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SUMMARY 

The general classification of energy implies homogeneity of purpose and interchangeability of 
functionality. Energy may indeed change form to accommodate the many varied functions 
associated with broiler growth and maintenance. However, it is imperative that the uniqueness 
of source and purpose be recognized in terms of ability to satisfy specific metabolic need. For 
example, final energy value as retained tissue is not necessarily reflective of ME consumption. 
Indeed, feeding equal quantities of ME energy as carbohydrate, protein and lipid can result in 
marked differences in actual energy gain. This occurs as the heat increment associated with 
substrate utilization varies with substrate type. Additionally, the impact of nonnutritive factors as 
feed form (pellets vs. mash), managerial influences (lighting, stocking density, ventilation) and 
ambient temperature on energy expenditure for activity and/or maintenance have a marked 
influence upon final energy retention. As a result, the metabolizable energy system may lead to 
unanticipated varying cellular energy/nutrient ratios. The amount of dietary MEn available to 
promote body weight (BWT) and FCR has been defined as the effective caloric value (BCV) of 
dietary MEn. Consequently, BCV has the potential to account for unexpected performance 
variability, and/or to enable nutritionist to better adjust rations for specific field application 
conditions. 

INTRODUCTION 

Methodologies describing energy utilization by poultry largely began with the work conducted 
by Fraps at the Texas Agricultural Experiment Station between 1912 and 1946. Most of the 
terminology applied to poultry today derives from their work. The schematic displayed in 
Figure 1 illustrates energy partitioning for a few of the many avenues for expenditure. Though 
the total energy in a feedstuff is represented by its gross energy, and the energy utilized by the 
bird by its net energy, metabolizable energy values are currently the most widely used for 
poultry ration formulation. This accounts for digestibility differences and to some degree 
variation in metabolizability as urinary energy losses are included in the computation. 
According to Fraps (1946), "metabolizable energy is the energy of the food eaten less the energy 
of the excrement derived from it, both fecal and urinary, and in the case of ruminants, in gases 
produced by fermentation. It represents the maximum amount of energy which the animal can 
secure from the feed in question as follows: MEr = GE f - EE f - UE-r -GPD f 

ME = metabolizable energy 
GE= gross energy 
EE = excreta energy 
UE = urinary energy 
GDP = gaseous products of digestion 
f = feed origin 
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Any energy evaluation scheme must be well correlated with animal performance. Fraps focused 
primarily on "productive energy" while others (Hoffmann and Scheimann, 1980; De Groote, 
1974a; Emmans, 1994). centered upon determination of net energy. Largely due to the 
complexity of application, the ME system continues to be the energy evaluation system applied 
today. Alternative applications, or the appropriate application of the ME system necessitate a 
thorough understanding of the bird's growth curve. 
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Figure 1. Partition of feed energy in the bird. 
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Poultry Energy Systems 

Over the past thirty years, the selection for higher growth rate, coupled with improvements in 
nutritional and management practices, have resulted in markedly increased body gain and 
improved feed conversion ration (FCR; Chwalibog et al., 1985). Jensen et al., (1984) 
demonstrated that 9-week-old "1983 chickens" reached 130% higher live weight and had 10-
15% better FCR than "1953-chickens". This was supported by Havenstein et al. (1994), who 
contrasted 1957 and 1991 genetic lines. The higher growth rate in "genetically improved" 
broilers is due to increased protein (Broadbent et al., 1981; Sorensen et al., 1983) and energy 
retention as fat (Jackson et al., 1982; Jensen et al., 1984). Data collected within our laboratory 
suggests that the elevated tissue retention is attributable first, to an ability to synthesize and 
secondly to an appetite supporting the growth. Nonetheless, the bird's nutritional plane must 
account for these and other factors supporting growth, efficiency of growth and composition. 

Broiler growth rate and extent of growth are influenced by numerous dietary factors, such as 
protein quality (Askelson and Balloun, 1965; Waldroup et al., 1976) and overall nutrient 
adequacy of the diet. In order that optimal calorie/nutrient ratios may be used in ration 
formulation, it is imperative that energy evaluation methodology accurately rank feedstuffs and 
feed additives according to their impact upon energy-nutrient utilization by birds. Yet the bird's 
interaction with its environment impacts energy expenditure and thereby nutrient need. Optimal 
formulization necessitates that a clear understanding exists for both the nutrient evaluation 
technologies and environmental impact upon bird nutrient need. 

