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CHAPTER [

INTRODUCTION

Poultry production in the United States has grown rapidly over the last 50 years.
In 1950 broiler production was less than 1 billion birds; this number had increased to
almost 8.6 billion broilers produced in 2002 with a production value of over $13 biltion
(NASS, 2003). The supportive section of this industry, broiler breeders, has had to not
only grow to meet this numeric demand, but also has had to make genetic. management
and nutritional dccisions in order to satisfy the changing demands of the consumer.

Body weight and composition :wre important factors in determining the onset of
sexual maturity, as well as reproductive efficiency, in both male and female broiler
breeders. Genetic selection has focused on the demand for fast-growing, feed-efficient,
heavy-breasted broilers a the production level. However, this has Icd 1o reproductive
problems at the breeder level that bave had to be overcome through nutritional and
management programs that control both body weight and composition. Therefore, the
chullenge to the nutntionist 1s to formulate diets that micet the metabolic requirements of
broilcr breeders on controlled teeding programs (i.e. limit-fed).

Determining body composition in broiler breeders is an important consideration to
the geneticist in their selection process, to the nutritionist in determining that genetic
potentials and metabolic needs are being met, and to the production manager in meeting
reproductive goals. Numerous methods have been utilized over the years 10 determine
body composition with proximate analysis serving as the gold standard (Blaxter, 1989).

Vartous morphological measurements and technological methods to measure body



composition have heen examincd for ease of use, reliability and cost effectiveness.
Additionally, being able to determine body composition in vivo is of prime concern to the
broiler breeder industry .

The studies reported herein were conducted 10 dynamically examine broiler
breeder energy metabolism, expressing energy needs as basal metabolic requirement and
metabolic requirement during activity, egg synthesis, and tissue accretion. Further, the
relationships between proximate analysis, the gold standard for dctermining body
composition, and sclected morphological measurements and technological methods were
examined for accuracy, ease of use, and reliability for predicting body composition in

broiler breeders.

REFERENCES
Blaxter, Kenneth, 1989. Components of the energy budget: energy retention. Pages 49-
65 in: Energy metabolism in animals and man. Cambridge University Press,
Cambridge.
National Agricultural Stutistics Service (NASS), 2003. Poultry production and valuc.

2002 summary. United States Department of Agriculture, Washington, D.C.



CHAPTER Il

REVIEW OF LITERATURE

INTRODUCTION

Although metabolic and genctic processes dictate the potential for growth and
reproductive effectiveness in the broiler breeder, without proper nutritional management
neither of these potentials can be met. Nutritional management includes determining the
metabolic require ments of the bird and formulating a dict that meets these requirements
while controlling body weight (BW) and body composition (BC), both of which have an
effect on the subsequent reproductive efficiency of the broiler breeder. Understanding
the relationships between these various factors affecting reproductive efficiency provides

a firm foundation for making management dccisions regarding broiler breeders.

BROILER BREEDER MANAGEMENT

Poultry management in the United States has changed dramatically since the days
when people had a backyard flock that provided both meat and eggs for the family's use
and a scurce of income from sales in the local community. During the hard times of the
Depression (1929 1o 1936) the family backyard chicken flock often provided the
economic base for a family's survival (Moreng and Avens, 1985), Management of the
backyard flock was simple, consisting of feeding grain and household food scraps 10
supplement what the birds were able to forage and providing basic housing to protect

birds from predators and weather extremes. Genetic controls were very basic; the best



birds, based primarily on appearance. were retained for breeding stock and the inferior
birds were culled.

Develapment of what could be regarded as a commercial poultry industry began
in the early 1940's with rapid expansion seen afler the end of World War II (Moreng and
Avens, 1985). In the beginning this new industry was concentrated in the midwestern
states and was still a family-based business with a local support siructure (hatchery., feed
store, processing facility). By 1960 advances were made in feeding methods and in
genetics that resulted in a reduction in market age from 16 weeks to 8 weeks. As the
industry grew it migrated into other sections of the United States and changed from being
a family-based business to the vertically integrated poultry industry we know today.
Scientific and technological advances in genetics, nutrition and management methods
have made the growth of the broiler industry one of the wonders of Amercan agriculture.

Development of broiler breeder stock has become a scparatc industry within the
vertical integration of the broiler industry. A substantial amount of scientitic research
with broiler breeder females has looked at the relationships between reproductive
efficiency and numerous factors aftecting that cfficiency: BW, BC, hormonal influences.
food intake, diet composition (protein, energy, amino acids, vitamins, minerals), housing
(density, lighting, ventilation, temperature, litter), and bird health (Waldroup ¢t al, 1976;
Bornstein and Lev, 1982; Bornstein et «l, 1984; Soller er ail, 1984; Brake er al, 1985;
Moreng and Avens, 1985; Robbins er a/, 1986; Pinchasov and Galili, 1990; Leeson and
Summers, 1991; Robinson and Robinson, 1991; Robinson er al, 1993; Lewis, 1994;
Bartov and Wax, 1998; Decuypere et al, 1998). This research has revealed that a

negative relationship exists between increased BW and reproductive efficiency.



Therefore, broiler breeder management programs for females all incorporate restricted
feed intake with the most scvere restrictions seen during the pre-sexual maturity phase
(Leeson, 1992). Although less research has been done with broiler breeder malcs, a
similar negative relationship between body size and reproductive efficiency has been
identified. As a result, management programs specific for broiler breeder males have
been developed (Hocking and Duff, 1989; Wilson, 1990; Leeson and Summers, 1991;

Attia er al, 1993; Kirby ef al, 1998).

HEAT PRODUCTION AND METABOLIC BODY SIZE

Heat is produced as a by-product of metabolic processes that occur in the body.
Hcat production (HP) increases after a meal, during physical activity and in a cold or hot
environment. Other major factors that have an effect on HP include age, time of day, and
thermal insulation (e.g. hair coat). The contribution of the various organs within the body
to HP has also been examined. For example in humans, at rest in a thermoneutral
environment, one-half of all HP comes from the gastrointestinal tract, fiver and muscle
metabolic processes. (Stanier et al, 1984)

Maintenance requirement is defined as ... that amount of tood energy that is
needed 1o balance exactly heat production’ (Ruckebusch er al, 199 1). Beker (1996) used
HP data to determinc the maintenance requirements of male broilers, ages one week to
seven weeks. That study found that maintenance HP per unit BW decreased during
weeks one through three then increased during weeks five through seven. Comparison of
maintenance HP per unit BW among the different temperature environments revealed

that as the environmental temperature decreased the HP per unit BW increased.



A major component of the maintenance requirement of an animal is basal
metabolic rate (BMR). Basal metabolic rate is defined as the energy vxpended by a
fasted but not starved animal that is awake but at rest and is in a thermoncutral
cnvironment (Bender, 1993). The length of time it takes to reach a fasted state varies
among species: humans — 10 to 12 hours. swine - 96 hours, rodents - 10 to 20 hours,
ruminanis — 3 to 5 days, chickens - 48 hours (Blaxter, 1989).

Basal metabolic rite can be determined through direct calorimetry, which is a
measurement of heat loss. and by indirect calorimetry, which determines HP based on
gaseous exchange. Several equations have been developed to calculate HP based on
oxygen consumption and carbon dioxide production. (Berdanier, 1995). One that is
widely accepted is Brouwer’s equation (Brouwer, 1965), utilizing oxygen consumption,
carbon dioxide production. and excretory nitrogen data, as a basis for determining HP. It
was later determined that, since the adjustment generated by the nitrogen data accounted
for less than 0.6% of total HP, the excretory nitrogen calculation could be omitted with
negligible effect (Romijn and Lokhorst, 1966). This adaptation ot Brouwer's equation is
as follows:

HP (in kJ/unit time) == [{O; consumed in l/unit time)(16.18 kJ/)) =

{(CO, produced in Vunit time)(5.02 kJ/1)]

If needed, the conversion of the HP value to keal is easily accomplished by dividing the
results of the above calculation by 4.184 kJ/keal.

It has been shown that HP is closely related to heat loss; therefore, since heat loss
is a function of surface area, HP is also a function of surface area (Stanier et al, 1984).

Body surface area, also known as metabolic body size (MBS), is derived by regressing
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log BMR aver log BW with the resultant slope providing an estimate of the exponent
used 1o calculatc MBS (Blaxter, 1989). Brody and Proctor (1932) arrived at an estimate
of BW(k1)® " (o compare MBS across specics. Brody (1945) Jater determined that
BW(kg)"*’ more accurately represented MBS in birds.

That a relationship exists between BMR and body size, expressed either as
gravimetric BW or as MBS, has been studied for many years. Early work by Brody ez !
(1932) demonstrated a curvilinear relationship between BW in three strains of chickens
and BMR/kg BW, wherein BMR/kg BW decreased as total BW increased. Confirmation
and refinement of this observation has occurred over time (Kletber, 1947; Miller, Jr. and
Blyth, 1953 Kleiber, 1961; Thonney er at, 1976; Heusner, 1985; Johnson and Farrell,
1985).

Since feed is a major cost of production (Moreng and Avens, 1985), identifving
the composition and quantity of feed required for basic maintenance and for production is
an important consideration. Additionally, envirunmental effects on the utilization of feed
need to be included when determining feeding requirements. Numcrous studics have
been conducted with broilers to examine the relationship between HP and two or more of
the following factors: diet composition, feeding level, and environmental temperature
(Farrell and Swain, 1977; Hurwitz et al, 1978; Meltzer, 1983; Wiernusz and Teeter,
1993; Jones, 1994; MaclLeod, 1997, Koh and MacLeod, 1999). There has also been
considerable investigation into the HP of laying hens for both maintenance and egg
production (Grimbergen, 1970; Meltzer et al, 1982; Li et al. 1992). A smaller, although
still substantial, body of literature examines factors affecting FIP in female broiler

breeders. Johnson and Farrell (1983) calculated a maintenance HP value for broiler



breeder hens of 365 ki/kg BW™'%/d. This value is close to, and not statistically different
from. the maintenance HP value of 367 kJ/kg BW%7*/d calculated by Spratt er af (1990a).
Higher maintenance HP values for broiler breeder hens, 379 kJ/kg BW%3/d and 534
kJ/kg BW? /4, were reported in earlicr studies by Grossu ¢f af (1976) and Balnave er al
(1978), respectively, These higher values may be due to a difference in the broiler strain
and/or changes in environmental and feeding management methods. Heat production
altributable to egg production was calculated by Spraut es a/ (1990a) to be 140 ki/kg
BW/d above maintenance levels. The contribution to HP made by different organs and
lissues was determined by Balnave er al (1978) for the liver and by Spratt er u/ (1990b)
for liver, intestines (ileum), reproductive tract (magnum), and muscle (latissimus dorsr).
Other researchers have examined HP in broiler breeder pullets on food restriction
programs, i.e. imit-fed birds (Bennett et a/, 1990; Pinchasov and Galili, 1990; MacLeod
et al, 1993). Only limited metabolic research on male broiler breeders is available in the
hterature. Two studies by Shannon and Brown (1969, 1970) delermined maintenance HP
in male broiler breeders of 401 kJ/kg BW7*/d and 520 kJ/kg BW® "/d, respectively.
Knowing that both maintenance and productjon requirements are bemg met 18
especially important in limit-fed broiler breeders since deficiencies can result in impaired
growth, health and reproduction. Heat production data can serve as a tool {or
determining these requirements and, therefore, is useful not only to the researcher but to

breeder industry in designing their management programs.



BODY COMPOSITION

In the food animal world being able 10 assess BC is an important concemn since
Jean to fat ratios and size of specific body paris directly relate to the value producers will
recetve for their product. Over the years various methods have been used to assess BC tn
animals, however many of these methods are subjective and depend on the experience of
the person pecforming the assessment (Hedrick, 1983). As the laboratory and
technological methods available have improved, rescarchers have had a wider range of
methods 1o select from 1n order 10 determine BC for their animal of interest. (Topel and
Kauffman, 1988). The gold standard for measuring BC in food animals 1s, without a
doubt, proximate analysis (PA), also referred to as chemical analysis. However since this
method requires that the animal be sacrificed, it is not a good tool for selecting breeding
stock or for gathering information on changes in BC that occur as the animal grows.
Therefore, there is a need for noninvasive methods for assessing BC that allow making
accurate measurements in vivo.
Morphologicul Measurement Methods

Over the years external body measurements (e.g. body weight, keel length, head
width, pelvis width, abdominal skinfold thickness, shank length and circumference, girth,
and breast width, angle and height) have been examined as a method of assessing
changes over time in BC, and for estimating body and potential carcass composition in
broiler breeders. Instruments have been developed and tested in an altempt to make
morphological measurcments as objcctive as possible (Reid er af, 1984),

Extensive research has examined the relationship between BW and BC in male

broilers (Griffith ef al, 1978 Summers ¢t al, 1988) with the resultant consensus being



that BW is not a good predictor of BC. Robinson er al (1996) examined shank length,
head width, keel length, and girth in broiler breeder hens that were photostimulated at
different ages: no significant differences (p -- 0.05) were found at trial end (bird age 60
weeks) among the treatment groups for any of the morphological measurements other
than for girth. Since girth has historically been used to determine the degree of
“fleshing” (i.e. the amount of body muscle, particularly of the breast muscle), it would be
expected for girth to be related to differences in body size, as was the case in the
referenced study. In this study it was also noted that increased girth was accompanied by
a higher fat pad weight, although this relationship was not examined statistically.
Latshaw and Bishop (2001} examined several morphological measurcments (pelvis
width, back length, keel length, breast width, girth, and abdominal skinfold thickness) in
five genetic lines, four of which were broiler lines. Models were then developed to
estimate BW and BC components based on the morphological measurcs with accuracy
increasing when multiple measurement types were included in the predictive cquation.

