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ABSTRACT 

 

Development of a Nutritional Model to Predict Digestible Energy Requirements of 

Broodmares Based on Body Condition Changes. (May 2011) 

Viviana Victoria Cordero, B.S., Texas A&M University 

Chair of Advisory Committee: Dr. Clay A. Cavinder 

 

 Nutritional models have been developed for beef and dairy cattle to estimate 

energy balance based on changes in body condition score. These models have not been 

developed or fully evaluated in horses to date. The objective of this study was to develop 

a model to predict changes in body weight (BW), rump fat (RF) thickness, and overall % 

body fat (BF) to maximize profitability and productivity by accurately predicting energy 

balance of mares. The evaluation of the model was performed using non-lactating 

Quarter Horse mares (n=20; 4 to 18 yr of age). The initial BW ranged from 376 to 553 

kg, with an initial body condition score (BCS) of 3.5 to 7.0 (scale of 1 - 9; 1 = 

emaciated, 5 = moderate, and 9 = obese). The BCS, RF thickness, and BW were 

measured for each mare prior to the commencement of the feeding trial and once/wk 

thereafter for the duration of a 30 d feeding trial. The pre-trial BCS was used to assign 

mares to 1 of 4 treatment groups and fed to alter BCS by 1 unit as follows: Group 1, 4 up 

to 5; Group 2, 5 down to 4; Group 3, 6 up to 7; and Group 4, 7 down to 6. Initial BCS, 

target BCS, %BF, and BW data was collected from each mare and input into the model. 

Mares were individually fed according to the digestible energy (DE) suggestions 
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proposed by the model in order to achieve the targeted BCS change within 30 d. Results 

showed a 79.8% correlation between BCS and BF in which for every change in 1 BCS 

(either increasing or decreasing) a change in the same direction of 1.054 percentage units 

of BF can be expected. All mares' observed final %BF values finished with less than a 

20% variation from the model-predicted values, less than 10% variation from BCS 

values, and less than 32kg variation from final EBW values.  An equine nutritional 

model will enhance feeding management and also reduce the costs of unnecessary over-

feeding while maintaining broodmares at a nutritional level to achieve optimum 

reproductive efficiency. 
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CHAPTER I 

INTRODUCTION  

 

Mares have long gestation periods (approximately 340 days), leaving a relatively 

short amount of time for re-breeding in order to produce a foal the following year.  It is 

imperative for an equine breeder to ensure the mare enters the breeding season as 

healthy as possible in order to maximize her reproductive efficiency.  Research has 

documented that over- and under- nutrition can result in reproductive problems such as 

prolonged intervals from parturition to ovulation, reduced conception rates, and 

increased number of cycles per conception in cows (Fitzgerald et al., 2003), sows (Hartz 

et al., 1979),  mares (Henneke et al., 1981; Henneke, 1984) and humans (Ottinger, 2010).  

Nutrition and dietary energy intake play an important role in the efficiency of 

reproduction in all species including humans; therefore, any tools that can be used to aid 

equine breeders in maintaining their broodmares at an optimum level of nutrition and 

decrease the potential for reproductive problems will prove beneficial. 

Many factors play a role in the amount of dietary energy required by an animal.  

In the beef and dairy cattle industries, nutritional models have been developed to 

estimate the animal’s energy requirements.  Such models allow owners to maintain cattle 

at an appropriate BCS by providing an adequate amount of dietary energy, thus ensuring  

cows maximize reproductive efficiency.  Cattle models have proved successful and 

reliable, and have led to the development of computer programs specifically designed to  

____________ 
This thesis follows the style of Journal of Animal Science. 
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assist producers in maintaining an efficient herd at the least cost possible.  To date, no 

such models or computer programs have been developed for use in horses so the actual 

amount of DE required to change BCS is not known but rather estimated.  Today, if a 

horse owner desires to alter a horse’s BCS they simply increase, or decrease, the dietary 

intake the horse is receiving, thus adjusting DE intake.  A more accurate assessment of 

this dietary adjustment is warranted in order to more precisely change BCS in the horse. 

In order to aid equine breeders in establishing an appropriate body condition for 

their respective mares, this study seeks to develop an acceptable nutritional model to 

predict DE intake amounts that will result in an overall change to a desired body 

condition and composition.  This system will be based on the concepts used in cattle 

models, but will incorporate equine information available from the NRC (2007) for 

horses and data (BCS, RF, BW, and % BF) collected from broodmares in an earlier study 

(Cavinder et al., 2009).  Additionally, our model would predict estimated changes in BW, 

RF thickness, and overall % BF.  Ultimately, the objective of this model will be more 

accurate and reliable than visual appraisal alone and provide a much needed tool to the 

equine industry to assist in maximizing profitability and production on the farm by 

accurately predicting feeding requirements of mares in order to adjust the current fat 

status of the animal.  It will also minimize the amount of resources spent on a mare not 

yet at an optimum body condition for reproduction.  Through development of this model, 

mare owners will be able to precisely maintain mares in a desired BCS, proving to 

minimize feed costs at each stage of pregnancy and lactation that may stem from 
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unnecessary overfeeding.  The economic benefit the mare owner will gain due to more 

precise feeding regimen will lead to greater profit and business potential. 

With the above ideas in mind, the objectives of this study are to: 

1. develop a nutritional model able to predict proper dietary intake needed to 

adjust BCS in mares and, 

2. analyze the effectiveness and accuracy of the developed model in predicting 

changes in energy status. 
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CHAPTER II 

LITERATURE REVIEW 

 

The Body Condition Score System 

Throughout the past 40 years, much has been learned about the role nutrition and 

body condition play in the reproductive function of farm animals.  The relationship 

between nutritional status, body condition, and reproductive efficiency has been studied 

in the horse (Henneke et al., 1984; Hines et al., 1985; Kubiak et al., 1989), cow (Rutter 

and Randel, 1984), and sow (Randel, 1990).  Initial research in cattle demonstrated that 

body condition, the amount of stored fat in an animal’s body, is positively related to 

reproductive performance (Donaldson, 1969; Lamond, 1969; Whitman, 1975; Croxton 

and Stollard, 1976; Dunn and Kaltenbach, 1980).  Research has concluded that females 

that are too thin, due to inadequate nutrition, may suffer reproductive inefficiencies 

manisfested as longer interovulatory periods, decreased pregnancy rates, and decreased 

ovarian activity (Dunn et al., 1969; Kubiak et al., 1989).  Similar studies have also been 

conducted in sheep (Polliott and Kilkenny, 1976) and other mammals (Frisch, 1980), 

providing evidence that a minimum level of body fat is needed for successful 

reproductive performance. 

Henneke et al. (1984) is responsible for initiating body condition research in 

horses and established the BCS system.  While several BCS systems have been 

proposed, including one by Suagee et al. (2008) who derived a BCS system from 
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judging only 4 body areas (neck, shoulders, ribs and tailhead), Henneke’s BCS system is 

the current system still in place today.  This system was developed to subjectively 

measure the amount of stored body fat in horses and is analogous to the scoring system 

used in beef cattle.  The BCS system used with horses utilizes a numerical scale from 1 

to 9 (1 = emaciated; 9 = obese) with half-point increments acceptable.  The BCS system 

is based on palpable fat cover and visual appraisal of a horse by an individual at 6 body 

areas- neck, withers, shoulders, ribs, loin, and tailhead.  This system has been utilized as 

an assessment of stored energy (fat) in many studies and proven to be a useful tool in 

equine management to achieve maximum performance.  However, the basis of the BCS 

system is highly subjective and differing results for the same horse are sometimes 

attained, depending on the individual performing the scoring.  A more objective standard 

is needed to accurately measure a horse’s energy status; however, one is currently not in 

place. 

Energy deficiencies and excesses are easily identified by weight loss or gain, but 

the difficulty still remains for horse owners to regularly and accurately weigh horses.  

The use of a BCS system helps to determine whether a horse is gaining or losing weight 

(NRC, 2007).   

Nutrition and Reproductive Efficiency 

Studies vary in their definition of reproductive efficiency.  However, efficiency 

has routinely been measured by the number of cycles per conception, pregnancy rates at 

30 d post-ovulation, and d to onset of first estrus and ovulation after parturition (NRC, 
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2007).  Reproductive rates, such as conception and pregnancy rates, have been noted to 

increase with a positive energy balance due to higher ovarian activity (Van Niekerk and 

Van Heerden, 1972) and an earlier onset of the breeding season (Ginther, 1974).  Mares 

entering the breeding season in a moderate BCS require fewer cycles for conception and 

have higher conception rates than mares entering the breeding season in thin condition 

(Kubiak et al., 1987).  Henneke et al. (1984) found similar results in mares and 

concluded that breeding efficiency is enhanced in mares entering the breeding season at 

a BCS of 5.0 (moderate body condition) or above.  Mares entering the breeding season 

in a low BCS (<5) had prolonged postpartum intervals, reduced conception rates, and 

required more cycles per conception than mares entering the breeding season in fatter 

condition (Henneke et al., 1981).  Mares that enter the breeding season in thin condition 

and remain thin have longer initial estrus periods than mares above a BCS of 5.0, and in 

fact tend to have an extended anovulatory period (Kubiak et al., 1987).  Open mares 

maintained in moderately fat to fat body condition (BCS of 6.5 to 8) during the fall and 

winter mo often continue to cycle throughout the winter.  Such results confirm the 

hypothesis that nutritional restriction leading to low body condition would intensify the 

depth and/or length of the seasonal anovulatory period in mares (Gentry et al., 2002). 

Research on feeding females to excess fat levels and the effect on postpartum 

reproductive performance is contradictory among various species.  While Fitzgerald et 

al. (2003) found that excessive fatness was related to an abnormally long estrous cycle 

due to a lengthened luteal phase in cows, Kubiak et al. (1989) found that mares 

possessing a large amount of BF during gestation did not adversely affect reproductive 
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performance postpartum.  Cavinder et al. (2005) evaluated mares in fat vs. moderate 

body condition and concluded there was no significant difference in conception rates 

between the 2 groups, and that maintaining broodmares in a fat body condition (BCS = 7 

to 8) does not impair or improve reproductive efficiency.  Additionally, these researchers 

determined that mares maintained at a high BCS are not prone to reproductive 

dysfunction or lowered levels of fertility (Cavinder et al., 2005).  Rutter and Randel 

(1984) demonstrated a decrease in the postpartum interval to estrus with increasing 

levels of nutrient intake.  Results from this study suggest that females maintaining body 

condition after parturition have an enhanced pituitary function and reproductive 

potential.  This is similar to results found in other farm animals, including cattle in which 

an inadequate nutrition impairs reproductive function by prolonging the postpartum 

anestrus period (Selk et al., 1988).  Selk et al. (1988) concluded that pre-calving BCS 

and BCS at the beginning of the breeding season, along with BW changes between 2 and 

4 mo before parturition are major factors influencing the pregnancy rate in beef cows. 

Effects on Ovulation 

Henneke and Kreider (1979) and Van Niekerk and Van Heerden (1972) reported 

an earlier ovulation related to the improvement of mare energy balance.  This was later 

confirmed by Kubiak et al. (1987) who concluded that mares entering the breeding 

season with a mean BCS of 5.0 ovulate sooner when compared to mares at a BCS below 

5.0.  It was also noted that high energy intakes were effective in decreasing time to 

ovulation mares that were already thin (BF <11.5%) but not for mares who were 

moderate (BF 11.5-15%) or fat (BF >15%) since they were already at an adequate BCS 
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(BCS 5 or above)(Kubiak et al., 1987).  The period from parturition to first ovulation 

was not significantly influenced by nutritional status, but rather the period from foaling 

to second ovulation, which was lengthened in mares foaling in thin- vs fat- condition 

(Henneke et al., 1981).  The threshold BCS for mares to maximize reproductive 

efficiency was reported by Cavinder at al. (2009) as these researchers concluded there 

was no significant difference between moderate and high BCS mares (BCS 5 to BCS 6 

vs BCS 7 to BCS 8) in the average time from parturition to foal heat ovulation and foal 

heat ovulation to second postpartum ovulation.  

 Effects on Hormone Levels 

Sudden or chronic energy restriction can also affect reproductive efficiency.  

