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ABSTRACT

As the dairy cow uses body energy reserves in early
lactation, body condition scoring has become an integral
part of dairy herd management. Several methods based
on visual and tactile evaluation have been developed.
Problems caused by the subjectivity of these techniques
have been reported. Alternative approaches to predict
energy reserves or energy balance in dairy cattle in-
clude metabolic profiling and measurement of live
weight, heart girth, or skinfold thickness. A less com-
mon method to assess fat reserves in body tissues is
measuring backfat thickness (BFT) by using ultra-
sound. An ultrasound technique has been established
to predict carcass quality in beef cattle. A new aspect
is the application of ultrasound as a monitoring tool in
dairy herd management where another location has
to be evaluated. This technique has been validated by
relating BF'T to total body fat (TBF) content and carcass
BFT. Backfat thickness also has been related to other
methods of body condition scoring. Target values for the
development of BFT throughout lactation are available.
The relationship between BFT and TBF content is
highly significant although biased by multiple factors.
A change in BFT of 1 mm equates to approximately 5
kg of TBF content. Measuring BFT by ultrasound is of
added value compared with other body condition scor-
ing systems because it is objective and precise. Changes
in body condition can be detected and evaluated
properly.
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INTRODUCTION

One of the most important abilities of the dairy cow
is the use of body energy reserves. This is indispensable
to support high milk yield following parturition because
the high-producing dairy cow undergoes a state of nega-
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tive energy balance during early lactation. Adequate
amounts of nutrients must be stored in body tissues
during late lactation.

Because energy intake does not keep pace with con-
tinuously rising milk yield, energy deficit in early lacta-
tion increases, which leads to a competitive situation
among milk yield, fertility, and health of the dairy cow
because these traits are linked by energy requirement
(Staufenbiel, 1992). As a consequence, relationships be-
tween high milk yield and reduced reproductive perfor-
mance have been reported (Spalding et al., 1975; Faust
et al.,, 1988). Conversely, high-yielding herds often
achieve the fewest days open, indicating that this de-
pression in fertility obviously can be offset by manage-
ment decisions (Laben et al., 1982; Nebel and McGilli-
ard, 1993).

As a part of dairy herd management, body condition
scoring is an attempt to assess the magnitude of the
energy deficit. Body condition scores are highly influ-
enced by DIM and may be considered as an indicator
of previous milk production and energy intake (Waltner
et al., 1993). Therefore, it is suitable to assess the nutri-
tional status of the dairy cow. The ideal body condition
during each stage of lactation is that which optimizes
milk production, minimizes reproductive and health
disorders, and maximizes economic returns (Gearhart
et al., 1990). Body condition primarily is a function of
previous history and only one of many factors influenc-
ing milk yield, reproduction, and health status in prog-
ress of lactation. Although only a partial effecter, body
condition is an important factor that is easily controlled.
A precise assessment of body energy stores is needed
to increase the efficiency of milk production. A method
of measuring backfat thickness (BFT) by using ultra-
sound will be described and compared with other tech-
niques of body condition scoring.

ENERGY BALANCE AND BODY FAT RESERVES
DURING LACTATION

During early lactation, competition for limited
sources of energy between rapidly increasing milk yield
and limited DMI occurs in high-producing dairy cows.
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Maximum DMI lags behind peak milk yield (Coppock,
1985). This implies that, depending on milk yield, the
dairy cow will drift into negative energy balance after
calving. Every high-yielding dairy cow undergoes this
stage of negative energy balance, but its duration and
magnitude vary (Butler et al., 1981).

Changes in body lipid content also are influenced by
genetics to a large extent. Genetically driven body lipid
change is defined as that which occurs in cows kept in
a non-constraining environment (Friggens et al., 2004).
A model to predict the genetically driven changes in
body lipid is available (Friggens et al., 2004).

Mobilization of body energy reserves during early
lactation enables the cow to close the gap between oral
energy intake and energy loss through milk production.
Energetically, use of body tissues accounts for about
30% of milk production during the first month of lacta-
tion (Bauman and Currie, 1980; Bines and Hart, 1982).
Duration of negative energy balance on average en-
dures about 8 wk (Boisclair et al., 1986; Berghorn et
al., 1988; Staples et al., 1990; Domecq et al., 1997) and
varies from 5 (Stevenson and Britt, 1979) to 14 wk
(Gallo et al., 1996). This variability may be related to
differences in energy intake and milk production as well
as different approaches used to assess energy balance.
Stevenson and Britt (1979) used BW, whereas Boisclair
et al. (1986) showed that this yields a less precise esti-
mate than BCS.

Negative energy balance leads to a homeorhetic re-
sponse (Bauman and Currie, 1980) in which adipose
tissue (by increased lipolysis), liver (by increased gluco-
neogenesis and glycolysis), muscle tissue (by protein
mobilization), bone (by mineral mobilization), and gas-
trointestinal (GI) tract (by increasing capacity and ac-
tivity) are involved (Lucy et al., 1991).

With mobilization of 50 to 60 kg of fat during early
lactation, adipose tissue quantitatively represents the
most important energy storage (Bauman and Currie,
1980; Smith and McNamara, 1990). Body protein and
liver glycogen energetically play a minor role (Soder-
holm et al., 1986; Staufenbiel et al., 1991). Conse-
quently, adipose tissue seems suitable to assess energy
balance of the dairy cow because the amount of mobi-
lized body fat approximates the energy demand that is
lacking for milk production and maintenance (Waltner
et al., 1993).