The largest factor impacting bird FCR and/or energetic efficiency is its age-body size (Figure 2). 
As birds get older FCR deteriorates due to the fact that heavy birds use higher quantities of feed 
in order to maintain their body mass. Within age-body size, the single largest nutritional factor 
affecting feed efficiency is the energy level of the feed. Though the bird has some capacity to 
adjust for caloric density, the added energy expenditure attributable to feed consumption is 
costly and can reduce dietary caloric value considerably. Dietary energy utilization by birds 
depends on the ingredient digestibility, as well as its efficiency of conversion into maintenance 
and productive functions. Utilization of ME for productive functions is not constant across 
nutrient classes and therefore, the yield of net energy may vary across feeds in a way that ME 
does not predict (Fisher, 1987). For example, the high utilization efficiency of fat for fat 
deposition is one of the factors influencing energy utilization (DeGroote, 1974). Likewise, the 
environment can impact energy utilization in ways not accounted for by ME. Therefore, 
nutritionist must continually strive to "correct" the ME values such that they are in better accord 
with actual energy utilized by the bird in their particular production environment. These 
adjustments should occur for both nutritional and non-nutritional managerial and environmental 
influences. An understanding of these influences is needed such that proper adjustments might 
be made in the production environment. New methodology, termed Effective Caloric Value 
(ECV), is enables the placement of energy value upon non-nutritional factors (McKinney and 
Teeter, 2004. 
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Figure 2. Cumulative FCR versus MEn consumption for male broilers. 

Net Energy 

The proportion of the feedstuffs' energy that the animal is going to utilize for maintenance and 
production purposes is referred to as "Net Energy (NE)". Net energy is the ME minus the 
energy lost as the heat. NE may be further subdivided into NE for maintenance (NEm) and 
production or gain (NEg, (NRC, 1994). The proportion of NE used for maintenance or gain can 
change considerably due to factors of animal, environmental and/or feedstuff origin. Under 
fixed environmental conditions, utilizing common place com-soybean based rations it has been 
estimated to be around 84% of the metabolizable energy in the chick from 0-21days of age 
(Sturkie, 1986). Yet this range may be expanded considerably as heat increment originates from 
combinations of basal heat production (Bartels et al., 1973), environmental changes (Van 
Kampen et al., 1979; Meltzer, 1983; Teeter et al., 1987), digestive process of feed (MacLeod and 
Shannon, 1978) muscular activity as activity (Boshouwers and Nicaise, 1985; McKinney and 
Teeter, 2004), substrate type (Sturkie, 1986) and immunological response. Regarding this latter 
point, more is currently known regarding disease consequence than immunological cost for 
protection. 

Basal Metabolism 

The basal metabolic rate is defined as the heat production of an animal at rest, awake, fasted and 
housed within a thermoneutral environment. It is the energy needed to sustain the life processes 
of an animal such as vital cellular activity, respiration, blood circulation and consequently falls 
within the maintenance category. Energy needed for basal metabolism increases curvilinearly 
with body mass and is a function of body surface area. This relationship exists because heat loss 
is closely tied to surface area (Brody, 1964). Surface area per unit body weight declines with 
increasing body weight and basal metabolism per unit weight consequently declines. Surface 
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area however, is a difficult parameter to estimate and numerous attempts have been made to 
relate it to body weight (Brody, 1964). Kleiber, 1961 reported that body surface area is 
exponentially related to body weight and hence the equation generally used to estimate basal 
metabolic energy needs is body weight in kilograms raised to the power .75 for mammals. 
Metabolic weight for poultry is commonly reported as body weight to the power .67, since this 
value was suggested by Brody (1964) to give a better estimate when comparing poultry within 
other species. The .67 exponent has not changed over time, being repeatedly validated in our 
laboratory over the past 10 years. 