Market demand in the United States has led the poultry industry to select for
increased breast yield; unfortunately this increase in breast size has been accompanicd by
an increase 1o (a1 content (Chambers er a/, 1981). Although total body fat can be
determined accurately (r* = 0.953) through PA of the bird carcass (Lewis and Perry,
1991), there exists a need to be able to estimate total body fat in vivo. Since researchers
have shown a moderate to good retationship between abdominal fal wéigh( and total body
fat with 2 ranging from 0.60 to 0.82 (Becker et al, 1978; Becker ef ul, 1981; Chambers
and Fortin, 1984), the ability to accurately estimate abdominal fat weight would

potentially allow for an estimate of total body fat. Using abdominal skinfold thickness.



not including the underlying fat pad, as a predictor of body fat has yielded varying
results. While Latshaw and Bishop (2001) found abdominal skinfold thickness combined
with BW 16 be a good estimator of body fat (R?=0.63), Mirosh ez al (1980) found a poor
correlation (r ranging from —0.03 in male broilers to 0.17 in female broilers) between
abdominal skinfold thickness and abdominal fat weight. A caliper methodology, wherein
abdominal fat pad thickness was used to estimate abdominal fat weight, was developed
by Pym and Thompson (1980). Their calculations showed a modcrately good correlation
(0.76 for broiler males and 0.75 for broiler females) between estimated abdominal fat
weight and actual fat weight. Subsequent studies, utilizing the same basic caliper
procedure, have had mixed results with a wide range of correlation coefficient values (r)
observed for abdominal fat pad thickness to abdominal fat weight correlations. Gyles er
al (1982) found very low correlations (r ranging from 0.005 to 0.17, n=260) in a group of
mixed-sex broilers. Mirosh and Becker (1984} investigated this relationship and found a
very low correlation (r—0.05, n -69) in female broilers and a moderate correlation (r=0.46,
n=351) in male broilers. In a group of 904 broilers (sex not stated), Chambers (1982)
found .ow 10 moderate correlations between abdominal fat weight and abdominal wall
thickness measured in two locations (right side, r=0.27; lefi side, =0.49); although not
stated, inclusion of the fat pad thickness in these abdominal wall measurements is likely.
Another moderate correlation (r=0.51, n=36) was observed by Rose and Michie (1983) in
a group of mixed sex broilers. The failure of these subsequent investigations to find
correlations similar to those found by Pym and Thompson (1980) raises concemns about
the usefulness of this technique. One possible explanation for the wide range of values

found was raised by Pym (1981) in a study that examined operator effect an abdominal

11



fat pad thickness data collection. In this study that examined two caliper types, a large
difference was observed between the correlation coeflicient (relating mean caliper
reading and percent abdominal fat) calculated on the data collected by an experienced
operator and those data obtained by two inexperienced operators (Table 1). Additionaily,
Pym (1981) found that the experienced caliper operator’s measurements were more
consistent, as evidenced by the higher correlation coefficient for repeatability, than those
taken by the inexperienced operators. Similar obscrvations were made by Rose and
Michie (1983), wherein abdominal fat pad thickness measurements in laying hens by two
experienced caliper operators yjelded higher correlations to abdominal fat weight per kg
BW (r=0.75 and 0.81) than the correlation calculated on an inexperienced operator’s data
(r=0.59) for the same number of birds (n=36).
Lahoratory Methodologies

Proximate analysis, the gold standard for BC determination, is a labor intensive
and time consuming process beginning with homogenization of the whole bird or the
carcass, depending on the sample unit selected for a particular study. One approach is to
freeze then grind the raw sample unit (Chambers et a/, 1981; Bennett and Leeson, 1990;
Lewis and Perry, 1991). Another approach is to heat process the sample unit by pressure
cooking (Robinson et «/, 1996) or autoclaving (McDonald, 1993) before grinding.
Extensive sampling and processing to determine dry matter, protein, lipid and ash follows
homogenization. Since accuracy is of prime jimportance, double and triple replicates of
each sample are routinely processed. Even with the assistance of automated

instrumentation for some of these processes, all of which must meet accepted standards



(AOAC, 1998), these processes are very time consuming for the researcher and their
technical staff.

Carbon-nitrogen balance (CNB) has been used historically to determine energy
rctention during a tissue accretion period. It, like PA, is a labor intensive and time
consuming process requinng determination of the carbon (C), nitrogen (N), and energy
values ot the food entering, the excreta exiting, and any body components (e.g. feathers)
shed from the body as well as the amount of C exhaled as CO, (Farrcll, 1974). Encrgy
retention during the experimental period is then estimated by inserting the retained C and
N values, determined by subtraction. into an equation (Brouwer, 1965):

Energy retention (kJ) ~ (51.83 kJ/g C)(g C retained) — (19.38 kJ/g N)(g N retained)
Additionally, estimates of the change in BC during the experimental period may be
estimated from the amount of retained C and N (Blaxter, 1989). These estimates arc
based on accepted values, originally determined through chemical analysis, of 52.0% and
76.70% for C and of 16.0% and 0% for N in body protein and fat, respectively (Brouwer,
1965). The advantage of using the CNB method is that the animal being studied does not
have to be sacriticed, thus allowing the investigation of changes in encrgy and BC over
time in the same animal. However, there is a high potential for introduced crror during
the many steps involved in both the experimental period (e.g. feed weighing, excreta
collection) and in the laboratory analysis period.

{echnological Methodologies

Advances in technology have led to more sophisticated methods of determining

BC, one of these is ultrasound (U/S). The beef industry has used U/S in vivo to ascertain

the size of the rib eye and the thickness of backfat in cattle for a number of years



(Brethour 1989, 1990; Henderson-Perry ef al 1989). Since these two measurements are
major components of the equation used by federal graders to determine yield grade in
cattle, it is to the producers’ advantage to have a noninvasive mcthod of asscssing them.
Other research has explored using U/S as a tool for predicting future yield in cattle
(Smith er al, 1989). A study by ROmignon er af (2000) using male broilers found that
breast musclc area calculated from recorded U/S images was a good predictor of breast
muscle mnass (R?=0.84 in one experiment and R”=0.78 in another). Bethour (1992) found
a high correlation (r=0.975) between consccutive U/S measurements on the same animal
when performed by the same operator. The amount of training on interpretation of U/S
images was found to be another factor in the determining the reliability of U/S data
(McLaren et al, 1991). The ability to reliably repeat in vivo measurements and to
accurately interpret the images increases the potential for using U/S in the field as a tool
for determining BC of food animals.

Another technologically sophisticated method is dual-energy X-ray
absorptiometry (DEXA) that provides an cstimate of total BC (lean, fat and bonc
mineral). Tae accuracy of DEXA estimates of BC components in pigs, when compared
to chemical analysis, was investigated by Svendsen e/ ¢f (1993). [n their study
regressions analysis demonstrated strong relationships (r* 0.98 for lean, 0.99 for fat and
0.93 for bone mineral) between the two methodologies. Dual-energy X-ray
absorptiometcy was used to measure incremental changes in BC in growing pigs in one
study (Mitchell ¢z af, 1996) and in growing chickens (Mitchell ¢t al, 1997). [n both
studies regression analysis of BW, as estimated by DEXA. over the actual gravimetric

BW determined the two were closely reiated (r2~0.99). While the pig study data



indicated that DI* XA was a viable method for determining BC changes over time in
growing pigs (P<0.053), the chicken study results were less conclusive. In that study it
was observed that the accuracy of the DEX A measurements varied depending on the
weight of the chickens, the body component being measured, and the scanning mode
used (Table 2) with the most consistent relationship seen in the leanpexa to proteinpa
relationship. In chicks ages 0 to 14 days, Mooney (2000) determined through regression
analysis that the best relationship between DEXA estimations and PA determinations of
BC was between proteinp, and leanpgya (rz' 0.83), followed by ashy4 to bone
mineralggxa (r2=0.75). The lipidpa to fatpxa relationship was determined be the poorest
(r’=0.59) among the three. The data from these two studies suggests that further
investigation. defining the relationship between DEXA estimates of BC and BC
determined by chemical analysis, needs to be conducted in order to ascertain the
reliability of DEXA scanning data in predicting BC in chickens.

Other technological methods that have been investipated by poultry researchers
include nuclear magnetic resonance imaging and spectroscopy (Mirchell ef ul, 1991) and
total body electrical conductivity (Latshaw and Bishop, 2001). Nuclear magnetic
resonance imaging and spectroscopy were found to be good estirmators of total body
water. protein and lipid content (R%>0.93). Although total body clectrical conductivity
data, when analyzed alone, proved to not be a good predictor of fat, its inclusion in a
predictive equation using other parameters improved that R? from 0.63 to 0.78. The
usefulness of these and other technologically sophisticated methods of determining BC

will continue 10 be studied. As in the past with older BC determination methodologies,



ease of use, cost. availability, accuracy and safety will all be factors in determining which

methodologies will find wide-spread use among researchers and industry.
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Table 1. Correlation coefficients (r) generated’ in a comparison of two caliper designs,
used to determine abdominal fat thickness in broilers, used by three operators with
differing experience levels

Mean” caliper reading Repeatability of caliper
and Percent abdominal fat measurement
(r) (0
Sex (n) Operator’  Caliper | Caliper 2 Caliper | Caliper 2
Males (16) 1 0.88 0.87 0.81 0.85
2 0.80 0.82 0.57 0.73
3 0.55 0.65 0.29 0.17
Females (16) ] 0.78 0.65 0.77 0.73
2 0.46 0.59 0.42 0.27
3 0.11 0.08 0.01 0.14

"PYM. R A. E.(1981) Operator cilect upon the prediction of ibdominal fat in live hroilers using 11 caliper meusurement fechmigue
Australion Associanon of Anunal Breed:ng und Geneucs, Proceedings of the 2 Conference. pp. 156-157

" Of three measurements made with cach caliger on eoch bird by ench operator,

" Operasor | was the mosi experienced operator.



Table 2. Relationships determined’ through linear regression between body
composition (BC) components in chickens as estimated by dual-energy x-ray
absorptiometry” (DEXA) and as calculated with proximate analysis (PA)

Relationship (r’) between BC components (PA/DEXA)

Bird Size (g) DEXA mode Protein/Lean Lipid/Fat Ash/Bone mineral
1210 + 89 Neo-med? 0.95 0.42 n/a
2521+ 63 Neo-med 0.93 0.78 0.05
1205 + 108 SA-det’ 0.97 0.65 0.54

2699 + 111 SA-det 0.95 0.40 0.51
1299 + 64 SA-det 0.92 0.68 0.57
2458 + 76 SA-det 0.91 0.81 0.23
1299 + 64 SA-HR® 0.97 0.6 0.63
2458 + 76 SA-HR 0.90 0.73 0.25

"MITUHELL, A D, ROSEBROUGH. R W & CONWAY, J. M. (1997) Dedy composition mulysis of chickens by dual energy x-
ruy absorpliometry Poultry Scrence 76: 1746-1752.
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SUMMARY

1.

(]

Indirect calorimetry was used to measure fed, tasted and basal metabolic rate (BMR)
related heat production (HP) of 5 to 50 week old broiler breeder females whose body
composition was defined using both dual-energy x-ray absorptiometry (DEXA) and
proximate analysis methodologies. Birds were housed at 3 different ambient
temperatures (16, 22, or 32 C).

Heat production (kJ/bird/h) was decreased (/7<0.05) within all ages by fasting,
whereas overall HP (kJ/bird/h) increased quadratically with bird mass.

Regressing log HP of birds held under BMR conditions vs. Jog body weight yielded a
classic exponent of 0.67 for converting live weight to metabolic body size.

Body composition changes, tracked by age with DEXA and proximate analysis
procedures, yielded results with excellent correlation (R > .95) for lean, lipid and
bone masses. Equations relating the two methods are presented.

Regressing HP during BMR on body composition components (lean, fat and bone
mass) determined with DEXA yielded equations relating bird composition and BMR.

Data estimate the energy costs of oviposition at 45.85 kl/bird/day.

INTRODUCTION

Broiler breeder pullet growth rate is normally restricted in an attempt to match

body weight (BWT) and sexual maturity for enhanced reproductive performance

(Robinson er al, 1993). Breeder management guides typically provide feeding regimens

to synchronize bird BWT with age (Cobb-Vantress, Inc., 1998). However, BWT is not
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the only factor related to subsequent reproductive performance (Bartov and Wax, 1998)
as body composition (BC) has also been demonstrated important in this regard (Bomstein
et al., 1984: Soller er ul., 1984, Robbins et al,, 1986; Robinson and Robinson, 1991).
Additionally, Miller and Blyth (1953) found that fasting HP estimates are well correlated
with lean or fat-free body mass (r = 0.92). This suggests that HP data may be used to
estimate lean mass.

An inverse relationship between bird HP and ambient temperature (AT) occurs
when AT falls below or exceeds critical fimits bordering the thermoneutral (TN) zone
(Brody, 1945; Romijn and Lokhorst, 1966, Meltzer ef al., 1982; Stanier et al., 1984;
Blaxter, 1989). This effect, however, can be potentially offset by bird acclimatization as
Liet al. (1992) and Wiernusz and Teeter (1993) both observed a FIP decline when AT
increased, regardless of food intake.

The curvilinear relationship between the fasting HP of a postabsorptive bird at
restin a TN environment, and its live weight is lincarized when HP s related to
“metabolic body size™ (MBS). An appropriate exponent for converting live mass to MBS
is attained via the slope of log HP regressed on log BWT (Bender, 1993). Previous
studies have proposed the exponent for linearizing BW'T and HP at values from 0.75
(Brody and Proctor, 1932; Kleiber, 1947) to 0.67 for poultry (Brody, 1943). Other
authors suggest that a more accurate exponent value is obtained when MBS is calculated
on a species basis or on a species basis adjusted for age and sex (Thonney ef ul., 1976;
Johnson and Farrell, 1985). This has led to a range of exponent values being applied to

poultry.

)
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Using the energy mode! described by Hurwiiz er af. (1978), Pinchasov and Galili
(1990) calculated maintenance (6.57 kl/g BWT*%/day) and growth (2.97 kJ/g gain/day)
energy needs for 3 to 20 week old broiler pullets. These values are similar to the of 6.74
kJig BWTO'M/day reported for Leghorn females (Hurwitz ¢/ al., 1978). and the 6.07 kJ/g
BWT?%/day reported for layers (Rornstein er al., 1979). However Pinchasov and
Galili’s (1990) estimated energy need for growth was considerably less than the 9.16 kl/
g gain ceported by Hurwitz er al. (1978) for Leghorn females and the 8.37 kJ/g gain
reported by Bomnstein er ol. (1979) for layers. Pinchasov and Galili (1990) speculated
that the decrease may be due to genetic and management changes implemented between
the late 1970°s and 1990, with the 1990 values presumably morc accurately describing
the modem birds’ requirements. Separation of maintenance and growth encrgy-nutrient
needs of limit-fed pullets may atlow fine-tuning of ration formulation-consumption
allowances to better achieve specific age-body composition combinations.