Depletion as well as replenishment of body fat re-
serves must not exceed certain limits. Some recommen-
dations have been given for target BCS at defined stages
of lactation (Braun et al., 1986; Parker, 1989; Heu-
wieser and Mansfeld, 1992). Overconditioning of dry
dairy cows is a risk factor for an increased occurrence
of metabolic, infectious, digestive, and reproductive dis-
orders (Morrow, 1976; Morrow et al., 1979; Fronk et
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al., 1980; Garnsworthy and Topps, 1982; Gearhart et
al., 1990). In addition, in Brown Swiss cows that tend
to be fleshier and produce less milk than Holsteins,
overconditioning during the periparturient period leads
to reproductive disorders such as cystic ovaries, greater
culling rates, and less milk yield (Mosenfechtel et al.,
2000; Hasler et al., 2004).

Overconditioning usually starts during the last one-
third of lactation, when milk production decreases and
nutrient content in the diet is not adjusted adequately
(Morrow et al., 1979). The dairy cow is not able to regu-
late energy intake autonomously when offered high
grain diets (Boisclair et al., 1986). Other causes for
overconditioned dry cows are extended lactations
caused by delayed conception, prolonged dry periods
resulting from earlier poor production, and overfeeding
during the dry period (Morrow, 1976; Morrow et al.,
1979).

Conversely, underconditioning can lead to reduced
milk fat (Holter et al., 1990) and milk yield (Domecq
et al., 1997) because of insufficient energy and protein
reserves. Hence, for underconditioned high-yielding
cows, it might be necessary to gain some condition in
the dry period (Domecq et al., 1997). Poor BCS at partu-
rition also reduces pregnancy rates at first Al (BCS
<2.5) and increases days open (BCS <3.5) (L6pez-Gatius
etal., 2003). In beef cattle, the proportion of cows having
normal estrous cycles before the beginning of the breed-
ing season increased with greater BCS (Stevenson et
al., 2003).

Change in BCS during the first month of lactation
has a stronger influence on milk yield than condition
at parturition. Thus, losing body condition has been
associated with increased milk yield (Domecq et al.,
1997). However, an extreme energy deficiency with ex-
cessive lipolysis has been related to health disorders
such as fatty liver and ketosis, resulting in reduced
milk yield (Grummer, 1993; Waltner et al., 1993; Rukk-
wamsuk et al., 1999, 2000). An increased loss of body
condition in early lactation also is related to poor repro-
ductive performance (Pryce et al., 2001). A decrease in
>1 BCS unit during early lactation was associated with
more days open (Lopez-Gatius et al., 2003).

In most herds, use of high-energy feedstuffs and the
feeding of TMR allows feeding groups to be formed in
which cows are fed according to their milk yield and
body condition. Body condition scoring becomes more
important to separate fat from thin cows during late
lactation to ensure an adequate replenishment of body
tissue reserves in anticipation of the subsequent lacta-
tion. It is an essential tool to assess the magnitude of the
physiological loss of body fat reserves in early lactation.

Similarly, assessment of body condition is of great
importance in dairy heifers. Overconditioned heifers
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are at greater risk for dystocia and metabolic disorders
in early lactation, whereas thin heifers may not grow
adequately to calve at 24 mo or gain enough weight to
support a normal first lactation (Morrow, 1976; Fronk
et al., 1980; Hoffman et al., 1996).

METHODS OF ESTIMATING BODY ENERGY
RESERVES AND ENERGY BALANCE

Respiration calorimetry is considered the gold stan-
dard approach to determine energetic metabolism, but
it requires use of respiration chambers (Flatt et al.,
1958; Moe et al., 1972), which makes this method un-
suitable for use in the field.

Other, less accurate approaches estimate body water
by dilution methods with deuterium oxide, tritiated wa-
ter, urea, or antipyrine (AP). Estimated body water
content can be used to predict body fat and protein and,
thus, the amount of energy reserves (Panaretto and
Till, 1963).

Another technique to assess changes in the amount
of body fat is measurement of mean diameters of fat
cells. In adult or nearly adult ruminants, an increase
or decrease of adipose tissue mass is mainly due to
changes in mean cell size, not cell number (Waltner et
al., 1994). Measurement of fat cells is less invasive than
dilution methods and less expensive to perform. It also
removes the problem with variability in water flux be-
cause an attribute of the adipose organ is determined
directly. Waltner et al. (1994) found mean cell diame-
ters positively and linearly correlated to empty body fat
(EBF) either as total amount of fat or as a percentage of
BW.

All of these methods are unsuitable for field use, but
can be helpful to validate the more practical instru-
ments discussed later. For dairy herd management at
least 6 methods are available to evaluate dynamics of
body energy reserves.

Live Weight

Recording live weight (LW) reflects changes in pro-
tein as well as in fat, but many disadvantages are evi-
dent: percentages of protein, fat, and water in the body
and, thus, the energy content per kilogram of LW, are
highly variable (Reid and Robb, 1971; Staufenbiel et
al., 1993). When body mass is depleted, a partial re-
placement by water in the tissues can be observed espe-
cially in early lactation, so that the amount of mobilized
fat may be larger than the loss of BW (Moe et al., 1971).
Conversely, energy can be stored by water displacement
in mid and late lactation (Staufenbiel, 1985). Because
LW includes GI content, it is influenced by DMI and
time since last feeding. It is also biased by changing

masses of organs and changing weight of the uterus
and fetal-placental unit. In addition, frame size of the
animal must be considered. Consequently, LW does not
allow an independent or precise prediction of mobiliza-
tion or storage of energy (Boisclair et al., 1986).