Basal metabolic rate is also influenced by body composition. Emmans ( 1987) reported that 
chicken maintenance requirements are directly proportional to body protein mass and no energy 
is required to maintain body lipid. Macleod et al. (1988) compared the fasting heat production of 
lean and fat lines of broilers. The lean lines showed a higher fasting heat production and 
maintenance energy requirement than the fat lines (996 and 812 KJ/d Vs 1058 and 887 KJ/d, 
respectively). Mittelstaedt (1990) determined the maintenance feed required by broilers ranging 
in weight from 500 to 2500 g body size and observed that the maintenance feed requirement 
decreased quadratically as the weight of the birds increased. Expressing the requirement as body 
weight to the .67 power linearizes the requirement with an expression of body mass. 

Maintenance Energy Needs 

Maintenance energy, includes more than BMR, and is that portion of net energy consumed that 
is utilized for maintenance of body functions, activity to acquire needed nutrients for 
maintenance need, the metabolic inefficiency of nutrient use for maintenance and immunological 
response etc. Under strict maintenance needs, this occurs with the animal neither translocating, 
losing nor gaining protein, fat, carbohydrate or mineral matter (Armsby and Moulton, 1925). 
According to Bolton (1959), maintenance needs account for about 70 % of the total energy 
requirement in the adult chicken. A major portion of the maintenance energy expenditure is 
BMR. For growing modem commercial broilers, BMR comprises approximately 50% of bird 
maintenance energy need throughout the growth curve (unpublished data, Beker and Teeter). A 
good average multiplier to estimate bird maintenance need, as kcal per day, is 110 x kg 
metabolic body size. 

Energy Need for Protein and Fat Accretion 

Energy consumed above maintenance has the potential for deposition as protein and lipid. 
Indeed, the principal aim of animal production is the production of high quality protein for 
human consumption. To maximize accretion of protein in muscle, a considerable amount of fat 
also is deposited. Protein synthesis requires a large amount of energy. The energy cost for fat 
and protein accretion is simply the increment of feed energy required to obtain a defined tissue 
increment Table 1. 
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Table 1. Energy need for body weight maintenance, protein and fat accretion compiled from 
various sources. 

Maintenance need 
Species BWT (kg) kcal/kg·75/d 
Chicken, 0.175 162.9 
WL pullets 0.445 138.2 
Broiler, 0.25 - 0.70 129.06 
male 1.9 - 2.8 134.56 

Rats (lean) 0.20 - 0.35 

Pigs 0.20 - 0.35 

Energr need for 
Protein Fat 
(KJ/KJ) (KJ/KJ) 

2.25 1.36 

1.54 1.15 

Source 

Balnave, 197 4 

DeGroote, 1968 
Shanon & Brown, 
Pullar & Webster, 
1977 
Close & Stanier, 
1984 

The amount of energy required for fat deposition can be estimated precisely in adult animals 
because the protein gain is minimal and the amount of energy needed to maintain energy balance 
is constant. In species such as the pig and rat, the energy cost of fat deposition ranges from 
about 1.4 kJ ME/kJ fat deposited for feed consisting predominantly of carbohydrate to 1.15 kJ 
ME/kJ fat deposited for feed rich in triglycerides (ARC/MRC Committee, 1974). 

where ME1 = intake of ME (MJ day- 1
) , F = fasting metabolism (MJ day-1

) , 1cm = 
efficiency of utilization of ME for F, R = retention of energy in body tissues, k = 

efficiency of utilization of ME for R. 

MEr = (MEm x a)+ 1/kp)P + (l lkr)F 

where ME1 = total metabolizable energy in feed over experimental period (MJ), MEm 
= mean daily requirement for maintenance (MJ), d = days of experiment, P = energy 
retained as protein over experiment, kp = efficiency of utilizationof ME above 
maintenance for energy deposited as protein, F = energy retained as fat over 
experiment, kr = efficiency of utilization of ME above maintenance for energy 
deposited as fat. 

Most recently, kp and kf have been estimated at 0.64 and 0.84 for tissue accretion of modem 
commercial poultry within our laboratory. 

