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APPENDIX CHAPTER 1

Diet Evaluation
1 INTRODUCTION

It is only when the amount of nitrogen and energy consumed is well
defined can one quantify nutritional output-input relationships of dairy

Cows.

The nitrogen and energy intakes of a dairy cow are estimated from dry
matter intake (DMI), that is: fresh weight consumed x DM per unit fresh
weight x N or energy content in DM. The accuracy with which DM of
the feed is determined is paramount to accurate estimation of nutrient

intake.

Oven drying of silage based diets is acknowledged to underestimate the
true DM of such feeds due to a loss of volatile fatty acids and aicohol
in the silage. Oven drying at 60°C for 72 h reduces these losses (A R
Henderson, Personal Communication). Dry matter determinations by

toluene distillations prevent these losses (Dewar and McDonald, 1961).

The method used in expressing the energy value of feed should take into
account the major energy losses via faeces, urine, fermentation gases
and heat losses. Feed energy values should be expressed therefore as
metabolizable energy (ME) as this is less influenced by many of the
factors that influence digestion and fermentation. It is, however, too
expensive to determine regularly in vivo ME of diets in large scale
experiments fed for long periods of time. In vitro laboratory methods

are therefore useful in these cases. For accuracy, in vitro methods
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should be standardized against in vivo data periodically (eg after every

major diet change).

There is ample evidence of the shortcomings of the use of digestible
crude protein systems for ruminants (Roy et al, 1977). Recent research
has therefore been directed at developing an alternative system of
protein nutrition of the ruminant which takes account of microbial
protein synthesis in the rumen (ARC, 1980, 1984). Central to this new
system is the determination of protein degradability in the rumen for

calculating microbial and by-pass protein to the duodenum.

Animals fed roughage in the long form in which refusals are in excess
of 15% of that offered result in feed selection (Zemmelink, 1980).
However, with the daily variation in feed intake it is impossible to
maintain a fixed percentage of excess feed. It is not known if dairy cows
are capable of selecting within a complete mix of grass silage and
concentrate. If they are, then calculations on nutrient consumptions that
fail to account for this will introduce errors into output-input

estimations.

In large scale experiments it is expensive to record individual feed intake
of cows daily. The dilemma is, however, how often to record weekly
individual feed intakes to be representative of this period. Two factors
may affect the accuracy of the estimation of actual feed intakes for the
period: sampling frequency and sampling distribution. Techniques which,
however, increase accuracy may also be more costly. It is therefore
important for the research worker to know how much accuracy is
improved by greater effort in measuring and to what extent it may be

improved by changing existing procedure.
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Five short experiments were therefore initiated to evaluate in the

present experiment the system of feed intake recording and the

composition of the diet fed to the animals.

Experiment 1:

Experiment 2:

Experiment 3:

Experiment 4:

Experiment 5:

The objective was to estimate the accuracy of 4 daily
recordings per week wusing analysis of variance

components.

The aim of this experiment was to investigate if dairy
cows fed a complete mix of grass silage and concentrate

have the ability to select the feed.

The objective in this experiment was to establish a
relationship between oven dry matter (ODM) and dry
matter determined by toluene distillation (TDM) of the

diet fed.

The aim was to obtain quantitative relationships between
in vitro ME estimated from in vitro digested organic
matter determination and in vivo ME determined from

digestibility studies using sheep.

The objective was to obtain degradability values for the
silage, concentrate mix and draff used in the mixed diet

fed to the cows by in sacco method (Mehrez and Orskov,

1977).

1.2 EXPERIMENT 1: ACCURACY OF FOUR DAILY RECORDINGS
PER WEEK

1.2.1

Materials and Methods

Daily DMI records of 164 cows recorded 4 times weekly over 24 weeks

of lactation and covering 5 years were used in the analysis. The data
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were obtained as described in General Materials and Methods
(Chapter 2). Each yearly data were subjected to hierarchical analysis
of variance (Genstat, 1984). Variance components were partitioned into
lactation months, weeks within months, days within weeks and replicates
within days. Periods of high proportion of total variance would need to
be recorded more frequently to reduce variation. The total variance

(S*y) was estimated as (Sokal and Rohlf, 1969):

e & 5 S’c:B , S°p:A | 8% 1)
ncba cba ba a
Where S® 5 = Variance components for lactation months
SzB:A = Variance components of weeks within lactation months
S’c:B = Variance components of days within lactation weeks
S? = Variance component attributable to replicates within
days of lactation
n = number of animals
C = days within lactation week
b = weeks of recording within lactation month
a = lactation months of recording

The efficiency of each number of recording days within a week can
therefore be estimated from equation1 and then compared to the

variance estimated for 7 days per week recording.

1.2.2 Results and Discussion

The proportion of variance and variance components are presented in
Table A.1.1. As expected, animals within days accounted for the largest
variance. This was followed by weeks within months of lactation and

then months of lactation. Days within lactation weeks accounted for
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almost no variance in feed intake recording.

The variance of 7 days per week recording can be estimated from the
equation using n = 40 as:

8.67 , 0.396 , 1.748 _ 0.0 = .568

7x40x4x6 4x6 6 Tx4x6

Variance of various days per week recording and efficiency lost is shown

below:
Number of days Total variance Efficiency
per week of recording lost (%)
6 0.2963 0.10
5 0.2966 0.20
4 0.2971 0.26
3 0.2978 0.51
2 0.2993 1.02
1 0.3038 2.54

The estimated efficiency lost indicates that recording 4 days per. week
using 40 animals, as was done in this investigation, instead of 7 days
per week loses only 0.26% efficiency. This is certainly negligible.
These variances can be criticised in that the data were estimated from
4 days per week recordings rather than 7 days per week recordings.
Although this was the case, the recordings were randomly distributed
in the weeks of lactation which is considered here in the analysis of

variance.

It can be seen from the above equation (1) for estimating the total
variance that the larger the number of animals the smaller the total
variance. This is because animals account for a large part of the

variation in voluntary feed intake.
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1.3 EXPERIMENT 2: DIET SELECTION

12841 Materials and Methods

Monthly over a period of 13 months feed offered (sampled in
quadruplicate) and individual feed refusals of animals in the experiment
were sampled, oven dried at 60°C for 72 h, ground in a laboratory mill,
and analysed for ash, nitrogen (N) and modified acid detergent fibre
(MADF). All analytical procedures were previously described (see

General Materials and Methods - Chapter 2).

Once, individual samples of feed offered to and refused by 35 animals
were sampled and analysed for dry matter (DM), ash, N and MADF, to
check on the uniformity (variation) of the diet fed and also differences

between feed offered and refused.

Differences between composition of feed offered (O) and feed refused
(R) were tested for significance at the 5% level using "paired t" test
(Sokal and Rohlf, 1969). Where t = mean difference between feed
offered and feed refused (D) ; standard error of the mean of these
differences (Sp)

t=D/Sp

1:3.2 Results and Discussion

The mean composition and differences between feed offered and

refused are given in Table A.1.2.