Research has shown that when mares in moderate or fat body condition were fed energy-

restricted diets all mares became anovulatory within 12 wk of the onset of restriction and 

remained anovulatory for an extended period of time (Gentry et al., 2002).  All mares in 

a low BCS had low progesterone concentrations, lacked significant follicular activity, 

and were anovulatory for 6 to 7 mo.  Mares had a reduced luteinizing hormone (LH) 

response to gonadotropin-releasing hormone (GnRH) and a reduced prolactin response 

to thyroid releasing hormone (TRH)(Gentry et al., 2002).  Under-nutrition inhibits 

pulsatile secretion of LH by reducing luteinizing hormone releasing hormone (LHRH) 

secretion by the hypothalamus, thus suppressing follicular ovulation (Schillo, 1992).  In 

a study by Hines et al. (1987), serum LH concentrations for thin mares were greater in 

the second estrous cycle than the first estrous cycle.  Serum LH concentration patterns in 
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thin mares tended to be similar to serum LH concentration patterns found in mares 

during seasonal transition.  Also, the interval from parturition to ovulation was random 

in thin mares when compared to mares in the control group (moderate BCS).  Control 

mares had equivalent concentrations of serum LH in both the first and second estrous 

cycles, and had predictable intervals from parturition to ovulation, with serum LH 

concentration patterns similar to those commonly reported in the middle of the breeding 

season. 

Effects on Gestation Length and Parturition 

During pregnancy, energy is used for maintenance of the dam, deposition of fetal 

and placental tissue, mammary development, and maintenance of the fetus and placenta 

(Morgan, 1998; NRC, 2007).  Thus, adequate energy intake during gestation is very 

important.  While Henneke et al. (1981) concluded that varying nutritional treatments 

did not significantly influence gestation length, more recent research found nutrition 

level in the mare can affect gestation length, independent of seasonal variation.  Howell 

and Rollins (2009) determined that “well fed” mares kept inside a stable had gestation 

lengths averaging 4 d shorter than mares kept on a “maintenance ration” out on pasture 

and calculated the level of nutrition to account for 5% of the total variance in gestation 

length.  Hines et al. (1987) also found that mares foaling in a thin BCS (<4.5) had a 

longer mean gestation length than the control (<6).  Longer gestation lengths, in turn, 

decrease the amount of time available for re-breeding. 
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In addition, Belonje and Van Niekerk (1975) and Potter et al. (1985) have shown 

that an energy deficit frequently results in pregnancy termination and embryonic re-

absorption during the first 90 d of gestation.  It has been hypothesized the associated 

stresses of weight loss may alter progesterone levels resulting in the loss of pregnancy 

(Potter et al., 1985).  Caloric intake greatly influences both pregnancy rate and 

maintenance of pregnancy to 90 d, both of which were reduced in thin mares when 

compared to fat mares (Henneke et al., 1981). 

In order to ensure that a mare will enter the breeding season at an adequate body 

condition, energy intake level must be increased during late gestation.  Coenen and 

Meyer (1986) have shown a positive effect of energy level in late pregnancy on 

reproduction.  Mares entering the breeding season in thin condition and gain weight 

during the breeding season remain less reproductively efficient than mares that begin the 

season already at a BCS above 5.0.  This leads to the conclusion that establishing a 

moderate body condition prior to the commencement of the breeding season is more 

important than increasing energy intake to a mare in thin condition during the breeding 

season (Henneke et al., 1984).  Evans (1989) indicated that when the increase in BW 

during gestation is less than 10%, mares will convert body stores to meet the nutrient 

demands of fetal and placental development.  Most of foal growth occurs during late 

gestation and a large amount of metabolic activity is present during this time (Powell et 

al., 1989; Hintz and Cymbaluk, 1994; Fowden et al., 2000).  Total weight gain during 

gestation averaged 16% of the mares’ initial BW in one study (Lawrence et al., 1992).  

Fowden et al. (2000) found significant uptakes of glucose and oxygen by the gravid 
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uterus, fetus, and uteroplacental tissues to be 2 to 3 times higher in late gestation than 

mid-gestation.  Lawrence (1992) found that the majority of weight gain occurred in the 

second, rather than third trimester of gestation and it was hypothesized that mares might 

increase fat storage during mid-gestation followed by mobilization of those stores during 

late gestation, which coincides with the period of rapid fetal growth. Powell et al. (1989) 

conducted similar research to evaluate the body store changes in broodmares during the 

second and third trimesters of gestation.  Fat stores increased from the beginning of the 

study through d 215 of gestation.  Stores then remained constant through d 305, at which 

point they began to decline.  Similar results were seen by Hintz and Cymbaluk (1994), in 

which the data showed a trend towards increasing fat accretion through the initial part of 

the third trimester, followed by a mobilization of fat during late gestation.  Current NRC 

(2007) recommendations dictate a mare should enter mid-gestation in at least moderate 

body condition (BCS > 5).  Mares that are in an inadequate body condition (BCS < 5) in 

early or mid-gestation should be fed additional energy to reach a BCS of at least 5 by the 

9th mo of gestation.  Additional DE should also be provided to mares kept in 

environmentally stressful conditions during gestation.  It is important to note that foal 

BW is not affected greatly by mare energy restriction during the last 90 d of gestation, 

but rather the consequences are at the expense of the mare herself (Banach and Evans, 

1981; Martin-Rossett et al., 1994). 

Although catabolism of body stores may not pose a problem to mares entering 

the breeding season with a BCS above 6, the consequence to mares at a lower BCS may 

be greater (Evans, 1989).  Similar results were seen by Cavinder et al (2009) who found 
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that mares foaling in a BCS of 7 - 8 lost a lower percentage of BF at foaling as compared 

to mares foaling in a BCS of 5 - 6.  Thus, it was recommended mares be foaled in at least 

a BCS of 6 so as to prevent a drop in body condition below a BCS of 5 at time of re-

breeding and to prevent excess weight loss during early lactation (Cavinder et al., 2009) 

which could adversely affect fertility (Mangus, 1986).  Unlike cattle, mares in fat body 

condition at time of parturition have foaling characteristics similar to mares in moderate 

body condition at parturition (Kubiak et al., 1988), suggesting that maintaining 

broodmares at a high BCS (7 - 8) neither impairs nor improves reproductive efficiency.  

The duration of Stages II and III of parturition, all intermediate times, the interval from 

birth of the foal to standing and nursing, as well as the degree of cervical and vaginal 

bruising incurred during parturition were not different between the mares in low vs high 

body condition (Kubiak et al., 1988).  Mares in moderate or fat body condition had 

similar intervals from parturition to foal heat ovulation, and from parturition to the 

second postpartum ovulation.  Therefore, it is recommended that mares used for 

breeding be maintained at a BCS of at least 5.0 (Henneke et al., 1984; Cavinder et al., 

2005).  Excessive BF stored during gestation is not detrimental to the parturition process 

(Kubiak et al., 1988).   

Effects During Lactation 

The effects of nutritional deficiency are greatest during early lactation.  Milk 

production greatly increases a mare’s energy output and an increased level of energy 

intake is required.  Additionally, the first month of lactation corresponds to the re-
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breeding period.  Energy requirements of lactating mares must be met in order to 

maintain a constant weight and prevent negative effects on foal growth, milk yield, milk 

energy content, and re-breeding (Doreau et al., 1992).  The DE requirements for lactation 

are calculated as the sum of the DE utilized for milk production and the DE utilized for 

maintenance and the efficiency of DE use for lactation has been estimated at 60% (NRC, 

2007).  Review of studies suggests that mares will produce about 3 kg milk/100 kg of 

BW in early lactation and 2 kg milk/100 kg of BW in late lactation (NRC, 1989).  Mares 

receiving an adequate amount of energy during lactation produce milk with higher 

concentrations of fat and energy in contrast to mares that are fed under the lactation 

requirements (Doreau et al., 1992).  Negative energy balance can also cause the 

mobilization of body reserves of the mare, which in turn will decrease re-breeding 

efficiency (Doreau et al., 1988).  Henneke et al. (1981) found that mares foaling in low 

body condition (BCS < 5.0) had impaired reproductive efficiency even when the energy 

requirements for lactation were met.  While increasing the caloric intake during lactation 

slightly improved re-breeding efficiency of the mares foaling in thin condition, it was 

noted that mares foaling in a high level of condition are not impaired reproductively 

when lactation requirements are not met and instead can utilize stored BF as energy for 

reproduction and efficient foal growth without detrimental effects to body condition 

body condition (Henneke et al., 1981; Doreau and Boulot, 1989). 
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Leptin as a Metabolic Signal 

Leptin is a satiety hormone secreted by the adipocyte, and is suggested to be a 

signal between BF and the hypothalamus.  Therefore, the more fat an animal has the 

more leptin is secreted in order to signal the body that enough fat covering is available 

(Houseknecht et al., 1998).  Mares with less BF also have lower leptin concentrations 

and leptin is thought to regulate nutritional status effects on reproductive function 

(Fitzgerald and McManus, 2000).  In some species, leptin concentrations vary directly 

with percentage of BF (Prolo et al., 1998; Chilliard et al., 2000).  The awareness the 

body has to “proper” fat covering through mediators such as leptin indicates that the 

body dictates whether or not it can sustain a pregnancy.  In order to achieve and maintain 

proper nutrition and ensure mares are receiving an adequate amount of energy intake, it 

is important to understand how energy requirements are formulated, what factors can 

alter the requirements, and how to measure the amount of energy consumed. 

Dietary Energy 

The horse is a monogastric, nonruminant herbivore naturally apt to digesting 

diets high in fiber via microbial fermentation.  The diet of horses has gone from a natural 

forage-based diet to a diet including cereal grains and by-products and supplemental fat 

due to the increased demand in performance of domesticated horses (Harris, 1997).  The 

need for increases in the amount of energy intakes in horses has led to an increasing 

interest in the research of energy partitioning within the equine body. 
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Energy systems have been developed to define and quantify the energy content of 

feeds and the energy utilization in the horse.  A feed’s energy content can be separated 

into that which will be utilized by the animal and that which will be lost as a product of 

digestion.  The chemical composition of a feed will affect the amount of energy that can 

be provided by the feed and thus the amount of feed that must be consumed by the horse 

in order to meet their respective energy requirements (NRC, 2007).  The heat given off 

by a feed after it has been burned to its final oxidative products is the heat of 

combustion, also known as gross energy (GE).  The GE is the total amount of intake 

energy of a feed consumed by the animal.  For GE to be an accurate indicator of energy 

available for digestion, energy losses from the processes of digestion must be accounted 

for.  To obtain DE, the amount of GE in the feces is subtracted from the intake energy 

(Pagan, 1997).  The amount of energy that is metabolized (ME) as a product of digestion 

can then be calculated by subtracting urinary and gaseous energy losses from DE.  

Generally, urinary and gaseous losses are less than the fecal energy losses; however, 

gaseous losses may be higher if the majority of the feed is digested in the large intestine, 

such as feeds high in fiber (NRC, 1989).  The amount of ME is then partitioned into 

energy that is recovered (RE) and into energy given off as heat (HE).  Heat energy 

includes the total amount of heat production that is lost to the environment, while RE 

includes the energy that is stored in tissues, such as in moments of weight gain, and also 

includes energy that will be secreted in a product, such as energy content of milk during 

lactation.  Recovered energy is commonly termed Net energy (NE) and may be 
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partitioned further into specific categories of energy distribution (for example, NEM, 

NEL, NER). 

 Energy content of feeds was originally measured in units of TDN, however, the 

equine NRC (1989) adopted the DE system as the unit to describe the energy content of 

horse feeds, and is the system still in place today (Cuddeford, 2004).  A unit of TDN can 

be converted to DE since 1 kg of TDN is equivalent to 4.4 Mcal of DE, or 18.4 MJ of 

DE.  It is important to note that DE is also known as “apparent” DE because some of the 

material in the feces is not from the feed itself but from endogenous products. If 

endogenous losses are known, only then can the “true” DE content of a feed be 

calculated.  However, most DE values represent apparent DE and not true DE.  Both the 

GE content of a feed and its digestibility by the animal affect the amount of DE provided 

by the feed.  Several equations have been formulated to estimate DE content from a 

feed’s chemical composition, as demonstrated below (Fonnesbeck, 1981), where ADF = 

acid detergent fiber and CP = crude protein: 

 

Dry Forages and Roughages, Pasture, Range Plants, and Forages Fed Fresh: 

 DE x (Mcal/kg) = 4.22 – 0.11 x (%ADF) + 0.0332 x (%CP) + 0.00112 x (%ADF) 

Energy Feeds and Protein Supplements: 

 DE x (Mcal/kg) = 4.07 – 0.055 x (%ADF) 

 

These equations were based on work by Fonnesbeck (1981), who developed regression 

equations from chemical and biological data for estimating DE and TDN for horses via 



 17 

chemical analysis of feeds.  Using data from 30 different diets, Pagan et al. (1998) 

reported that DE could be estimated from the following equation, where hemicelluloses 

= ADF – neutral detergent fiber (NDF) and nonstructural carbohydrate = (100 - %NDF - 

%fat - %ash - %CP): 

 

DE x (kcal/kg DM) = 2118 + 12.18 x (%CP) – 9.37 x (%ADF) – 3.83 x 

(%hemicellulose) + 47.18 x (%fat) + 20.35 x (%nonstructural carbohydrate) – 

26.3 (%ash); R2 = 0.88 

 

Zeyner and Kienzle (2002) derived the following equation: 

 

DE (MJ/kg DM) = -3.6 + 0.211 x (%CP) + 0.421 x (%AEE) + 0.015 x (%CF) + 

0.189 x (%NFE) 

 

Nutrient supply of feeds of similar DE varies depending on its chemical 

composition (for example, starch versus cell-wall carbohydrates) and varies depending 

on the site and type of digestion (for example, enzymatic digestion in the small intestine 

versus fermentation in the large intestine).  Therefore, it has been noted the DE system 

overestimates the DE value of forages and protein-rich feeds, while it underestimates the 

DE value of starch-rich feeds (Vermorel and Martin-Rossett, 1997).  Such discrepancies 

led to the development of a NE system.  While the DE system of estimating energy 

content is based on digestibility as the discriminating factor between feeds, the NE 
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system is based on the usage-ability of the end-product, as it takes into consideration the 

energy costs of mastication, movement of ingesta through the digestive tract, and heat of 

fermentation (Cuddeford, 2004). 