Nutrient Partitioning 

Factors such as feed restnct10n, ration compos1t10n, dietary fat supplementation, rearing 
temperature genotype and lighting program have been reported to affect protein and fat 
accretion. In a 6 day feed restriction trial Yu et al. (1990) observed that broilers fed at hourly 
intervals show less body fat at 8 weeks of age than chicks that were fed either once a day or 
every other day. Reece et al. (1985) found that meal feeding of broilers increases abdominal fat 
compared to ad-lib fed control groups. Haris and Creger (1980) reported that increasing the 
energy density of the ration during the first seven days of life increased abdominal depot fat 
weight at 7 weeks of age. Increasing calorie to protein ratio in diets increased fat deposition 
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while decreasing calorie to protein ratio decreased fat deposition (Bartov et al. 1974; Farrell, 
1974). Fat is the cheapest and most concentrated source of available energy most often used in 
ration formulation to increase the caloric density of a diet and subsequently improve body weight 
gain and feed efficiency. However, excessive caloric densities will elevate carcass fatness 
during the finishing phase. 

The manner in which feed is processed also contributes to the partitioning of feed energy into 
carcass fat and protein. Pelleting improved feed intake and increases fatness (Fisher and Wilson, 
1974; Whiting and Jenson, 1983; Leclerc, 1986). Pesti et al. (1983) observed a 23% increase in 
abdominal fat upon feeding crumbled low density diet. Jenson et al. (1982) indicated that mash 
feeding requires more consumption time and energy than pelleted feed. Energy evaluation 
techniques in addition to ME are needed to understand such relationships. Otherwise, nutrition 
as a tool becomes more of an art as opposed to science. 

Thermoneutral Environment 

Birds and mammals are homeotherms and consequently maintain a relatively constant core body 
temperature. Heat production of animals for a specific age is minimal at environmental 
temperatures within the zone of thermoneutrality. Deviation from this zone is accompanied with 
increased energy expenditure in the form of heat production for the purpose of maintaining body 
temperature, the result is a decrease of energetic efficiency. Kubena et al. (1971) and Bray 
(1983) reported that at a moderate temperature, the correlation between temperature and total 
body fat content is positive. Washburn (1986) compared the effect of three temperatures, 21, 27 
and 32 Con abdominal fat of broilers. There was no difference observed in the abdominal fat at 
these temperatures, though body weight and FCR were impacted. 

The thermal environment is determined by the combination of ambient temperature, relative 
humidity, wind, precipitation, photoperiod, solar radiation intensity, and cloud cover. The ideal 
combination of thermal environment determinants, the combination that minimizes bird heat 
production at maintenance, is defined as the thermoneutral environment. 

Environment plays a key role in heat production, but defining the thermoneutral zone in which 
the heat production is minimal has been shown to be variable (Stanier et al., 1984). Barott and 
Pringle (1941) reported the thermoneutral zone for the hen to be between 22.8 and 27.7 C, while 
Randall (1943) suggests a range from 19 to 29 C. van Kampen and Romijn (1970) provided a 
line of best fit to the results of heat production and environmental temperature from -5 to 40 C: 

HP= 0.2453 Ta2 - 18.90 Ta+ 803.3 

where 
HP= heat production kJ·Kg-.75 
Ta= ambient temperature (C) 

This equation may be used to estimate heat production in widely differing temperatures. 
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Housing birds within their thermoneutral environment can swing the efficiency of ME utilization 
for growth considerably. Work conducted within our laboratory has estimated the midpoint for 
broiler thermoneutral zone (.045 kg chick through 2.4 kg broiler) as shown below. Caution must 
be utilized as extrapolated values may not be valid. 

TN (C) = 31.896 - ( 4.625*BWT 

Ration Composition Effects 

A study was conducted within our laboratory to estimate the efficiency of metabolizable energy 
use of varying substrate origin. In the first experiment, a TME assay was conducted as described 
by Sibbald (1986) to estimate the TME of gelatin, com starch and com oil. Commercial broilers 
were allotted to five experimental groups as follows: group 1 served to estimate the endogenous 
losses; groups 2, 3, 4, and 5 were used to evaluate the energy content of com-soy basal (B;), 
basal plus gelatin (BG), basal plus com starch (BCS) and basal plus com oil (BCO) diets, 
respectively. Resulting values were applied in the second experiment to 80 chicks again allotted 
to the four experimental rations, but for a prolonged feeding period. In addition, 15 chicks were 
slaughtered (according to the methods of Teeter and Smith, 1985) on the first day for comparison 
of carcass composition with the four other groups completing the study. Feed intake was 
adjusted daily, and controlled by feeding the respective treatments as a percent of initial body 
weight, so that birds receiving the basal plus ingredient consumed the same quantity of energy as 
TMEn Despite equalized consumption, in the second experiment, protein gain averaged 79, 
104, 97 and 97 grams for the B, BG, BCS and BCO groups, respectively(Table 2) and fat gain 
averaged 22, 33, 61 and 70 grams for the B, BG, BCS and BCO groups, respectively. Fat gain 
for BCO and BCS was 112% and 85% greater than BG and 218% and 177% greater than B 
(Table 4). These data illustrate that substrate, under equalized consumption patterns, promote 
varying amounts and composition of tissue accretion. Keep in mind that in production 
environments overall consumption varies with energy availability. Nonetheless, results of this 
study indicate that rations formulated on metabolizable energy do not necessaiily predict bird 
energy retention if dietary substrates used for lipogenesis vary. 