As expected, the feed offered was less variable than feed refuséd, when
the diets offered and refused from the same animal were compared.
The coefficient of variation (CV%) was 3.4, 2.4, 9.9 and 3.9% for feed

offered and 9.1, 2.3, 10.7 and 7.3% for feed refusals of DM, ash, N and
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MADF respectively. Differences between feed bins were low from the
CV indicating that complete diet fed was uniform. The results
indicated that animals did not vary in the way they selected these diets.
Differences between feed offered and feed refused in this group were
not significantly different. However, when the diet offered was
sampled en masse and compared to individual animal refusals there
were differences (P < 0.01) in composition between feed offered and

refused.

These results would tend to indicate that, taking into consideration
analytical and sampling errors and variation in feed composition
between feed bins, there does not seem to be any appreciable selection

of the diet by the animals.

1.4 EXPERIMENT 3: RELATIONSHIP BETWEEN OVEN AND
TOLUENE DRY MATTERS

1.4.1 Materials and Methods

Over a period of 9 months (1983/84) the complete mix of grass silage
and concentrate and also the grass silage alone were sampled twice
monthly and analysed for dry matter (DM) by

(1) oven drying at 60°C for 72 h, and

(2) by distillation with toluene (Dewar and McDonald, 1961) and

correcting for ethanol content of the distillate (Henderson, 1978).

Regression of the toluene dry matter (TDM) on the oven dry matter
(ODM) was computed for both the complefe diet and the silage. Two

equations were established: one with intercept and the other without

intercept.
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1.4.2 Results and Discussion

The following equations were derived from the regression of TDM on

ODM.

Complete Diet

1 TDM = 0.9669 + 0.00465 ODM
(R* = 98.0, RSD = 0.609, Mean TDM = 36.5,
SD = 5.39; Mean ODM = 37.8, SD = 6.02)

2.986 + 0.906 + 0.8895 + 0.021 ODM
(R® = 98.7, RSD = 0.608)

2 TDM

Silage
3 TDM = 1.0203 £ 0.0101 ODM

(R* = 96.3, RSD = 1.116, Mean TDM = 25.1,
SD = 5.99; Mean ODM = 24.4, SD = 6.75)

4 TDM

3.573 + 0.525 + 0.8336 + 0.0208 ODM
(R? = 99.0, RSD = 0.595)

The interesting aspect of the present results is the overestimation of
the DM of the complete diet by about 3.4% by oven drying whereas this
underestimates the silage DM by 2% compared to toluene distillation.
For some unknown reason which could not be detected in the present
experiment the oven drying failed to dry properly the complete mix.
During drying, however, it was always observed that the silage and
concentrate tended to cake together. Whether this could have

influenced the partial drying of the diet is not clear.

1.5 EXPERIMENT 4: IN VIVO ME DETERMINATION

1.5.1 Materials and Methods

A complete mix of ryegrass silage and concentrate mix fed to the
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Table A.1.3 Composition of diets

DIETS
1 2 3

Toluene DMI(g/kg) 407 374 326
Organic matter (g/kg DM) 924 929 918
Crude protein (g/kg DM) 169 185 178
Gross energy (MdJ/kg DM) 19.2 20.5 18.
Modified acid detergent

fibre (g/kg DM) 179 180 206
Neutral detergent fibre

(g/kg DM) 325 325 343
In vitro OMD (g/kg DM)2 749 789 772

& OMD = digestible organic matter
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experimental cattle was sampled in 1981 (Diet1) and, from
15 September 1983 to 30 April 1984, bagged in polythene bags and
frozen for digestiblity trials with sheep. The 1983/84 sample was
divided into 2 diets. Diet 2 was the ration fed from September to

December and Diet 3 was the diet fed from January to April.

A week prior to the commencement of the digestibility trials each
group of diets were thawed, well mixed and composited into either
Diets 1, 2 or 3 and refrozen. During the trial, twice weekly, the daily

feed requirements of the sheep was thawed for feeding.

Three Suffolk-cross wether sheep (average weight 44 kg) were allocated
to Diet1l in 1981 whereas 4 Suffolk-cross wether sheep of
approximately 35 kg liveweight were randomly allocated to each of
Diets 2 and 3 in 1984. After a 14-day preliminary feeding period,
digestibility, metabolizable energy (ME) and nitrogen (N) retention were
measured over a 10-day period. Feed was offered twice daily, half in
the morning (0900 h) and the other half in the afternoon (1530 h). The
feed was offered at maintenance level (ARC, 1980) based on ME values
estimate from in vitro digestible organic matter of the diet

(Table A.1.3).

Faeces and urine were collected daily. Faeces were deep frozen and
urine was acidified to pH 2-3 with dilute sulphuric acid to prevent
ammonia loss. The 10 daily samples were combined, thoroughly mixed

before samples were taken for chemical analysis.
Digestibility values were calculated as intake - faecal loss % intake.

The ME values were calculated from gross energy intake minus the
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fae(.:a_l and urinary energy losses and estimated methane loss (Blaxter
and Clapperton, 1965). Gross energy of feed, faeces and urine were
determined by adiabatic bomb calorimetry. All other nutrients (N,
MADF and DM) were analysed for as described under General Materials

and Methods (Chapter 2).

1.5:2 Results and Discussion

The aim of the experiment was to estimate the similarities between
ME estimate from in vitro DOM and ME determined in vivo with sheep.
The in vivo ME determined for Diets 1, 2 and 3 ranged from 11.9-13.5
MJ per kg DM (Table A.1.4). The high value of 13.5 MJ recorded for
Diet 2 was due to its high gross energy content (20.5 MJ/kg DM). The
high gross energy in this diet is difficult to explain since the gross
energy of the concentrate in the diet mix was 18.7 MJ/kg DM. At 50:50
ratio of concentrate to forage this gross energy value of the silage

would be 22.8 MJ/kg DM. This value is quite high for grass silage diets
(see Wilkins, 1982). The high value could not be attributed to error of
measurement since this was rechecked twice and each time in

duplicate.

The ME values were obtained at maintenance level with sheep. High
yielding cows eat over 4 times maintenance (Tyrrel and Moe, 1975).
Also sheep have a more efficient digestive capabilities of energy (3.7%)
than dairy cattle (Lindgren, 1981). Ignoring these digestibility
differences but adjusting the ME values for depression in digestibility
due to high level of intake (4 times maintenance) from the equation
dde = 0.107 - 0.113 de (ARC, 1980). The digestibility of energy (de) is
depressed from 0.791, 0.789, 0.766 to 0.721, 0.718 and 0.684

respectively for Diets 1, 2 and 3 and digestible energy from 15.2, 16.2
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and 14.2 to 13.8, 14.7 and 12.7 respectively and ME from 12.6, 13.5,

11.9 to 11.2, 12.0 and 10.4 MJ/kg DM respectively for Diets 1, 2 and

3‘

If ME is estimated from the formula

ME (MJ/kg/DM) = 0.157 X in vitro OMD

0.157 x DOMD (Blaxter, 1982)