The NE system has the potential to predict energy content and requirements more 

accurately, however, it requires more information and therefore is more complicated than 

DE systems (NRC, 2007).  NE systems have been established for use in cattle, however, 

work on an NE system for horses was not initiated until the early 1980s in France.  The 

French system (Vermorel et al., 1984) is the most developed NE system for horses to 

date.  Also known as the Unite Fourragere Cheval (UFC) system, it relates NE 

requirements to a standard horse feed unit derived from the NE value of 1 kg of barley (1 

UFC = NE of 1 kg barley).  The UFC value of a particular feed is calculated by dividing 

its NE content (in kcal) by that of barley (2250 kcal)(Vermorel et al., 1984).  Since the 

nutritive value of 1 kg of barley is better understood than 1 kg of TDN, or a Mcal, or a 

MJ, some consider a feed unit system to be more practical (Vermorel and Martin-

Rossett, 1997).  However, a feed unit system based on barley as the reference unit would 

only be practical to those who commonly use barley in their horse diet and may not be 

accepted as the standard horse feed in other parts of the world (Martin-Rossett et al., 

1994; Martin-Rossett, 2000; Martin-Rossett and Vermorel, 2004).  Another drawback to 

the DE system is that it does not account for differences in energy efficiency of use for 

different purposes, such as for NEM, NER, and NEL (NRC, 2007).   

In order to truly compare both energy systems, numerous feeding trials involving 

different classes of horses and different types of feeds would be needed.  Few authors 
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have compared the 2 systems theoretically.  Even fewer studies have compared the 2 

systems in practice, and the results have been inconclusive (NRC, 2007).  While Hintz 

and Cymbaluk (1994) found the calculated amount of feed required by broodmares as 

estimated by the French NE system was similar to that estimated by the DE system, 

others found that DE requirements exceeded the NE requirements by 19% (Martin-

Rossett and Vermorel, 2004). 

While the French NE system is most popular in Europe, the DE system in horses 

has been retained in the USA because barley is not as commonly used as the standard 

horse feed.  Although the NE system is more detailed and is currently used in other areas 

of the livestock industry, the DE system is more practical and easier to use in horses.  

More information has been acquired about estimating the DE content of horse feeds as 

compared to their NE content since most feeding experiments have based DE as the unit 

of measure of dietary energy content of feeds (Cuddeford, 2004).  Thus, the DE system 

is more widely accepted and will serve as the unit of caloric intake in this study. 

Nutrition Models 

As noted above, many factors play a role in the amount of DE required by the 

equine body.  In order to maintain an appropriate BCS by providing an adequate amount 

of dietary energy to maintain reproductive efficiency, nutritional models have been 

developed to aid in estimating energy requirements in both beef and dairy cattle 

(Tedeschi, 2002).  Such models have proved successful and reliable, and have spurred 

the creation of other computer programs, including Bo Vision and the Cornell Net 
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Carbohydrate and Protein System (CNCPS), specifically designed to aid producers in 

maintaining an efficient herd at the least cost possible.  To date, no such models or 

computer programs have been developed for use with horses.  In order to create a model 

that will predict changes in the total energy content of the animal, information on body 

composition, BW, and energy efficiency values must be taken into consideration. 

Body Composition 

Information on the body composition of horses is scarce.  The most variable 

component of the body is fat, while the fat-free body composition remains relatively 

constant over an animal’s lifetime.  Coefficients of variation are normally greater than 

16% for fat while only 6% for water and protein (Lohman, 1971).  The relative 

consistency in fat-free body composition has spurred research in the estimation of 

whole-body composition thru indirect methods (Lohman, 1971).  Variability in BF 

content has been correlated to both genetics and environmental factors and such 

differences amongst breeds, planes of nutrition, age, gender and type of diet affect fat 

deposition in every horse (Lohman, 1971; Kearns et al., 2002a). 

The majority of variation in fat-free body composition takes place in the animal’s 

early years of life.  During development, decreases in body water (BWa) and increases in 

body protein (BP) and body ash (BA) occur simultaneously until a plateau is reached, 

after which point the fat-free body composition remains relatively constant for the 

duration of the animal’s life (Lohman, 1971).  This concept of “chemical maturity” was 

first defined by Moulton in 1923 as “the point at which the concentration of water, 
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proteins, and salts becomes comparatively constant in the fat-free cell.”  Moulton (1923) 

estimated the point of chemical maturity to be about 4.5% of total life expectancy.  

Therefore, while different animals reach chemical maturity at different ages, the ages are 

relative to a part of the total life cycle (Moulton, 1923). 

Determination of Body Fat Content   

Among total BWa, BF, BP, and BA, BF is the composition compartment that has 

received the most attention in horses.  Ultrasonic rump fat thickness was found to be 

highly correlated (r = 0.85) with actual rump fat thickness (Westervelt et al., 1976).  The 

relationship between ultrasonic measurements and total BF as developed by Westervelt 

et al. (1976) is predicted by Equation [1] (r2 = 0.86, n = 15); where Y is the percent of 

ether extractable fat and X is ultrasonically measured rump fat thickness, cm. 

Y = 8.64 + 4.70 • X         [1] 

Westervelt et al. (1976) concluded that ultrasonography is a reliable tool in the 

estimation of fat cover in horses and ponies and ultrasonic rump fat measurement can aid 

in the prediction of total BF.  The model is still commonly used today.  Westervelt’s 

conclusions were supported by the work of Kane (1987), who confirmed that rump fat 

thickness is related to total BF using real-time ultrasonography.  However, Kane (1987) 

determined variations in rump fat thickness exist and are dependent on ultrasound probe 

placement on the horse’s hip.  The greatest deposits of fat were located 6 cm anterior to 

the tailhead approximately 10 cm off the midline and the least amount of fat located near 
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the top of the croup.  It was concluded that a standardized location for sampling rump fat 

thickness must be implemented for estimating body condition.    

Determination of Body Water Content 

Several methods have been developed to estimate BWa content in horses.  The 

most commonly used method is based on isotope-indicator dilution techniques (Julian et 

al., 1955; Elser et al., 1983; al., Lawrence et al., 1986; Andrews et al., 1997; Forro et al., 

2000).  Isotope-indicator dilution techniques involve the estimation of BWa based on the 

elimination of the isotope after administration via the jugular artery.  Another method 

used in the estimation of BWa content in horses is bioelectrical impedance analysis 

(BIA) (Forro et al., 2000; Fielding et al., 2004).  The BIA technique is comprised of 

sending small electrical currents through the body via electrodes placed at various 

anatomic areas of the horse.  A bioimpedance analyzer then records the resistance and 

reactance at varying frequencies.  The resistance to electricity varies between different 

types of tissues and their water content. Because water is a good conductor of electrical 

current, the higher the amount of water, the lesser the resistance will be; and therefore, 

standard equations can be developed and used to assess BWa based on resistance.  The 

results from studies on water content in equines along with the methods used are 

summarized in Table 1. 
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Table 1. Results of studies on water content in equines 

Reference Method1 n Breed2 TBW3 Weighted Avg4 

Andrews (1997) D2O 6 Mixed-breeds 62.3 ± 2.2 7.788 

Forro (2000) BIA and D2O 8 Horses5 and Ponies 67.7 ± 2.2 11.283 

Julian (1955) T2O 6 Horses6 63.8 7.975 

Elser (1983) Ethanol dilution 10 Ponies 65.87 ± 1.07 13.723 

Lawrence (1986) Urea dilution 10 Horses and Ponies 58.5 ± 2.8 12.188 

Deavers (1973) T2O 8 Ponies 67.7 ± 5.87 11.283 

  48  AVG: 64.31 Total: 64.24 
1 D2O = deuterium oxide dilution, T2O = tritium oxide dilution. 
2 Equine breed used in study 
3 Total body water as a percent of body weight. Values are mean ± S. E. M. 
4 Weighted average of results from each study 
5 Standardbred, Thoroughbred, Percheron 
6 Thoroughbred, Quarter Horse, Arabian, American Saddlebred 
 
 
 
 

Determination of Body Protein and Ash Contents 

Two studies have provided information on equine BP and BA.  Kane (1987) 

provided BF (13.03%), BP (18.5%), and BWa (61.05%) as percentages of empty body 

weight (EBW) after cadaver dissection and carcass evaluation of horses weighing 281 to 

474 kg.  Because no values for ash were provided, the amount of BA (7.42%) was 

calculated by difference (100 - 13.03 - 18.5 - 61.05).  Similarly, Elser et al. (1983) 

performed cadaver dissection and carcass evaluation in ponies and concluded that 

protein and ash as a percent of EBW were 19.51% and 5.37%, respectively.  The 
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weighted average of the results from both studies indicated 19.13% of total BW was 

protein and 6.14% of total BW was ash.  The results are summarized in Table 2. 

 

 

Table 2. Results of studies on protein and ash content in equines 

Reference n Breed1 TBP2 TBP Weighted Avg3 TBA4 TBA Weighted Avg5 

Kane (1987) 6 Horses 18.5 6.94 7.42 2.78 

Elser et al. (1983) 10 Ponies 19.51 12.19 5.37 3.36 

     16  AVG: 19.01     Total: 19.13    AVG: 6.40    Total: 6.14 
1 Type of equine used in study 
2 Total body protein as a percent of body weight 
3 Weighted average of total body protein results from each study 
4 Total body ash as a percent of body weight 
5 Weighted average of total body ash results from each study 
 

 

Body Weight Measurements and Adjustments 

The model developed for the current research project is based on that published 

by Tedeschi et al. (2006) and the dairy NRC (2001) equations with modifications based 

on horse data.  Shrunk body weight (SBW) is equivalent to an animal’s weight after an 

overnight fast without feed or water and is typically estimated as 96% of full BW (FBW) 

by the beef cattle NRC (2000).  Shrunk BW is used to compute NEm requirements, 

which are measured as fasting heat production and used to determine the amount of NE 

available for growth in the diet and target SBW gain.  Empty body weight is the FBW 
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minus the weight of the ingesta and is typically computed as 89.1% of SBW or 85.5% of 

FBW in cattle (NRC, 2000).  Both SBW and EBW are used to determine changes in BW 

that are associated with mobilization and repletion of body mass of the animal in support 

of physiological needs and status (growing, lactating, gestating, dry). 

In dairy cattle, EBW has been used to develop the equations to predict the energy 

required for target SWG because NE requirements are a function of the proportion of fat 

and protein in the empty body tissue gain (NRC, 2001).  The prediction of body reserves 

in dairy is obtained using Eq. [2] and Eq. [3]. 

SBW = FBW • 0.96         [2] 

EBW = SBW • 0.851         [3] 

where SWB is shrunk body weight, kg; EBW is empty body weight, kg; and FBW is 

full body weight, kg.   

Total Energy (TE) 

A negative energy balance (ΔTE value is negative) occurs when the intake of 

energy is lower than the energy required for reproductive and productive purposes and 

leads to a mobilization of reserve energy.  On the other hand, in a positive energy 

balance (when the ΔTE value is positive), the intake of energy is greater than the energy 

intake required for reproduction and production, which leads to an addition to the energy 

reserves that would be available for later mobilization.   
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Energy Efficiencies 

Moe et al. (1970) used a multiple regression analysis of data from 126 lactating 

dairy cows in a negative energy balance and 224 lactating dairy cows in a positive 

energy balance.  The above study reported an 84% efficiency in the conversion of NE of 

reserves to NE available for lactation (NEL), a 64.4% efficiency in the conversion of ME 

to NEL, and a 72.6% efficiency in the conversion of ME to NE available for 

reproduction (NER). 