Total heat production is the sum of basal heat production (Bartels et al., 1973), heat production 
to maintain a constant body temperature when ambient temperature is low ( van Kampen et al., 
1979) or heat loss is high (Meltzer, 1983, 1987), heat production due to intake and digestion of 
food (MacLeod and Shannon, 1978; MacLeod et al., 1979), heat production due to synthesis and 
production, and finally heat production due to muscular activity (Boshouwers and Niciase, 
1985). 

179 



..... 
0) 
0 

Table 2. Initial and final .erotein and fat content and gain. 

Treatment1 

Initial protein content, % 
Final protein content,% 

Protein gain2 

Initial fat content, % 

Final fat content,% 

Fat gain3
, g 

B 
18.4a ± 0.015 

18.5a ± 0.11 

79b ± 5 

9.3a±0.12 

7.7d ± 0.40 
22b ±4 

BG 
18.4a ± 0.01 
18.6a ± 0.11 

104a ± 5 

9.4a ± 0.12 

7.6d ± 0.40 

33b ±4 

a-o Means within a row with unlike superscripts differ (P < 0.05). 
d-c Means within a row with unlike superscripts differ (P < 0.01) . 

BCS 
18.4a ± 0.01 
18.2b ± 0.12 
97a ± 5 

9.4a ± 0.13 

10.4c ± 0.43 

61a ± 4 

Experimental diets consisting of basal (B) or basal plus gelatin (BG), starch (BCS), or com oil (BCO). 
2 Gain calculated as the difference between the final carcass content and the estimated initial carcass content. 

Table 3. Total initial energy, final energy, energy gain and net ingredient efficiency. 

Total initial energy, kcal/bird 
Total final energy, kcal/bird 

Total energy gained, kcal/bird 

B 
1006.9a ± 40.0 
1640.9c ± 76.4 
634.1 r ± 43.6 

BG 
1010.6a ± 40.0 
1881.4b ± 76.4 
870.8w ± 43.6 

Treatment1 

BCS 
1016.8a ± 43.5 
2082.4ab ± 83.1 

1065.6d ± 47.4 

Estimated energy gain due to 664.5a ± 42.3 687.8a ± 42.3 697.7a ± 46.0 
basal, kcal/bird 
Estimated energy gain due to 183.1 c ± 34.4 367.9b ± 37.4 
ingredient, kcal/bird 
Energy efficiency,% 0.14b ± 0.04 0.50a ± 0.04 

Net ingredient efficiency, % 0.27b ± 0.04 0.52a ± 0.05 

a-c Means within a row with unlike superscripts differ (P < 0.05). 
d-f Means within a row with unlike superscripts differ (P < 0.01). 

Experimental diets consisting of basal (B) or basal plus gelatin (BG), starch (BCS) or com oil (BCO). 

BCO 
18.4a ± 0.01 
17.9b ± 011 

97a ± 5 

9.3a ± 0.12 

11.lc±0.41 

70a ± 4 

BCO 
995.5a ± 41.6 

2133.0a ± 79.6 
1137.5d ±45.4 

675.4a ± 44.1 

462.2a ± 35.8 

0.55a ± 0.04 
0.50a ± 0.04 



Activity 

Fixed energy cost consists of maintenance and the heat increment associated with protein and 
lipid synthesis. Consequently, from a practical basis the major entity influencing the energetic 
efficiency between ME and NE is energy cost of activity. Indeed, much of the positive impact 
that managerial influence has upon FCR is indirectly mediated via its influence upon bird 
activity. Table 4 displays the influence of light and dark cycles upon bird heat production. 