Heart Girth Measurement

Animal scales and restraint and handling systems
necessary to determine LW are not always available on
commercial dairy farms. Therefore, equations to esti-
mate LW from other body measurements have been
developed. For this purpose, heart girth, wither height,
hip width, or body length can be used. Heinrichs et
al. (1992) showed that each of these measurements is
suitable to predict LW (R? > 0.95); heart girth has the
largest correlation. Concerning energy balance, heart
girth measurement has the same disadvantages as
LW itself.

Metabolic Profiling

Another approach to estimate energy balance is ana-
lyzing the metabolic status by using blood and milk
samples or test-day information. Various metabolic,
hormonal, and milk traits have been shown to be related
to energy balance. Concentrations of glucose, choles-
terol, urea, insulin, insulin-like growth factor-1, triiodo-
thyronine, and thyroxine in blood plasma and concen-
trations of lactose and urea in milk are correlated posi-
tively with energy balance. In contrast, concentrations
of NEFA, creatinine, aloumin, BHBA, growth hormone,
and enzyme activities in blood and of acetone, fat, pro-
tein, and fat:lactose in milk are correlated negatively
with energy balance (Kunz et al., 1985; Reist et al.,
2002).

As indirect measures of negative energy balance
(Herdt, 2000), postpartum NEFA and BHBA concentra-
tions and prepartum NEFA concentrations are related
to occurrence of displaced abomasum (Cameron et al.,
1988; VanWinden et al., 2003, LeBlanc et al., 2005).
Precision of estimating energy balance in individual
cows is low (Herdt et al., 1981; Reist et al., 2002) and
is generally influenced by diet composition (Herdt et
al., 1981; Heuer et al., 2001). On a herd level, precision
of prediction is also influenced by herd size (Heuer et
al., 2000, 2001; Reist et al., 2002). To estimate energy
balance with some precision, 2100 cows in seasonal
calving herds should be available, and >400 cows in
nonseasonal calving herds should be available (Reist
et al., 2002). A benefit of metabolic profiling is providing
actual herd status. In contrast, body condition, and thus
BFT, by virtue of the measurement, are always historic
measures and might not reflect current dietary and
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herd status. Conversely, the advantage of body condi-
tion scoring lies within its immediate availability so
that management decisions can be made on the farm.

Body Condition Scoring

Body condition scoring is a subjective estimate of the
metabolizable energy reserves in the adipose tissue. It
is based on evaluation of the outer appearance of the
cow that interacts with its body fat reserves and, there-
fore, is directly influenced by energy balance. For beef
cattle, a 9-point scale is commonly used (Wagner et al.,
1988). A 5-point scale (Marlowe et al., 1962) and a 5-
to 15-point scale (Spelbring et al., 1977) have also
been described.

Concerning dairy cows, 8- and 10-point scales are
used in Australia and New Zealand (Roche et al., 2004).
The Danish scoring system is based on a 9-point scale
(Lassen et al., 2003). Prevailing scoring systems in the
United States and Ireland use a 5-point scale in which
a BCS of 1 indicates severe undercondition and a BCS
of 5 indicates obesity. Relationships between different
scoring systems have been described by Roche et al.
(2004).

The BCS is determined by visual or tactile evaluation
of the body at defined locations. Wildman et al. (1982),
by appearance and palpation, examined the thoracic
and lumbar regions of the vertebral column (chine, loin,
and rump), spinous processes (loin), anterior coccygeal
vertebrae (tailhead), tuber sacrale (hook bones), and
tuber ischia (pin bones). Edmonson et al. (1989) revived
these results and proposed a system under which cows
were evaluated only visually at 8 body locations in the
lumbar, thurl, and tailhead regions. They also used a 5-
point scale with 0.25-unit increments. These 2 methods
were reviewed and analyzed by Ferguson et al. (1994)
to expand the usefulness of BCS. They assessed body
condition at 7 body regions; visual and tactile cues were
allowed. A simplified method has been published by
University of Pennsylvania (Ferguson et al., 1994,
Elanco, 1996). Body condition is scored step by step
with only those body locations being examined that
decisively contribute to the differences among scores.

Subjectivity, repeatability, and validity of BCS were
investigated in several studies (Edmonson et al., 1989;
Ferguson et al., 1994; Domecq et al., 1995). Edmonson
et al. (1989) investigated repeatability and precision of
the BCS chart they had developed. They found only
small variability among the assessors. Practical experi-
ence of the scoring person did not significantly influence
the result. In their study, BCS were not compared with
any objective measurement of subcutaneous fat, and
changes in body condition were not investigated.
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In contrast, Ferguson et al. (1994) found less preci-
sion in the scoring results of untrained personnel.
Scores evaluated by experienced persons were consis-
tent with the mean BCS of all observers in 58 to 67%
of the cases, whereas this was only 27% for an untrained
investigator. Correlations among different observers
ranged from 0.76 to 0.86.

Individual consistency has also been investigated.
The variation in BCS for experienced persons was 0.25
units for 40% of the observations. This result suggests
that a change of 0.25 BCS units cannot be ascertained
by one individual from 2 consecutive observations.

Statistical analysis showed that body condition can
be separated into 0.25-unit increments from a score of
2.5 to 4.0. For scores <2.5 and >4.0, BCS can only be
separated by 0.5 units (Ferguson et al., 1994).