Historically, BC in tood auitnals has been estimated via proximate analysis.
However, sisice proximate analysis i« luborious and nccessitates animal slaughter, it ig
limited in its application. Dual-energy x-ray absorptiometry (DEXA) provides a non-
invasive method of monitoring bird BC changes over time, Mitchell ef al. (1997)
evaluated the accuracy of two different DEXA programs vs. proximatc analysis,
reporting good correlations (r* 0.90 to 0.97) for the methodolopies examined for lean
mass. [urther, the authors determined that body size as well as the scanning program
utilized affected the accuracy of DEXA body fat estimation compared to chemical
analysis (R? ranging from 0.33 in birds under 2000 g up 10 0.73 in birds weighing 2000 g

or more). The objectives of the study reported herein were 1o determine relationships
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among HP (in {cd and fasted states), BWT, and BC by both DEX A and proximate

analysis.

MATERIALS AND METHODS

A 10 X 3 factorial experiment, was conducted utilizing 10 broiler breeder female
ages (5-50 weeks) housed at 3 ambient temperatures (AT) (16,22, and 32 + 1 C) such
that AT-age mediated effects on HP might be related to BWT, BC, and physiological
state. Ten commercial broiler breeder parent famms simultaneously supplied the ten age
groups (one age per farm) of females from the Cobb female line. Twelve birds were
obtained for the 5-, 13-, 20-, 25- and 30-week age groups, whilc nine birds were oblained
for the 10-, 30-, 35-, 40- and 45-week age groups. Cxperimental group numbers varied to
reflect facility limutations. Twao sets of data collections, one week apart, were required to
complete the measurements. Within each age classifications, birds were selected to fall
within 100 grams of the target live ted BWT (Cobb-Vantress. Inc., 1998; Wiernusz,
personal communication,$999).

Upon arrival at the research facility, birds were held overnight in the dark at 22 C.
The tollowing moming birds were individually placed in open-circuit calorimetry
chambers (Figure 1), as per a pre-determined randomization plan. Two sizes of chambers
werc utilized: twenty-four large calorimetry chambers (53.8 em X 76.8 cm X 74.2 ¢cm) as
well as thirty-six small calotimetry chambers, previously deseribed along with general
components and methods (Wiernusz and Teeter, 1993; Belay and Teeter, 1993).
Calorimetry chambers were equally distributed in three light and thermostatically

controiled rooms with 20 chambers/room (12 small, 8 large). Due to the various ages
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ntitized in the study, no onc lighting schedule was appropriate, therefore, lighting was
fixed at 10 hours light and 14 hours dark.

Following chamber placement, birds were fed for three days per breeder
recommendations as 1o amount and composition (Table 1). Feeding levels of 47.5, 48.0,
64.0, 93.0, 118.0, 152.0, 145.0, 141.0, 140.0 and 140.0 g/d were utilized for the bird ages
5,10, 15,20, 25, 30. 35, 40, 45 and 50 weeks, respectively. Upon completion ot the 3-
day feeding period, feced was removed for the remainder of the study. Consequently, the
study comprised 3 periods; farm selection and transport to research facility, feeding
period, and fasting period. Birds were weighed 4 times so that bird weights and weight
changes between weighings could be monitored. Live wetght was determincd on the
famm at selection, prior to placement in the calorimetry chambers, when feed was
removed at the beginning of the fasting period, and upon completion of the fasting
period. All birds had continuous access to water during the study.

Concentrations of Oz and CO; entering and exiting the calorimetry chambers were
recorded two times per hour for the smaller chambers and three times per hour for the
larger chambers using an Allen-Bradly data acquisition system. Oxygen consumption
and carbon dioxide production were cstimated as the difference between incoming and
outgoing chumber gases, multiplied by the chamber airflow rates. Air flows were: 4491,
6683, 8114, 10116, 12446, 13499, 14159, 14489, 14489 und 14933 ml/min for 5, 10, 15,
20, 25, 30, 35. 40, 45 and 50 week old birds respectively. Brouwer’s equation (1965)
was subsequently used to estimate HP from the calculated O; consumption and CO;
production values. At completion of the experimental period birds were removed from

the metabolic chambers, weighed, humanely euthanatized via CO; asphyxiation (Smith ef
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al., 1986), double bagged in polyethylenc bags, and frozen at ~20° C unti] further analysis
was performed.

Upon thawing, lean and fat mass as well as skeletal mass and density were
estimated using DEXA (Hologic QDR™ 1000/W; Figure 2). Previous experience in our
laboratory indicated usc of the whole body rat mode for scans of birds weighing under
1500 grams and the whole body infant scan mode for birds exceeding 1500 grams for
increased accuracy. Following DEXA scans all birds were again double-bagged, frozen
and held in a —20° C freezer until proximate analysis was performed.

Preparation for proximate analysis (PA) included thawing birds for 3 to 4 hours,
placement in covered containers and autoclaving (Amsco”™ Eagle 3000 Series) for 20
hours at 11 psi (116° C) followed by ovemight cooling. Each whole bird, including
feathers, was then homogenized and dry matter immediately determined. Samples were
subsequently assayed for lipid content by ether extract (AOAC International, 1998), bone
mass by ashing, and nitrogen and carbon content using the LIECO CN-2000 Nitrogen
Analyzer.

Statistical analysis of the 10 X 3 factorial treatment arrangement was performed
using the General Linear Model (GLM) of the SAS™ System (SAS Institute, 1999).
Differences among treatments were separated using least square means. The AT, bird
age (weight)-HP relationship was examined as a 3-dimensional array to identify the AT
closest to TN for each age group. Bird HP, while housed in the presumed TN
environment, was subsequently transformed by common logarithm and regressed on log
BWT so that the exponent for converting live BWT 10 MBS might be estimated (Brody

and Procter, 1932). Relationships between the two body composition determination



methods were examined by correlation procedure. [.inear, non-linear and multiple
repression wure utilized to develop predictive equations for HP based on body weight and
composition and to determine MBS, Paired t-tests were utilized to compare the predicted
HP values to actual HP values. Resulting equations relating both composition (lean and
fat) and BWT to BMR of non-laying birds were applied to the birds from 30 to 50 wk of
age with observations of daily cgg production. Resulting HP was compared between
hens laying an egg and hens not laying an egg. The resulting diffcrence was compared
by paired t-tests to estimate the HP costs associated with the egg formation and

oviposition process.

RESULTS AND DISCUSSION

One mortality occurred during the study; the partial data set on this 40-week old
bird was excluded from analysis. On farm seiection target body weights (Table 2) were
met for all ages, save for the 10-week age group whose target fell below the 1100 g
desired weight by 100 g. The percentage decrease in BWT from target to placement
BWT ranged from 4.5% to 7.8% for the ten age groups.

Body composition was estimated by both the proximate analysis and DEXA
methods (Table 3). Proximate analysis provided classical body composition data on a dry
matter basis with a whole body water estimate. The total weight of the four components
(crude protein, lipid, ash, water) was examined as a percentage of the live fasted BWT
and accounted for 98.4% 10 99.9% of live mass. The DEXA composition measures
included lean, fat and bone mass. Previous work in the authors™ laboratory suggests that

accuracy might be improved by rescanning when total BWT estimated by DEXA was
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outside 5% of the gravimetric mass. In this study all 104 DEXA cstimates of BWT were
 within ~ 3.4% of gravimetric mass. The total weight of the three DEXA estimated BC
components (lean tissue, lipid, bone mass) accounted for 96.9% Lo 100.9% of live mass.

Correlation between DEXA and PA composition estimates was examined (Table
4). The highest correlation observed occurred between the DEXA lean tissue and PA
protcin mass (R=0.9932, P<0.01). Lipid mass was quantitatively similar (/>0.1) for the
DEXA and PA estimates (R :0.9552; P<0.01). As such, body fluid may be assigned to
the lean mass and enables an estimate of lean tissue dry matter across age. Mean dry
matter for lean mass is theyeby estimated as 24.7%, calculated as {3 [(PA protein In @),
/(DEXA lean in g)ug (100)]3/(10 age groups), and may be used to interconvert PA
protein and DEXA lean mass.

Heat production (within an age group) declined (2<0.05) as the birds transitioned
from fed to fasted states with and without light exposure (Table S). Since environmental
conditions were controlled, the decline reflects a reduced dietary heat increment (Stanier,
1984) and light stimulated activity. Fasted HP per bird was quadratically related to
BWT, presumably due to a changing surface area to BWT ratio (kJ/bicd/h - 7.07911} +
0.00285 BWT +9.312 X 107 BWT?, R’=0.99), while HP/kg BWT decreased (ki/kg
BWT/h = 19.94474 —0.00977 BWT + 1.88 X 10° BWT? R’=0.93). Thesc HP-BWT
measures are in general agreement with published data (Stanier, 1984; Blaxter, 1989;
Beker, 1996). Other factors that affect HP include activity (Stanier ¢r-al., 1984) and
ambient temperature (Blaxter, 1989). The reported HP values cotlected with the birds in

a post-absorptive state at rest in the dark would presumably reflect BMR if housed at TN,



To examine fasted HP (kJ/kg BWT/hr) among weight categories, all birds were
assigned (o one of nine weight classes. Due 10 BWT similarity, the 40- and 45-week-old
birds (mean BWT of 3.315 vs. 3.332 kg respectively) were examined as onc weight
group. When HP within a weight-AT group was examined (Table 5), differences
attributable 10 AT were detected. In all but the 1350 g and 2000 g BWT groups (ages 15
and 25 weeks respectively), HP decreased (P<0.03) as ambient tempcrature increased.,
By definition, HP for birds housed within the zone of thermoneutrality would be
minimized. Bender (1993) defined BMR as the HP in a fasted, but not starving, adult
animal at rest in a thermoneutral environment. [n this study the data surprisingly
suggests that the warmest environment (320 + 1° C) best represents the thermoneutral AT
for all age groups: this AT is considerably higher than the recommended optimum AT
range of 18 to 21 °C (Cobb-Vantress, Inc., 1998). One explanation for this discrepancy
may be that the birds became acclimated to the summer conditions on the tarms from
which they were taken. This explanation is supported by previous work indicating that
the thermoneutral zone may change depending on the AT to which birds are acclimated
(Balnave, 1974), and other studics in the authors” laboratory have demonstrated that heat
stress suppresses BMR.

In order 1o evaluate these current HP values against historical HP values, three
broiler breeder female HP studies, representing a 12-year span, were selected with female
breeders that could be matched by BWT to the birds in the current study. In order to
minmimize the etfect of different lighting schedules, the HP values determined in the
current study were weighted (c.g. mean by hour current HPyu times hours of dark in

historical study) to match each of the selected historical studies. The AT ranges reported



were 20 10 22 °C with an AT range for the current study ot 16 10 32 °C. Fasted HP values
determined herein (Table 6) were generally tower than those previously reported for all
but one case (Balnave ¢f «l., 1978; Johnson and IFarrell, 1983; Spratt ¢t al., 1990). The
trend for lower HP in modern lines may suggest thcy are more metabolically efficient or
may reflect acclirmatization to their high AT exposure. Differences between current
values and those previously reported were only apparent for fasted HP values. With fed
HP values, there was no clear-cat trend even when weighted for lighting schedules.

The cxponent to convert live BWT 10 MBS may be estimated by regressing log
HP (klJ/bird/day) on log BWT (kg) with the resulting slope being the exponent. Using the
63 HP values for birds determined to be closest to their thermoneutral environment
yielded an exponent of 0.67. This matches Brody’s (1945) exponent value of 0.67. As
such, the data appears (o suggest that heat dissipation of breeder stock has not changed
over the past 58 years. Conversely, it may be speculated modem birds cither have a
surface area to BWT ratio and metabolic rate similuar 1o their 1945 predecessors, or that
alterations have been interactively offset.

Regression of fasted HP (kJ/bird/h) on BW'T and BC (DEXA) components was
performed to create predictive equations (Table 7). When using fasted BWT as the
prediction basis, the R? observed for the linear equation was somewhat improved by
development of a quadralic equation. When using the DEXA components as the
prediction basis, a similar improvement of R* was observed when multiple rcgression,
using all DEXA components simultaneously, was utilized. Two of the equations. the
quadratic based on BWT and the multiple regression based on all three DEXA BC

components, were applied herein as 2 method of ascertaining their rcliability. Paired T-
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tests examined the two predicted HP values against actual fasted HP for individual birds,
where mu = (actual HP — predicted HP) = 0. The data were examined with all birds
included in one group and with birds separated into age groups. No statistical difference
(P<0.05) was observed in any of the t-tests. Given these results, it appears that the
equations presented herein may be utilized to estimate EP in this strain of broiler breeder
females.

Data in the current report enabled estimation of the energy requited for cgg
formation plus oviposition (Table 8). Values predicted for daily BMR by use of either
DEXA composttion or BWT were in close agreement (and not significantly different) to
the observed valuecs when no egg was laid, confirming the vahdity of this modeling
approach. The data indicate that the energy cost of egg formation and oviposition is

approximately 45.85 kJ/bird/day.
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Table 1. Diet formulations for grower and breeder diets fed to ten female broiler

breeder age classes

Ingredients
Com
Soybean meal (48§%)
Wheat midds
Phosphate, Ca Di-phosphate
Limestone
Lysine
Methionine
Termin-8
Fat, animal & vegetable
Salt
MHA -Alimet
Vitarnin premix
Hygromix
Choline
Trace minerals
Ethoxyquine, dry
Sodium carbonate
Tri-basic copper chioride
ME (kJ/kg)
Crudc protein (g/kg)

Grower' Breeder?
pkg g/kg
646.12 667.16
168.54 220.98

148.16 0
17.188 16.618
8.111 635.1%0
7.514 8.252
3.300 3,703
3.000 3.000
2.500 18.7135
2,129 1.600
1.006 1.305
1 000 1.250
0.750 0.500
0.728 0.923
0.600 0.600
0.165 0

0 2.000

0 0.165
11.966 12.242
150.0 155.0

' Grower Ied 10 birds oges S, 10, 15 and 20 wecks, * Riceder fcd 10 birds ages 25, 30, 35, 40, 45 and 50 weeks,
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Table 2. Mean (by age) gravimeltric body weight (BWT) observed for broiler breeder
Sfemales ages 5 10 50 weeks

Age (wk) 5 10 15 20 25 30 RE 40 45 50
Farget' (g7 620 00 1320 2160 2950 3310 3587 3677 3768 3836
Farm?! (g) 614G 1007 I52° 21717 2938" 3337  3500° 3684 36912 3842
Placement’ {g) 576 923 1412 2034 2773 3127 305 3477 3497 3661
% change from -70 218 -7 -7 =60 -56 -17 -5.5 -7.2 -5
Target @ Plucement

Begin fast (g) 625 584 1481 2159 3009 3230 3430 3563 3624 3748
End fast® (g) 550 844 1348 (993 2800 2973 317I 3315 3332 3491

‘Target = BWT ~ 100 g vsed 10 seleed birds: * Form - Mecan BWT ot ume of selection: "Placement = Mean BWT al beginning of fed
pefiod; ‘Begin fast = Mcan BWT at beginnmg of tasting period: *End Tast = Mean BWT al end of fasting peried (hour 44 of ast).