1

or
then the ME values are 11.7, 12.4 and 12.1 MJ/kg DM from in vitro
OMD but 10.9, 11.6 and 11.5 MJd/kg DM from DOMD. ME values
estimated from DOMD seem closer to the in vivo ME values adjusted
for level of intake. Even so, the differences ranged from 0.3-1.1 MJ/kg
DM and was 0.4-1.8 MJ/kg DM for the difference between the in vivo
ME and ME estimated from in vitro OMD. For a cow eating daily 20 kg
DM this could mean an overestimation of ME intake of 8-36 MJ per day
if calculations are based on ME estimated from in vitro OMD. These
differences between in vivo and in vitro OMD are similar in trend to
the results of Phipps et al (1984b) with dairy cows. They noted that
in vitro OMD were higher than in vivo values. This difference was 6.2
and 2.3% units for 11.7 and 10.7 MJ ME/kg DM complete diets
respectively. Differences between the 2 diets were attributed to level
of intake (intakes were higher for the high energy diet than the low
energy diet). In contrast, Blaxter (1982) observed that in vitro OMD
underestimated actual ME values of 8 out of 10 feeds. It is not clear
if differences in the type of diets fed (complete vs separate ingredients)

were responsible for these discrepancies.

In conclusion, ME values estimated from in vitro OMD overestimated
ME values of feed determined in vivo with sheep. However, when all

the errors and adjustments involved in estimating in vivo ME values are
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considered in vitro OMD is of sufficient accuracy for estimating input-

output relationships.

1.6 EXPERIMENT 5: DETERMINATION OF DEGRADABILITY OF
DIET COMPONENTS

1.8 Materials and Methods

The composition of grass silage, brewers' grain and concentrate use in

the study are given in Table A.l.5.

Rumen losses of nitrogen were measured using the nylon bag technique
(Mehrez and Orskov, 1977). The bags (17 x 19 cm) were made from
polyester material (pore size of about 43 v"“(’m). A strong dacron line was
threaded through the tops of the bags to close them after filling. The
dacron line also acted as a means of attachment to a perspex strip. The
strip was also attached to a screwed cap which could be screwed on to

a fitted rumen canula.

In the estimation of degradability of silage, brewers' grain and
concentrate 17, 17 and 11 g fresh samples respectively of these feeds
were weighed into the nylon bags. Five bags were placed in the rumen
of each of 3 mature wether sheep weighing 30-40 kg at 0900 h and were
withdrawn after 3, 5, 8, 24 and 48 h. The sheep were fed ryegrass hay
daily ad libitum and this was supplemented with 125 g soya and 100 g
brushed oats per sheep at 0830 h. Upon removal from the rumen, the
bags were washed in running tap water for 20 min until the water
squeezed from the bags ran clear. The bags were then oven dried at
60°c to a constant weight. Dried residues from each bag were ground

and residual nitrogen was determined by micro-Kjeldahl method.

Nitrogen disappearing at each incubation interval was calculated as:
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Table A.1.5 Composition of diets

Silage Brewers' Concentrate
Grain
Dry matter (g/kg) 233 269 903
Ash (g/kg DM) 82 44 72
Modified acid detergent
fibre (g/kg DM) 295 253
Crude protein (g/kg DM) 145 262 192
pH 3.91 3.57
Ammonia-N (g/kg Total N) 71

Table A.1.6 Parameters derived from the exponential function P = a + b(l-e~€t)

Diet a b c
SILAGE
1 54.8 375 0.252
2 49.7 1 38.1 0.277
3 55.9 36.6 0.252
Mean 53.5 37.4 0.260
BREWERS' GRAIN
1 39.2 40.3 0.945
2 42.3 34.7 0.445
3 38.8 35.6 0.484
Mean 40.1 36.9 0.625
CONCENTRATE
1 46 .4 47.8 0.586
2 44 .5 TT2 0.019
3 23.1 58.4 0.586
Mean 38.0 61.1 0.397
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Initial N in feed - N remaining in incubated residue.

To calculate effective degradability, the percentage of nitrogen
disappearance from the bags at various time intervals were fitted by an
iterative least squares computer program to the exponential function
P=a+b(1-eCt) (Orskov and McDonald, 1979).

Effective degradability was calculated as:

P = atbc
ctk
Where
k = is outflow rate from the rumen
a = proportion of nitrogen disappearing at time t
b = insoluble but potentially degradable protein which is degraded

by micro-organisms according to first-order kinetics with rate
constant c.Outflow rate (k) was assumed as 0.09 (9%/h) for

high yielding dairy cows (Elliman and Orskov, 1984).

1.6.2 Results and Discussion

The parameters derived from the exponential function are given in
Table A.1.6. These parameters tended to be very variable between
experimental units for concentrate and brewers' grain. These large
variations are also reflected in the estimated effective degradabilities
(Table A.1.7). It is, however, not surprising that animals were so
variable for the concentrate diet. The fine particle size probably

resulted in losses into the rumen and during washing of the bags.

The 81.2% effective degradability obtained for silage here is similar
to the 78-82% degradabilities found in different studies by ARC (1980).
Also the 54% effective degradability for concentrate is within the range

of 51-70% degradability recommended by ARC (1980) for concentrate
diets.
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APPENDIX CHAPTER 2

Health and Fertility
241 RESULTS AND DISCUSSION

Health of animals is an important factor influencing voluntary dry
matter intake (Weston, 1982). The incidence of disease recorded for the
two Trials are indicated in Table A.2.1. In Trials 1 and 2 on average the
incidence of disease was 1.6 and 0.77 respectively. The health expressed
as cases of diseases recorded for each year of the experiment are also
provided in Table A.2.2. Lameness and leg problems were the most
serious problems among the animals followed closely by mastitis and milk
fever. The only cases of ketosis were in years 1 and 3 (5 and 4 incidence
respectively). The low level of ketosis is rather surprising. For several
cows in most years were in high negative balance and cows in greater

energy deficit are more prone to ketosis (Baird, 1981).

Analysis of variance of incidence of disease by Model 1 (Trial 1) only
showed significant (P < 0.012) parity differences (Table A.2.3). This was
due to a higher incidence of disease among cows calving in parities
subsequent to parity 4. In Trial 2 also cows calving in more than two
parities were significantly (P < 0.01) more prone to disease than younger
cows (Table A.2.4). Incidence of disease increased with increasing
calving condition score though this was not significant. Fat cows are
acknowledged to be more prone to incidence of disease such as ketosis

(Haresign, 1982).

The average days from calving to first oestrus, days from first

insemination to conception, number of services per conception and
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calving intervals (days) were 37.9, 37.5, 2.0 and 393.1 in Trial 1 and 41.6,

92.8, 1.66 and 380.7 in Trial 2 respectively.

Analysis of variance of measures of reproductive performance by
model 1 (Trial 1) only showed significant (P < 0.05) year differences for
days from first service to conception and calving interval (Table A.2.5).
Year differences were due to the poor reproductive performance of

year 2 cows (Table A.2.3).

As milk yield increased number of services per conception, calving
interval and days from first service to conception increased though this
was not significant. It is acknowledged that there is some antagonism
between milk yield potential and fertility (see review by Smidt and
Farries, 1981). High condition score at calving was associated with
longer intervals from calving to first oestrus and calving intervals though
this was not significant. High body fatness is reported to have a negative
effect on the fertility of cows (Haresign, 1982). This is associated with

low feed intakes and thus high negative energy balance.