Domecq et al. (1995) validated BCS with ultrasound
measurements of subcutaneous fat in the lumbar, thurl,
and tailhead areas. Body condition scores were signifi-
cantly associated with ultrasound measurements, and
coefficients of determination for the models ranged from
0.36 to 0.65, depending on which ultrasound measure-
ments were included in the calculation. The authors
concluded that scoring body condition was as valid as
ultrasound measurements to quantify the amount of
subcutaneous fat in dairy cows. Concerning this latter
statement, it should be noted that only 50 cows were
examined, and no effort was made to determine
whether changes in BCS were quantifiable.

Gearhart et al. (1990) reported an agreement of 94
to 97% of the scores for within and between individual
variances. It should be noted that in the latter study,
a deviation of one-third of a point on a 5-point scale
was considered to be in agreement. Apparently, this
approach is not sufficient to quantify changes in body
condition.

Skinfold Thickness

Skinfold thickness is used to evaluate nutritional sta-
tus in humans. This method has been used in dairy
cattle (Bruckmaier et al., 1998). The skinfold value was
defined as the mean of measurements obtained by a
caliper at shoulder, dewlap, backside base of the udder,
and base of the tail minus skinfold thickness in the
neck region (almost no subcutaneous fat at this site).
The researchers concluded that skinfold values behaved
similarly to those of BCS and can be used in addition
to BCS to assess the nutritional status of a dairy cow.

Measurement of BFT

Backfat is the layer of subcutaneous fat that is termi-
nated by the skin and the fascia trunci profunda, which
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Figure 1. Ultrasound image illustrating backfat thickness (BFT) in a cow in poor condition (8 mm of BFT).

in this area is located above the gluteus medius and
longissimus dorsi muscles.

Backfat thickness is most commonly evaluated by
ultrasound. Previously used methods with skin-pene-
trating needles are now obsolete. These methods, how-
ever, were valuable for development and validation of
the BFT technique. Two methods with a mechanical
and electrical needle probe have been described (Stauf-
enbiel, 1992).

Ultrasound examination is quick, non-invasive, and
easy to learn. A portable B-mode ultrasound generator
with a linear transducer and a frequency between 5.0
and 7.5 MHz is required. Skin contact with the trans-
ducer is made using 70 to 80% diluted alcohol. Hair coat
needs not be clipped. Ultrasound equipment transfers
electrical pulses into high-frequency sound waves by
piezoelectric crystals. The image is generated by the
sound waves being reflected from boundaries between
different tissue densities (Houghton and Turlington,
1992), in this particular case, between adipose tissue,
fascia, and muscle. The transducer is positioned verti-
cally to an imaginary line between the hooks and pins
at the sacral examination site. It must be held lightly
and orthogonal to the interface of fat and muscle, be-
cause fat is compressed with pressure (Brethour, 1992).
The cow should be in a normal, relaxed posture.

After freezing the image on the screen of the ultra-
sound machine, the layer of subcutaneous fat can be
measured to the nearest 0.1 cm. The fascia trunci pro-

funda is clearly visible in almost every case (Figures 1
to 3). The skin thickness of 5 to 6 mm is always included
in the ultrasound measurement, so that the actual sub-
cutaneous fat thickness is less by that amount. A value
of 6 mm of BFT consequently means an almost complete
loss of body fat reserves.

Staufenbiel (1992) and Klawuhn (1992) examined the
whole back region from the thoracic spine to the tail and
found the sacral examination site to be most suitable
for assessing BFT. The sacral region has the largest
amount of adipose tissue in the back and high correla-
tions (r = 0.90) exist between body fat content and BFT.
Furthermore, the site is easy to locate, and BFT only
changes slightly in a range of several centimeters.

The examination site is located in the sacral region
between the caudal one-quarter and one-fifth connec-
tion line going from the dorsal part of the tuber ischia
(pins) to the tuber coxae (hooks). This site corresponds
to the area between the end of the crista sacralis and
the end of the os sacrum (i.e., beginning of the first
coccygeal vertebra; Figures 4 and 5). Tissue stratifica-
tion at the measuring point becomes obvious in Figures
1 to 3. In the sacral region, the skin diameter is about
5 to 6 mm. The profound fascia is located directly on
the gluteal muscle and appears as a white line in the
ultrasound image. Backfat is positioned between the
skin and the profound fascia. In most cows, the superfi-
cial fascia is present in the adipose tissue and appears
as a thinner white line. It separates the backfat into
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Figure 2. Ultrasound image illustrating backfat thickness (BFT) in a cow in moderate condition (16 mm of BFT).

subcutaneous fat and interfascial fat (Staufenbiel,
1992).

To quantify fat reserves in the cow, Domecq et al.
(1995) examined the lumbar, thurl, and tailhead areas.
The largest correlation (r = 0.86) was found between
the right and left sides of the thurl. This area is located
midway between the hooks and pins, 2 to 3 cm above
the greater trochanter of the femur that coincides with
the examination site described by Staufenbiel (1992).
Neither combining lumbar and thurl area nor taking 2
sides into consideration improved the R? in any model.
Hence, Domecq et al. (1995) suggested that only one
side and location of the cow needs to be evaluated.

BFT and Carcass Fat. Backfat thickness is one of
the major quantitative traits that affects carcass qual-
ity in beef cattle and has been used to predict carcass
retail yield components in live animals (Hamlin et al.,
1995). Several studies have investigated the correlation
between actual carcass BFT and that measured by ul-
trasound. Correlation coefficients ranged between 0.72
and 0.92 (Brethour, 1992; Perkins et al., 1992; Robinson
et al., 1992; Greiner et al., 2003). Average absolute
differences between ultrasonographically determined
BFT and carcass BFT ranged from 1.6 (Brethour, 1992;
Greiner et al., 2003) to 1.9 mm (Perkins et al., 1992).
Discrepancies became larger when backfat was thicker
(Brethour, 1992). Greiner et al. (2003) reported that
leaner cattle were overestimated, and that fatter cattle
were underestimated, by ultrasound.
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Repeatability of ultrasound measurements also has
been investigated. The correlation between consecutive
measurements was 0.975 with an average absolute dif-
ference of 0.72 mm (Brethour, 1992). Robinson et al.
(1992) reported an average standard deviation of 0.43
mm regarding within individual variances and approxi-
mately 1 mm for between individual variances.