Table 4. Bird heat production under BMR (nonactive) and lighted periods 
(active). 

Mean HP Mean HP 
Mean BWT (kg) HP p_eriod1 (kcal/bird/h} (kcal/kg BWT/h} 

0.925 BMR 2.1831 2.38173 
0.925 Active 3.4052 3.79176 
2.28 BMR 3.9911 1.75503 

2.28 Active 6.0036 2.64147 

Note that for the two weight classes, simply turning the lights on, enables the birds previously 
housed under BMR ( dark conditions) to exhibit activity. Bird heat production increases by an 
average of 60%. In this example the heat production represented the 1 hour immediately 
following "lights on". Under longer periods of activity time the activity elevates heat production 
about 24%. This corresponds to about 15-19% of ad libitum consumption and offers astute 
producers an opportunity to capture calories lost as heat. Various nonnutritive methodologies 
are available to impact this heat loss. The ECV system discussed below describes how such 
calories may be quantified. 

McKinney and Teeter (2004) examined the influence of various pelleting levels versus mash 
feed. Pelleting increased (P < 0.01) BW gain 6% and improved (P < 0.05) FCR by 5%. Other 
comparisons made between pellets and M have resulted in similar BW gain and FCR (Choi et 
al. , 1986; Nir and Hillel, 1995; Plavnik et al., 1997) improvements. Responses to pellet quality 
(PQ) appeared to be biphasic with an intennediate plateau in the 40 to 60% PQ range (Figure 3). 
As PQ increases, the apparent energy value of the diet becomes greater. This is an example of a 
nonnutritive factor impacting ration apparent energy value. Using the ECV system (discussed 
below), energy sparing attributable to pelleting versus mash peaked at 187 kcal MEn/kg feed 
consumed for the 100% PQ treatment. The estimated energy sparing values diminish as the 
proportion of pellets to fines decreases, but still appears greater than zero for the 20% pellets (76 
kcal MEn / kg diet; Table 7). Making this particularly significant is the fact that just this one 
factor potentially swings the dietary energy value by about 60% of what is considered routinely 
possible by nutrition. 

Considering proposed modes of action suggests that as pellet quality increases, either the bird 
expends less energy for consumption or the bioavailabililty of nutrients and/or energy increases. 
Regarding this latter point, previous reports (Bolton, 1960; Hussar and Robblee, 1962; Sibbald, 
1977) support that pelleted feeds modulate bird energy expenditure. Indeed, Jensen et al. (1962) 
observed that birds provided pellets as compared to mash, visited the feeder less frequently and 
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spent less time at the feeder, while consuming similar amounts of feed. Behavior observations of 
the current study (Figure 3) concur. As the proportion of pellets in the feeder increased, birds 
were observed eating less frequently (P < 0.001) and resting more (P < 0.001) frequently. 
Interestingly, plotting bird resting frequency and calories attributable to PQ on the same graph 
resulted in curves of very similar shapes. Given that feed intake did not differ across treatments, 
and that as pellet quality increased birds spent less time eating, the concept that BW gain and 
FCR differences are associated with altered nutrient need via decreased energy expenditure for 
obtaining food is thusly supported. 
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Figure 3. The effective caloric value and resting frequency for broilers 
consuming diets varying in pellet quality. 

Microbial-Host Interactions 

All poultry classes, reared in production environments, have a gastrointestinal microflora that is 
highly dependent upon the environment. These microorganisms (MCO) comprise an integral 
part of the gastrointestinal tract of all livestock and poultry classes. Microbial effects can be 
both beneficial (vitamin synthesis, toxin destruction etc.) and detrimental (toxin production, 
infection, nutrient destruction, energy wasting). This later point can be quite costly for poultry 
producers. 