In Trial 2 there were significant parity differences (P < 0.01) in calving
interval (Table A.2.4). Year 5 heifers and cows calving subsequent to

parity 2 had the longest calving intervals.
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APPENDIX CHAPTER 3

Measures of Assessing Body Reserves
3.1 INTRODUCTION

Results on the importance of body tissue reserves (body condition),
especially at calving, on feed intake and milk production are conflicting.
Some reports indicate an advantage for animals in good condition at
calving, others found no such advantage (see Broster and Broster, 1984).
These conflicting results are partly due to discrepancies involved in
assessing body reserves or condition of the animal. In the past terms
such as fat, medium and thin or skeletal size and body weight were used.
This resulted in difficulties of interpretation, especially when comparing

results from different sources.

Recently an attempt has been made at standardizing a system of
describing body conditions. Such a system was adapted for use with beef
cows and dairy cows (Lowman, Scott and Sommerville, 1976; Mulvany,
1977). The system defines a 5-grade scale (1-5) and describes each score
in terms of the amount of adipose tissue covering the transverse
processes of the lumbar vertebra and around the tailhead. This system
of body condition scoring has been recommended by the Agricultural

Advisory Services in the UK as an aid to beef and dairy management.

Ultrasonic methods have also been used in measuring backfat area as
an index of body tissue reserves. This has been successfully used in

predicting fat and lean tissues of beef cattle (Simms, 1983b, Wright,

1982).
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Live body weight and live body weight change has been used for decades
and still used as a measure of changes in body tissue reserves. It is easy
and cheap to use. It has, however, been criticized due to interference
from gut fill (Moe and Tyrell, 1971). Live body weight change may,
however, give more erroneous results with foraged based diets than

balanced diets due to gut fill variations (Rohr and Daenicke, 1984).

Any system of measuring body reserves must relate quantitatively with
body composition. For practical applicability, it must be simple,

inexpensive, labour efficient and reproducible by different operators.

The aim in this chapter is:

(1) To relate body condition score and backfat area measurements
and live body weight to carcass fat, protein and energy.

(2) To investigate the reproducibility of condition scoring by different
assessors.

(3) To estima;ce the repeatability of- ultrasonicl measurements of
backfat area on the same site and in the same day.

(4) To investigate if gut fill variation is a problem for live body
weight measurements of animals fed ad libitum on a balanced

diet.

3.2 MATERIALS AND METHODS

For objective 1, body composition data were available from 19 lactating
cows at different stages of lactation, body weight and parity. These
animals were culled and slaughtered during a period of 3 years for the
following reasons: feet and leg problems (5 animals), reproductive

problems (7), mastitis, low yield and damaged teats (2 each) and old age
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(1). A day prior to slaughter measurements collected on the live animal
included liveweight, condition score and ultrasonic backfat areas using

a Danscan. Procedures are as described under General Materials and

Methods.

After slaughter one side of each carcass was dissected by the Meat and
Livestock Commission (MLC) technique. The carcass and non-carcass
components were minced and analysed for dry matter and energy, lipid
(fat) and nitrogen contents in the dry matter. The chemical composition
of the whole body was then calculated in terms of protein (6.25 x N),

lipid (fat) and energy.

For objectives 2, 3 and 4, yearly, over a period of 3 years, 40 lactating
cows were weighed twice and condition scored by 2 assessors 5-6 hours
apart on the same day. Measurements were recorded at less than one
week after calving, then at 6, 12 and 18 weeks post-partum. Ultrasonic

backfat area was recorded once, per animal, at each of these periods.

3.2:1 Statistical Analysis

Multiple regression equations were constructed to predict total body
energy, fat and protein using live body measurements. Fitting quadratic
terms in these measurements did not significantly improve the precision
of prediction; these were tl}erefore dropped. Regression intercepts were

chosen only if they were statistically significant (P < 0.05).

Sources of variation in condition scoring and live body weight
measurements were estimated by analyses of variance (GENSTAT -

Lawes Agricultural Trust, 1984) from the random model (Evans, 1978).

Yijk = M+ci+aj+(caljj+ ty + (et + (athy + ejjk
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Yijjx = scoreor liveweight for cowj

M = over all means

Cj = random effect of the ith cow, i = 40

aj = random effect of the jth assessor or weighing time, j = 2
tk = fixed effect of kth period, k = 4

(ca)jj = cow x assessor interaction effect

(ct)jx = cow x period interaction effect

(at)jp = assessor x period interaction effect

ejjk = random error term

Reproducibility, the correlation between an animal's condition score
assessed by 2 assessors or liveweight recorded at different times of day
was estimated by regression techniques. Assessor bias was estimated
as the difference between individual assessor score and the mean scores
of the 2 assessors. Similarly, time of measurement of liveweight bias
was estimated as the difference between morning or evening liveweight
measurements and the mean of the 2 measurements. The standard error
of an animal's score or weight was the square root of the variance
estimated from the above model (Evans, 1978) as:

For condition score estimated by a mean of n scores by the same
assessor, the variance is:

VaI‘ (M + Ci) = dza & dcza + 632/n

If it is estimated by the mean of n scores by different assessors, the

variance of estimate is:

Var (M + ¢j) =1/n (64 + 65 + G ®)

Similarly, the variance of live body weight was obtained from the above

equations.
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3.3 RESULTS

A summary of live animal measurements and composition of empty body
weight and other animal variables is given in Table A.3.1. The range of
variables measured were considerable. For live body weight 495-820 kg;
condition score 1.75-5.00; total body energy 3166.7-11,925.6 MJ; total
body protein 70.9-101.9 kg; total body fat 32.6-235.7 kg; parity 1-10 and
stage of lactation 19-436 days. These animals had predicted or actual

305 day milk yield ranging from 4400-8720 kg.

Equations relating total body energy to animal measurements are given
in Table A.3.2. Equations (5-8) containing empty body weight and
backfat area measurements were better predictors of estimated body
energy than a combination of liveweight and backfat area measurements
(equations 1-4). These equations had low residual standard deviations
and accounted for the highest variances. Prediction equations (9 and
10) containing condition score and either live body weight or empty body
weight did not predict estimated body energy with the same precision
as equations containing backfat area measurements and live body weight
or empty body weight. These equations, however, had reduced residual
coefficients of variation (11.9-16.5%). The energy value, respectively,
of 1 kg lipid and protein (equation 14) was 40.2 and 23.0 MJ. The energy
value of 1 kg change in liveweight, empty body weight and 1 unit change

in condition score was 23.0, 31.2 and 2,746.9 MJ respectively.

Equations for predicting total body fat are given in Table A.3.3. Similar
to the prediction of estimated body energy, prediction equations (19-
22) containing backfat area and empty body weight gave better

predictions of total body fat than those containing backfat area and live
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Table A.3.1 Weights, condition score, backfat area (3 sites), components of the

empty body and other measures of cull cow data.