Measurements for carcass evaluation usually are
made at the 12th or 13th rib. These locations are not
assessed when recording BCS. To make both methods
comparable, the BFT examination site for dairy cows
should be located in the thurl region (Domecq et al.,
1995). That is the reason why, in contrast to beef cattle,
the sacral examination site is used for the measurement
of BFT in dairy herds (Staufenbiel, 1992).

BFT and Total Body Fat Content. To quantify the
amount of body fat that is expressed by a certain BFT,
it has been related to the total body fat (TBF) content.
The TBF can be estimated by analysis of total body
water (TBW). Both are inversely related with a high
negative correlation of —0.97 (Panaretto and Till, 1963).
Reid et al. (1955) found a correlation coefficient between
fat and water contents of the whole empty body of
—-0.987.

The principle of measuring TBW by dilution methods
is based on the application of a test substance that
dilutes evenly and only in TBW. When the distribution
equilibrium is reached, the volume of TBW can be speci-
fied by calculation of the dilution ratio of the test sub-
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Figure 3. Ultrasound image illustrating backfat thickness (BFT) in a cow in fat condition (34 mm of BFT).

stance. Blood samples are collected at defined intervals
to determine the concentration of the test substance.
When equilibrium is reached, elimination is already in
progress. The concentrations are recorded half-loga-
rithmically and are then extrapolated to the time of
administration (time zero). The aim is to calculate the
theoretic concentration at time zero with uniform distri-
bution and when none of the drug is being metabolized
or eliminated. This forms the basis to calculate TBW.

Commonly used substances for the determination of
TBW are tritiated water and deuterium oxide. Panare-
tto and Till (1963) found that tritiated water space over-
estimated TBW by a mean of 0.8% (both as percentages
of LW) and thus yielded an accurate estimate. The cor-
relation between tritiated water space and TBW ex-
pressed in liters was 0.982 and was 0.928 when ex-
pressed as a percentage of LW. Variable results are
described in the literature due to the experimental pro-
cedure, especially time of fasting, administration and
sampling technique, and species. Bird et al. (1982) re-
ported that tritiated water space overestimated TBW
by a mean of 12.3%.

Considering the hazards of working with radioiso-
topes, especially with large animals, as well as the high
costs for substances and equipment (Wiedemann,
1984), other dilution techniques with AP, urea, and
ethanol have been developed (Soberman et al., 1949;
Griiner, 1957; Bartle et al., 1987).

The urea dilution method has been described in the
literature and yielded variable results depending on
the technique used (Kock and Preston, 1979; Bartle et
al., 1987; Cole, 1995). Andrew et al. (1995) found that
urea space was not precise enough to determine differ-
ences in body components occurring during the lacta-
tion cycle. This imprecision may be due to the fact that
urea is metabolizable. Thus, urea dilution does not
seem to be suitable for estimating TBF (Wappler, 1997).
It is also conceivable that urea dilution is less accurate
in estimating body fat in Holstein breeds compared with
beef breeds that have greater adipose reserves (Cheli-
kani et al., 2003).

More reliable results can be obtained by using the
AP dilution technique (Cole, 1995). Antipyrine evenly
distributes in intra- and extracellular body water and
rapidly reaches equilibrium (Soberman et al., 1949). It
is slowly metabolized in cattle (Hix et al., 1959) and
known to enter the gut water (Cole, 1995). Comparison
of TBW calculated either by AP dilution or by tissue
moisture analysis revealed a correlation coefficient of
0.939 (Wellington et al., 1956). Panaretto and Till
(1963) determined a correlation of 0.988 between TBW
and AP space expressed in liters and a correlation of
0.773 when expressed as a percentage of LW. Those
researchers also considered that the AP space underes-
timated TBW by a mean of 4.4% LW.

Journal of Dairy Science Vol. 89 No. 1, 2006
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Figure 4. Location of the examination site (lateral view).

After calculating TBW, TBF can be estimated be-
cause the water content of the fat-free body mass is
relatively constant in mature animals (Reid et al.,
1955). Reid et al. (1955) calculated a water content of
the fat-free whole empty body of 72.9 + 2% from all
previous reports. Bird et al. (1982) found a TBW content
of the fat-free whole body of 77.3% (75.9% depending
on the report). Based on these results, formulas were
published to calculate absolute TBF and fat percentage
of LW from TBW (Reid et al., 1955; Bird et al., 1982).

In the thoracic and lumbar spinal region, BFT was
analyzed by Wiedemann (1989) using the electric nee-
dle probe method. The correlation between BFT and
relative body fat (RBF = TBF/LW) was 0.89. One milli-
meter of BFT corresponded to a RBF of 0.94% of LW.