* BWT at time of sclection nat recorded by farm peisonnel, therefore Famm BWT estimated buscd on lincar regresvivn cquation. Farm
BWT = 49.044 + (1.D424 ¢ Placcment BWT), R2 - 0.9931, P<0 0001, N 30 where N represenls those dirds with both Farm BWT

and Placement BWT recorded.
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Table 3. Mean (by age) group fasted body weight (BWT) and body compesition
measurements, determined by proximate analysis (PA) and dual-energy x-ray
absorptiometry (DEXA), observed in 10 age groups of broiler breeder females

Age (wk) 5 10 15 20 25 30 a5 40 45 50
Number of birds 12 9 12 12 12 9 9 8 9 12
Fasted live BWT (g)' 552 882 1347 1998 2798 2969 3173 3315 3329 3404
Proximate analysis
Protein (g)* 13 198 313 440 592 623 648 641 66l 691
Lipid (g 34 14 a0 154 348 336 412 $s6 440 510
Ash(g)’ 17 33 s 76 104 105 112 99 16 1138
Waler content {g)J 386 G35 940 1324 1747 1898 1960 1967 2059 2121
Whole bird (g)"* 550 R8I 1345 1994 2791 2060 3132 3263 1276 3440
% of live fasted BWT 99,7 989 R 99.8 99.7 99.6 98.4 984 984 98.5
DEXA*
l.ean (g) 474 97 1227 1677 2151 2518 2636 2643 2817 2843
Fat (g) 68 65 101 212 312 335 418 556 403 518
Bone (g) [ 13 31 47 Hh3 63 T4 64 75 76
DEXA BWT(g) 533 880 1359 1936 2726 2918 3128 3263 3295 3437
% ol live fasted BWT 100.2 99 %8 100.9 96.9 97.4 98.3 98.6 984 99.0 9B.4

" Hour 44 of fast; ¥ Dry matter basis, * Water content esiimate derived through subtraction. * As-is hasis.



Table 4. C orrelatmn of broiler breeder fergle pody compos mon data determined by
proximate analysis' (PA) and ducl-energy x_rq, absorptiometry” (DEXA) und
gravimetric (GRAV) body weight (BWT)

Correlation Coefficient

Com position Companents ) P-value N
DEXA Lcan to PA Prolcin 0.9932 <0.0001 104
DEXA Fat 10 PA Lipid 0.9552 <P 0001 103
DEXA Bonc 10 PA Ash 0.9795 <0.0001 104
GRAV BWT to DEXA BWT 0.9996 -0.0001 104
GRAV BW | 0 PA BWT 0.9891 <0.00V1 104
DEXA BWT 16 PA BWT 0.9888 <0.0001 104

' Dry-malice basis; * As-is basis
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Table 5. Fed and fasted heat production (HP) under light and dark conditions
determined in ten ages of broiler breeder females housed in three ambient

temperatures (AT)

Mean HP' (kJ/hr) across AT (104 birds)

Age (wk) 5 10 15 20 15 30 35 40 45 50

HP (kJ/bird/hr)

Fed (light) 21.75% 22370 2827 33317 478" 51,760 5343 5225 5527 5303

Fed (dark) 15.46°  1483°  19.44®  2525" 3558 3880° 3896" 378" 4061° 3957

Fasted(light)y  11.06° 1377 1685 1938  2664° 3372 2905° 3419 3423° 3203¢

Fasted{dark) 896 1029  1291° 15757 22050 25047 24287 27420 2780 2740
HP (kJ/kg BWT/hr)

Fed (light) 39.53* 2541 209%" 1678 1677 17.36°  16.81° 1573 164358 1525a

Fed (dark) 2809°  1684%  1443% 1271 269" 132" 1229° 140" 1207" 1138

Fasted(light) 20001° 15.63° 1253 9755 951 1832 008 10315 10270 9.20°

Fasted(dark ) 16.26° 1169 959 793¢ 791* g41* 766?828 834 7gs
*°9 hMeans in the same column and within a HF category not followed by a cammon superscnipt dalTer significandy (P< 0.05).

Fasted (dark) HP (kJ/kg BWT/hr) in three ambient temperatures (AT)

Age (wk)? 5 10 15 20 25 a0 35 40-45 50
BWT (g)° 550 880 1350 2000 2700 2970 3175 3315 3500
AT

16 +10C 16.04° 11.87¢ 10.02° 8.61° 7.77¢ 10.10° 8.44¢ 9.20° 7.99°

22 + 10C 19.64' 1253° 9.40* 7.49" 771 8.12" 7.91° 8.05" 8.85°

32 +10C 1294 1067 9.36' 7.70" 8.2 7.00° 6.63" 7,57 677"
BMR' 12.94" 1067 950 7.5V 791* 7.00"" 4.63™ 7.83 6.77"

8 Menns 1n the same column nat fellowed by a common superseript difler significantly { 1< 0 05),

" Means m the BMR row nol followed by a comnion superscript differ sigmificantly (< (1015)

‘Fed (hight) = Mean HP fur 4-hr period beginnmg 2 hr post-feeding, Fed idark) = Mcan HP Tor 4<hr period beginning b he post-
fzeding: Fasted (hight) = Mean HP for hr 26 through 30 of fasting peniod, Fasted (dack) & BMRE = Mean HP lor hr 36 throogh 41t of
fasning penod. All means by age and HP period or BWT class and environmental temperature, “[ue to overlupping fasicd BWT
range. 40- and 45-week old birds combined into one ¢lass, ‘Mear BWT for indicated age groups, 'BMR = Basal Metabohc Rale, note:
values used to calculale mean BMR for cach age group, shown in bold-face type, represent HIP in the thermoneutral environmenl as

determined for this group of birds
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Table 6. Fasted broiler breeder female hteat production (HP) as reported in literature
and as determined in this study matched by body weight (BWT)

As reported in literature As determined this experiment

Ycar Age BWT Fasted HP BWT Age Fasted HP

ublished wh) (kg) (kJ/K (kg)" (wk) (kd/kp/h)?

p ( g/h)

1990° 37 - 40 2.92" 9.12 2.97 30 10.10
1990° 37- 40 2.81° 8.98 2.80 25 8.84
1983* 4?2 3.7 10.83 3.49 350 8.8
1983* 42 3.47 10.67 3.49 50 8.81
1978° 45 3.3¢ 11.69 3.32 40 9.61
1978° 45 3.2¢ 10.9410 11.79 317 35 8.67
1978° 45 3.4 12.74 3.17 35 8.67
1978* 42 2.9 10 3.0" 1261013.15 2.97 30 10.35

' Determined BWT, mean by age, this experiment that most nzarly snatches reporied BWT

! Fasted HP detemuned in this experiment weighted to mateh hghting sehcdules used in publications

' Sprau ez al (19903 Poultry Science 651348-1356

! Johnson and Farredl (1983) Mtruish Pouliry Scicnce 29:439-453

* Balnave e/ 2/ (1978) Bntish Poultry Scienec 19:583-550.

Genelie stocks utrhzed in previously reporied studies - * Hubbard, ® Arbor Acre, € Hvline, ¢ Alhied Genenie: this experiment - Cabb
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Table 7. Predictive heat production (HP) equations derermined by linear, non-linear
and multiple regression for broiler breedey g.,yales ages 5 to 50 weeks based on body
weight (BWT) and on body composition Cormponents

To estimate

Regrcssion Equations

Ligear and multiple

fasted HP DF R? Intercept
kl/foird/h 103 08022 4.34034
kJ/bird/h 103 0.8095 7.05596
kJ/bird/h 103 0.6760 9.45879
ki/bird/h 103 0.7931 3.81749
kJ/bird/h 103  0.8059  4.45366
¥J/bird/h 103 0.808] 4.42228

—

Quadratic rcgression
regression terms term

+6.53199 fasted BWT

+2.90043 fasted BWT

 0.87759 fasted BWT*

+ 0.03499 ful mass (DEXA)

+ 0.00806 lean mass (DEXA)
+ 0.00635 lean mass (DEXA)
-+ @.00938 lat mass (DEXA)
F 0.00744 lean mass (DEXA)
+0.00992 fat mass (DL.XA)
- 0.04391 bone mass (DEXA)

v
La



Table 8. Differences recorded between observed and predicted heat production (HP),

estimated by cither body composition or body weight, as affected by oviposition for 36
broiler breeder hens, ages 30 10 45 weeks

DitTercnce between observed and
predicted HP (kJ/bird/day)

Estimation Method' Egg Produced? Difference Egy effect
Body weight (BW'T; 44 h fast) Yes (N=11) 51.217
No (N=235) 4.85
46.36"
Body Composition (as estimated by Yes (N=11) 50.92*
dual-encrgy x-ray densitometry (DEXA)) No (N-25) 5.58
453 3¢
"P <005

‘Both equalions bused on HP determined 1n aon-cpe 1aying broiler breeder females ranging in age iium S 10 50 weeks (N-93)
HP (ha/bird/d) = (8 2560 + 4 163" 3 fasced AWT ~ 6.025"" g fasted BWT')(24 h). R’ = 0 %98
HP (kfbird/d) = (6 5541 + 6.865 g lean « va+ S 083" p falnax)(24 hy R* = 0.807
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Ficure 1. Small (top row) and large (bottont row)
metabolic clhhambers used for collecting heat
production data.

SS



Figure 2: Hologic QDR 1000 x-ray densitometer used to
estimate whole bird body composition (lean, fat and hone muass).
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ABSTRACT An experiment was conducted 1o estimate fasted (36
(HP) during both dark and lighted periods for brojler males of V&riot
Dark phase fasted HP, presumned to represent bysal metabolic rate (E
curvilinearly with BW. This relationship was linearized via log tran
indicated that the appropriate exponent for converting live BW tom
0.66. Lack of change in the determined exponent since 1945 sugges
in feed conversion ratio for modem breeds is for reasons other than
surtace area o mass ratio. A two-hour lighted period, immediately
determination, increased HP (£<0.05) in all BW groups. Resultant
provide a means of estimating {1P based on bird BW.
(Key words: broiler breeder males, metabolism, heat production, ce
body size)
INTRODUCTION

Although heat production (HP) of male broilers is well-doc!
Swain, 1977; Koh and Macl_ead, 1999), there is a dearth of FIP infi
literature rclated to larger male broilers or broiler breeders. Since |
metabolism, such information provides insight into energy necd an
(Wiernusz and Teeter, 1993), body composition (MacLeod, [ 997),
environmental consequesnces (Jones, 1994). These areas are impor
industry, at both the production and scientific levels.

Basal metabolic rate (BMR), defined as the HP of a fagted
a thermoneutral environment (Bender, 1993), has been used as an

maintenance energy needs (Ruckebusch et al-. 1991). However. s
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account for energy cost of nutrient metabolism and activity associaled with homeostasis.
These values typically increase curvilinearly with BW and linearly with metabolic body
size (MBS). Heat production may be determined by either direct or indirect calorimetry
(Berdanier, 1995). Brouwer (1965) developed an equation utilizing oxygen consumption,
carbon dioxide production, and excretory nitrogen to estimate HP, while Romijn and
Lokhorst (1966) suggested that the nitrogen portion could be disregarded as it accounted
for less than 0.6% of total HP. MacDonald (1993) validated this approach using
comparative slaughter combined with indirect calorimetry.

The objectives of the study reported herein were to estimate FIP of large broiler
males during BMR and a light induced activity period. Further, objectives of this study
were to develop predictive equations relating BW with HP and to estimate the exponent
for converting live mass to metabolic body size as a test of the applicability of
extrapolating broiler data to the large broiler breeder males.

MATERIALS AND METHODS

Birds used in this study were obtained In a manner that permitted examination of
the HP, BW, BMR relationships for a large range of BW. At study initiation there were
four BW classes of birds with mean BW of 0.925, 2.28, 4.53, and 5.06 kg, respectively,
and there were 9 birds per each BW class (36 birds total). All birds were previously fed a
ration containing 20.5% crude protein and 3,190 kcal ME/kg of dict.

Body weight was recorded at the beginning ol'a 42-h fasting period. At hour 34
of the fast, six birds from each BW proup (selected at random) were placed in individual
open-circuit calorimetric chambers (53.8 cm X 76.8 cm X 74.2 ¢m) maintained at 22 °C

as previously described (Wiernusz and Teeter, 1993; Belay and Teeter, 1993). The
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calorimetric chambers were equally distributed in three light- and thermostatically-
controlled rooms. Oxygen consumption and carbon dioxide production were cstimated as
the difference between incoming and outgoing chamber pases multiplied by the chamber
air flow rate. Brouwer’s equation (1965) was subsequently used to estimate HP {rom the
determined O, consumption and CO; production values. Gas data collected during hours
36 10 40 of fasting was in darkness so HP as BMR could be estimated. This was
followed by a 2 h lighted period to enable HP mcasures with greater activity level. Upon
completion of [P data collection, birds were removed from the calorimetric chambers,
weighed and returned to their group pens. All birds were necropsied at a later time to
confirm sex.

Calorimetric data were analyzed using the General Linear Model (GLM) of SAS
(1999) to determine light and activity cffects on fasted HP. Heat production per hour was
regressed on a per bitd and a per unit BW basis. Both lincar and nonlinear regression
was used to determine whether a linear or a quadratic equation provided the better
estimate of HP. Finally, log HP was regressed on log BW to determine the proper
exponent for converting live BW to MBS as described by Brody (1945).