Variable Mean SD Range
Live body weight (LW-kg) 671 89 495 - 820
Empty body weight 542 78

(EBW-kg) 392 - 665
Condition score (BS) 2.99 0.94 1.75 - 5.00
Backfat area (cm?®)

3rd lumbar vertebra (BFq) 6.38 3.59 0.81 - 12.95
13th rib (BFjg) 6.68 3.53 0.97 13.31
10th rib (BF3) 6.92 3.53 0.29 13.49
Mean - all sites (BF4) 6.65 3.46 0.76 - 13.25
Total body energy (MJ) 8045.2 2608.2 3166.7 - 11925.6
Total body protein (kg) 86.4 9.6 70.9 - 101.9
Total body fat (kg) 149.9 63.4 32.6 235.7
Lactation number 4 2.2 1 10
Stage of lactation 2817 19 - 436

122
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body weight (equations 15-18). Also backfat area and either live body
weight or empty body weight predicted total body fat more precisely
than a combination of condition score and these same measures
(equations 23 and 24). Estimated body energy was more precisely
predicted by these variables (Table A.3.2) than total body fat
(Table A.3.3). They accounted for the highest variance in predicting
estimated body energy than in predicting total body fat. Approximately
52% and 73% of 1 kg change in live body weight and empty body weight
(equations 25 and 26), respectively, was fat. A unit change of one

condition score is equivalent to 53.4 kg of body fat (equation 27).

Equations predicting total body protein (Table A.3.4) from body
measurements lack the precision found in predicting estimated body
energy and total body fat. The maximum variance accounted for by
these equations was only 62.6% (equation 32). Surprisingly, prediction
equations containing live body weight (equations 28-32) accounted for
higher variances than those containing empty body weight (equations 33-
36). Equations containing condition score predicted total body protein
with high residual standard deviations (equations 36, 37 and 40) and with
low variance accounted for. Approximately 7.7 and 7.5% of 1 kg change

in live body weight and empty body weight, respectively was protein.

A change in 1 unit of condition score is equivalent to a change in 4.4 kg
of body protein. This regression coefficient was not different from zero.
If the protein content of 1 unit change in condition score is estimated
from its energy value 2,946.9 MJ and fat content 53.4 kg, it is 26.0 kg.

That is (2,746.9 - 53.4 x 40.2)/23.0.
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3.3.1 Variation in Condition Scoring and Live Body Weight
Measurements

Estimated variance components, for a 3-year period, for condition score

(BS) and live body weight (LW) are presented in Tables A.3.5 and A.3.6.

Most of the variation in BS was attributable to differences between cows
in years 2 and 3 (60 and 47.4% respectively), but to assessor difference
in year 1 (41.4%). Between assessor differences were low in years 2 and
3 (3.2 and 12.5% respectively). Animal x assessor variation was also low

in year 3 (6.3%) but high in years 1 and 2 (12.2 and 17.1% respectively).

The obvious major source of variation in LW was due to differences
between cows. Variance due to time of day of recording was almost

negligible in all cases.

Standard errors of an animal's score or weight on the basis of one of
several measurements are presented in Table A.3.7. The standard error
of an animal's score was reduced significantly when the same scorer
assessed BS more than once or when different assessors were involved.
There was 6.2-18.0% reduction in standard error of an animal's score if
the mean of 2 scores by the same assessor was used instead of one. Two
different assessors resulted in a reduction of about 29% compared with

one assessor.

Similarly, there was a reduction of 29.3 and 42.3% in the standard error
of an animal's liveweight measurement when this was recorded 2 or 3

times, respectively, instead of once in the same day.

The correlations between an animal's score by 2 assessors
(reproducibility) or LW measured at different times of the same day are

shown in Table A.3.8. The reproducibility of BS was variable across
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Table A.3.5 Variance components estimates for condition score*

Year No. of No. of Cow Assessor Cow x Residual Total
COWS Assessors Assessor

1 40 2 0.0713 0.0980 0.0291 0.0400 0.2384

2 40 2 0.2996 0.0160 0.0853 0.0078 0.4992

3 40 2 0.0527 0.0139 0.0070 0.0150 0.1111

* No. = Number

Table A.3.6 Variance components estimates for live body weight*

Year No. of No. of Cow Time Cow x Residual Total
Cows Times Time

1 40 2 4440.8 4.63 3.15 60.4 4509.0

2 40 2 2622.2 13.4 0.00 150.8 2786.4

3 40 2 4693.0 0.044 0.00 63.7 4756.8

* No. = Number
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Table A.3.7 Standard errors of an animal's score or weight on the basis of one or

several measurements

Year 1 Year 2 Year 3

Measurement

BS LW BS LW BS LW
A single assessment 0.446 8.26 0.409 12.81 0.242 7.98
Same Assessor (Day)
Mean of 2 assessments 0.388 5.84 0.384 9.06 0.199 5.65
Mean of 3 assessments 0.258 4.77 0.235 7.40 0.139 4.61
Different Assessors
Mean of 2 assessments 0.316 0.289 0.171
Mean of 3 assessments 0.258 0.235 0.139

Table A.3.8 Reproducibility for condition score and live body weight at different

periods of lactation

PERIOD OF LACTATION (WEEK)
Year 1 6 12 18
Condition Score
1 0.63 0.70 0.77 0.73
2 0.67 0.51 0.65 0.62
3 0.54 0.56 0.46 0.71
Mean 0.61 0.59 0.63 0.69
Live Body Weight
1 0.99 0.98 0.99 0.99
2 0.97 0.98 0.91 0.97
3 0.99 0.99 0.98 0.98
Mean 0.98 0.98 0.96 0.98
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years. This ranged from 0.46-0.77 with means of 0.61, 0.59, 0.63 and
0.69 for lactation weeks 1, 6, 12 and 18 of recordings, respectively.

There were no trends that could be attributable to periods or years.

The correlations between 2 weights on the same animal recorded in the
morning and late in the afternoon were very high (r = 0.91-0.99). There

were no time trends recognisable in these correlations.

Estimates of bias (mean deviation from the mean score of 2 assessors
or from the mean of morning and afternoon LW) are given in Tables A.3.9
and A.3.10. In almost all years assessor Aj always condition scored
higher than Ag. Differences between assessors were statistically
significant (P < 0.05) in all years and periods of lactation. The bias was
not consistent across years and periods. There was no time trend in the

bias.

In more than 75% of the cases (Table A.3.10) morning weight
underestimated the mean weight of the animal. This is not surprising
because cows eat little at night (Tanida et al, 1984), thus morning weight
will be low, especially if their early morning feeding is upset by the act
of weighing. Differences between morning and afternoon weights were
small, ranging from 2-12kg. These differences were significant
(P €0.05) in 30% of the periods. There was no trend across years and

periods in the differences between morning and afternoon weights.