At present, efficiency of utilization of dietary energy for milk production is 

difficult to determine accurately in horses.  Differences in attempts to compute such 

efficiencies have been caused by either differences in the value chosen for efficiency of 

utilization or by differences in the estimation of milk energy output in horses.  In the late 

1970s, both Norway and the USA estimated a 60% efficiency of utilization (Nedkvitne, 

1976; NRC, 1978), while France estimated a 66% efficiency (Meyer, 1979).  These 

comparisons show that there are only small differences in lactating energy requirements 

formulated in different countries, and are also similar to the efficiencies derived for dairy 

cattle (Doreau, 1988).  In addition, similar studies conducted around the same time in the 

United Kingdom estimated an 85% efficiency in the use of ME for DE (Abrams, 1984). 
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CHAPTER III 

MATERIALS AND METHODS 

 

Data Used for Model Development 

Data collected in a previous project (Cavinder et al., 2009) utilizing 24 Quarter 

Horse mares was used in the creation of a model to predict DE requirements needed to 

alter BCS in mares.  Measurements included BCS, BW, and RF thickness of gestating 

mares and were collected once every 2 wk over a 9 mo period (October, 2003 – June, 

2004).  In the 2009 project, mares ranged in age from 3 to 18 yr and were blocked by age 

and parity into 2 treatment groups: 1) fat-conditioned mares (BCS range of 7 to 8) and 2) 

moderately-conditioned mares (BCS range of 5 to 6).  All mares were fed to reach and 

maintain desired body condition.  Body condition scores were assigned by 3 independent 

appraisers on a scale of 1 to 9, including half-point increments (Henneke et al., 1983).  

Rump fat thickness was measured 5.08 cm from the midline and 10.16 cm from the point 

of the hip by ultrasonography.  All gathered data was used in the formulation of 

regression equations for the development of this study’s model as described below. 

Model Development 

Body Composition 

The weighted average of total BWa for horses from previous research studies is 

64.24% as listed in Table 1.  This is the value used in the development of the current 
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model and is within the range (62 – 68%) provided by the NRC (2007) for adult horses.  

When calculated as a percentage of fat-free matter (FFM), BWa, BP, and BA equal 

71.8%, 21.4%, and 6.86%, respectively.  This study uses the combined results of the 

information presented above for the development of the model (Table 3). 

 

 

Table 3. Body composition 

 Water Protein Ash Total 

% of EBW1 64.24 19.13 6.14 89.51 

% of FFM2 71.77 21.37 6.86 100 

1 Empty body weight 
2 Fat-free matter 
 
 
 

Body Weight Measurements and Adjustments 

For mature lactating dairy cows, a change in BW does not always necessarily 

indicate changes in tissue reserves, and vice versa (Tedeschi et al., 2006).  As much as 

40% variation in energy with no change in BW has been reported in dairy cows.  

Because of the inconsistencies between actual changes in BW and energy reserves, the 

model in this study used actual FBW to compute EBW, using Eq. [2] and Eq. [3]. 
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Predicting Changes in Body Weight 

The information of FBW is not always available in practical conditions.  

Therefore, changes in BW associated with changes in BCS were used to assess changes 

in tissue reserves.  The individual mare data collected by Cavinder et al. (2009) was used 

to describe the relationship between BCS and percentage of empty BF (EBF), EBW, and 

actual BW.  The regression between BCS and EBW indicated that the mean EBW 

change associated with a BCS change was equivalent to 3.88% of the mean BW.  

Therefore, a weight adjustment factor (WAF) was computed from the BCS in order to 

compute an adjusted EBW (aEBW) associated with changes in BCS, as shown in Eq. [4] 

and Eq. [5]: 

WAFi = 1 – 0.0388 • (5 – BCS[1-9])       [4] 

aEBW = (initial EBW • WAF)/initial WAF       [5] 

where WAF is weight adjustment factor; BCS[1-9] is the BCS on a scale of 1 to 9; EBW 

is empty body weight, kg; aEBW is the adjusted EBW to a given BCS.   

 The initial EBW to initial WAF ratio (Eq. [5]) computes the expected BW at BCS 

5.  The aEBW for each period assesses the variation in tissue energy from that which 

would be provided by an animal at a BCS of 5. 

Total Energy Determination 

Total body energy (TE, Mcal) is computed by multiplying the amount of BF and 

the amount of BP by their respective heat of combustion.  The heat of combustion of fat 

in cattle has been estimated at 9.367 Mcal/kg, while the heat of combustion of protein 
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has been found to vary from 5.554 to 5.686 Mcal/kg (Blaxter and Rook, 1953).  The 

growing animal heat of combustion values of 9.376 Mcal/kg for fat and 5.554 Mcal/kg 

for protein have been adopted by the beef cattle NRC (2000), and therefore, were the 

numbers used in development of this study’s model as no values have been developed 

specifically for horses to date.  The total energy computation is noted below: 

TE = (9.367 • TF) + (5.554 • TP)        [6] 

TF = aEBW • BF          [7] 

TP = aEBW • BP          [8] 

where TE is total body energy, Mcal; TF is the amount of body fat, kg; TP is the amount 

of body protein, kg; and aEBW is the adjusted empty body weight. 

The changes in total body energy within a period is assessed by computing the 

TE of consecutive periods, as shown in Eq. [9]. 

ΔTEi = TEi – TEi-1; i ≥ 2        [9] 

where ΔTEi is the change in total energy (Mcal), TEi represents the TE during the ith 

time period, and TEi-1 represents the TE of the period before the ith time period. While 

the TE at the first time period remains constant, the subsequent period’s TE is computed 

by using Eq. [9]. 

Energy Efficiencies 

As scarce information is presently available for horses, the coefficients of energy 

interconversion proposed in the energy efficiencies section above will be used in this 

model.  When the animal is lactating, a negative energy balance (ΔTE < 0) indicates 

energy reserves are being used for milk production.  As noted above there is an 84% 
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efficiency in the mobilization of NER into NEL and a 64.4% efficiency in ME use for 

lactation, the milk able to be produced from the mobilization of reserves is computed 

using Eq. [10].  On the other hand, a positive energy balance (ΔTE > 0) indicates that the 

intake energy exceeds the energy requirements, and therefore, the diet energy is used for 

deposition into reserves rather than milk production.  As stated above, a 72.6% 

efficiency of ME use for to NER is assumed.  The calculated amount of milk from a 

lactating animal in a positive energy balance is shown in Eq. [11]: 

if ΔTE < 0, then ΔMilk = (ΔTE • 0.84)/0.644     [10] 

if ΔTE > 0, then ΔMilk = (ΔTE)/0.726      [11] 

where ΔTE is variation in total tissue energy (Mcal NE/d), and ΔMilk is variation in 

milk production (kg/d). 

When the animal is not lactating, a 60% efficiency of ME used for NER is 

assumed. 

Model Application 

Non-lactating Quarter Horse mares (n=20; 4 to 18 yr of age; mean = 7), with 

initial BW ranging from 376 kg to 553 kg (mean = 458 kg) and initial BCS of 3.5 to 7 

(scale of 1 - 9; 1 = emaciated and 9 = obese; 5 = moderate) were used in this study.  

Mares were borrowed from local owners within the community and individually housed 

(3.6 X 4.3 m stalls) at the Texas A&M University Equestrian Center.  Individual housing 

of each mare was needed to precisely manage dietary intake throughout the study; 

however, all mares were rotated to individual turn out pens every other day to provide 
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free exercise.  A 1 wk acclimation period was used to allow mare adaptation to the 

housing environment.  All mares were treated with a 450 kg dose of broad-spectrum 

dewormer (Equimectrin Paste, 1.87% Ivermectin equine dewormer in oral syringe) 

before the start of the study.  Use of animals for this study was approved by the Texas 

A&M University Institutional Agricultural Animal Care and Use Committee using 

guidelines set forth by the Federation of Animal Science Societies (2009).   

Physical Measurements 

Body condition score, RF thickness, and BW were measured for each mare once 

prior to the commencement of the feeding trial and once/wk thereafter for the duration of 

a 30 d feeding trial.  Body condition scores were obtained for each mare by 3 

experienced, independent appraisers and then averaged together to determine each 

mare’s body condition.  Body condition was assessed using the equine BCS system 

established by Henneke et al. (1983) with a 9-point scale including quarter-point 

increments (1 = emaciated and 9 = obese; 5 = moderate). Each judge conducted their 

scoring of body condition independently, but concurrently with the other judges so all 

horses were scored at the same time of day. Each of the 6 body areas (neck, withers, 

shoulders, ribs, loin, and tailhead) was assessed using both physical palpation and visual 

appraisal to evaluate the amount of fat present. 

Rump fat thickness measurements were gathered via ultrasonic scanning 

equipment with a 5 MHz transducer (MicroMaxx Ultrasound System, SonoSite, Inc., 

Bothell, WA). Rump scanning site was determined by measuring 5.08 cm from the 
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midline and 10.16 cm from the point of the hip. Body fat content was then calculated 

using Eq. [1] described above.  Measurement points were consistent from week to week 

by taking ultrasonography pictures of rump fat measurement site each sampling time. 

Mares were individually led onto and weighed on a livestock weighbridge scale 

(Paul Livestock Scale, Adrian J. Paul Co., Inc., Duncan, OK) to determine BW. 

Treatments 

Pre-trial body condition scores were used to assign mares to 1 of 4 treatment 

groups as follows: 

 

 

Table 4.  Initial body condition score groups for mares fed to achieve a targeted body 
condition 

Group 1 Group 2 Group 3 Group 4 

BCS 4 BCS 5 BCS 6 BCS 7 

Fed to achieve BCS 5 Fed to achieve BCS 4 Fed to achieve BCS 7 Fed to achieve BCS 6 
 

 

       Upon initial scoring, each mare’s information was placed into the model.  Mares  

were then fed according to the model predictions.   
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Diet 

Hay samples were obtained randomly by core sampling and concentrate samples 

were obtained by random grab sampling.  Hay samples were submitted for nutrient 

analysis to a commercial laboratory (Soil, Water, and Forage Testing Laboratory, Texas 

A&M University, College Station, Texas). 

Each mare was individually fed forage and concentrate twice/d 12 h apart in 

individual stalls outfitted with hay and grain combo stall feeders.  The forage was 

offered first with the concentrate being offered immediately afterward.  The forage 

consisted of a Coastal Bermudagrass hay (95.3% DM; 9.7% CP; 36.3% ADF; 65.9% 

NDF; 57.1% estimated TDN; 0.18% P; 0.4% Ca; 1.3% K; 0.2% Mg; 82 ppm Na; 23 

ppm Zn; 161 ppm Fe; 89 ppm Cu; 105 ppm Mn).  The concentrate consisted of a 12% 

crude protein pelleted horse feed (Brazos County Producer’s Co-Operative Association, 

Bryan, Texas).  Clean water was available ad libitum.  During the 1 wk acclimation 

period, mares were fed a 70:30 forage:concentrate intake ratio of 2.5% of BW in an 

attempt to maintain a constant energy status during the pre-trial period.  Any refusals 

were collected daily after each feeding, weighed, and recorded. 

 Initial BCS, target BCS, %BF, and BW data collected from each mare was input 

into the proposed model.  Feeding regimen was manipulated so that mares were 

individually fed according to the DE predicted by the model in order to achieve a gain or 

loss of 1 BCS within a 30 d period depending on the treatment protocol.  Proposed DE 

intake values were calculated to maintain the 70:30 forage:concentrate intake ratio.  At 
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the conclusion of the application period, final BCS, %BF, and BW values will be 

compared to the model’s predicted values and the results will be used in model accuracy 

analyses. 