RESULTS AND DISCUSSION

Upon completion of the BMR determination, necropsy examinations revealed that
one 5 kg bird, and one 2.3 kg bird were females; these were excluded frc_nn subscquent
analysis. An equipment malfunction resulted in the loss of data from one of the three
replicate rooms, yielding only 14 birds available for the final analysis. Of these there
were 2 from the 0.925, 4 from the 2.28, 3 from the 4.53, and S from the 5.06 kg proups,

respectively.



Heat production (kcal/h) was examined gn 5 per bird and on aper kg BW basis
(Table 1). Regression analysis was used 10 relate fasted HP (kcal/bird/b) in the dark
(presumcd o represent BMR) with BW. The quagratic equation resulting froim the non-
linear regression represents a better fi (R* 0.82) to the data than did the linear cquation
(R*=0.81). The current obscryation that HP (kcal/bird/h) increases quadratically with
BW agrees with Brody (1945). Furthermore, the decrease in HHP (kcal/kg/h) supports
previous observations that HP per unit BW is lower for larger antmals due to a lower
surface area to body mass ratio (Stanier et al.; 1984; Blaxter. 1989).

Heat production increased (P < 0.05) for birds as they nmioved from the BMR
(fasted HP, dark, and quiet) period to the activity (fasted HP and lights on) period (Table
1). Though each BW class, save the 925 g yroup, displayed increased activity HP (P <
0.05), data for this group deviated less than 5% from unpublished data from the authors’
laboratory. lt s, therefore, considered rcasonable {or repression snolysis. This inereased
HP with activity, presumably results from a higher metabolic rate due to increased
activity (Balnave, 1974; Blaxter, 1989). In the current study, this increase in HP (keal/kg
BW/h) was 59.2. 50.5, 57.0, and 52.9% for birds weighing 0.925, 2.28, 4.53, und 5.06 kg
respectively. Presumably, lighting programs with increased scotoperiod utilize this
energy saving to improve feed conversion.

Heat production in kcal/bird/h and kcal/kg/h for both the BMR and the activity
periods was regressed on fasted BW using linear and nonlinear regressi;m to develop
predictive equations for HP (Table 1). Brody linearized HP with BW by using a

logarithmic transformation termed MBS. The cXxponent 1o convert live BW to MBS was
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estimated by regressing log mean BMR (keay/pird/d) on log mean BW (kg) and using the
slope as the exponent. Using the BMR valyeg for (his group of birds:

Log HP (at BMR; in kecal)bicd/d 4 128 -+ 0.6591 log BW (in Kg)

R?=0.89, P < 0.0001

Therefore, the exponent to convert Jive weipht into metabolic body size for this
population of male broiler breeders is 0.66, which is a cluose match 1o Brody’s 1945 valuc
of 0.67.

Regressing log HP for fasted birds housed in the light with increased activity,
yields a similar exponent:

Log HP (in light; in kecal)bird/d = 4.2337- 0.6573 log BW (in kg)

R?=0.73, P < 0.0001

The fact that the exponent for converting BW to MBS has not changed since
1945, suggests that improvements in feed conversion are not refated to heat dissipation
per unit BW. Rather, the feed conversion improvements seen may be due 10 increased
metabolic efficiency of the growth component, enabling fewer days for maintenance,
and/or due to better husbandry practices (e.g.. lighting schedules, environmental
temperature control). Based upon data reported herein, it would appear that factors other
than changes in BMR are responsible for alterations in métabolic efficiency of modem
birds. In a related study where BMR was estimated for good and poor teed converters
(Skinncr-Noble and Teeter, 2003). no difference was noted in BMR of good and poor
converting broilers, adding additional crede€nce 10 use of 0.67 as the exponent for

converting BW 10 MBS.
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TABLE 1. Fasted heat production (HP) recorded in brojler breeder males during a basal metabolic rate (BMR) period' and
during a lighted activity pcriod2 with regressions equations for estimating HP based on body weight (BW)

Mcan BW (kg) 0.925 2.28 4.53 5.06

N 2 4 3 5

Mean HP -

(kcal/bird/h) Equations for estimating HP (P < 0.0001) R?
BMR 21831 39911 6.5048°  6.6650" HP = 0.6701 + 1.6907 BW kg = 0.0962 BW kg’ 0.82
Activity 3.4052°  6.0036°  10.2155°  10.2065" HP = 1.448 + 2.)937 BW kg — 0.0804 BW kg’ 0.95

Mean HP

(kcal/kg/h)

BMR 2.3817" 17550 1.4340° 13206 HP =2.8572 - 0.6076 BW kg + 0.0609 BW kg’ 0.81
Activity 37918 2.6415°  2.2514° 20189 HP - 4.8156 - 1.256 BW Kg + 0.1417 BW kg’ 0.91
' BMR - dark, quict environnient; T Activiy  lizhted with sound sumulation Both at 22" C

*® Adjacenl means within @ column with ao common superscrpt ditter (£<0.05)
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ABSTRACT

The objective of this study was 10 interrelate several methodologies of
determining body composition (BC) in 104 byoiler breeder females ages 5 to 50 weeks.
Morphological measurements (girth, shank length, and skin-fat pad thickness), dissection
of abdominal fat, and technological and laboratory methodologies (dual-energy x-ray
absorptiometry (DEXA), proximate analysis, and carbon-nitrogen tissue content) were
performed. The morphological BC meusurements were related to DEXA estimated lean
and fat mass as well as to dissccted abdominal fat weight. Girth had the best correlation
to DEXA estimated lean mass (r = 0.94), while skin-tat pad thickness correlated well
with both dissected abdominal fat weight (r = 0.81) and DEXA estimated fat mass (r =
0.86). Lquations for estimating lean mass based on girth measurements and for
estimating fat mass based on skin-fat pad thickness were developed (R*=0.89 and 0.74
respectively).

Dual-cnergy x-ray absorptiometry and classical proximale analysis (PA) methods
were used to determine lean, fat and bone mineral mass for each bird. The carbon-
nitrogen tissue content (CNTC) and whole bird encrgy were determined for the same
birds. Statistical analysis determined that good relationships (r > 0.95) existed among
three methodologies. PA, DEXA, and CNTC. for cach type of body component.
Equations for interrelating these three methodologies (R2 > 0.90) and for estimating

whole bird energy based on CNTC (R? 0.88) were developed.

Key words: body composition, carbon-nitro8en tissue content, dual-energy x-ray

absorptiometry, female broiler breeders, proXimate analysis
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INTRODyCTION

Accurately determining body composition (BC) in food animals has been a prime.
objective of researchers with nwnerous methods utilized historically (Hednck, 1983;
Robinson et al, 1996). Proximate analysis (PA) is the conventionat mecthod for assaying
tissue samples for lean, lipid and mineral, as ash, levels and considered to be the “gold
standard” (Blaxter, 1989). Carbon-nitrogen balance (CNB) has been utilized as a method
{or assaying changes in tissue levels of lean and lipid (Blaxter and Rook, 1967, Farrell,
1974). Assuming CNB eftectively quantifies Ican and lipid changes over time, then one
should be able to use carbon-nitrogen tissue content (CNTC) to estimate tissue
composition. Although both CNTC and PA require animal sacrifice, determining the
CNTC would be a less laborious method than PA given the current availability of
automated carbon-nitrogen analyzers.

In vivo assessment of BC in food animals is an important concern to both
breeders and growers since lean to fat ratios and mass directly relate to product value.
Additionally, the ability to track changes in BCT over time in the same animal would be
useful to rescarchers. However, determining the proportion of Ican and fat in live
animals is difficult at best. Robinson et al (1996) measured various body components
(shank [ength, head width, keel length, and girth) as a method of assessing BC in broiler
breeder hens that had been photostimulated at five different ages. Other than for girth,
they observed no differences (P< 0.05) among groups at trial end (bird age 60 weeks).
Pym and Thompson (1980) developed a caliper methodology wherein abdominal fat pad
thickness was used to cstimate abdominal fat weight. They calculated the correlation

between estimated abdominal fat weight and actual abdominal fat weight 1o be 0.76 for
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male broilers and 0.75 for females. Other studies have shown a correlation between
abdominal fat weight and total body fat with correlation coefticients ranging from 0.60 to
0.81 (Chambers and Fortin, 1984; Becker et al, 1981). Therefore being able to accurately
estimate abdominal fut weight in vivo would be a good indicator of total body fat.
Dual-energy x-ray absorptiometry (DEXA) is a non-invasive approach for
estimating lean, lipid and bane mineral levels in tissue (Mitchell et al, 1996; Mitchell et
al, 1997). Although requiring the animal being studicd to be anesthetized. DEXA allows
the tracking of BC changes over time in the same animal. This supplies more accurate
data 10 the researcher than using comparative slaughter data, which, historically has becn

an accepted method for determining BC changes cver time for a group of animals.

MATERIAL AND METHODS

Preliminary experiment

A preliminary study wes canducled to determine which autoclave cycle provided
a sample that most closely matched the nitcogen value uf raw tissue. Breast tissuc from
each of three birds was minced and homogenized. Subsamples from each prepared
sample were autoclaved' for 8, 14, 20 or 24 hours at 11 psi (240° F). Nitrogen values for
both autoclaved samples and raw samples were determined with an automated analyzer®.
Statistical analysis was performed to determine which autoclave cycle yiel;led a nitrogen
value that most closely matched that determined for the raw samples.
Experiment

Broiler breeder females varying in age, 5 to 50 weeks, were selected at parent

farms 1o represent a growth-curve range. All birds were raised according to breeder



recommendations (Cobb-Vantress. Inc., 1998y for feeding and lighting. Birds were
selected to fall within /- 100 grams of the targe |ive fed BW for 2 8iven age (Cobb-
Vantress, [nc.. 1998; Wiernusz, personal communication,1999). After transport to the
experimental location, birds were housed indjvidually and refed, according to breeder
guidelines, for 72 hours before beginning a fasting period. Water was available ad lib
throughout the trial.

Body weight (BW) was recorded at the beginning and the end of a 44-hour fasting
period. Upon completion of the fast, in vivo morphological measurements were
performed. Shank length (cm), right leg only, and girth measurements (cm) were made
as described elsewhere (Robinson et al, 1996). Abdominal skin-fat pad pinch
measurements (mm) were performed with the bird held facing back ward in an upright
position under the left arm of the researcher. A pinch of abdominal skin. including any
underlying fat pad, location as previously described by Mirash ¢t al (1980), was gently
grasped between the thumb and first finger of the left hand followed by placement of the
caliper’ arms immediately caudal to the left hand fingers. Shank and girth measurements
were taken twice while three skin-fat pad pinch measurements were made: mean values
were used for analysis. Upon completion of morphometric measures, birds were
humanely euthanatized by CO? asphyxiation (Smith et al, 1986), and were individually
double-bagged in polycthylene bags and frozen at — 20°C. The composition of these
birds was subsequently estimated by three methods, DEXA, PA and CNTC. First, birds
were thawed, weighed and DEXA® scans performed to provide an estimate of lean tissue,
fat and mineral mass. Following the scans, birds were replaced in polyethylene bags and

frozen at — 20° C unti) PA was scheduled. A fter partial thawing (3 to 4 hours), each bird
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was placed in an autoclave-safe container, coyered and autoclaved for 20 hours at 11 psi
(240° F) tollowed by overnight cooling. Weights were recorded before and after
autoclaving. Each whole bird was homogenized, including feathers; birds over 800
grams werce homogenized in a Waring commercial grade blender with a one gallon
container while birds less than 800 grams were homogenized in a household grade Black
& Decker food processor. The appropriate samplcs were taken for conventional PA
(AOAC. 1998); dry matter was determined for each sample. Lipid content was
determined by ether extruction (AOAC, 1998). Mineral conlent was calculated based on
change in sample weight after ashing for 6 hours at 500° F. Total body nitrogen and
carbon were determined using an automated carbon-nitrogen analyzer’. Whole bird
energy was determined with an adiabatic bomb calorimeter®. Duplicate samples were run
for all analyses and mean values uscd for subsequent statistical analysis.

Statistical analysis (SAS, Inc., 1999) included correlation of BC components
among the methodologics. Linear regression was applied to those sets of BC
measurements where it was reasonable to use one variable as the basis for estimation.
For those methadologies generating more than one BC component, multiple regression
was applied to determine the best equations for estimating a B~ component gencrated by
another methodology.

' Amsco® Eagle 3000 Series Autoclave, Stexis Corp.. Mentor, OH.
?Kjeltec 2400 Analyzer Unit, Foss Tecator A B, Hoganss, Sweden,
3 Harpeden Skinfold Calipers, Mode] 0120, General Tools Manufacturing Co., Jnc., New

York, NY.

*Hologic QDR® 1000/W DEXA. Hologic, [nc-, Waltham, M A,

> LECO CN-2000, LECO®*Corp., St. Joseph, M.
® Isoperibol Calorimeter Model 1261, Parr Instrument Co., Moline, IL.
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RESULTS AND DISCUSSION
Preliminary experinsent

Comparison of nitrogen values for the preliminary samples revealed that the 20-
hour autoclave cycle yielded a sample with nitrogen values closest to that of the
comparable raw sample (Table 1). Additionally, the percent nitrogen in both of the 20-
hour samples is comparable to values previously reported for the nitrogen content on a
dry matter basis in chicken breast of 14.66% in 6-week-old and 15.06% in l-year-old
Leghorns (Zarkadas et al. 1987).

Experiment

Due to non-availability, 32-week old birds were substituted for 30-week old birds;
however, the selection was based on target BW for 30-week old birds. Target body
weights were met for all age groups except for the 10-week old birds; the target BW for
this group had to be lowered by 100 g in order to obtain sufficient birds. One mortality
occurred during the study: the partial dats set on this 40-weck o)d bird was excluded from
analysis.

Morphological Measurements. Of the three morphological measurements, girth,
shank length, and abdominal skin-fat pad pinch thickness (Table 2), girth had the best
corrclation with DEXA lean tissue mass (r==0.95). Girth circumierences in this study
were similar to those observed by Latshaw and Bishop (2001) in broilers when birds of
similar BW were compared. Using data generated by this experiment, a high correlation
(r -0.955) between fat mass determined by DEXA and Jipid content determined by PA
was determined. Skin-fat pad pinch thickness had good correlations with dissected

abdominal fat weight and with DEXA fat weight, r=0.81 and r=0.86 respectively. This
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correlation between skin-fat pad thickness and dissected abdominal fat weight is
substantially higher than the range (r=0.29 to 0.54) reported by Mirosh and Becker
(1982) using the Pym and Thompson (1980) caliper method. Having a technique, such as
the skin-fat pad pinch measurement, 10 estimate the amount of whole body fat mass in
vivo would be useful 10 both poultry growers and rescarchers. The technique used in this
study is less invasive than the Pym and Thompson (1980) technique, and, if performed by
the same operator, appears to supply a moderately accurate estimate of abdominal fat
weight. The best correlation observed for shank length was with lean tissue mass
estimated by DEXA (r=0.72). Although this correlation coefticient would not encourage
using shank length as a stand-alone component of a predictive regression equation, it
could serve as a component of a multiple regression model (Reid et al, 1984).