3.3.2 Repeatability of Ultrasonic Measurements

Repeatabilities (correlations) between fat area measurements recorded
at 3 different anatomical positions on the same animal are shown in
Table A.3.11. Correlations ranged from 0.66-0.83 and were variable

across years. Correlations were generally higher for Danscans
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Table A.3.11 Correlations between backfat area measurements recorded at

three different anatomical positions

POSITION

Year 3rd lumbar 13th rib 10th rib All
1

3rd lumbar 0.83 0.75 0.92

13th rib 0.80 0.90

10th rib 0.92
2

3rd lumbar 0.78 0.67 0.90

13th rib 0.66 0.93

10th rib 0.89
3

3rd lumbar 0.78 0.95

13th rib 0.93

10th rib - - -

Table A.3.12 Correlations between the interpretations of two Danscan scans
of fat area measurements recorded at the same anatomical

position
POSITION
Year 3rd lumbar 13th rib 10th rib
1 0.86 0.84 0.87
2 0.71 0.64 0.67
3 0.90 0.86 -
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interpreted by more experienced operators (years 1 and 3).

Correlations between the interpretations of 2 Danscan fat area
measurements taken at the same position (Table A.3.12) ranged from
0.64-0.90. Correlations were similarly higher for scans interpreted by

more experienced interpreters (years 1 and 3).

3.4 DISCUSSION

3.4.1 Prediction of Body Composition

The data available from the cull cows for predicting body composition
was very variable and therefore good material for generating prediction

equations covering different fatness levels, ages and liveweights.

Of the body measurements investigated in this study, the most effective
indexes for estimating body energy and body fat were empty body weight
and ultrasonic fat area measures. A model containing condition score
and either live body weight or empty body weight could also be used to
predict estimated body energy and total body fat but with reduced
precision. The condition scores used in the prediction equations were
not assessed by one assessor in all instances but by 2 assessors at
different times of the culling period. This probably influenced the

precision of prediction due to assessor bias shown in this chapter.

Due to the costs involved in slaughtering and analysing dairy cows and
also recording live body measurements, no comparable studies have been
carried out to relate condition score and fat area measures and total
body energy. Wright (1982) related body condition score and ultrasonic
measurement of fat depth to the chemical composition of mature beef

cows of several beef breeds. A combination of condition score and
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liveweight and liveweight and fat depths measured at the 12th and 13th
ribs gave significantly lower residual mean square. A change in one unit
condition score was equivalent to 48.6-84.2 kg of body fat in his study.
The mean value calculated was 53.4 kg in the current study. The
2747 MJ energy value of one unit change of condition score was within
the range 2242-3478 MJ reported by the same author. The energy values
of 40.2 and 23.0 MJ/kg of fat and protein respectively, estimated by
regression, are similar to 39.7 and 23.8 MJ/kg reported by Reid et al
(1968). The energy value of 1 kg change in live body weight is similar
to other reports (Bath et al, 1965; Moe et al, 1971; ARC, 1980). The fat
content of 1 kg liveweight change is smaller than the 59% reported by
Chigaru and Topps (1981) for lactating beef cattle but within the values

42-68% reported by Wright (1982).

In contrast to the results of Wright (1982) who observed a curvilinear
relatio_nship between body protein and liveweight, with a higher precision
of prediction (R* = 91.8%), the relationship between the 2 variables was
more linear in the present experiment. Certainly, differences between
the body composition of beef and dairy breeds of cattle could not have
accounted for such differences between the 2 results. One factor which

might explain the differences could be variation in gut fill.

In studies of dairy cattle in various physiological states, knowledge of
the nature .and extent of the storage and mobilization of body tissues
is essential for a clearer understanding of the responses of animals to
changes in nutrition. The nature and extent of the body tissue changes
cannot, however, be determined without some objective methods of
measuring body composition serially in the same animals during periods

of a study. This study has indicated that ultrasonic area measures in
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combination with live body weight or empty body weight are good
predictors of these changes. These measures are, however, useful
scientifically. The relationship between condition score and live body
weight, though less precise in predicting estimated body energy and fat,
have more practical use. In the practical situation it is important to be
able to feed animals to target reserves or condition score. Also, the
efficiency of conversion of dietary and body energy to milk can then be

estimated without resorting to calorimetric measurements.

The data used in the present experiment could be criticised in some
respects for the reasons aforementioned for culling the animals. One
could argue that the animals were not in a physiologically healthy state
and therefore the composition of their bodies may not be representative
of animals in perfect health and producing normally. This, however, does
not detract from the fact that this is a start in providing relationships
between live body measurements and body composition of dairy cattle.

3.4.2 Variation in Body Condition Scoring and Liveweight
Measurements

Variations attributable to assessors and animal x assessor interaction
were for the most part higher than values reported elsewhere (Evans,
1978; Nichols, 1981). Variation attributable to cows was similar to these
reports. These results indicate that the greatest sources of variation
in condition scoring in this experiment were between cows, assessors and
cow x assessor interaction. The source due to cows is largely due to
genotype, however, assessor and cow X assessor interaction creates
problems in condition scoring. Assessors condition scored animals
differently, they also varied in their interpretation of the scale of

condition scoring from one animal to another. Whereas differences
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between assessors in condition scoring can be decreased by periodic
standardisation between assessors or training assessors together,
animal x assessor interaction would be difficult to correct. One could
argue that since only 2 assessors were involved in this experiment, these

could well be atypical of a population of assessors.

Nichols (1981) who also used 2 assessors in his investigation noted a
higher animal x assessor interaction variance than assessor variance.
Similar results were also obtained by Evans (1978) using several

a45sessors.

Reproducibility values obtained here were slightly less than 0.7 reported

by Evans (1978) but similar to 0.48-0.67 reported by Nichols (1981).

ad)eHers
Ranking of animals for body condition was consistent throughout the

period of the current experiment; with one assessor scoring higher each

time.

The greatest source of variation in liveweight was due to differences
between animals. Time of measurement and cow X time interaction
variation were negligible. The coefficients of variation between animals
in the morning and afternoon were similar (mean = 10.1 and 10.2%
respectively). This would indicate that for animals fed ad libitum on a
balanced diet the variation in their liveweights between periods in the

same day was almost equal.

Repeatabilities between measures of liveweight at the 2 different times
was very high. It would seem that an animal kept its rank in liveweight
througout most of the day. Morning weights were generally lower than

afternoon weights. In the morning there is a period of almost one and
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a half hours before food is provided during cleaning up. And these
animals were weighed half to one hour after feeding. These results
indicate that for animals on a mixed balanced diet fed ad libitum,
changes in gut fill are negligibly low if animals are weighed at the same
time each period. More than one weight recorded on the same animal
at different times of the day reduced significantly the standard error
of liveweight. Where cost is low, weighing more than once per day will
reduce the error in measurement due to changes in gutfill. Three times
per week or per day has been recommended by some researchers (Broster

and Broster, 1984). This is supported by the present results.

3.4.3 Repeatability of Ultrasonic Measurements

Correlations between backfat area measurements at different
anatomical areas were found to be highly correlated, indicating that one
is as good as the other as a measure of backfat area. The magnitude of
these correlations, however, depended on the experience of the operator.
This is also seen in the correlations between interpretations of scans
taken at the same anatomical site. The error involved in repeat
interpretation of ultrasonic measurements may be due to:

(1) tracing of different signals on paper especially where pictures

(scans) are of poor quality;

(2) erratic digitising of the fat area after tracing on to paper.