Overall, data presented by Coates (197 6) suggests that digestive tract organisms have a net 
detrimental effect on the host as axenic chickens were superior to monoxenic (lactobaccilli) and 
holoxenic chicks (Szylit and Charlet, 1981 ). The data presented in Table 5 illustrates the 
superior metabolic efficiency for energy (12.1 %) and nitrogen retention (9.9%) of germ free 
birds. If this data may be applied to field conditions, it indicates that the desirable microbial 
functions (B vitamin synthesis, nitrogen recovery, amylase) are considerably offset by the 
microbes negative attributes. Since most nutritionist do not knowingly feed rations that depend 
upon microbial nutrient contributions, such nutrient contribution considerations are of little 
value. However, the metabolic cost of microbial-elevated host nutrient catabolism are 
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significant concerns. For example, assuming a generous efficiency of ME use of 50% and an 
appetite contribution of 75%, the 12.1 % microbial mediated reduction in energy retained would 
correspond to a caloric density cost of 212 kcal ME/kg. The reduced energetic efficiency is the 
result of a combined elevation in host and microbial catabolism as well as reduced absorption 
efficiency. 

Table 5. Microbial effects on bird weight and energy plus nitrogen retention efficiency. 

Lactobacillus Mixed Culture 
Variable Axenic challenge Challenge 
Body Weight (g) 359 347 313 

Energy Retained(%) 38.7 31.9 34.0 

Nitrogen Retained(%) 52.2 45.3 48.8 
1 Extracted from Szylit and Charlet, 1981. 

Quantifying Production-Management Value, The ECV System 

Chief among management decision goals is the intent of enhancing profitability. This is a most 
challenging process (Figure 4), as performance improvements must be transferred into an 
economic picture. For this to occur, the cost, in terms of calorie and nutrient inputs, must be 
defined with relationship to bird output. This treatise has provided introductory information into 
some of the more significant cost aspects. Optimally, producers must be able to transform both 
nutritive and nonnutritive variables into such a picture. The Effective Caloric Value system 
(ECV) is designed to take readily available information in the form of bird body weight and 
FCR, and using the ECV methodology transform this into a calorie cost. All that is needed by 
the producer is knowledge of their managerial influence upon body weight and FCR. The 
pelleting discussion presented above described such a process whereby feed form, a nonnutritive 
production variable, was transformed into a caloric density and hence calorie value. 

Figure 4. ENERGY DEMAND DETERMINANTS 

MAINTENANCE 
BODY SIZE AND COMP, 
AMB TEMP, IMMUNE 

M~l:;i;~,TIES 
ENVIRONMENT 

MANAGEMENT, FF, LIGHTING 

GROWTH 

FACILITIES .... ________ ..,_ METABOLIC EFFICIENCY 
T SUBSTRATE BALANCE 

REQUIREMENT FEEDING 

In most companies, final bird performance is commonly expressed as a live weight and feed 
conversion. Managerial decisions, in tum, must be quantified as to their impact upon live body 
weight and feed conversion. However, many interacting variables impact the final output. For 
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example, birds with a higher body weight will have increased FCR to some degree. If the live 
weight-feed conversion consequence of a stressor is known; and the management cost-efficacy 
of solving the issue is known, value may also be expressed as an equivalent nutritional change. 
The relationship, displayed in figure 5, enables the live body weight-feed conversion variable to 
also be expressed as a dietary caloric density response throughout the growth curve. This is 
based upon the fact that both weight gain and feed conversion are responsive to caloric density 
(constant calorie/protein ratio). Using these relationships enables field data and management 
decisions to be transferred into an interactive picture of environment, bird performance, 
management and nutrition cost. In this manner decisions impacting production cost and output 
benefits may be judged as nutritional equivalence. For example, calorific value may be applied 
to managerial decisions regarding lighting programs, feed form, ventilation, hygiene and 
vaccination program among others. Thus providing the opportunity to make improvements by 
multiple methodologies, or enabling the relaxation of nutritional specifications due to improved 
management. 
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Figure 5. Dietary 
caloric density, under 
defined conditions, 
may be expressed as 
the combination of 
body weight and feed 
conversion, this may 
be utilized to build a 
data base of seasonal, 
managerial, feed 
milling and nutritional 
influences for decision 
making. 

Figure 5. Interactive relationship between cumulative FCR, dietary caloric density and bird 
body weight. Data are relative to standardized conditions. 

Since the relationships displayed in Figure 5 are relative to the OSU standard production system, 
the best way to utilize the ECV system is to contrast field data pairs or some number of multiple 
observations. It is the difference between such producer defined contrast that best represents the 
caloric density value of managerial changes within the specific production environment. 