The relationship between TBF and BFT measured
with the mechanical needle probe method at the sacral
examination site has been investigated in several stud-
ies (Klawuhn, 1992; Rieckhoff, 1992; Wappler, 1997).
The information presented in Table 1 reveal consistent
results, but a variation among and between reports is
obvious. Correlation coefficients range from 0.28 to
0.94. Regression coefficients that predict the change in
TBF related to a 1-mm change in BFT vary between
2.55 and 5.89. Several factors contribute to this varia-
tion. Distribution of fat reserves in the body may vary
individually, and cows with smaller LW also have
greater RBF despite similar BFT (Staufenbiel, 1992).
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Figure 5. Location of the examination site (top view).

Because AP also distributes in the GI tract, draw-
backs of this method arise from changes in body water
flux rate and variations in the relative hydration of the
digestive tract vs. other body tissues (Waltner et al.,
1994). Variability in GI contents of ruminants can cause
errors in the prediction of TBW (Andrew et al., 1995)
because water pools in ruminants are highly dynamic
(Hix et al., 1959; Cole, 1995). Andrew et al. (1995) noted
that procedures are needed to differentiate GI water
from empty body water (EBW).

An approach is the usage of N-acetyl-4-aminoantipy-
rine (NAAP), which enters the GI tract to a much lesser
extent than AP. Panaretto and Till (1963) showed, how-
ever, that both NAAP and AP spaces were biased. The
NAAP space underestimated EBW by a mean of 6.3%.
Correlation coefficients between NAAP space and EBW
were 0.895 when expressed in liters and 0.7 when ex-
pressed as a percentage of LW.

The systematic error associated with the calculation
of TBW can be reduced by taking the cows off feed and
water before injection of AP. A 24-h feed withdrawal
(Wellington et al., 1956; Bird et al., 1982) or a 48-h feed
withdrawal (Panaretto and Till, 1963) is used com-
monly to reduce variation in gut fill.

Another source of error is the water content of the fat-
free body decreasing as cows age. Water concentration,
however, is relatively constant after the cow has
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Table 1. Relationships between backfat thickness (BFT) and total body fat (TBF). Influence of lactation

number, stage of lactation, and breed

Mean  Regression  Correlation
BFT coefficient coefficient
No. (mm) b r P Reference
Dairy cows 182 21 4.77 0.80 <0.001  Klawuhn (1992)
Trial 1 73 25 5.85 0.82 <0.001
Trial 2 23 27 4.65 0.94 <0.001
Trial 3 86 15 4.73 0.68 <0.001
First lactation 29 15 3.44 0.61 <0.001
Second lactation 29 14 4.18 0.65 <0.001
Second or greater lactation 28 17 5.38 0.73 <0.001
Early lactation 31 16 4.31 0.69 <0.001
Midlactation 27 13 3.76 0.55 <0.01
Late lactation 29 16 5.83 0.73 <0.001
Beef bulls 23 20 5.17 0.82 <0.001
Beef heifers 204 13 5.27 0.87 <0.001
Dairy cows 180 11.9 4.71 0.71 <0.001 Rieckhoff (1992)
First lactation 70 12.1 5.46 0.73 <0.001
Second lactation 48 111 4.94 0.76 <0.001
Third lactation 28 10.9 4.56 0.73 <0.001
Third or greater lactation 12 15.0 4.30 0.78 <0.01
Early lactation 42 10.3 2.55 0.28 <0.01
Midlactation 77 11.5 4.59 0.69 <0.001
Late lactation 61 13.2 5.02 0.76 <0.001
HF? 16 14.3 4.24 0.73 <0.001
SMR? 14 14.0 5.79 0.93 <0.001
Jersey 16 17.3 4.37 0.90 <0.001
Dairy cows 95 174 4.51 0.79 <0.05 Wappler (1997)
Trial 1 6 33.2 5.60 0.94 <0.05
Trial 2 89 16.4 4.63 0.73 <0.05
First lactation 19 14.9 3.53 0.59 <0.05
Second lactation 17 15.9 5.27 0.65 <0.05
Third lactation 32 17.5 4.39 0.81 <0.05
Third or greater lactation 21 16.2 5.17 0.81 <0.05
Early lactation 16 15.3 3.04 0.52 <0.05
Midlactation 66 15.8 4.91 0.72 <0.05
Late lactation 7 23.9 4.82 0.79 <0.05
HF! 25 154 5.89 0.78 <0.05
SMR? 64 16.7 4.46 0.76 <0.05

HF = Holstein-Friesian.

2SMR = Schwarzbuntes Milchrind (50% German Black Pied, 25% Holstein, and 25% Jersey).

reached “chemical maturity.” The bovine is chemically
immature until about 200 d of age and then enters a
transitional stage and is chemically mature after about
500 d (Reid et al., 1955). Including age in the calculation
only slightly improves the prediction of TBW and TBF
(Bird et al., 1982). This implies that age is a factor of
minor importance in adult dairy cows. Results in Table
1, however, reveal some variation in body fat related
to a 1-mm change in BFT caused by lactation number.
It has been reported that primiparous cows contain less
EBW than older cows (Martin and Ehle, 1986).
Variation also exists because of stage of lactation.
Water to protein ratio in the empty body is influenced
by lactation cycle, i.e., it is greatest for cows in early
lactation and least for cows in late lactation (Andrew
et al., 1995). Chaiyabutr et al. (1997) noted a significant
reduction of TBW during lactation. Furthermore, GI
fill increases from prepartum to 5 mo postpartum (Mar-
tin and Ehle, 1986), and lactating cows have a more

rapid water turnover than nonlactating cows (Martin
and Ehle, 1986; Chaiyabutr et al., 1997).