Although Danscan measures of backfat area is more objective than
~condition score, there is some subjectivity in the method of final
measurement. Simms (1983b) who made a thorough study of
repeatability of Danscan measurements also found operator differences.
He concluded that the experience of the operator was important in

digitising fat areas.
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3.4.4 Conclusion
Body condition score and backfat area in conjunction with live body
weight and empty body weight are good predictors of estimated body
energy and fat. They are, however, less precise in predicting total body
protein. The condition scoring of dairy cattle, though a good subjective
method of assessing body fat reserves, can result in large assessor
differences. Regular standardisation of condition scoring between
assessors and/or the central training of assessors can make condition

scoring a useful tool in dairy cattle management.

Variations in liveweight due to gut fill effects can be reduced by
weighing animals more than once per day. Where costs are high, but the
feeding ad libitum, weighing once a day at the same time each period

would suffice.

366



APPENDIX CHAPTER 4

RELATIONSHIPS BETWEEN FEED INTAKE (DMI), MILK PRODUCTION
TRAITS, NUTRIENT UTILIZATION TRAITS AND
LIVE BODY MEASUREMENTS

4.1 Statistical Methods

Multiple regression equations and simple correlations between variables were
computed by the least squares method (Harvey, 1977). In the estimate of
prediction equations for dry matter intake (DMI) and estimated energy
balance (MEB) for results of Trial 1, data were adjusted for year of calving
effect. The total variance explained (R*%) by various prediction models

given in Appendix Tables A.55 and A.56, however, excludes this effect.

Selecting the best multiple regression equation is difficult with unbalanced
data, especially where repeated recordings on the same animal are present.
Leaving poor predictors in the equation may reduce precision of prediction.
Likewise, leaving out a predictor when it is a primary source of variation
either by default or ignorance of their existence may cause variation
associated with these variables to accrue to terms in the regression model
to which they are correlated. In this investigation two methods were used
in selecting the best prediction models. With method A, which was used for
predicting stage of lactation, DMI, MEB and efficiency traits, predictor
variables were dropped one at a time and were only retained in the selected

model if the coefficients were significant at the 5% level of probability.

With method B, which was used to select the best prediction model for DMI
across weeks of lactation, individual cow effects were ignored and individual
weekly observations as units were used. Since repeated observations were

made on each cow the standard errors are likely to be underestimated.
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Predictor variables were therefore only included in the selected best model

if the regression coefficients were significant at 1% level of probability.

In Tables A.4.2 and A.4.3 DMI and MEB, per stage of lactation, were

predicted from the equation y = a + b; milk yield (kg/day) + bg condition

score + bg liveweight (kg) + by liveweight change (kg/week).

4.2

Results

4.2.1 SIMPLE CORRELATION

Correlation coefficients between DMI and milk yields, live body
measurements and nutrient utilization traits are provided in
Table A.4.1. Appendix Table A.53 shows correlations between milk
production variables, live body measurements and nutrient utilization

traits.

Daily milk and FCM yields were positively (P < 0.01) correlated with
DMI (r = +0.35-+0.763 and +0.268-+0.754 respectively). The coefficients
were higher in Trial 2, due to a greater between animal variation, than
Trial 1. Noticeably, these correlations generally declined for milk
yield, but increased for FCM yield as lactation progressed. LW, within
the period, were correlated moderately with DMI (r = +0.354-+0.540,
P < 0.05). These correlations also tended to decline with advancing
lactation. Correlations between DMI and BS and LWC were mostly
small; suggesting that increasing DMI does not always result in

increased BS or LW gain.

DMI was positively associated with energy balance (r = 0.426-0.490,
P < 0.01), but negatively with efficiency traits. These correlation

coefficients declined with advancing lactation.
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Correlations between milk yield and LW, BS, LWC and BSC were small
and mostly non-significant (Appendix Table A.53). High milk yields
were, however, associated with low MEB (r = -0.273 - -0.640), but high

efficiency traits (r = +0.360-+0.803).

LW was positively associated with MEB, but was negatively associated
with efficiency traits; correlations, though significant in some stages
of lactation, were small (Appendix Table A.53). Likewise, LWC was
positively correlated with MEB (r = +0.150-+0.662, P < 0.05), but was
negatively related to efficiency traits (r = -0.04 - -0.652). Correlations
were generally high in early lactation, but declined with advancing

lactation.

4.2.2 LINEAR AND MULTIPLE REGRESSION EQUATIONS

In Appendix Tables A.55 and B.56 are presented the range of equations
used for selecting the best prediction equations for DMI and MEB. The
best prediction equations for these same variables are respectively

presented in Tables A.4.2 and A.4.3.

The complete models containing the predictor variables average daily
milk yield (MY), LW, BS and weekly LWC in the period of lactation,
accounted for 43.1-71.0 and 29.7-70.7% of the total variation in DMI
and MEB respectively. The important predictor variables in the
selected best prediction equations tended to be influenced by the stage
of lactation and also trial. Thus in Trial 1 the complete models for DMI
and MEB were selected in lactation stages 1, 2 and over stages 1-4. In
Trial 2 only for DMI was the complete model selected in lactation
stages 2 and 3. BS and LWC were inconsistent in their significant

association with DMI and MEB and were the variables generally dropped
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from the prediction models.

The best prediction models selected for predicting DMI when cow
effects were ignored, contained the variables week of lactation (WL),

MY, LWC, LW and daily protein yield (PY). The selected models were:

TRIAL 1

DMI = 1.635 + 0.365 + 0.2058 + 0.0063 MY + 0.5210 + 0.0184 WL - 0.01503
+ 0.0001 WL? + 0.012 + 0.00055 LW
(R? = 41.1%, RSD = 2.30)

DMI = 1.351 + 0.348 + 0.6888 + 0.0177 PY + 0.5435 + 0.0186 WL - 0.01548
+0.00058 WL? + 0.001124 + 0.00053 LW
(R? = 45.7%, RSD = 2.21)

TRIAL 2

DMI = 1.942 + 0.398 + 0.2662 + 0.008 MY + 0.3813 + 0.02001 WL - 0.01141
+0.00064 WL? + 0.01222 £ 0.00062 LW
(R® = 49.7%, RSD = 1.83)

DMI = 2.936 + 0.375 + 0.7672 + 0.0218 PY + 0.3761 + 0.0195 WL - 0.01155
+ 0.00063 WL?* + 0.01083 + 0.00062 LW
(R? = 52.5%, RSD = 1.79)

In Appendix Tables A.57-B.59 are provided the range of equations used
for selecting the best regression relationships between efficiency traits
and some animal production variables. Models which included MY, LW,
LWC and BS explained 55.1-77.4, 32.7-61.3 and 34.8-65.2% of the
variation in gross, net and nitrogen efficiency respectively. The
inclusion of daily ME intake as a predictor variable to the above models
improved the precision of predictions (models explained 80.4-88.3, 81.8-
87.8 and 48.6-79.3%). Not surprisingly, the inclusion of ME intake and

MY in the models rendered other animal factors (LW, BS and LWC) less

375



effective as predictor variables for efficiency traits (Appendix

Table A.54).