The mathematical equation describing the relationship illustrated in Figure 5 have been 
discussed in detail (McKinney and Teeter, PS 2004). The equation displayed below represents 
one of those equations and is the one best applied in general situations. The ECV system, and 
other observations noted within this treatise are meant to be used as tools combined with good 
husbandry and managerial judgment. Ultimately, it will be the summation of these producer 
managerial-husbandry judgments that will most strongly influence bird performance and hence 
profitability. This, and other concepts discussed within this treatise may be applied as an aid to 
assign relative nutritional values to managerial decisions impacting live body weight and FCR, if 
in the opinion of the producer it offers merit. Ultimately, it is the producers decision as to what 
is relevant, anything more is beyond the scope of this treatise. 
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By inserting values into the equation with and without the managerial decision, one may 
estimate the "nutritional change" that would be benefited by the response. 

Equation utilized cumulative body weight (g) and feed conversion ratio (FCR) 
CD = 3983.79775 + 0.25857 X wt - 849.33275 X FCR 

EXAMPLE: Under the ECV reference system, the caloric density required to attain a 2000 g 
bird with a 1.8 FCR would be 2,972 kcal/kg ration. 

Note: The caloric density represents that attained under Oklahoma State 
University standardized test conditions using a commercial broiler. 

Continuing the example, improved bird husbandry allows us to achieve a 2000 g 
bird with a 1. 78 FCR. Under standard conditions requiring 2989 kcal/kg ration. 

Calorie savings calculated as: 
2000 g body weight/1000 X 1.8 X 2,972 kcal/kg ration = 10,699 kcal 
2000 g body weight/1000 X 1. 78 X 2,989 kcal/kg ration= 10,641 kcal 
calorie savings: = 58 kcal per bird. 

Bird energy content as calories per g live weight (wt, g) and total kcal computed as: 

1.59845 + .00051947 X wt - 7.28005E-8*wt2 + 4.13538E-12*wt3 

For the stated example both birds exhibited the same body weight. Therefore the 
calorie content per g live weight will be equivalent. 

calories per g live weight= 2.379 kcal 
Total bird calories= 2000 g live weight X 2.379 kcal/g live weight= 4,758 kcal 

Bird heat production may be estimated as the difference between metabolizable energy 
consumption and total bird calories: 

Bird heat production as kcal 
Bird 1 = 10,699 kcal - 4,758 kcal= 5,941 kcal as heat 
Bird 2 = 10,641 kcal - 4,758 kcal= 5,883 kcal as heat 

Bird energy gain per kg feed computed as: 
Bird 1 = 4,758 kcal/(2 kg body weight x 1.8 FCR) 1321 kcal 
Bird 2 = 4,758 kcal/(2 kg body weight x 1.78 FCR) = 1337 kcal 

Bird heat production per kg feed consumed computed as: 
Bird 1 = 5,941 kcal as heat/(2 kg body weight x 1.8 FCR) 1650 kcal 
Bird 2 = 5,883 kcal as heat/(2 kg body weight x 1.78 FCR) = 1652 kcal 

185 



Under the production scenario described, birds exhibited improved FCR thereby gaining more 
weight per kg feed consumed, as a result less total kcal were lost as heat, more energy gain per 
kg feed was noted while the birds exhibited similar heat production per kg feed consumed. If the 
producer desired the caloric density of the ration could lowered 17 kcal/kg and equivalent 
performance as live weight, feed consumption and FCR would theoretically be realized. This 
offers the potential to capitalize upon managerial advantage in multiple ways. 

The ECV system enables seemingly disjoint processes that influence performance to be related 
via a common performance based reference standard. Factors as lighting program, ration feed 
form, ration composition, stocking density, waterer or feeder space, and overall production 
systems to be interrelated. Indeed, interacting variables such as fat addition to elevate caloric 
density versus deterioration of pellet quality due to fat addition may be summed and the 
appropriate course of action taken for maximal efficiency. Using the ECV system it is possible 
to examine bird performance with reference to the OSU standardized "low stress" production 
environment. Additionally, using body composition originating from the OSU growth model, 
the energy content of the bird may be quantified and the calorie gain per kg feed consumed 
estimated. As the energy content of the bird and the ME energy consumed are known, it is 
possible to estimate the amount of heat produced by the difference. Net energetic efficiency for 
the various energy looks may calculated as the ratio of bird energy content/bird energy 
consumed. 
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