Two equations, based on girth and skin-fat pad pinch measurements, were
developed to estimate whole body lean mass and fat mass respectively.

[Lean masspexa (g) = -1919.562 + 111.529 girth
(p<0.0001; r’=0.8934)

Fat masspexa (g) = 37.093 + 34.916 skin-fat pad
(p<0.0001; #=0.7372)

Using these two low-technology methods, in conjunction with BW, would allow quick
and easy estimates to be made in the field for tracking changes over time in the lean and
fat mass. This information could be useful to both growers and researchers for making
feeding decisions or tracking actual gains against expected gains.

Technological'and laboratory methodologies. Body composition was estimated
by three methods, DEXA, PA and CNTC analysis with bomb calorimetry providing an

estimate of whole bird energy (Table 3). Classical BC data (crude protein, lipid and ash)
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on a dry-matter basis was provided through PA. Thec water content of the PA samples
was determined through subtraction of the threc BC components from the post-autoclave
gravimelric BW. Euch of the BC components was examined as a percentage of the post-
autoclave BW. The resultant percentages are very similar to those determined by
Latshaw and Bishop (2001) for broilers fed ad 1ib when the data for similar size birds
were compared; the BW for ages 15 and 20 weeks in this experiment were closest to the
published BW range of 1154 to 2456 g. As would be expected, since the birds in this
experiment werce limit-fed, the mean lipid values were lower (3.0% and 7.7% compared
to 13.5%) with higher values observed for protein (23.3% and 22.1% compared 10
19.9%) and ash (3.9% and 3.8% compared to 2.7%). Both the protein and ash
percentages for a 2500 g hen. 22.1% and 4.2% respectively, as presented by Blaxter
(1989), are higher than the Latshaw and Bishop values and more in line with the values
seen in this experiment, 21.2% for protein and 3.7% for ash, for similar size birds.
Additionally, the post-autoclave weight was examined as a percentage of live fasted BW
and accounted for 98.4% to 99.9% of live mass.

An estimate of three BC components (lean, fat and bone mass) on an as-is basis
was provided through DEXA (Table 3). Previous work in the authors’ laboratory
supgests that accuracy might be imiproved by rescanning when total BW as estimated by
DEXA was outside 5% of the gravimetric mass. In this experiment, the DEXA estimates
of BW for all 104 birds were within & 3.4% of the gravimetric mass. Additionally, the
DEXA estimates of BW were examined as a percentage of live fasted BW and accounted

for 96.9% to 100.3% of live mass.

74



The CNTC. as percentages, was determined for each whole bird homogcenized
sample using an autornated CN analyzer (Table 3). These percentages, when compared
with similar size birds, are comparable to those determined by McDonald and Teeter
(1993) for broilers (BW range of 985 g to 1307g) of 59.4% carbon and 10.51% nitrogen.
The lower cartbon values seen in this experiment are most likely due to the fact that these
birds were limit-fed resulting in a higher protein to fat ratio. Thercfore, since protein has
a lower percentage of carbon than fat, 52.0% and 76.7% respectively (Farrell, 1974), it
would be expected that Jimit-fed birds would have a lower carbon percentage. Nitrogen
(N) and carbon (C) mass (dry-matter basis) were calculated as follows:

N or C (g) — [(Post-autoclave BW)(fraction dry-matter)j({raction N or C)

An estimate of protein (dry-matler basis) was made by multiplying the calculated
nitrogen mass by 6.25, the generally accepted value for this calculation (Blaxter, 1989).
A comparison of calculated protein values from PA and CNTC methodologies revealed
only a small percent difference between the two methods front a low valuc of 0.02% (30-
week old birds) 10 a high value of 3.0% for the 5-week old birds.

Whole bird energy was detcrmined with an adiabatic bomb calorimeter (‘T'able 3).
An examination of the literature tound no comparable data on whole bird energy; only
data on the energy content of carcasses were available. A comparison of the carcass
energy value determined by Wiernusz et al {(1999) of 6150 cal/g for broilers with a BW
range of 343 g to 2387 g was made with similar size birds in this expcrimcﬁl. It was
found that the energy content based on the whole bird (i.e. to include viscera, head, feet

and feathers) was lower with a range 4717 to 5973 cal/g for birds through age 25 weeks.



This finding is not unreasonable since it is to be expected that the energy of carcasses
would be more cancentrated than the energy content of a whole bird.

Data suggests that the three methodologies (PA, DEXA, CNTC) are measuring
comparable mass. Corrclation analysis of the components supports this observation with
correlation coefficients ranging from 0.8089 between bone masspixa and lipidpa to 1.00
between proteinps and nitrogenea ¢ (Table 4). In order that the three procedures might
be tnterrclated, multiple regression was performed on the variables such that the three
techmques could be interrelated (Table 5). Additionally, an estimate of energy was made
based on whole bird CNTC. An examination of the ANOV A values for these equations
(in all cases P<0.0001 and R%>0.8778) suggests that these equations may be reliably used

to estimate the indicaled BC components.
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TABLE 1. Nitrogen content determined for raw and autoclaved (240°F, 11
psi) minced broiler breeder breast tissue sumples using four autoclave cycle
lenpths’

Autoclave cycle length (h) 8 14 20 24

N% Dry matier basis

Raw 14.71 14.62 15.36 14.76

Autaclaved 15.02 15.15 15.37 14.55
P-value' 0.0038 0.0004 0.9658 0.2099
0 18 18 172 18

' Statisticul anatysis pertormed using GLM pr. “cdure ni SAS™ Svstum, SAS lasaitute, 1899;° Onc sample diszirded due
1@ procedurai emor dunng dry matter sample peepuration
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TABLE 2. Fed and fasted body weights and body compaosition measurements determined by morphometric measures and
dissection observed in broiler breeder females

Body weight (g) Morphomelric measurements Disxscition
Fed Fasted Ginh (cm}) Shank (cm) Skin-fat pad (mm) Abdominal 4l {g)

Age (wk) N Mean Range Mean Range Mean Range Mean  Range Mean Ranee Mcan* Runge

S 12 024 584. 667 352 510. 592 21.0 19.5,22.7 61 56,65 1.9 1.3, 31 26 07.67

10 9 98« 917.1019 882 797.917 27 236,258 7.5 1280 18 13.30 o 0.9

15 12 1481 1431, 1512 1347 1250, 1388 30.5 28.5.33.5 84 4.3, 8.8 3.6 2.1,4.2 1.8 10,24

20 12 2150 2000, 2391 1998 1864, 2165 3422 31.9.36.6 .4 713.8.9 5.2 3.6, 66 16.7 44,332

23 12 3009 2869, 3133 2798 26222941 392 360.53.6 §4 B0.87 75 4.0.9.9 65.4 22).105.8

30 9 3230 3065, 3397 2065  2874,3058 394 173,403 84 42,88 9.0 64,181 65.7 275.1159

35 9 3430 3221, 3565 3173 3033.3367 398 335402 8.3 75,88 10.9 59,178 84.1 25.2,.125.0

10 R 3563 3407, 3616 AN 2223 3436 197 37.8.422 £.2 7.2.87 13.8 I().QA 10.7 131.3 963.2148

45 ] 3624 31374, 3810 3329 317 3451 4.9 39.2.47 83 7.8.87 10.9 8.7. 147 943 516, 148.1

50 1? 3748 1556, 3924 3494 3311.3689 ing 3R6,428 8.6 f3.0.] 10.5 52,152 17.1 42.9, 188.2

" Mean calculated on measurable fatin ' 6 of 12 birds. 0 ol9 Firds, '3 07 12 bards,



Table 3. Mean (by age) body composition measurements determined by proximate
analysis (PA), dual-energy x-ray absorptiometry (DEXA), and carbon-nitrogen
tissue content (CNTC) analysis with whole bird energy determined by bomb
calorimetry, observed in broiler breeder females

Age {(wk) 5 10 15 20 25 30 35 40 45 50
Number of birds 12 ) 12 12 12 9 9 8 9 12
Proximate Analysis
Nitrogen (g.dry maucr) 18.1 3.7 50.1 70.4 946 G69.6 1037 10625 1057 1106
% of gravimelric BW z 3.6 3.7 35 3.4 34 3.3 3t 12 3.2
Protein' (g drv mauer) 1134 1579 3133 4400 5014 6226 6484 6400 6607 6915
% of gravimetric BW 20.5 223 233 221 212 21.0 20.7 19.6 20.2 20.0
Lipid (g. dry mautr) 34.0 14.2 40.0 1540 3474 33401 4122 5563 4398 5100
% ot gravimetric BW 6.2 1.6 3.0 7.7 12.5 1.3 13.2 17.1 14 14.8
Ash (g. dry mattery 16.9 329 51.4 757 104.3 1047 112} 98.9 1158 HI7.5
% of gravimetrsc BW 3.1 37 39 g 37 3.6 36 3.0 1.5 34
water content’ (g) 386 6)6 940 1324 1747 1898 1960 1967 2059 2121
% of gravimetric BW 70.2 72.2 699 664 62.6 64.) 626 60.3 62.9 61.7
Gravimetric BW? (g. as- is) 550 881 1345 1994 2791 2960 3)32 3263 3276 3440
Y% of live [usted BW 997 999 999 598 997 D96 B84 984 Y84 985
DEXA
Lean (g. as-is) 473 796 1227 1677 2351 2518 2036 2643 2817 2843
% of DEXA BW 85.7 %06 903 86.6 86.2 86.3 84.1 31.0 83.5 82.7
I-al (g. as-%) 68 65 101 212 32 3358 418 556 403 318
2 of DEXA W 2.3 7.4 7.4 1.0 114 1.5 13.4 17.0 12.2 135.t
one (g, as-1s) 11 I 31 47 63 HS 74 o 75 76
% of DEXA BW 20 2.0 213 2.4 23 2.2 2.4 20 22 1.2
DEXA BW (g. as-is) 553 80 1359 1836 2726 2938 3128 3263 3295 3437
%% of live fasied BW 100.2 958 \DOS 969 97.4 98] 98.6 98.4 9.0 98.4
CNTC
Percent nitrogen 10.9 12.9 12.3 105 91 913 6 74 L3R} R.1
Nitrogen (g. doy matter) 17.6 312 50.5 71.1 94.2 99.6 103.5 1013 W6 109
Proton' (g, dry mialter) NnNo.0 1952 315.6 4446 5887 6227 6468 633.0 654.0 683.4
Percent carbon 51,y 471 480 519 549 548 562 $87 504 572
Carbon (g, dry multer) 83.7 4.l 196.6 3541 3757 SB7.8 6808 781.9 7101 7774

Bomb calorimetry
Whole bird cnergy (cal/g) 5441 4717 4B9Y  SS11 SO73 SYIO 6110 64BS 6200 6277

' Protein (p) esumaled by multeplying grams nitrogen by 6,25, ° Water content ¢-limale detived through subiriclion, ’ Post-
autot ving.



TABLE 4. Corrclation of body composition values determined by proximate
analysis' (PA), dual-encrgy x-ray absm‘ptiomctry2 (DEXA) and tissue analysis for
carbon-nitrogen content’ in 104 broiler breeder fernales

Correlation CoefTicient (r)

Tissue levels - nitrogen Tissue levels - carbon I-value N
DEXA Lean 0.9919 0.9589 <0.000} 104
DEXA Fat 0.8552 0.63506 <0.0001 104
DEXA Bone 0.9438 0.8900 <0.0001 104
PA Protein’ 1.0000 0.9490 <0.0001 104
PA Lipid 0.8754 0.9797 <0.0001 104
PA Ash 0.9735 0.9044 <0.0001 104

PA Protein’ PA Lipid PA Ash

DEXA Lean 0.9932 0.8%14 0.9618 <0.0001 )04
DEXA Fat 0.8620 0.9552 0.8182 <0.0001 104
DEXA Bone 0.9514 0.8089 0.9795 <0.0001 104

' Dry-malter basis, ? As-is basis: * Protein (g) esumated by muliplying grams nitrogen by 6.28



Table 5: Body composition (BC) in broiler breeder females, ages 5 to 50 weeks,
estimated by proximate analysis (PA), dual-cnergy x-ray absorptiometry (DEXA),
and carbon-nitrogen tissue content (CNTC)

To estimate:

BC DEXA (as-is)
Lean tissue (g)
Fac ()

Bone mineral (g)

To estimate:

BC PA (drv maner)
Protein (g)

Lipid (g)
Ash (g)
To ¢stimate:

Grams of

Protein, PA {dry-matier)
Lean, DEXA (as-is)

Lipid, PA (dry-matier)

Fat, DEXA (as-is)

Ash, PA (dry-matter)
Bone, DEXA (as-is)

To estimate:
Calories/g of

Energy

Basis for BC Estimate - Proximate Analysis (dry-matter) ANOVA*
Intergept g Protein g Lipid g Ash R
4.133 +4.053 +0.315 -1.116 0.988}
40.613 -0.044 +0.786 +0.677 0.9157
- 1.40!} -0.009 + 0,003 +0.689 0.9596
Basis for BC Estimate - DEXA (as-is) ANOVA*
Inlercept g Lean tissue ¢ Fat 2 Bone Mineral R?
19.932 +0.201 +0.028 +1.199 0.9891¢
-92.376 +0.151 +0.856 -3.455 09514
1.014 +0.0(8 -0.018 +0.999 0.9756
Basis for BC Estimate - CNTC (dry matter) ANOVA®*
Intercept ¢ Carbon g Nitropen R_2
1.992°" - 1.029°M +6.250 1.0
28.435 +0.568 - 21.588 0.9870
-6.766 s 1142 -3.396 0.9894
40.376 +0.954 -2.627 0.9259
- 5.676 -0.027 +1.294 09514
-4.756 -0.010 v (.789 09012
Basis for Energy Estimate — CNTC (dry malter) ANOVA*
Intereept g Carbon g Nitrogen R’
5126232 +3.802 - 15.506 0.8778

* In all cases. DF = 103 and #<G 0001
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ABSTRACT Two experiments were conducted to examine body composition (BC) of
broiler breeder males and females over a range of body weights., Dual-energy x-ray
absorptiometry (DEXA) scans provided estimates of lean mass, fat mass, bone mass and
bone density, whereas cross-sectional measures of breast muscle (inales and females) and
fat pad (females only) were provided through ultrasoeund (U/S). Dissection provided
direct measures of brcast mass and abdominal fat mass. Correlation analysis revealed
strong correlation coefficients (r > 0.88 in males: r > 0.92 in females) between U/S,
DEXA and breast mass components. A poor correlation (r = 0.22, femalces only) was
found between mean fat pad thickness (U/S) and abdominal fat weight. Multiple
regression analysis yielded equations (R2 > 0.92 in mates: R? > 0.94 in females) enabling
lean tissue and breast mass estimates using U/S measurements. This study suggests that
in vivo U/S measurements may be use to estimate lean tissue mass and breast mass in
broiler breeders.
(Key words: broiler breeders, body composition, ultrasound. dual-cnergy x-ray
absorptiomelry)
INTRODUCTION

Assessing live body composition (BC) of food animals is an imporiant concern
since lean to fat ratios and mass directly relate to product value. Historically various
methods have been used to assess animal BC with inconsistent results (Ilcdriék, 1983)
with a wider range of metnods being proposed as technological advances have been made
(Topel and Kauffman, 1988). Ultimately, the standard for measuring BC is proximate

analysis. However, since this method requires animal sacrifice and homogenization is
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laborious, non-invasive methods that atlow rapid accurate in vivo measurenicnt of
compostitional mass are needed.