Body fluid compartments also are affected by preg-
nancy. In women, TBW increases during pregnancy and
then decreases postpartum (Lukasi et al., 1994). In beef
cows fed a limited diet [total feed intake equal to 70%
NRC (1984)], EBW showed a steady decline from 3 mo of
pregnancy until parturition, but tended to be constant
when cows were fed greater amounts of feed [(total feed
intake 110% of NRC (1984); Shell et al. (1995)]. These
data show that EBW is affected not only by pregnancy,
but also by nutritional status.

In addition, there seems to be a breed-related influ-
ence. Water turnover rate, TBW space, and TBW as a
percentage of BW were significantly greater in cross-
bred Holstein cattle (50% Holstein-Friesian compared
with 87.5% Holstein-Friesian cows; Chaiyabutr et al.,
2000). In beef cattle, intramuscular fat is the largest
depot followed by subcutaneous and internal fat,
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whereas dairy breeds deposit less subcutaneous fat and
more internal fat than beef cattle (Dolezal et al., 1993).

Not only TBW and TBF, but also body condition
scores, are influenced by breed. Holstein cows have
lesser BCS, but greater BW than Jerseys (Washburn
et al., 2002). This is not surprising, as there are strong
genetic correlations for body condition and heart girth
at different stages of lactation that are suitable to be
used in breeding programs for dairy cattle (Gallo et al.,
2001; Lassen et al., 2003).

In the field, another source of variation is the accu-
racy of ultrasound measurements. First of all, consider-
able variation exists between different investigators
and ultrasonic instrumentation (Houghton and Tur-
lington, 1992). Positioning of the transducer and its
angle to the body surface as well as the thickness of
the hair coat are further sources of error. The layer of
subcutaneous fat is not uniform in a given location and
might contribute to measurement error (Domecq et al.,
1995). Backfat thickness was examined in 20 cows with
5 consecutive measurements on each side of the cow
(Schroder, 2000). Absolute BFT ranged from 7.8 + 0.4
t0 39.8 £ 0.4 mm. When assessing error of the measure-
ment, asymmetrical distribution between the 2 body
sides is evident in some cows. When consistently mea-
suring from the same side, the coefficient of variation
was 0.03 (right side) and 0.04 (left side); the maximum
absolute deviation was 1 mm, which complies with the
metering precision of the ultrasound machine. Some
larger deviations occurred in single cows between the
left and right sides. Disregarding body side, the coeffi-
cient of variation was 0.05 with a maximum deviation
of 2.3 mm. Even this error must be considered small;
therefore, we can deduce, in agreement with Domecq
et al. (1995), that only one side needs to be evaluated.

Overall accuracy for consecutive ultrasound mea-
surements ranged between 1 and 2 mm (Brethour,
1992; Perkins et al., 1992; Robinson et al., 1992; Greiner
et al., 2003). Discrepancies became larger with increas-
ing BFT. This larger error can be explained by varia-
tions in posture, greater subjectivity in selecting a mea-
surement site, and fluctuations with respiration on fat-
ter cattle (Brethour, 1992). The researchers concluded
that ultrasound is sufficiently sensitive over time to
detect subtle changes in BFT.

BFT and Body Condition Scoring. Body condition
scores have been related to BW with variable results.
Using a 9-point scale, one BCS unit was associated with
a change in BW of 33 kg [Angus and Angus crossbred;
Lalman et al. (1997)] to 51 kg [Angus, Hereford, Red
Poll, Braunvieh, Gelbvieh, Simmental, Pinzgauer,
Charolais, and Limousin; Ferrell and Jenkins (1996)].
On a 5-point scale, BW change of one BCS unit was 56
kg for Holsteins (Otto et al., 1991), 68 kg for Angus
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Table 2. Assessment of body condition by description, BCS, backfat
thickness (BFT), and total body fat content (TBF)!

Description BCS BFT (mm) TBF (kg)
Emaciated 1.0 <5 <50
Very poor 1.5 5 50
Poor 2.0 10 76
Moderate 2.5 15 98
Good 3.0 20 122
Very good 3.5 25 146
Fat 4.0 30 170
Adipose 4.5 35 194
Obese 5.0 >35 >194

IStaufenbiel (1997).

(Buskirk et al., 1992), and 85 kg for Holsteins (Fox et
al., 1999). Houghton et al. (1990) reported that empty
BW increased 56.3 to 99.2 kg per BCS unit (5-point
scale; Charolais x Angus) depending on absolute BCS.
Tennant et al. (2002) suggested that weight adjust-
ments for changing BCS are not proportional across
the range of possible condition scores. Regarding all of
these studies, the general disadvantages of LW mea-
surement must be taken into consideration.

In Holsteins, BCS has been related to EBF with
greater consistency. One BCS unit equated to 42 (Ko-
maragiri and Erdman, 1997), 46 (Waltner et al., 1994),
or 55 kg (Komaragiri et al., 1998) of EBF. Most of the
loss in LW is caused by mobilization of body fat because
body energy reserves are predominantly stored in the
adipose tissue (Bauman and Currie, 1980).

It can be summarized that one BCS unit correlates
to about 50 kg of EBF. With these results, the BCS
system can be related to BFT measurement. Because
a 1-mm change in BFT is associated with about 5 kg of
body fat (Klawuhn and Staufenbiel, 1997; Staufenbiel,
1997), one BCS unit equates to about 10 mm of BFT.
Body condition scores have been related to BFT with
correlation coefficients ranging between 0.91 and 0.95
(Wittek and Fiirll, 2002). A comparison of BCS, BFT,
and TBF is presented in Table 2 (Staufenbiel, 1997).

