 1.040097

0-24 (Change in pH)
Tryp 3 .309679 1.42 .2620
Stress 3 .608252 2.79 .0632
Tryp x Stress 9 .749910 1.15 .3716
Error 23 1.670067
Total 38 3.337908
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Appendix G Table 13. Analysis of Variance of core temperature during the later heat stress
pedod

Days Source of Sum of' of Age Variation df Squares F-value P

106 Stress 3 13.95313 31.98 .0001
Error 60 8.72625
Total 63 22.67938

107 Stress 3 5.20422 8.58 .0001
Error 60 12.13063
Total 63 17.33484

108 Stress 3 1.309229 3.41 .0231
Error 60 7.67563
Total 63 8.98484

109 Stress 3 .12297 .58 .6306
Error 60 4.24188
Total 63 4.36484

110 Stress 3 .39172 1.18 .3231
Error 60 6.61188
Total 63 7.00359
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Appendix G Table 14. Analysis of Variance of surface temperature during the later heat stresspenod

Days Source of Sum of
of Age Variation df Squares F-value P

106 Stress 3 358.63563 47.53 .0001Error 60 150.90375
Total 63 509.53938

107 Stress 3 380.77172 15.40 .0001Error 60 494.66688
Total 63 875.43859

108 Stress 3 280.07375 20.14 .0001
Error 60 278.06375
Total 63 558.13750

109 Stress 3 201.60375 5.05 .0035Error 60 798.92625
Total 63 1000.53000

110 Stress 3 272.42797 13.61 .0001
Error 60 400.37063
Total 63 672.79859
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Appendlx G Table 15. Analysis of Variance of plasma glucose levels

Days Source of Sum of
of Age Variation df Squares F-value P

106 Stress 3 304.95221 5.19 .0030Error 58 1135.69649
Total 61 1440.64871

107 Stress ' 3 104.65535 2.08 .1131Error 55 921.61922
Total 58 1026.2746

108 Stress 3 341.40735 .28 .8367Error 57 22832.27940
Total 60 23173.68675

111
l

Stress 3 457.94045 .57 .6385Error 60 16135.73364
Total 63 16593.67409

l
138 Tryp 3 390.05146 .21 .8875Stress 3 2066.39888 1.12 .3616Tryp x Stress 9 4536.96960 .82 .6045Error 23 14149.26990

Total 38 21142.68979
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Appendix G Table 16. Analysis of Variance of plasma protein levels

Days Source of · Sum of
of Age Variation df Squares F-value P

106 Stress 3 .343419 1.83 .1524
Error 58 3.635061
Total 61 3.978480

107 Stress 3 .162058 1.25 .3016 ’
Error 55 2.471259
Total 58 2.633317

108 Stress 3 .032754 .17 .9182
Error 58 3.727523
Total 61 3.760277

111 Stress 3 .20106 .82 .4893
Error 59 4.83631
Total 62 5.03736

138 Tryp 3 .10006 .18 .9068
Stress 3 .35002 .64 .5967
Tryp x Stress 9 1.06979 .65 .7416
Error 23 4.19009
Total 38 5.70996
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Appendix G Table 17. Analysis of Variance of meat quality parameters

Source of Sum of ·Variation df Squares F-value P

Purge Tryp 3 5.74660 1.70 .1745
Error 76 85.72834
Total 79 91.47495

Cooking Loss Tryp 3 49.76513 1.47 .2293
Error 76 857.33171
Total 79 907.09684

Kramer shear value (pounds of force per pound of mass)
Tryp 3 3660136 2.38 .0759
Error 76 38905174
Total 79 42565311

pH Tryp 3 .14359 1.46 .2278
Error 156 · 5.11653
Total 159 5.26012

[_
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Appendix G Table 18. Analysis of Variance of brain serotonin levels

Source of Sum of
Variation df Squares F-value P

Brain Stem
Tryp 3 67.8053 45.74 .0001
Stress 3 1.2863 .87 .4720Tryp x Stress 9 2.2072 .8619
Error 23 11.3661
Total 38 82.6649
Linear 1 62.1285 125.72 .0001Quadratic 1 2.1035 4.26 .0506

Cerebellum
Tryp 3 23.3233 118.26 .0001
Stress 3 .3868 1.96 .1479
Tryp x Stress 9 1.0649 1.80 .1230Error 23 1.5120
Total 38 26.2871
Linear 1 19.2746 293.19 .0001
Quadratic 1 1.4245 21.67 .0001