Model Evaluation 

 The Model Evaluation System (MES) designed by Tedeschi (2006) was used to 

evaluate the accuracy and predictability of the developed model.  Analysis ran include 

linear regression analysis, mean square error of prediction, correlation coefficients, 

distribution analysis, deviation analysis, graphics, and histograms.  The MB is one of the 

most common statistics used to evaluate model accuracy, and is based on the mean 

deviance between the observed and model-predicted values (Cochran and Cox, 1957).  A 

positive MB statistic means the model under-predicted the final values, while a negative 

MB statistics means the model over-predicted the final values.  SPSS (SPSS, Inc., 2007) 

was used to run regression models.  Mean absolute error measures the mean absolute 

deviance between the observed and model-predicted values, where the lower the MAE, 

the more accurate the model is (Byers et al., 1989; Mayer and Butler, 1993).  The 

modeling efficiency (MEF) is a statistic that determines the proportion of variation 

between the observed values from the model-predicted values that is explained by the 

linear regression.  The closer to 1, the better the MEF is (Loague and Green, 1991; 

Mayer and Butler, 1993).  The coefficient of model determination (CD) also relies on the 

principle in which the closer to 1, the better the model predictability.  It explains the 

proportion of the total variance of the observed values explained by the predicted values 
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(Loague and Green, 1991).  The mean square error of prediction (MSEP) is a common 

and reliable measure of the predictive accuracy of a model (Bibby and Toutenburg, 

1977).  Accuracy is a measure of how closely model-predicted values are to the observed 

values, while precision is a measure of how closely individual model-predicted values 

are within each other (Tedeschi, 2002).   
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CHAPTER IV 

 RESULTS 

Table 5 below demonstrates how the 20 mares were divided amongst the 4 

treatment groups.  Because changes in BCS took place from the time the mares were 

first assessed for use in the study to the time the mares chosen arrived at the research 

housing facility, not all 5 mares within each group had uniform initial BCS (with the 

exception of Group 4 with all 5 mares having an initial BCS of 7).  The mares in Groups 

1, 2, and 3 were divided into what would create an average BCS per group that is 

relatively close to the target BCS of the pertinent group.  For example, Group 1 was 

initially assigned to contain mares beginning at a BCS of 4 that would be fed to increase 

1 BCS (BCS of 5).  Only 1 out of the 5 mares in Group 1 was at an initial BCS of 4, 

however, the average of the group itself was 3.9, which was rounded up to 4.  The same 

principle was used for Groups 2 and 3. 
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Table 5. Placement of research mares into treatment groups according to initial body  

condition scores (BCS) per mare 

 

 

 

Table 6 below shows the calculated initial DE intake along with the change in DE 

intake as predicted by the model for each individual mare.  Since several of the mares 

used in this study were put out to pasture for free-range grazing before the 

commencement of the study, their exact initial dietary energy intake that was 

maintaining the animal at its initial BCS was not able to be measured.  Therefore, a 

theoretical method for calculating approximate initial DE intake was developed.  A mare 

at an initial BCS of 5 was said to be in optimal condition and therefore was receiving 

100% of her maintenance DE requirements/d.  However, it can hypothesized that a mare 

 Treatment Groups 

 Group 1 (BCS 4 - 5) Group 2 (BCS 5 - 4) Group 3 (BCS 6 - 7) Group 4 (BCS 7 - 6) 

 Mare 
ID# 

BCSinitial - desired Mare 
ID# 

BCSinitial - desired Mare 
ID# 

BCSinitial - desired Mare 
ID# 

BCSinitial - desired 

 15 3.5 - 4.5 73 5 - 4 112 5.5 - 6.5 140 7 - 6 

 32 3.5 - 4.5 11 4.5 - 3.5 508 5.5 - 6.5 106 7 - 6 

 35 3.5 - 4.5 5 5 - 4 137 6 - 7 109 7 - 6 

 8 4 - 5 48 5 - 4 57 6.5 - 7.5 510 7 - 6 

 24 5 - 6 36 5 - 4 63 5.5 - 6.5 105 7 - 6 
Mean 
Group 
BCS: 

3.9 - 4.9  4.9 - 3.9  5.8 - 6.8  7 - 6 
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at a BCS below 5 was receiving less than 100% of her DE requirements, while a mare at 

a BCS above 5 was receiving more than 100% of her maintenance DE requirements.  

Therefore, a scale was used to estimate initial DE intake. Every change in 1 BCS is 

equivalent to a change of 10% in DE requirements in the corresponding direction. For 

example, according to the NRC (2007), mare ID 73 (Group 2) requires 15.2 Mcal of 

DE/d.  Since she was initially at a BCS of 5, it can be estimated that she was receiving 

100% required DE and it was assumed she was consuming the entire 15.2 Mcal of DE/d.  

Therefore, her estimated current DE intake was 15.2 Mcal/d.  On the other hand, Mare 

ID 8 (Group 1) was in an initial BCS of 4, and her DE requirements per the NRC (2007) 

are 13.3 Mcal DE/d.  However, since she is 1 full BCS below 5, it can be assumed that 

she is not consuming the entire 13.3 Mcal DE/d, but rather 10% less than 13.3 (11.97 

Mcal DE/d).  As seen in Table 5, this theory was applied to every mare, and each current 

DE intake was calculated.  After each mare's data is inputted into the model, the model 

calculates a proposed change in DE intake/d.  These amounts were then either subtracted 

from or added to the current DE intake for each mare, depending on whether she was 

assigned to a group that would decrease or increase BCS.  The total DE intake (in 

Mcal/d) as proposed by the model was calculated and the amount represents the total 

dietary energy intake consumed by each mare during this study.   
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Table 6. Digestible energy (DE) intake changes per mare as predicted by model 

Mare ID Initial 
BCS 

DE Maint 
Req 

% DE Maint 
Req Met 

Current DE 
Intake 

Proposed DE 
Change 

Proposed total 
DE Intake 

  (Mcal) Estimateda Mcal/d (Mcal/d)  
GROUP 1       
15 3.50 13.3 85 11.31 5.98 17.29 
32 3.50 13.3 85 11.31 6.08 17.39 
35 3.50 13.3 85 11.31 4.95 16.26 
8 4.00 13.3 90 11.97 7.63 19.60 
24 5.00 13.3 100 13.3 7.40 20.70 
       
GROUP 2       
73 5.00 15.2 100 15.2 -4.23 10.97 
11 4.50 13.3 100 13.3 -3.55 9.75 
5 5.00 13.3 100 13.3 -2.46 10.84 
48 5.00 13.3 100 13.3 -2.38 10.92 
36 5.00 13.3 100 13.3 -2.37 10.93 
       
GROUP 3       
112 5.50 15.2 105 15.96 7.46 23.42 
508 5.50 15.2 105 15.96 3.88 19.84 
137 6.00 12.1 110 13.31 9.16 22.47 
57 6.50 15.2 115 17.48 8.03 25.51 
63 5.50 13.3 100 13.3 6.02 19.32 
       
GROUP 4       
140 7.00 15.2 120 18.24 -6.46 11.78 
106 7.00 15.2 120 18.24 -5.92 12.32 
109 7.00 12.1 120 14.52 -3.33 11.19 
510 7.00 15.2 120 18.24 -4.16 14.08 
105 7.00 15.2 120 18.24 -6.94 11.30 

aAssuming BCS of 5 is a mare meeting 100% of maintenance DE requirements; change in 1 full 
BCS from a BCS of 5 is equivalent to a 10% deviation from 100% of maintenance DE 
requirements 
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Model Evaluations 

Evaluating BCS 

 Three independently judged BCS were averaged to attain a mean BCS, which 

was then rounded up to the nearest 0.5 BCS.  Appendix Table 1 shows each mare's 

scores/wk, as well as her rounded mean (final) BCS.  The final BCS values (observed) 

were compared to the final BCS values (predicted) as proposed by the model.  The 

coefficient of determination (r2) is used in the evaluation of models whose main purpose 

is to predict a future outcome.  It represents the proportion of variability in a given data 

set and provides a measure of the likelihood a future outcome can be predicted by the 

model.  All 20 mare data points (n = 20) were used for the evaluation of the model's 

predictability in regards to BCS, and resulted in an r2 of 0.907 (P = 0.00001) with a 

maximum error (ME) of 0.5.  This means the model accounted for 90.7% of the 

observed BCS variation, with a maximum BCS variation of 0.5 of a BCS between final 

observed and model-predicted values.  The BCS evaluation resulted in a mean bias (MB) 

of 0.025 BCS units.  On the other hand, the mean absolute error (MAE) for this 

evaluation was 0.275.  The MEF for this evaluation was 0.860, while the CD was 0.732.  

MSEP resulted in 0.138 BCS units.  Table 7 below summarizes these results.  
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Table 7.  Model Evaluation System (MES) statistic results for final BCS model 
predictions  

Coefficient of determination (r2)  0.907 

Maximum error (ME) 0.5 BCS units 

Mean bias (MB) 0.025 BCS units (model under-prediction) 

Mean absolute error (MAE) 0.275 BCS units 

Modeling efficiency (MEF) 0.860 

Coefficient of model determination (CD) 0.732 

Mean square error of prediction (MSEP) 0.138 BCS units 

 

 

      Figure 1 below shows the scatterplot of the final observed BCS values versus the  

 final model-predicted values.  Points above the Y = X line indicate  under-predictions  

 by the model while points lying below the Y = X line indicate model over-predictions. 
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Figure 1. BCS values: observed vs model-predicted 

 

 

 In order to compare the predictability of the model at increasing a BCS versus 

decreasing a BCS, Group 1 and Group 3 (both the increasing BCS groups) data (n = 10) 

were combined and evaluated as 1 data set, while Group 2 and Group 4 (both decreasing 

BCS groups) data (n = 10) were combined and evaluated as well.  The model's 

increasing-BCS predictability MES results are presented in Table 8, while the model’s 

decreasing-BCS predictability MES results are presented in Table 9.  
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Table 8.  Model Evaluation System (MES) statistic results for increasing-BCS model 
predictability   

Coefficient of determination (r2)  0.906 (P = 0.00002) 

Maximum error (ME) 0.5 BCS units 

Mean bias (MB) -0.2 BCS units (model over-prediction) 

Mean absolute error (MAE) 0.3 BCS units 

Modeling efficiency (MEF) 0.843 

Coefficient of model determination (CD) 0.799 

Mean square error of prediction (MSEP) 0.15 BCS units 

 
 
 
 

Table 9.  Model Evaluation System (MES) statistic results for decreasing-BCS 
model predictability 

Coefficient of determination (r2)  0.950 (P = 0.00001) 

Maximum error (ME) 0.5 BCS units 

Mean bias (MB) 0.25 BCS units (model under-prediction) 

Mean absolute error (MAE) 0.25 BCS units 

Modeling efficiency (MEF) 0.863 

Coefficient of model determination (CD) 0.768 

Mean square error of prediction (MSEP) 0.125 BCS units 
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 The allotted time to alter BCS in all 20 mares was 30 d.  However, 2 of the mares 

did not receive the exact amount of DE as proposed by the model from day 1 due to the 

large change in consumption.  Instead, feed intakes for the corresponding mares were 

gradually increased/decreased over a 1 wk period to prevent colic and/or health related 

issues.  Therefore, it should be noted that those mares did not receive the total proposed 

DE intake over the 30 d period (Mare ID# 508 and Mare ID# 57).  However, they 

consumed no less than 90% of the total proposed DE over the trial period, while the 

remaining mares received no less than 95% of the total proposed intake (including 

refusals).  To evaluate if the results for the 2 mares skewed the overall model evaluation 

results when all 20 mares' data was included, further evaluations were conducted 

excluding the 2 mares (n = 18).  The model evaluation for the remaining 18 mares results 

are presented in Table 10 below.  
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Table 10.  Model Evaluation System (MES) statistic results for final BCS model 
predictions (n = 18)  
Coefficient of determination (r2)  0.917 (P = 0.00001) 

Maximum error (ME) 0.5 BCS units 

Mean bias (MB) 0.083 BCS units (model under-prediction) 

Mean absolute error (MAE) 0.25 BCS units 

Modeling efficiency (MEF) 0.881 

Coefficient of model determination (CD) 0.780 

Mean square error of prediction (MSEP) 0.125 BCS units 

 

 

 

When compared to the results when all 20 mares were included in the data set (n 

= 20 vs n = 18), there was a 1.1% difference in the r2 between the 20-mare and 18-mare 

evaluations, no change in ME, 2.38% difference in the MEF and a 6.15% difference in 

the CD.  Due to the minimal differences in the results, it can be concluded that including 

all 20 mares in the evaluation still poses accurate results.  Also, it can be expected that a 

horse owner using this model will run into a similar situation in which they will not be 

able to immediately feed their animal the entire proposed DE intake amount, and they 

too will have to decrease/increase intake in moderation.     
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Evaluating BF 

 Appendix Table 2 shows the rump fat measurements and extractable fat (BF%) 

results/mare/wk.  The ability of the model to predict changes in BF was analyzed and the 

observed final BF values were compared to the model-predicted final BF values for all 

20 mares (n = 20).  This resulted in an r2 of 0.607 (P = 0.00005) with an ME of 2.96 

%BF units.  Table 11 below shows the model evaluation results, while Figure 2 is the 

scatterplot of the observed final BF values versus the model-predicted final BF values on 

the Y = X line. 

 

 

Table 11.  Model Evaluation System (MES) statistic results for final body fat model 
predictions 
Coefficient of determination (r2)  0.607 (P = 0.00005) 

Maximum error (ME) 2.96 %BF units 

Mean bias (MB) 0.759 %BF units (model over-prediction) 

Mean absolute error (MAE) 1.235 %BF units 

Modeling efficiency (MEF) 0.376 

Coefficient of model determination (CD) 0.355 

Mean square error of prediction (MSEP) 2.182 %BF units 
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Figure 2.  BF values: observed vs model-predicted 

 

 

 

Evaluating BW 

 Body weight evaluations were conducted using EBW values so as to not include 

the weight of the ingesta.  All mares' data were inputted and analyzed (n = 20) for model 

predictability of final EBW and is presented below in Table 12.  Figure 3 represents a 
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scatterplot of the observed final EBW values versus the model-predicted final EBW 

values on the Y = X line. 