Especially in free stalls, the BCS system benefits from
being a simple method with high feasibility. Using BCS
is a useful management tool to assess the nutritional
status of dairy cows (Edmonson et al., 1989; Hady et
al., 1994a,b). The precision achievable by BCS was dis-
cussed earlier. Investigating the accuracy of subjective
scoring systems, Loschner and Staufenbiel (1996) re-
ported that overestimation occurs particularly in early
lactation, in young cows, and in lean cows with BFT
values <15 mm. In contrast, body condition is more
likely to be underestimated in the dry period, in older
cows, and in fat cows with >30 mm of BFT. Because of
the different amounts of muscle mass, a risk exists
for underestimating Holstein cows in comparison with
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dual-purpose or beef cattle (Staufenbiel, 1997). In
Brown Swiss cows, for example, Mosenfechtel et al.
(2000) recommended the use of BFT measured by ultra-
sound rather than BCS.

CONCLUSIONS

To evaluate energy balance precisely, laboratory con-
ditions are necessary. For the estimation of energy bal-
ance in the field, several methods are available, and
each of them shows advantages and disadvantages.
Metabolic profiling yields an actual status of the herd,
but misses an immediate availability. Body-based
methods, conversely, provide instant information, but
are always historic. Of these, measurements of LW and
heart girth are not sufficiently precise to predict energy
balance. Measurement of skinfold thickness has not
been well validated and is not commonly used. The BFT
measurement has been validated by carcass backfat
and TBF measurements. It has become obvious that
the relationship between BFT and TBF is biased by
several different factors. Nevertheless, correlation coef-
ficients between these 2 traits, based on biological fea-
tures, are relatively high. Multiple sources of error in
determining the absolute amount of body fat that is
associated with changes in BFT are expressed in vari-
able values of correlation and regression coefficients
(Table 1). Klawuhn and Staufenbiel (1997) concluded
that TBF changes by approximately 5 kg with each
millimeter of BFT difference. Considerable variation
exists, however, due to lactation number, stage of lacta-
tion, feed intake, and nutrition management.

Specific quantitative equations that describe the vari-
ation of body condition during lactation and relate it to
production variables are needed as guidelines to make
management decisions (Waltner et al., 1993; Gallo et
al., 1996). A reference curve for the development of body
condition throughout lactation has been reported for
crossbred German Black Pied x Holstein cows (Schroder
and Staufenbiel, 2003). It was based on 36,019 mea-
surements evaluated in a cross-sectional study (Figure
6). A standard curve for the daily change of BFT has
also been calculated (Schroder and Staufenbiel, 2003)
for which 5,525 cows were measured twice at 4-wk in-
tervals (Figure 7).

Based on this information, the BFT measurement
has become a common tool in German dairy herd man-
agement. Cross-sectional studies must show whether
these reference curves are applicable in the United
States, considering a breed-related difference between
Holstein and crossbred dairy cows.

A second body-based method suitable to evaluate the
nutritional status of a dairy herd or a single cow is
the BCS system. It is well validated and easy to use,

28
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Figure 6. Reference curve for backfat thickness (BFT) throughout
lactation for crossbred German Black Pied cows (BFT + 0.5 SE) com-
puted by polynomial regression. Descriptive statistics: n = 33,412,
fat-corrected milk yield = 7,945 + 1,729 kg, lactation number = 2.5
+ 1.6, and days open = 124.4 + 70. Regression equation for lactation:
BFT = 22.069 — 0.236 DIM + 2.01 x 1073 DIM? - 6.0 x 107 DIM?® +
6.32 x 102 DIM* (n = 29,106; SE = 6.6; R? = 0.146) and for dry period:
BFT = 22.987 - 3.2 x 102 DIM - 1.7 x 10~ DIM? + 3.32 x 10" DIM*
[n = 4,306; SE = 7.49; R? = 0.002; Schrider and Staufenbiel (2003)].

especially under free-stall conditions. In comparison
with BCS, added value of measuring BFT lies within
its objectivity and precision, especially when evaluating
changes in body condition. It is quantitatively differ-
entiable and provides comparability between different
persons, breeds, and herds. Because of thel-mm meter-
ing precision of the ultrasound technique, even slight
changes in body condition that may not be appreciable
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Figure 7. Reference curve for the daily change in backfat thickness
(ABFT/d) throughout lactation for crossbred German Black Pied cows
(A BFT/d £ 0.5 SE) computed by polynomial regression. Descriptive
statistics: n = 5,525, fat-corrected milk yield = 8,280 + 1,644 kg,
lactation number = 2.5 + 1.5, and days open = 123.9 + 71.7. Regression
equation for —50 to 120 DIM: A BFT/DIM = 5.8 x 1072 - 3.1 x 1073
DIM + 3.22 x 10 DIM? + 7.2 x 107 DIM? - 9.7 x 107 DIM* +
3.05 x 107! DIM® [n = 2,595; SE = 0.105; R? = 0.182; Schréder and
Staufenbiel (2003)].

Journal of Dairy Science Vol. 89 No. 1, 2006



12 SCHRODER AND STAUFENBIEL

using the BCS system (Ferguson et al., 1994) can be
determined and computed on an individual or herd ba-
sis. These data can be related to production variables
to evaluate the effects of the negative energy balance.

Moreover, assessing BFT by ultrasound is easy to
learn and can be performed quickly in the field. It only
takes a few seconds to get an accurate value of actual
BFT. Depending on the housing system, about 100 cows
can be evaluated in 30 to 60 min (Schroder, 2000) or
even faster if head gates are available.

Because BCS and BFT are comparable, ultrasound
measurements also may be used to train herd personnel
in BCS to increase its precision.
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