Diencephalon
Tryp 3 35.9991 47.06 .0001
Stress 3 .4995 .65 .5893
Tryp x Stress 9 5.1801 2.26 .0557
Error 23 5.8649
Total 38 47.5435
Linear 1 31.7787 124.63 .0001
Quadratic 1 .8928 3.50 .0741

Telencephalon
Tryp 3 35.2985 53.46 .0001
Stress 3 .2127 .32 .8093
Tryp x Stress 9 1.3929 .70 .6998Error 23 5.0619
Total 38 41.9661
Linear 1 34.3547 156.10 .0001
Quadratic 1 .0014 .01 .9369
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Appendix G Table 19. Analysis of Variance of brain 5-HIAA levels

Source of Sum of
Variation df Squares F-value P

Brain Stem
Tryp 3 .290677 12.97 .0001
Stress 3 .016980 .75 .5317
Tryp x Stress 9 .058672 .87 .5621
Error 23 .171804
Total 38 .538033
Linear 1 .237291 31.77 .0001
Quadratic 1 .057043 7.64 .0111

Cerebellum
Tryp 3 .233488 32.98 .0001
Stress 3 .000617 .09 .9664
Tryp x Stress 9 .052322 2.64 .0392
Error 23 .054275
Total 38 .340702
Linear 1 .208353 88.29 .0001
Quadratic 1 .012535 7.64 .0305

Diencephalon
Tryp 3 .252689 17.58 .0001
Stress 3 .018760 1.31 .2966
Tryp x Stress 9 .05362 1.24 .3180
Error 23 .110181
Total 38 .435254
Linear 1 .210213 43.88 .0001
Quadratic 1 .007607 1.59 .2202

Telencephalon
. Tryp 3 .067751 6.20 .0030

Stress 3 .005222 .48 .7008
Tryp x Stress 9 .027183 .83 .5967
Error 23 .083782
Total 38 .183937
Linear 1 .058952 16.18 .0005
Quadratic 1 .001024 .28 .6010
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Appendix G Table 20. Analysis of Variance of brain dopamine levels

Source of Sum of
Variation df Squares F-value P

Brain Stem
Tryp 3 .045999 3.99 .0224Stress 3 .031243 2.71 .0726
Tryp x Stress 9 .032380 .94 .5172Error 20 .076953
Total 35 .186575
Linear 1 .001062 .28 .6051Quadratic 1 .014979 3.89 .0625

Cerebellum
Tryp 3 .010143 1.97 .1463Stress 3 .004613 .90 .4578
Tryp x Stress 9 .014686 .95 .5021Error 23 .039435
Total 38 .068878
Linear 1 .005974 3.48 .0748Quadratic 1 .003569 2.08 .1626

Diencephalon
Tryp 3 .024245 1.44 .2595Stress 3 .040618 2.40 .0948
Tryp x Stress 9 .041686 .82 .6024Error 22 .123899
Total 37 .230448
Linear 1 .000925 .16 .6891Quadratlc 1 .005373 .95 .3393

Telencephalon
Tryp 3 .091385 . 10.50 .0002Stress 3 .019662 2.26 .1085
Tryp x Stress 9 .055412 2.12 .0702Error 23 .066708
Total 38 .233168
Linear 1 .069209 23.86 .0001Ouadratic 1 .007431 2.56 .1231
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II IAppendix G Table 21. Analysis of Variance of brain L—dopa levels

Source of Sum of
Variation df Squares F-value P

Brain Stem
Tryp 3 .23111 9.03 .0006Stress 3 .03462 1.35 .2873Tryp x Stress 9 .02747 .36 .9416Error 19 .16214
Total 34 .45534
Linear 1 .12856 15.07 .0010Ouadratic 1 .03467 4.06 .0582

Cerebellum
Tryp 3 .006295 .71 .5585Stress 3 .003334 .37 .7726Tryp x Stress 9 .048944 1.83 .1192Error 22 .065371
Total 37 .123943
Linear 1 .001281 .43 .5182Quadratic 1 .000012 .00 .9493

Diencephalon
_ Tryp 3 .179211 12.15 .0001Stress 3 .013085 .89 .4648

Tryp x Stress 9 .016956 .38 .9295Error 20 .098357
Total 35 .307609
Linear 1 .176249 35.84 .0001‘ Quadratic 1 .006741 1.37 .2555

Telencephalon
Tryp 3 .081045 12.82 .0001Stress 3 .013921 2.20 .1152Tryp x Stress 9 .017014 .90 .5433Error 23 .048473
Total 38 .160448
Linear 1 .075745 · 35.94 .0001Quadratic 1 .003669 1.74 .2000
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Appendix G Table 22. Analysis of Variance of brain epinephrine levels