 

 
Table 12.  Model Evaluation System (MES) statistic results for final empty body 
weight model predictions 

Coefficient of determination (r2)  0.944 (P = 0.00001) 

Maximum error (ME) 31.88 kg  

Mean bias (MB) 9.65 kg (model under-prediction) 

Mean absolute error (MAE) 7.833 kg 

Modeling efficiency (MEF) 0.927 

Coefficient of model determination (CD) 0.824 

Mean square error of prediction (MSEP) 10.96 kg 
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Figure 3.  EBW values: observed vs model-predicted 

 

 

Comparative Analysis 

 Table 13 provides a comparative analysis of all the model evaluations.  The 

coefficient of determination is a statistic that provides information about the goodness-

of-fit of a model, evaluating how well the regression line approximates the observed data 

points.  An r2 of 1.0 indicates a regression line that perfectly fits the data, which can be 

thought of as a representation of the percent variance that can be explained by the model.  
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Mean error represents the maximum amount by which the observed values differ from 

the model-predicted values.  Mean bias is a calculation based on the mean deviance 

between the observed values and the model-predicted values (Cochran and Cox, 1957).  

It also aids in identifying under- and over-predictions of the model.  A negative MB 

value represents a model over-prediction, while a positive MB value represents model 

under-prediction.  Mean absolute error measures the mean absolute deviance between 

observed and model-predicted values, where the lower the MAE, the more accurate the 

model is (Byers et al., 1989; Mayer and Butler, 1993).  The MEF statistic represents the 

proportion of variation explained by the line Y = X, where Y is the observed values and 

X is the model-predicted values (Mayer and Butler, 1993).  The coefficient of model 

determination is a ratio of the total variance of the observed data to the squared 

difference between model values and the mean of the observed values.  In other words, 

the CD statistic can explain the proportion of the total variance of the observed values 

that can be explained by the predicted data (Loague and Green, 1991).   
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Table 13.  Comparative analysis of all statistics per evaluation 

 
BCS 

n = 20 

BCS (inc) 

n = 20 

BCS (dec) 

n = 20 

BCS 

n = 18 
%BF BW 

r2a 0.907 0.906 0.95 0.917 0.607 0.94 

MEb 0.5i 0.5i 0.5i 0.5i 2.96j 31.88k 

MBc 0.025i -0.2i 0.25i 0.083i 0.759j 9.65k 

MAEd 0.275i 0.3i 0.25i 0.25i 1.235j 7.833k 

MEFe 0.860 0.842 0.863 0.881 0.376 0.93 

CDf 0.732 0.799 0.768 0.78 0.355 0.82 

MSEPg 0.138i 0.15i 0.125i 0.125i 2.182j 10.967k 

Predictionh under over under under over under 

acoefficient of correlation 
bmean error 
cmean bias 
dmean absolute error 
emodeling efficiency 
fcoefficient of determination 
gmean square error of prediction 
hmodel over-prediction or under-prediction 
iBCS units 
j%BF units 
kkg 

 

 

Correlations 

Body Condition Score and Body Fat % Correlations 

 Correlation analyses were run to determine the strength of correlation between 

BCS and BF.  Precisely, what percent change in BF can be expected per 1 BCS change.  

Two sets of data were analyzed: initial BCS/%BF and final BCS/%BF.  If there is a 
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strong correlation between BCS and %BF, then in theory, both sets of data should reveal 

similar results.  The initial set of data (n = 20) resulted in a Pearson correlation (r) of 

0.808, while the final set of data (n = 20) had an r of 0.788.  Both correlations were 

significant (P = 0.01; 2-tailed).  Since both correlation statistics are less than 2.5% 

different, the mean correlation was calculated (0.798).  It can be concluded that a 0.798 

correlation exists between BCS and %BF, where for every change in 1 BCS (either 

increasing or decreasing), a change in the same direction of 1.054 percentage units of BF 

can be expected. 

Digestible Energy Changes per BCS 

 From the results presented in Table 5, an average DE intake change can be 

deduced and analyzed per group.  On average, it took an increase of 6.41 Mcal DE/d to 

the diet for a mare to increase 1 BCS; from a BCS 4 to BCS 5 (Group 1).  The exact DE 

increase in Mcal/d for the mares in Group 1 ranged from 4.95 to 7.63 Mcal DE/d.  

Therefore, we can conclude that an increase of 5 to 7.5 Mcal of DE/d is needed for a 

mare to go from a BCS of 4 to 5.  On the other hand, as seen by the model-proposed DE 

values for the mares in Group 3, it takes approximately 7.58 Mcal DE/d for a mare to 

decrease 1 BCS from a BCS 5 to a 4, ranging anywhere between 2.46 to 5.22 Mcal DE/d 

less (more practical, 2.5 to 5 Mcal DE/d decrease).  Mares in Group 2 who were fed to 

increase BCS from a 6 to 7 required an average of a 7.58 Mcal DE/d increase.  The range 

was 4.74 to 9.83 Mcal of DE/d, which can be rounded to 4.5 to 10 Mcal DE/d.  

Conversely, an average decrease of 4.69 Mcal DE/d was needed for mares in Group 4 to  
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go from BCS 7 to 6.  The range was 3.11 to 6.94 Mcal of DE/d decrease, which can be 

rounded to 3 to 7 Mcal DE/d.   

  Tables 14 and 15 demonstrate the approximate amount of DE change required to 

increase or decrease 1 BCS, depending on the initial BCS, BW and BF level.  The tables 

may be used as a reference when the actual computerized model is not available for use.  

Initial BCS is represented on the table's left margin.  A table containing every BF 

percentage would be hard to read and impractical. Therefore, the level of BF is separated 

into 2 groups- low and high BF level.  The low BF level represents animals containing 

less than 10% BF, while the high BF level represents animals containing more than 10% 

BF.  If the exact %BF is unknown or unable to be measured, the 2 levels of BF can 

instead be used as a range of DE required for BCS- the low BF level representing the 

lower limit and the high BF level representing the upper limit.  The columns of both 

tables are divided into BW, starting at 800 lb in 50 lb increments.  
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Table 14.  Digestible energy change required to increase one body condition score 

 Initial BW, lb 

Initial 
BCS 

BF 
levela 800 850 900 950 1000 1050 1100 1150 1200 

3 

L 5.25 5.58 5.91 6.24 6.57 6.9 7.2 7.55 7.88 

H 2.13 2.26 2.39 2.52 2.66 2.79 2.92 3.06 3.19 

4 

L 6.94 7.38 7.81 8.24 8.68 9.11 9.55 9.98 10.41 

H 3.81 4.05 4.29 4.53 4.77 5 5.24 5.48 5.72 

5 

L 8.63 9.17 9.71 10.25 10.79 11.33 11.87 12.41 12.94 

H 5.5 5.84 6.19 6.53 6.88 7.22 7.56 7.91 8.25 

6 

L 10.32 10.96 11.61 12.25 12.9 13.54 14.19 14.83 15.48 

H 7.19 7.64 8.09 8.54 8.99 9.44 9.88 10.33 10.78 

a The low (L) BF level represents animals containing less than 10% BF; high (H) 
BF level represents animals containing more than 10% BF 
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Table 15.  Digestible energy change required to decrease one body condition score 

 Initial BW, lb 

Initial 
BCS 

BF 
levela 

800 850 900 950 1000 1050 1100 1150 1200 

4 L -3.28 -3.48 -3.69 -3.89 -4.1 -4.3 -4.51 -4.71 -4.92 

H -2.86 -3.04 -3.22 -3.4 -3.58 -3.76 -3.94 -4.12 -4.29 

5 L -4.85 -5.15 -5.45 -5.75 -6.06 -6.36 -6.66 -6.97 -7.27 

H -1.96 -2.08 -2.21 -2.33 -2.45 -2.57 -2.7 -2.82 -2.94 

6 L -6.42 -6.82 -7.23 -7.63 -8.03 -8.43 -8.83 -9.23 -9.63 

H -3.53 -3.75 -3.97 -4.19 -4.41 -4.63 -4.85 -5.07 -5.29 

7 L -8.01 -8.51 -9.01 -9.51 -10.01 -10.51 -11.01 -11.51 -12.01 

H -5.1 -5.42 -5.74 -6.06 -6.38 -6.7 -7.02 -7.34 -7.66 
aThe low (L) BF level represents animals containing less than 10% BF; high (H) BF level 
represents animals containing more than 10%  
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CHAPTER V 

DISCUSSION 

Model Predictability  

Models are mathematical representations of natural events that cannot always be 

explained or understood, and have become useful in decision-making.  The development 

of mathematical models requires that the objectives of the model be described, the 

assumed limits of the model be outlined, appropriate data be acquired, model structure 

be designed, evaluations designed to identify strengths and weaknesses be developed, 

and the results be analyzed to provide insight for future model development (Tedeschi, 

2002).    

 When evaluating the predictability of a model, one must define both its precision 

and accuracy.  As stated previously, accuracy is a measure of how closely model-

predicted values are to the observed values and is usually measured by the CD, while 

precision is a measure of how closely individual model-predicted values are within each 

other which is usually measured by correlation coefficients (r; r2) and the mean square 

error of prediction (MSEP)(Tedeschi, 2002).  Mean square error of prediction evaluates 

the difference between observed values and model-predicted values, as opposed to 

comparing the observed values to regression-predicted values such as when using 

correlation coefficients.  Other criteria have been used to discuss and compare 

mathematical models, however, no single statistic can completely evaluate the 

capabilities of model predictions (Green and Stephenson, 1986).   
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 Table 13 illustrates that our model's predictability was most precise in predicting 

BW, then BCS, with the least predictable measurement being %BF; however, %BF still 

provides an r2 of approximately 0.61.  It was hypothesized that final %BF values would 

be difficult to predict, since BF deposition and metabolism trends vary per individual 

animal and rely heavily on genetics.  However, it was noted that all mares' observed final 

%BF values finished with less than a 20% variation from the model-predicted values.  

Almost half of the mares' (n = 9) observed final BF percentage values varied less than 

10% from the model-predicted values, and 5 mares' observed final %BF values varied 

less than 5% from model- predicted values. 

 In regards to BCS, all mares finished the model application period at a BCS that 

was at least 90% of the final model-predicted BCS.  When comparing the model's ability 

to predict changes in increasing versus decreasing BCS (i.e. mares in group 1 vs those in 

group 2, etc.), it was noted that the model was able to more accurately predict the final 

BCS of mares that were decreasing a BCS as opposed to the mares that were increasing 

a BCS.  Also, a larger amount of DE is needed to increase BCS above 5 as opposed to 

below 5, perhaps due to the fact that mares in a BCS below 5 are receiving less than 

100% of the maintenance requirements for DE and any increase in DE, no matter how 

small, can greatly enhance the nutrition status for that animal as opposed to an animal 

that is already at an acceptable state of nutrition.  

 In regards to BW, the ME was 31.88 kg, meaning that all mares' observed final 

EBW values veered no more than approximately 32kg from the model-predicted final 
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values.  Thirty-two kg accounts for an 8% difference from model-predicted values.  

Eighteen mares had observed final values with less than a 5% difference (< 17kg), 16 

mares had less than 3% difference (< 12kg), 12 mares had less than 2% difference (< 

6kg), and 7 mares had less than 1% difference (< 3kg) from predicted final values. This 

means that, of the data inputted into the model, 90% of the mares inputted into the model 

will end with observed final values that differ no more than 5% from the model-

predicted final values in regards to BW. 

Implications and Advantages 

The developed model is more accurate and reliable than visual appraisal alone 

and can be used by any horse owner, breeder, trainer, equine nutrition specialist, or farm 

owner seeking to maximize profitability and production.  This model can enhance 

animal feeding systems and provide insight on nutrition status of the animal, providing a 

much needed tool to the equine industry.  The economic benefit the mare owner will 

gain due to more precise feeding regimens will lead to greater profit and business 

potential.  The developed model will also provide a foundation on which to build more 

complex equine models in the future, including models tailored to growing or working 

horses, lactating broodmares, breeding stallions, geriatric horses, etc.  This model can 

also be used by rescue facilities to calculate more precise costs of feeding abused and 

malnourished horses in hopes of being able to house a larger number of animals.  Due to 

the nation’s current economic status, most horse owners are more focused on the costs 

and expenses of horse ownership than animal welfare, as seen in the ongoing unwanted 
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horse and horse slaughter debates.  Using more precise ways to calculate feeding costs 

can aid in decreasing the number of potential horse buyers that are deterred from owning 

a horse due to inflated estimated ownership costs.  Along with the economic benefits 

possible with the use of the developed model, other benefits to the equine industry 

include the ability to minimize the amount of resources (such as trained personnel and 

equipment) spent on a mare not yet at an optimum state for reproduction.   