Two noninvasive BC assessiment methods include ultrasound (U S) and dual-
encrgy X-ray absorptiomuiry (DEXA). The beef industry has used U/S in vivo to
ascertain ribeye size and backfat thickness in cattle for a number of years (Brethour,
1589; Henderson-Perry et al., 1989; Brethour, 1990;). High correlation (r - 0.975) has
been reported (Brethour, 1992) for consecutive [''S measurements on the same animal by
the same operator. Mitchell et al. (1996, 1997) evaluated DEXA measurements in
growing pigs and growing chickens, The authors observed that the pig results were
viable for determining BC changes over time, while bird mass appeared to affect
accuracy 1n the chicken study. An assessment of the accuracy of DEXA compared to
proximate analysis for estimating BC in broiler breeder fernales found a high correlation
(r > 0.96) between ali body components as estimated by DEXA and body components as
estimated by proximate anulysis (Dixson and Teeter, 2003, submitied for publication).

The objective of the study reported hercin was to estimate the [ean tissue mass
and breast mass of both male and female broiler breeders over a range of body weights
utibizing both noninvasive and invasive methodologies. The noninvusive methods
utilized were U/S and DEXA: the invasive methodology was dissection of the breast
muscles (males and females) and fat pad (females only). Additionally, the relationships
among the methodologics were to be determined with the objective being to develop
equations to accurately cstimate ean tissuc mass and breust mass given information from

the U/S methodoiogy.
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MATERIALS AND METHODS

Experiment One

An experiment was conducted to evaluate using U/S as an estimator of three BC
components (breast mass, total lean tissue mass and abdominal fat mass) in a group of
pullet-breeder hens over a range of ages and body weights (BW). One hundred four birds
were selected from ten commercial broiler breeder parent farms containing different age
groups of females from the Cobb female line. Birds were selected 1o fall within 100
grams of the target live fed BW (Cobb-Vantress. Inc., 1998; Wiernusz, personal
communication, 1999) for the bird age at cach farm. All birds were raised according to
breeder recommendations (Cobb-Vantress, Inc., 1998) for feeding and lighting. Afier
transport, birds were individually housed, then fed (per breeder recommendations) tor 72
hours prior to a fasting period. Water was available ad ]ib throughout the experiment.

At the completion of a 44-hour fast, all birds were humanely euthanized via CO;
asphyxiation (Smith et al, 1986), double bagged in polycthylene bags and frozen at 20"
C until analysis. Upon thawing, birds were scanned using U/S (Figure 1).' Scans
consisted of three measurements (Figure 2) of both left and right Superficia! pectoralis
and Supracoracoideus muscles for a total of six breast measurements per bird. The U/S
softiware allowed an image to be frozen and end-points indicated for each of the three
breast measurements. Breast feathers were plucked when required to facilitate full
contact between the probe head and skin; a water-based U/S transmission gel was applied
to probe hcad prior to corstact with skin. Additionally, three abdominal fat pad

measurements were performed per bird (Figure 2). Abdominal feathers were plucked as

' Dynamic Imaging Concept MLV Vererinary U/S Scanning System with a 10 MHz Tendon Probe.
Products Group International. Inc.. Lyons, CO.
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needed in order to perform the fal pad measurement. Two fat pad measurements were
taken for each location and the mean thickness tor each of the three locations used for
statistical analysis. All measurements were performed with the bird placed on its back.

Lean, fat and bone mass was estimated using DEXA.? For increased accuracy,
based on information from previous studies at our facility, the whole body rat mode was
utilized for scans of birds weighing under 1,500 grams and the whole body infant scan
mode used for scans of bjrds exceeding 1,500 grams. Scans were repeated if total BW, as
estimated by DEXA, deviated more than = 5.0% from gravimetric BW mass. Both the
left and right breast muscles and the abdominal fat were excised and weights recorded.

Body weight was monitored prior to U/S and DEXA measures (i.e., taken after
thawing and before U/S scans; taken after thawing and before DEXA scans). These
weights were then compared 10 the live fasted BW.
Experiment Two

Twenty-three broiler breeder males were selected to provide a range of BW in
three BW classes. All birds were previously fed a proprietary diet (20.5% crude protein
and 3,190 kcal/kg) ad libitum since hatching. Watcr was available ad libitumn throughout
the growing period.

The gravimetric BW was taken immediately prior 10 in vivo U/S breast
measurements being performed. The measurements performed were the same as used
with the fernale birds (Figure 2). An assistant was utilized to manually restrain the wings

and feet with the bird pla:ed on its back. I'at pad measurements were not made because

* Hologic QDR 1000/W DEXA. Hologic®. Inc., Waltham, VA
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of the poor correlation found in the first experiment between U. S fat pad thickness and
actual abdominal fat weight.

To minimize BC changes between mcethodologics. birds were humanely
cuthanized immediately tollowing the 1)/S procedure via CO; asphyxiation (Smith et al,
1986), ptaccd in polyethylenc bags, and frozen at — 20° C. Afier thawing, DEXA? scans
were performed to estimate lean, {at and bone mass. The same DEXA scanning
procedures used in the first experiment were utilized. Following scanning, breast tissue
was excised and the weights recorded for both left and right sides.

Both Experiments

Statistical analysis of data collected was performed using the SAS System (SAS™
Institute, 1998). Correlation and regression analysis examined relationships of the two
body composition measurement methodologies, U/S and DEXA, relative to each other

and dissected breast mass so that predictive equations might be developed.

RESULTS AND DISCUSSION

Experiment Oune

Body weights prior to U/S and DEXA measures were correlated with live fasted
BW and to BW as estimated by DEXA. In all cases, a good corrclation (r > 0.99, P <
0.0001) was observed.

Body composition (lean, fat and bone mass) was estimated using DEXA (Table
1}. Previous work suggests that accuracy can improved by using DEXA estimated BW
as a test. When total BW (DEXA) was within + 5% of the gravimetric BW the scan was

acceptable. In this study all 104 BW (DEXA) were within + 3.4 % of gravimetric BW.
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Other data have revealed a good correlation (r — 0.99) between lean tissue mass (DEXA)
and total body protein determined by proximate analysis (Svendsen et al, 1993: Dixson
and Teeter, 2003. submitted for publication). Therefore, the decision was made to accept
the Jean tissue mass (DEXAY data in this trial as an accurate assessment of whole bird
protein.

All six planned U'S breast measurements (Table 1), three per side (Figure 3),
were completed on 103 of 104 birds. Correlation was utilized to determine the
relationships between the /S measurements and lean tissue mass (DEXA) and dissected
breast mass (Table 2). Using mean values of matched U/S measurements (t.e. left-side
and right-side values for the same measurement) equaled or improved the correlation
coefficient determined tor a single-side measurement. Best-fit correlation variables were
used to develop regression equations, based on the U/S measurements, enabling
prediction of dissected breast mass and DEXA lean tissue mass (Table 3). [nan
experiment exaruining the relationship of breast muscle mass to U/S measurements,
Rémignon et al (2000) observed that breast muscle area (determined using U/S imapes)
in conjunction with BW was a good predictor of breast muscle mass (R® 0.84 in one
experiment and R?=0.78 in a second experiment) in male broilers. However, calculating
the breast muscle area had to be performed at a later date using a software program not
integral to the U/S programming. In contrast, the determination of the breast muscle
measurements in this experiment was integral to the U/S software; this allows the
calculation of breast muscle mass, using the regressions equations given herein, to be

made immediately if desired.
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Due to small bird size (i.e. abdominal area too small for U/S probe head size), U/S
measurements of the abdominal fat pad could only be performed on 50 of the 104 birds
(BW > 2900 grams). Abdominal feathers had to be plucked on most birds in order to
perform the fat pad measurement. Care was taken to prevent compression of the fat pad;
this compression could be observed on the U/S screen when the U/S probe was applied to
the abdomen. Correlation of mean fat pad thickness (U/S) to abdominal fat weight
revealed no significant relationship (r:= 0.22480, 2 = 0.1204).

The data from this experiment indicate that lean tissue mass (DEXA) and breast
mass (dissected) may be reliably estimated based on U/S measurements of the
Supracoracoideus muscle in broiler breeder females. Since U/S is non-invasive, this
methodology would be suitable for ase in vivo. Additionally, since there are portable
U/S units available (¢.g. the one utilized herein was approximately 25 kg, including
carrying case), this methodology could be used in field situations.

Experiment Two

All six in vivo U/S breast measurements completed on cach of the 23 male birds
were used to calculate the mean values by weight group (Table 4). The U/S
measurements, including saving scans to disk, were complcted on cach bird within two o
three minutes. Dual-energy x-ray densitometry scans provided cstimates of lean, fat and
bone mass. As a check on DEXA scan accuracy, the gravimetric BW was compared (o
the total BW (DEXA) at scan time; in this study all 23 BW (DEXA) were within 2.0 % of
gravimetric BW. As in:the first experiment, lean tissue mass (DEXA) was accepted as a
rehable indicator of whole bird protein. Immediately following DEXA scans, both left

and right breast muscles were excised and the weights recorded. Total breast mass was



calculated by summation. The weights observed for breast mass, based on BW, were
comparable to those obscrved in a male broiler study by Rabie and Szilagyt (1998).
Correlation was utilized to vxamine the relationships between U/S measurements,
dissected breast mass. and lean tissue mass estimated by DEXA (Table 2). As in
Experiment One, using mean values of matched U/S measurements, equaled or improved
the correlation coefficient determined for a singlc-side measurement. The mean U'S
measurements with the highest corretation to lean tissue mass (DEXA) and dissecled
breast mass were used in regression analysis (Tablc 3). Both linear and multiple
regression were utilized, where U/S measurements were utilized as estimators of tean
ussue mass (DEXA) and of dissected breast mass, with rultiple regression improving the
R? value from 0.86 10 0.92 and from 0.86 to §.93 respectively. Therefore, it is reasonable
to conclude that U/S measurements of the Suprucoracoideus muscle may be used to
estimate both breast mass and lean tissue mass in broiler breeder males. Additionally,
this experiment shows that the U/S methodology may be used in vivo with minimal stress

10 the bird.
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7 able 1. Mean body weights (by age) and body compesition measurements
Jetermincd by dual-energy x-ray absorptiometry (DEXA), ultrasound (U/S), and
dissection in 10 ape groups of broiler breeder females

“Age (Wk) 5 10 15 20 25 30 3s 40 45 50
rumber of birds 12 9 12 12 12 9 9 8 9 12
Gravimetric BW' (g)

Target 620 1000 1520 2160 2950 3310 3587 3677 3768 3836

Farm 646 1007 1521 2171 2938 3337 3500 3684 3691 3842

Placement 576 923 1412 2034 2773 3127 3315 3477 3497 3661

Fasted 550 884 1348 1993 2800 2972 3171 3315 3332 349)

Pre-DEXA 549 879 1351 1994 2777 2959 3162 3291 3320 3470

Pre-U/S 551 880 1353 2000 2780 2962 3162 3294 3323 3476
PDEXA (as-is)

Lean (g) 474 797 1227 1677 2351 2518 2636 2643 2817 2843

Lean (%) 8.7 905 50.3 86.7 86.3 86.3 843 81.0 85.5 827

Fat (g) 68 63 101 212 312 335 418 556 403 518

Fat (%) 12.3 7.4 7.4 11.0 11.4 11.5 13.4 17.0 12.2 15.1

Bone (g) I 18 31 47 63 65 74 64 75 76

Bone (%) 20 2.1 23 2.4 23 2.2 23 2.0 23 2.2

DEXA BW3 (g) 553 880 1359 1936 2726 2918 3128 3263 3295 3437
Ultrasound (mm)

Superfictal pectoralis 4.8 62 8.2 1.1 10.8 11.5 10.8 11.8 10.7 V1.8
muscle — VD*

Supracoracoideus 8.1 9.8 13.1 16.4 20.35 213 213 22.0 22.5 21.8
muscle — VD

Supracoracoidens 10.3 11.6 15.6 19.5 233 235 23.0 24.6 24.1 23.9
muscle = ML

Abdominal fat pad n/a na n/a n/a 0.8 12.1 t1.8 10.8 12.4 13.8
Dissection (g)

L.eft breast 28.9 49.6 919 158.0 233.0 267.7 274.1 276.% 2893 2924

Right breast 29.2 51.6 93.1 157.8 2290 265.3 2683 2772 2767 286.4

Total breast 58.1 1012 1850 3158 461.9 533.0 5424 5333 S66.1 5788

- Abdominal fat 2.6 n/a 1.8 16.7 654 65.7 86.1 131.3 943 117.1

"Target = BW ¢ 100 g used 10 select birds besed on breeder poidelines; Farm = Mcan BW at time of sclectnn; Placement = Mcan BW
ar time birds placed in cages fur 72 h releeding penod before beginning of fast. Tasted  Mcun BW af end of 44 h fasling period, Pre-