Source of Sum of
Variation df Squares F-value P

Brain Stem
Tryp 3 .051428 4.77 .0109Stress 3 .004046 .38 .7715Tryp x Stress x x x xError 29 .106471
Total 35 .161945
Linear (1, 28) 1 .018697 5.09 .0317Quadratic (1, 28) 1 .027775 7.57 .0101

Cerebellum
. Tryp 3 .05781 5.86 .0040Stress 3 .00295 .30 .8258Tryp x Stress 9 .01648 .56 .8184Error 23 .07577

Total 38 .15302
Linear 1 .052605 15.97 .0006Quadratic 1 .004346 1.32 .2625

Diencephalon
Tryp 3 .062656 _ 6.59 .0022
Stress 3 .019640 2.06 .1328Tryp x Stress 9 .021477 .75 .6591
Error 23 .072933
Total 38 .176706
Linear 1 .004215 1.33 .2608Quadratic 1 .053890 ‘ 16.99 .0004

Telencephalon
Tryp 3 .026810 2.07 .1317
Stress 3 .005787 .45 .7216
Tryp x Stress 9 .020791 .54 .8335
Error 23 .099182
Total 38 .152569
Linear 1 .008987 2.08 .1623
Quadratic 1 .017133 3.97 .0582
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Appendix G Table 23. Analysis of Variance of brain norepinephrine levels

Source of Sum of
Variation df Squares F-value P

Brain Stem
Tryp 3 .32264 7.44 .0012Stress 3 .04482 1.03 .3960
Tryp x Stress 9 .29924 2.30 .0516Error 23 .33229
Total 38 .99810
Linear 1 .20412 14.13 .0010Quadratic 1 .00807 .56 .4624

Cerebellum
Tryp 3 .29179 7.54 .0011
Stress 3 .07215 1.87 .1637
Tryp x Stress 9 .12424 1.07 .4195Error 23 .29655
Total 38 .78472
Linear 1 .23592 18.30 .0003Quadratic 1 .01093 .85 .3667

Diencephalon
Tryp 3 2.25096 7.25 .0014Stress 3 .13242 .43 .7358
Tryp x Stress 9 .69028 .74 .6684Error 23 2.37985
Total 38 5.45351
Linear 1 2.14561 20.74 .0001
Quadratlc 1 .07960 .77 .3895

Telencephalon
Tryp 3 .21459 4.67 .0109
Stress 3 .07315 1.59 .2188
Tryp x Stress 9 .25084 1.82 .1191
Error 23 .35251
Total 38 .89108
Linear 1 .22609 14.75 .0008
Quadratlc 1 .00864 .56 .4603
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Appendix G Table 24. Analysis of Variance of plasma indoleamine levels

Source of Sum of
Variation df Squares F-value P

Serotonin Tryp 3 .84595 59.43 .0001
Stress 3 .02373 1.67 .2018
Tryp x Stress 9 .07165 1.68 .1521Error 23 .10913
Total 38 1.05046
Linear 1 .76476 161.18 .0001
Quadratic 1 .02098 4.42 .0466

5-HIAA Tryp 3 .0002205 0.54 .6631
Stress 3 .0003558 .87 .4807
Tryp x Stress 7 .0000409 .43 .8668
Error 13 .0017687
Total 26 .0027541
Linear 0 x x x
Quadratic 0 x x x
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Appendix G Table 25. Analysis of Variance of plasma catecholamine levels

Source of Sum of
Variation df Squares F-value P

Epinephrine Tryp 3 .000060 4.79 .0127
Stress 3 .000053 4.19 .0205
Tryp x Stress 9 .000055 1.64 .1824Error 18 .000076
Total 32 .000244
Linear 0 x x x
Quadratic 0 x x x

Norepinephrine Tryp 3 .05709 15.28 .0001
Stress 3 .00416 1.11 .3638
Tryp x Stress 9 .02155 1.92 .0993
Error 23 .02864
Total 38 .11145
Linear 1 .03000 24.09 .0001
Quadratic 1 .02279 18.30 .0003

L-dopa Tryp 3 .000021 2.86 .0661
Stress 3 y .000059 .78 .5196
Tryp x Stress 9 .000014 .68 .7033
Error 23 .000045
Total 38 .000086
Linear 0 x x x
Quadratic 0 x x x

Dopamine Tryp 3 .0000153 2.45 .1100
Stress 3 .0000041 .66 .5890
Tryp x Stress 9 .0000143 1.14 .3913
Error 13 .0000270
Total 25 .0000607
Linear 0 x x x
Quadratic 0 x x x
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