Further Model Development 

Usability 

 It is important to note there are several weaknesses to the model developed at this 

point.  First and foremost, this model is limiting in its usability, as it is only meant to be 

applied to Quarter Horse broodmares that are non-lactating.  Further models need be 

developed that can apply to horses in various stages of production (ie. lactating, 

working, growing).  Incorporation of a feed list, where the user can enter specifically 

which forages to use when calculating intake, and the ability to calculate exact feed costs 

per item can provide users an even easier way of choosing which forages and grains to 

feed based on the amounts that must be fed to meet requirements.  However, the current 

model does serve as a foundation for accurate assessment of DE required to alter BCS of 

non-lactating mares and with further research can extend to horses with other demands 

(performance, stallions, etc.).   
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Factors Affecting Diet Digestibility 

 When developing future models, it will be imperative that factors that may 

influence diet digestibility be taken into consideration, for ignoring such factors may 

present discrepancies in results.  There are several known factors affecting diet 

digestibility, including individual animal variation, body composition, age, gender, 

voluntary exercise and temperament, nutrition level, diet composition, effective ambient 

temperature, and others (Martin-Rossett et al., 1994; Harris, 1997; Pagan, 1997).  

Accurate prediction of feed intake by animals requires a sufficient description of the 

animal and the feed (Tolkamp et al., 2006).  The current research project took into 

account the majority of the above factors when developing the study.   

All mares used in this study were of the same breed and, in theory, were of 

relatively similar genetic makeup.  Previous research is clear that energy digestibility of 

a specific feed can be affected by differences among horses, with differences ranging 

from 58.8 to 65.8% digestibility between individuals (Pagan and Hintz, 1986).  

Furthermore, metabolic differences stemming from genetic variation in body 

composition have been found for animals who are fed the same diet (Kearns et al., 

2002a).  Within a breed, there are clear individual variations related to differences in 

size, such as length and height at withers (Doreau and Boulot, 1989).  There also appears 

to be a breed-related difference in fat and muscle distribution in horses, possibly due to 

the fact that different breeds have been bred and developed for different functions 

(Kearns et al., 2002a).  Digestible energy intake was found to be 6.9 Mcal/d greater 
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when horses were in fleshy condition as compared to when in moderate condition, 

concluding that more energy is required by fleshier horses (Webb et al., 1990).  

Due to the restricted availability of mares for this study, age was not uniform 

among all mares.  Future studies should take into consideration age effects and use a 

group of mares that is homogenous in age. However, contradicting information has been 

found on the effect of age on energy requirements.  Martin-Rossett and Vermorel (1991) 

determined that energy requirements were lower for horses approximately 11 yr old than 

for horses approximately 4 yr old.  In contrast, the NRC (2007) states the amount of DE 

required per kg of gain typically increases with maturity, but Huesner (1993) stated that 

mature horses require approximately 24 Mcal of DE above maintenance per kg of gain.  

No information is yet available for the effects of gender on composition of gain, but it is 

thought to have some degree of influence (NRC, 2007).  

The amount of time available for free exercise was equal for all mares, however, 

the amount of additional voluntary activity due to individual temperament is difficult to 

control.  Individual variations in horse temperament and voluntary activity can affect the 

amount of DE required for maintenance.  The NRC (2007) suggests a daily intake of 

30.3 kcal DE/kg BW for horses at minimum maintenance (horses with a sedentary 

lifestyle), 33.3 kcal DE/kg BW for horses with moderate voluntary activity and alert 

temperaments, and 36.3 kcal DE/kg BW for elevated maintenance (horses with nervous 

and overly active temperaments).  



 63 

Ambient temperature can affect diet digestibility as it poses physical stresses on 

the animal’s body, as stresses occur at temperatures below and above the thermoneutral 

zone (TNZ).  The TNZ is the temperature range when metabolic heat production does 

not need to be increased to maintain thermostability.  To maintain thermostability, a 

horse will increase its heat production whenever ambient temperatures fall below the 

lower critical temperature (LCT), and evaporative heat loss will occur when 

temperatures are above the upper critical temperature (UCT) of the TNZ (NRC, 1981).  

While both processes of heat production and evaporative heat loss affect the amount of 

dietary energy required by the horse, more energy is required for maintenance during the 

hot season as compared to the temperate season.  This is due to the fact that energy 

digestibility during the hot season is less (51.1%) than the energy digestibility during the 

temperate season (63.5%)(Webb et al., 1990).  Cymbaluk (1994) established LCT of 5oC 

and UCT of 25oC.  Effective ambient temperatures may have affected diet digestibility 

of mares in the current study since it was conducted in the summer months and 

temperatures above the UCT of the TNZ occurred.  During the experimental period, 

there was an average high temperature of 34oC (range = 25oC to 41oC) and an average 

low temperature of 23oC (range = 21oC to 27oC).  Average daily precipitation was 0.25 

cm (range = 0 to 8.1 cm) and average humidity of 75% (range = 67% to 82%) was seen 

(Weather Underground, Inc., 2011).   
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CHAPTER VI 

CONCLUSIONS 

Knowledge of equine composition, intake, and digestion can be used to develop 

mathematical models that will aid in estimating nutrient requirements.  Up until the 

development of this study's model, no such program had been previously created.  This 

study developed a model to predict DE needed to support changes in BCS, and provides 

a starting point for equine nutritional models that will not only enhance equine feeding 

systems, but will reduce the costs of unnecessary over-feeding while maintaining 

broodmares at an optimum level of reproductive efficiency. 
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APPENDIX 

 

Appendix Table 1.  Body Condition Score (BCS) results per mare  

Mare ID Day BCS Mean BCS BCSa 
  Judge 1 Judge 2 Judge 3   

GROUP 1       

15 Initial 4 3 3 3.33 3.50 
 Week 1 4.25 4 3.5 3.92 4.00 
 Week 2 3 3 3 3.00 3.00 
 Week 3 3.5 4 4.5 4.00 4.00 
 Final 4 3.5 4 3.83 4.00 
 Targeted Final BCS    4.50  
       
32 Initial 4 3.75 3 3.58 3.50 
 Week 1 4.5 4.75 3.5 4.25 4.50 
 Week 2 4 4.5 4.25 4.25 4.50 
 Week 3 4.75 4.5 4.5 4.58 4.50 
 Final 5 4.5 4.5 4.67 4.50 
 Targeted Final BCS    4.50 
       
35 Initial 3.75 3 3 3.25 3.50 
 Week 1 4.5 4.25 4.5 4.42 4.50 
 Week 2 4.5 4.5 4.5 4.50 4.50 
 Week 3 4.75 4.5 5 4.75 5.00 
 Final 5 5 5 5.00 5.00 
 Targeted Final BCS    4.50 
       
8 Initial 4.25 3.5 3.5 3.75 4.00 
 Week 1 4.75 4.5 4.5 4.58 4.50 
 Week 2 4 5 4.5 4.50 4.50 
 Week 3 5 5.5 4.75 5.08 5.00 
 Final 5.5 5 5 5.17 5.00 
 Targeted Final BCS    5.00 
       
24 Initial 5.25 5 5 5.08 5.00 
 Week 1 4.75 4.75 5.5 5.00 5.00 
 Week 2 5 5 6 5.33 5.50 
 Week 3 5.5 5.5 5.75 5.58 5.50 
 Final 6 5.5 6 5.83 6.00 
 Targeted Final BCS    6.00 
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GROUP 2       

73 Initial 5.5 5 4.5 5.00 5.00 
 Week 1 5 4.5 4.5 4.67 4.50 
 Week 2 4 5 5 4.67 4.50 
 Week 3 4 5 4.75 4.58 4.50 
 Final 4.5 4.5 4.5 4.50 4.50 
 Targeted Final BCS    4.00 

       

11 Initial 4.25 5 4.5 4.58 4.50 
 Week 1 4.75 4.75 4 4.50 4.50 
 Week 2 4 4 3.5 3.83 4.00 
 Week 3 4 4 4.5 4.17 4.00 
 Final 4 3.5 3.5 3.67 3.50 
 Targeted Final BCS    3.50 

       

5 Initial 5 5.5 5 5.17 5.00 
 Week 1 4.75 4.75 5 4.83 5.00 
 Week 2 5 4.5 4.5 4.67 4.50 
 Week 3 4.5 4.5 5 4.67 4.50 
 Final 5 4.5 4.5 4.67 4.50 
 Targeted Final BCS    4.00 
       
48 Initial 5 5 5 5.00 5.00 
 Week 1 5 5.5 5 5.17 5.00 
 Week 2 4.5 5 5.5 5.00 5.00 
 Week 3 5 5 5.5 5.17 5.00 
 Final 4.5 4.5 5 4.67 4.50 
 Targeted Final BCS    4.00 
       
36 Initial 5.5 4.5 5 5.00 5.00 
 Week 1 4.75 4.75 5 4.83 5.00 
 Week 2 4.5 5.5 5 5.00 5.00 
 Week 3 4.5 5 4.5 4.67 4.50 
 Final 4.5 4 4.5 4.33 4.50 
 Targeted Final BCS    4.00 

       

GROUP 3       

112 Initial 5.5 6 5 5.50 5.50 
 Week 1 5.5 5.25 5 5.25 5.50 
 Week 2 5 5.5 6 5.50 5.50 
 Week 3 6.5 5.5 6.5 6.17 6.00 
 Final 6 5.5 6 5.83 6.00 
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 Targeted Final BCS    6.50 
       
508 Initial 5.5 6 5 5.50 5.50 
 Week 1 5.75 5.5 5.5 5.58 5.50 
 Week 2 5 5.5 5.5 5.33 5.50 
 Week 3 6.5 5.5 6 6.00 6.00 
 Final 6 6 5.5 5.83 6.00 
 Targeted Final BCS    6.50 
       
137 Initial 6 6 5.5 5.83 6.00 
 Week 1 6 5.75 5.5 5.75 6.00 
 Week 2 5.75 6 7 6.25 6.50 
 Week 3 6.5 6 7.25 6.58 6.50 
 Final 6.5 6 7 6.50 6.50 
 Targeted Final BCS    7.00 
       
57 Initial 6.5 6.75 6 6.42 6.50 
 Week 1 6.75 6.75 6 6.50 6.50 
 Week 2 5.5 6.5 7.5 6.50 6.50 
 Week 3 7 6.5 7.75 7.08 7.00 
 Final 7.5 7 7.5 7.33 7.50 
 Targeted Final BCS    7.50 
       
63 Initial 4.75 6 5 5.25 5.50 
 Week 1 5.75 4.75 5 5.17 5.00 
 Week 2 5 5.5 5.25 5.25 5.50 
 Week 3 5 5.5 5.5 5.33 5.50 
 Final 5.5 6 6 5.83 6.00 
 Targeted Final BCS    6.50 
       
GROUP 4       

140 Initial 7.25 7 7.25 7.17 7.00 
 Week 1 7 6 6.5 6.50 6.50 
 Week 2 5.5 6.5 7 6.33 6.50 
 Week 3 5 6.5 7 6.17 6.00 
 Final 6 6 6.5 6.17 6.00 
 Targeted Final BCS    6.00 
       
106 Initial 7 6.5 7 6.83 7.00 
 Week 1 6.5 6.5 6.25 6.42 6.50 
 Week 2 5.5 5.75 6 5.75 6.00 
 Week 3 6 5 6.25 5.75 6.00 
 Final 6 5.5 6 5.83 6.00 
 Targeted Final BCS    6.00 
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109 Initial 7.25 7 6.5 6.92 7.00 
 Week 1 7 7 5.5 6.50 6.50 
 Week 2 6 5.5 6.5 6.00 6.00 
 Week 3 6 5.5 7 6.17 6.00 
 Final 6 6 6.5 6.17 6.00 
 Targeted Final BCS    6.00 
       
510 Initial 7.5 7 7 7.17 7.00 
 Week 1 7 7 5.5 6.50 6.50 
 Week 2 6 6 6 6.00 6.00 
 Week 3 6.25 6 6.25 6.17 6.00 
 Final 6.5 6.5 6 6.33 6.50 
 Targeted Final BCS    6.00 
       
105 Initial 7.5 7.5 6.5 7.17 7.00 
 Week 1 6 6.75 6.5 6.42 6.50 
 Week 2 5.5 5.5 6 5.67 5.50 
 Week 3 5.5 5.5 7 6.00 6.00 
 Final 5.5 6.5 6.5 6.17 6.00 
 Targeted Final BCS    6.00 
a Mean BCS rounded to nearest 0.5 BCS 
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Appendix Table 2.  Body fat (%BF) results per mare  

Mare ID Day %BF 

  Rump Fat (cm) Extractable Fat (%) 

GROUP 1    

15 Initial 0.24 9.77 

 Week 1 0.26 9.86 

 Week 2 0.34 10.24 

 Week 3 0.34 10.24 

 Final 0.32 10.14 

 
Targeted Final %BF 

11.78 

 