D[_ XA = BW taken afier thawing and before DEXA scans, Pre-U/8 - BW 1akea alter thawing and before U/S scans

? BW at ume of selection not recorded by farm personncl. therefore Fann BW vstimaied based on linear regression equation
Farm BW = 40,044 + 1.0424 * Pluccment BW), R2 = 0.9W1, £<0.0001,
N=50 where N repregents those birds with both Farm BW ang Placement BW recorded

DLXA BW = BW as estimatud by DEXA

VD = ventral-dorsal measureinent
ML medial-lateral measorement
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Table 2. Ultrasound measurements correlated with lean tissuc mass estimated by dual-energy x-ray absorptiometry
(DEXA) and with dissected breast mass of broiler breeder females

L6

Ultrasound measurements Lean tissue mass (DEXA) Total dissected breast mass

Female r-vajue Observations r-value Observations
Right Supracoracoideus muscle — VD' 0.92 104 0.92 104
Left Supracoracoideus muscle - VD 0.93 103 0.93 103
Mean Supracoracoideus muscle - VD 0.95 103 0.95 i03
Right Supracoracoideus muscle — ML? 0.93 104 0.92 104
Left Supracoracoidens muscle - ML 0.93 103 0.92 103
Mean Supraceracoideis muscle — ML 0.95 103 0.95 103

Male r-value Observations r-value Observations
Right Supracoracoideus muscle - VD 0.93 23 093 23
Left Supracoracoidens muscle - VD 0.88 23 088 23
Mean Supracoracoideus muscle - VD 0.93 23 0.93 23
Right Suprucoruacoidens muscle - ML 0.93 23 0.94 23
Left Supracoracoidens muscle - ML 0.93 23 0.94 23
Mean Supracoracoideus muscle - ML 0.94 23 0.96 23

TNID = ventrat-dorsal measvrement
ML = mediul-lalcral measurement

P-value for every correfation was < 0.000]
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Table 3: Estimating lean tissue and breast mass, using nltrasound (U/S) and dual-energy x-ray absorptiometry (DEXA), of

broiler breeder females and males representing a range of body weights

To estimate: Based on U/S measurements ANOVA

For Females Intercent Mean SCC-VD'  Mean SCC-ML’ DF R’ P-value
Total body lean tissue (g) ' DEXA -965.86 ' 84.08 +72.90 102 0.94 < 0.0001
Total dissected breast :nass (g) -299.69 +18.08 1 18.46 102 0.94 < 0.0001

For Males Intercept Mean SCC-VD Mean SCC-ML DF R’ P-value
Total body lean tissue (2) / DEXA - 1576.58 +116.31 + 106 05 22 092 < 0.0001
Total dissected breast mass (g) -572.73 + 25.08 + 29 87 22 0.93 < 0,0001

To estimate: Based on DEXA measurements ANOVA

For Females Intercept JLean tissue mass (g) DF }_{3 P-value
‘T'otal dissected breast mass (g) -11.09 +0.23 103 0.98 <0.0001
For Males [ntercept Lean tissue mass (g) DF R? P-value
Total dissected breast mass (g) - 156.56 ~ 035 22 0.97 <0.0001

' SCC-VD = Suprucgrucodens muscle, ventral-dorszl miegsurement
T SCU-MI. = Supracoracotdeus muscle, medial-laleral measurement



Table 4: Body compaosition (BC) estimated by dual-energy x-ray absorptiometry
(DEXA), ultrasound (U/S) measurements, and dissected breast mass observed for
broiler breeder males in three body weight classes

Weight Class (Number)

Lightweight (5)

Middleweight (5)

Heavyweight (13)

X sd X sd N sd
Gravimetric BW (g)
Pre-DEXA (thawed) 1413.2 3781 3250.8 33435 4721.4 475.0
Pre-U/S {live) 1428.0 382.¢ 32784 342.6 47327 477.6
DEXA (as-is)
Lean (g) 1282.2 542.8 29683 368.8 4341.9 374.0
Lean (%) 90.1 2.9 9.8 2.1 92.3 2.1
Fat () 117.2 35.5 216.0 539 279.8 104.8
Fat (%) 8.5 2.8 6.8 1.9 59 2.0
Bone (g) 19.2 4.9 47.4 7.4 81.3 10.3
BW(g) estimated by DEXA 1418.6 358.8 3231.7 358.% 4703.0 499 |
Ultrasound (mm)
Left PEC' — VD? 5.46 1.36 8.16 1.44 13.09 0.98
Right PEC — VD 5.94 2.17 9.30 1.64 10.65 1.60
Mean PEC — VD 5.70 .64 8.73 1.35 11.87 0.92
Left SCC* - VD 10.86 0.86 16.80 2.17 21.71 3.38
Right SCC - VD 11.26 1.67 17.38 1.58 20.34 2.22
Mcan SCC - VD 11.06 1.26 17.09 1.69 21.02 2.50
Lefi SCC - ML* )5.78 5.52 2512 30 3)1.28 3.35
Right SCC —~ ML 15.74 3.25 25.24 2.86 32.68 3.85
Mean SCC -- ML 15.76 136 25.18 2.86 31.98 3.16
Dissection (g)
el breast mass 88.36 30.72 270.24 39.64 476.8) 49 05
Right breast mass 80.67 32.59 266.04 45.55 46701 $9.48
Total breast mass 166.03 62.87 536.28 79.82 919 .82 111.83

' PCC = Superficial pectorehs muscle

TVD - ventral -dorss) measurcinent
*SCC — Suprocoracoideus muscle
181, = wedsal-lateral measurement
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10 MHz Tendon Probe

Figure 1. Ultrasound system (Dynamic Imaging Concept M1V Velerinary Ulirasound Scanning Sysiem)

used 1o scan hoth abdominal fat and breast muscle in broiler breeder femates and breast muscle in broiler
breeder males. The 10 MHz tendon probe was used lor all scans.



Breast Muscle Measurments Venfral Supracoracoideus muscle

# Y - Superficial pectoralis muscle L
thickness (ventral-dorsal)
42 - Depth (ventral-dorsal) +
of Suprucoracoideus

muscle parallel to the

ventral extension of the keel

# 3 — Width (lateral-medial) of
Supracoracoideus muscle at

right angles to depth measurement

a

[89]

Keel

(99

A

Superficial pectoralis muscle

All measurements of breast muscle taken immediately
cranial to the keel hook depression (# 4)

Keel Hook Depression

Cranial
Keel
Dorsal
Abdominal Fat Pad Measurements
# 1,42 & 43 - locations and Venirl
order of fat pad thickness y cnlra
measurements t N
3 l 2
Fat pad
4 l v
Dorsal

Figure 2: Schematics of ultrasound measurements made of breast muscle in broiler
breeder females and males and of abdominal fat pad thickness in broiler breeder females.
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Figure 3. Ultrasound (U/S) scan of right (RGT) breast muscle (m.) demonstrating how
the three measurements were marked by ‘x’, '+’ and ‘0" with the distance belween each
pair of symbols (DX, D+ and D0) calculated by the U/S software.



CHAPTER VII
SUMMARY

Research has demonstrated the existence of a negative relationship between body
weight and reproductive efficiency in both male and female broiler breeders, i.e. as body
weight increased, reproductive efficiency dec.reased. Additionally, when broiler breeders
reach sexual maturity is not only related to body weight and age, but to body
composition. Therefore being able 1o accuralely assess body composition is important
information that can be used by the broiler breeder industry.

Since heat is a by-product of the metabolic process, heat production is one method
of examining the metabolic processes that are the basis for growth, i.e. tissue accretion.
Defining the relationships that exist between heat production and tissue accretion
components (i.e. body composition) as well as egp production was the focus of the first
study presented in this dissertation, Heat production in broiler breeder femalcs,
representing a range of ages (5 to 50 weeks) and body weights (646 to 3842 ), was
examined in fed and fasted birds housed in three ambient temperatures during both dark
and lighted photoperiods. 1n all cases, fasted heat production was lower than fed heat
production (£<0.05), heat production during the lighted photoperiod was higher than
during the dark photoperiod (£<0.0S). and as body weight increased the heat broducticm
per umit body weight (kJ/hr/kg body weight) decreased (P<0.05). Howéver, differences
between heat production for the different ambient tlemperatures were less well-defined

with the additional unexpected finding that the heat production data, specifically basal



metabolic rate data, indicated that the warmest ambient temperature (32° - 10 C)
represented the thermoneutral zone for all age groups. Since this temperature zone was
considerably higher than expected (1 8" t0 21° C), a review was made of the data with no
change in the results. However, when it was taken into consideration that this study was
performed during the summer months and that the environment {rom which the birds
were selected was warm 10 hot, the conclusion reached was that the birds were
acclimated to high ambient temperatures; this conclusion was supported by previous
reports by other researchers.

An examination of the relationship of heat production to body composition, as
determined by proximate analysis and dual-energy x-ray absorptiometry, resulted in the
development of regression equations that allow moderately good estimations (R2 ranging
from 0.6760 10 0.8091) of heat production based on the body components deterrincd by
both methods. Additionally, the correlations between like body components as
determined with proximate analysis, the gold standard for determining body composition,
and with dual-cnergy x-ray absorptiometry were very good (r=>0.9552). The rclationship
between heat production and body weight was further examined by determination of the
metabolic body size. This method examines the linear relationship between heat
production, specifically basal metabolic rate, and body weight. Data in this study
provided an estimate for metabolic body size of 0.67, which agrees with classical
calculations for birds.

Finally, an examination was made of the difference in heat production between
those sexually mature broiler breeder females that laid an egg and those that did not lay

an egp during a given time period. 1his examination revealed a significant difference
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(P<0.05) in the heat production between the two groups. Using regression analysis, an
cquation for estimating heat production in non-laying birds was developed and used to
predict what the heat production in the birds that laid eggs would be during u non-laying
period. This allowed estimation of heat production due to oviposition.

A second heat production swudy, this time of broiler breeder males representing a
range of body weights (0.9 to 5.0 kg), examined fasted heat production during a lighted
and a dark photoperiod. As seen with the female broiler breeders, a decrease was
observed in heat production per unit weight as overall body weight increased. An
increase 1n heat production was observed as birds moved from a dark environment to a
lighted environment (”<0.05). Regression equations were developed for estimating heat
production both on a per bird basis and on a per unit body weight basis (R2 ranging from
0.81 t0 0.95). A determination of metabolic body size was also made, with the resullant
exponent of 0.66 almost matching the classical exponent of 0.67.

Two additional studi¢s examined the relationship between several methods of
determining body composition. The first examined body composition in broiler breeder
females using several morphological methods of measurement (girth, shank length, and
skin-fat pad thickness), dissected abdominal fat weipht, dual-energy x-ray absorptiometry
estimates, proximate analysis determinations, and carbon-nitrogen tissue content
determinations. Additionally, whole bird energy was determined by bomb calorimetry.
The relationships of the morphological measurements to dual-energy x-ray
absorptiometry estimates angd dissected abdominal fat weight were determined. The best
correlation found was between girth and the dual-energy x-ray absorptiometry estimate of

lean tissue (r=0.94) followed by the correlations of the skin-fat pad thickness to dissected
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abdominal fat weight (= 0.81) and the dual-energy x-ray absorptiometry estimate of fat
mass (r=0.86). Equations for estimating lean mass based on girth measurements and fot
estimating fat mass based on skin-fat pad thickness were developed.

An examination of the relationship among the remaining three methodologies,
proximalte analysis, dual-energy x-ray absorptiometry, and carbon-nitrogen tissue
content, revealed good correlations (r>0.95) between the methodologies for each type of
body component. Equations for interrelating these three methodologies were developed
(R*>0.90). Additionally, an equation estimating whole bird energy based on the carbon-
nitrogen tissue content was developed (R2=O.88),

The final study examined body composition in both male and female as estimated
using dual-energy x-ray absorptiometry and ultrasound. Additionally, breast weight and
abdominal fat weight in 1he females and breast weight in the males were determined from
dissection. Since dual-energy x-ray absorptiometry had been previously shown to
provide an accurate estimation of body composition when compared to proximate
analysis, it was used as the standard in this study. In the females, cross-sectional
ultrasonic measurements were made of breast muscle and of the abdominal fat pad.
These measurements, when compared to dual-energy x-ray absorptiometry estimates for
lean and fat respectively, revealed a strong corrclation for the breast measurement to lean
estimation (r>0.92) but a poor correlation for the abdominal fat pad to total body fat
estimation (r=0.22). Due to the poor abdomijnal fat pad 1o total body fat correlation found
with the female data, only the.breast measurements were made with ultrasound during the
male broiler breeder segment of the study. As with the females, a strong correlation

(r>0.88) was found in the males between the ultrasonic breast measurements and lean



tissue mass estimated by dual-energy x-ray absorptiometry. A strong correlative
relationship was also present for both males and females between dissected breast weight
and ultrasonic breast measuremems (r>0.88 in males, r>0.92 in females). The best
correlated components were then examined using multiple regression to develop
predictive equations for estimating total body lean mass based on ultrasonic
measurements, and for cstimating breast mass based on dual-energy x-ray absorptiometry
estimates of lean tissue and on ultrasonic breast measurements.

The studies described herein have demonstrated that the relationships between
heat production and various methodologies for determining body composition may be
refiably used as the basis for estimating heat production based on body composition.
Additionally, whole bird energy was found to be closely correlated to carbon-nitrogen
tissue content with a resultant equation developed 10 estimate whole bird energy. Dual-
energy x-ray absorptiometry estimates of body composition were found to be very
accurate when compared to the classical body composition determination method of
proximate analysis. This knowledge allows researchers to confidently use dual-energy x-
ray absorptiometry estimates of body composition as a basis for other determinations.
Body composition determination methods that can be used in field conditions, girth, skin-
fat pad thickness, and ultrasound, were determined to be good estimators of lean mass, fat
mass and {ean mass, respectively, when cornpared (o dual-energy x-ray absorptiometry
estimates. Additionally, ultrasound may be used to estimate breast mass, as demonstrated
by its correlative relationship to dissected breast mass. Overall, these studies have
provided evidence to support the use of the various body composition determination

methodologies in broiler breeder males and fernales.
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