32 Initial 0.20 9.58 

 Week 1 0.30 10.05 

 Week 2 0.28 9.96 

 Week 3 0.30 10.05 

 Final 0.32 10.14 

 Targeted Final %BF 11.78 

   

35 Initial 0.28 9.96 

 Week 1 0.30 10.05 

 Week 2 0.32 10.14 

 Week 3 0.36 10.33 

 Final 0.42 10.61 

 Targeted Final %BF 11.78 

   

8 Initial 0.14 9.30 

 Week 1 0.28 9.96 

 Week 2 0.30 10.05 

 Week 3 0.30 10.05 

 Final 0.32 10.14 

 
Targeted Final %BF 

12.31 

 

24 Initial 0.34 10.24 

 Week 1 0.36 10.33 

 Week 2 0.46 10.80 

 Week 3 0.50 10.99 

 Final 0.62 11.55 

 Targeted Final %BF 13.38 
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GROUP 2    

73 Initial 0.22 9.67 

 Week 1 0.18 9.49 

 Week 2 0.20 9.58 

 Week 3 0.16 9.39 

 Final 0.16 9.39 

 
Targeted Final %BF 

8.10 

 

11 Initial 0.24 9.77 

 Week 1 0.18 9.49 

 Week 2 0.20 9.58 

 Week 3 0.16 9.39 

 Final 0.08 9.02 

 
Targeted Final %BF 

8.82 

 

5 Initial 0.66 11.74 

 Week 1 0.62 11.55 

 Week 2 0.62 11.55 

 Week 3 0.56 11.27 

 Final 0.56 11.27 

 Targeted Final %BF 11.25 

   

48 Initial 0.42 10.61 

 Week 1 0.36 10.33 

 Week 2 0.36 10.33 

 Week 3 0.32 10.14 

 Final 0.32 10.14 

 Targeted Final %BF 9.98 

   

36 Initial 0.42 10.61 

 Week 1 0.32 10.14 

 Week 2 0.28 9.96 

 Week 3 0.16 9.39 

 Final 0.16 9.39 

 Targeted Final %BF 9.98 

    

GROUP 3    

112 Initial 0.60 11.46 



 84 

 Week 1 0.6 11.46 

 Week 2 0.62 11.55 

 Week 3 0.64 11.65 

 Final 0.68 11.84 

 
Targeted Final %BF 

13.91 

 

508 Initial 0.92 12.96 

 Week 1 0.92 12.96 

 Week 2 0.94 13.06 

 Week 3 0.96 13.15 

 Final 0.92 12.96 

 
Targeted Final %BF 

13.91 

 

137 Initial 0.50 10.99 

 Week 1 0.50 10.99 

 Week 2 0.56 11.27 

 Week 3 0.66 11.74 

 Final 0.72 12.02 

 
Targeted Final %BF 

14.44 

 

57 Initial 0.64 11.65 

 Week 1 0.64 11.65 

 Week 2 0.64 11.65 

 Week 3 0.62 11.55 

 Final 0.72 12.02 

 
Targeted Final %BF 

14.98 

 

63 Initial 0.46 10.80 

 Week 1 0.47 10.85 

 Week 2 0.52 11.08 

 Week 3 0.64 11.65 

 Final 0.76 12.21 

 Targeted Final %BF 13.91 

    

GROUP 4    

140 Initial 1.08 13.72 

 Week 1 0.90 12.87 

 Week 2 0.90 12.87 

 Week 3 0.90 12.87 
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 Final 0.84 12.59 

 Targeted Final %BF 13.38 

   

106 Initial 0.62 11.55 

 Week 1 0.56 11.27 

 Week 2 0.54 11.18 

 Week 3 0.54 11.18 

 Final 0.54 11.18 

 
Targeted Final %BF 

9.73 

 

109 Initial 0.86 12.68 

 Week 1 0.84 12.59 

 Week 2 0.84 12.59 

 Week 3 0.80 12.40 

 Final 0.78 12.31 

 Targeted Final %BF 11.99 

   

510 Initial 1.18 14.19 

 Week 1 1.10 13.81 

 Week 2 1.06 13.62 

 Week 3 1.08 13.72 

 Final 1.06 13.62 

 
Targeted Final %BF 

13.38 

 

105 Initial 0.58 11.37 

 Week 1 0.54 11.18 

 Week 2 0.46 10.80 

 Week 3 0.46 10.80 

 Final 0.38 10.43 

 Targeted Final %BF 9.35 
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Appendix Table 3.  Body weight (BW) results per mare 

Mare ID Day Full BW Empty BW 

  lbs kg lbs kg 
GROUP 1      

15 Initial 975.00 442.25 796.54 361.30 

 Week 1 975 442.25 796.54 361.30 

 Week 2 970 439.98 792.45 359.45 

 Week 3 975 442.25 796.54 361.30 

 Final 985 446.79 804.71 365.01 

 Targeted Final BW 1015.2 460.49 829.38 376.20 

      

32 Initial 935.00 424.11 763.86 346.48 

 Week 1 960 435.45 784.28 355.74 

 Week 2 945 428.64 772.03 350.19 

 Week 3 950 430.91 776.11 352.04 

 Final 965 437.72 788.37 357.60 

 Targeted Final BW 973.55 441.59 795.36 360.77 

      

35 Initial 860.00 390.09 702.59 318.69 

 Week 1 900 408.23 735.26 333.51 

 Week 2 905 410.50 739.35 335.36 

 Week 3 905 410.50 739.35 335.36 

 Final 920 417.30 751.60 340.92 

 Targeted Final BW 895.46 406.17 731.55 331.83 

      

8 Initial 940.00 426.38 767.94 348.33 

 Week 1 965 437.72 788.37 357.60 

 Week 2 975 442.25 796.54 361.30 

 Week 3 975 442.25 796.54 361.30 

 Final 995 451.32 812.88 368.71 

 Targeted Final BW 977.97 443.60 798.96 362.40 

      

24 Initial 885.00 401.43 723.01 327.95 

 Week 1 930 421.84 759.77 344.63 

 Week 2 935 424.11 763.86 346.48 

 Week 3 955 433.18 780.20 353.89 

 Final 965 437.72 788.37 357.60 

 Targeted Final BW 919.36 417.02 751.08 340.69 
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GROUP 2      

73 Initial 1075.00 487.61 878.23 398.36 

 Week 1 1035 469.47 845.55 383.54 

 Week 2 1035 469.47 845.55 383.54 

 Week 3 1030 467.20 841.47 381.68 

 Final 1025 464.93 837.38 379.83 

 Targeted Final BW 1033.26 468.68 844.13 382.89 

      

11 Initial 970.00 439.98 792.45 359.45 

 Week 1 950 430.91 776.11 352.04 

 Week 2 925 419.57 755.69 342.77 

 Week 3 915 415.04 747.52 339.07 

 Final 900 408.23 735.26 333.51 

 Targeted Final BW 931.59 422.56 761.07 345.22 

      

5 Initial 830.00 376.48 678.08 307.57 

 Week 1 825 374.21 673.99 305.72 

 Week 2 815 369.68 665.82 302.01 

 Week 3 815 369.68 665.82 302.01 

 Final 805 365.14 657.65 298.31 

 Targeted Final BW 797.77 361.86 651.75 295.63 

      

48 Initial 925.00 419.57 755.69 342.77 

 Week 1 925 419.57 755.69 342.77 

 Week 2 910 412.77 743.43 337.22 

 Week 3 910 412.77 743.43 337.22 

 Final 900 408.23 735.26 333.51 

 Targeted Final BW 889.09 403.28 726.35 329.47 

      

36 Initial 920.00 417.30 751.60 340.92 

 Week 1 920 417.30 751.60 340.92 

 Week 2 920 417.30 751.60 340.92 

 Week 3 905 410.50 739.35 335.36 

 Final 900 408.23 735.26 333.51 

 Targeted Final BW 884.28 401.10 722.42 327.68 

      

GROUP 3      

112 Initial 1065.00 483.08 870.07 394.66 
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 Week 1 1085 492.15 886.40 402.07 

 Week 2 1085 492.15 886.40 402.07 

 Week 3 1090 494.42 890.49 403.92 

 Final 1100 498.95 898.66 407.62 

 Targeted Final BW 1105.56 501.48 903.21 409.69 

      

508 Initial 1180.00 535.24 964.01 437.27 

 Week 1 1200 544.31 980.35 444.68 

 Week 2 1205 546.58 984.44 446.53 

 Week 3 1215 551.11 992.61 450.24 

 Final 1200 544.31 980.35 444.68 

 Targeted Final BW 1224.94 555.62 1000.73 453.92 

      

137 Initial 1000.00 453.59 816.96 370.57 

 Week 1 1045 474.00 853.72 387.24 

 Week 2 1045 474.00 853.72 387.24 

 Week 3 1050 476.27 857.81 389.10 

 Final 1060 480.81 865.98 392.80 

 Targeted Final BW 1037.38 470.55 847.49 384.42 

      

57 Initial 1125.00 510.29 919.08 416.89 

 Week 1 1135 514.83 927.25 420.59 

 Week 2 1145 519.36 935.42 424.30 

 Week 3 1165 528.44 951.76 431.71 

 Final 1170 530.70 955.84 433.56 

 Targeted Final BW 1166.28 529.01 952.80 432.18 

      

63 Initial 830.00 376.48 678.08 307.57 

 Week 1 855 387.82 698.50 316.83 

 Week 2 865 392.36 706.67 320.54 

 Week 3 875 396.89 714.84 324.25 

 Final 900 408.23 735.26 333.51 

 Targeted Final BW 861.61 390.82 704.40 319.51 

      

GROUP 4      

140 Initial 1170.00 530.70 955.84 433.56 

 Week 1 1150.00 521.63 939.50 426.15 

 Week 2 1150.00 521.63 939.50 426.15 

 Week 3 1135.00 514.83 927.25 420.59 
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 Final 1140.00 517.10 931.33 422.45 

 Targeted Final BW 1140.00 517.10 931.33 422.45 

      

106 Initial 1105.00 501.22 902.74 409.48 

 Week 1 1105.00 501.22 902.74 409.48 

 Week 2 1085 492.15 886.40 402.07 

 Week 3 1060 480.81 865.98 392.80 

 Final 1060 480.81 865.98 392.80 

 Targeted Final BW 1065.19 483.16 870.22 394.72 

      

109 Initial 1015.00 460.40 829.21 376.13 

 Week 1 980 444.52 800.62 363.16 

 Week 2 975 442.25 796.54 361.30 

 Week 3 980 444.52 800.62 363.16 

 Final 970 439.98 792.45 359.45 

 Targeted Final BW 978.43 443.81 799.34 362.57 

      

510 Initial 1155.00 523.90 943.59 428.00 

 Week 1 1140 517.10 931.33 422.45 

 Week 2 1135 514.83 927.25 420.59 

 Week 3 1130 512.56 923.16 418.74 

 Final 1130 512.56 923.16 418.74 

 Targeted Final BW 1113.39 505.02 909.59 412.58 

      

105 Initial 1220.00 553.38 996.69 452.09 

 Week 1 1185 537.51 968.10 439.12 

 Week 2 1180 535.24 964.01 437.27 

 Week 3 1175 532.97 959.93 435.42 

 Final 

Targeted Final BW 

1090 

1176.04 

494.42 

533.44 

890.49 

960.78 

403.92 

435.80 
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NOMENCLATURE 

ADF  Acid detergent fiber 
aEBW  Adjusted empty body weight 
BA  Body ash 
BCS  Body condition Score 
BF  Body fat 
BP  Body protein 
BW  Body weight 
BWa  Body water 
CD  Coefficient of determination 
CP   Crude protein 
DE  Digestible energy 
EBF  Empty body fat 
EBW  Empty body weight 
FBW  Full body weight 
FFM  Fat free matter 
GE  Gross energy 
GnRH  Gonadotropin-releasing hormone 
HE  Heat energy 
LCT  Lower critical temperature 
LH  Luteinizing hormone 
LHRH  Luteinizing hormone-releasing hormone 
MAE  Mean absolute error 
MB  Mean bias 
ME  Metabolizable energy 
MEF  Model efficiency 
MSEP  Mean standard error of prediction 
NDF  Neutral detergent fiber 
NE  Net energy 
NEL  Net energy for lactation 
NEM  Net energy for maintenance 
NER  Net energy for reproduction 
R2  coefficient of correlation 
RE   Recoverable energy 
SBW  Shrunk body weight 
TDN  Total digestible nutrients 
TE  Total energy 
TF  Total fat 
TNZ  Thermo-neutral zone 
TP  Total protein 
TRH  Thyroid-releasing hormone 
UCT  Upper critical temeprature 
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WAF  Weight adjustment factor 
ΔTE  Change in total energy 
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