There were significant interactions (P < 0.01) between calving BS (CS)
and ME intake on all efficiency traits in lactation stage 4 (Appendix
Tables A.57-A.59). The individual CS group (see Chapter 2.8) regression
coefficients of efficiency traits on ME intake were (b + SE):

Gross efficiency

0.0107 + 0.0255; -0.0327 + 0.0493; 0.1651** + 0.0572

Net efficiency

-0.0700* + 0.0349; -0.1350* + 0.0675; 0.1366 + 0.0783

Nitrogen efficiency

0.0143 + 0.0169; -0.0155 + 0.0327; 0.1214** + 0.0379%/MdJ ME; for CS1,
2 and 3 respectively.

Where ** = P < 0.01 and * =P < 0.05

In a model containing DMI, LW calving BS and LWC there was also a
significant interaction of DMI and calving BS on daily milk yield in
lactation stage 4 and over stages 1-4. Individual CS group regression
coefficients of milk yield on DMI were (b + SE):

Lactation Stage 4

1.134 + 0.1808; 0.8072 + 0.3646; 2.473 + 0.3962

Lactation Stage 1-4

1.130 + 0.1998; 0.6743 + 0.3646; 2.042 + 0.3553 kg/kg for CS1, 2 and

3 respectively. All the coefficients were different (P < 0.05) from zero.

A 1 kg increase in daily LWC was equivalent to 11.0-35.2 MJ ME for
cows, but 20.0-33.9 MJ ME for heifers. Likewise, a unit change in BS

was equivalent to 763-2107 MJ ME for cows (Table A.4.4). The
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coefficients of energy balance on BSC for heifers were not significant.

In Table A.4.5 an attempt was made to estimate the partial efficiency
of ME utilization for milk energy yield (K;) based on body tissue energy
as estimated from backfat area measurements and body composition
data (described in Chapter 6.1.1). The exclusion of year 1 data, which
were very variable compared to other years, still resulted in high
estimates of K; which ranged from 0.91-0.99 for cows and 0.97 for
heifers, when ME intake was the dependent variable. When milk energy
yield (EV) was the dependent variable K) declined to 0.36-0.43 for cows
and 0.41 for heifers. The efficiency of conversion of body tissue energy

to milk energy ranged from 0.48-0.97.

4.3 Discussion

The prediction of VFI of dairy cows is of great practical importance
(Vadiveloo and Holmes, 1979; see also Téble 1.4 of Chapter 1); providing a
basis for ration formulation. The prediction equations available have shown
that even in the best complex models 16% of the total variation in VFI is
unaccounted for. An attempt was made in the present study to predict VFI
from animal characteristics, not for farm use, but to provide a better

understanding of the relationships between DMI and these factors.

The best prediction equations containing the predictor variables MY, LW, BS
and LWC accounted for 41.1-70.1% of the total variation in DMI for different
stages of lactation (Table A.4.2). The effectiveness of these predictor
variables generally declined with advancing lactation due to a decreasing
influence of BS and LWC. When, however, cow effects were ignored, the

predictor variables MY, LW and linear and quadratic effect of WL
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(undoubtedly representing LWC) explained only 41.1-49.7% of the variation

in DMI.

Equations derived in this study are difficult to compare directly with those
reported in the literature (Table 1.4, Chapter 1) because of differences in
presentation of the data. However, Coppock et al (1974) and Bieri et al
(1982) noted that animal factors accounted for 32-64% of the variation in

DE (digestible energy) intake and 49-68% of the variation in DMI.

It has been reported that data transformed to natural or common logarithms
gave better predictions than the original data (Conrad et al, 1964; Brown
et al, 1977; Vadiveloo and Holmes, 1979). In the present investigation,
transformed data were found to explain slightly less variation in DMI than
the original data. Probably the use of mean values for each stage of lactation

made logarithmic transformations unnecessary in this investigation.

FCM yield in prediction equations have been observed to give better
predictions than milk yield (Yungblut et al, 1981). It would seem that these
differences would depend on the milk fat content. For example, Curran et al
(1970) observed that milk yield was as a good predictor variable of DMI as
FCM yield. In the current study because of high milk fat contents (42.1 g/kg
over the experimental period) the substitution of FCM yield for milk yield
did not improve R?*. This is further evidenced by similar correlation
coefficients between DMI and these traits (Table A.4.1). It is useful to note
that in the report of Yungblut et al (1981) milk fat content ranged from 35.0-
39.0 g/kg, which is much lower than that of the present work. It is also
important to note that correlations of DMI with milk yield declined whereas
those with FCM yield increased as lactation progressed. Differences in the
pattern of correlations between DMI and these traits can be explained by

body tissue changes. In early lactation, due to body fat mobilization into milk
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fat, FCM will not be produced completely from dietary sources. Milk volume,
other than fat, on the other hand, due to negative energy balance, is produced
directly from dietary sources. With advancing lactation body fat mobilization
declined and milk fat and thus FCM is produced from dietary sources,
whereas the partition of feed between milk yield and weight gain reduced

the close association between milk yield and DMI.

There is a discrepancy in the information available on the influence of LW
on DMI. Some reports indicate that LW raised to power 1.0 or 0.73 had no
influence on DMI (Johnson et al, 1966; Curran et al, 1970). Other reports
indicate that LW raised to the power 0.73 or 0.75 was a better predictor of
DMI than LW, for concentrate supplemented diets (Conrad et al, 1964;
Yungblut et al, 1981) while other reports noted the opposite (Yadava et al,
1970). Both LW, LWO0-75 or LW0-73 accounted for similar variation in DMI
in the current work. As pointed out by Curran et al (1970), the influence of
LW c;r DMI depends on its variability in the data used. This is borne out by
the higher correlation coefficients between LW and DMI in Trial 2 containing
both cows and heifers than Trial 1 containing only cows (Table A.4.1). The

lack of adjustments of LW for differences in body fatness (eg Conrad et al,

1964; Yungblut et al, 1981) could also have influenced these results.

The inclusion of LWC in both the present investigation and other reported
experiments improves prediction equations for intake (Johnson et al, 1966;
Bines et al, 1977). Current LWC, however, cannot be used to predict current
DMI. In the farm situation therefore this variable, though effective as a
predictor, may have to be deleted from intake prediction equations (Curran
et al, 1970). The declining effectiveness of LWC in Trial 1 of this experiment
supports previous observations by Curran et al (1970). These authors noted

that, as the standard deviations of LWC decreased, the effectiveness of LWC
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as a predictor of DMI declined. Vadiveloo and Holmes (1979), on the other
hand, observed no significant influence of LWC on DMI in lactation weeks
1-12 and 13-24. It would therefore appear that reasons for the changing
relationship of LWC to DMI are more complex than declining standard
deviations. This is borne out by the results of Trial 2 where LWC was
significantly associated with DMI in all lactation stages. As discussed in
Chapter 3.2.1, variations in composition and size of LWC between animals

could be involved in these differences.

There are no known similar situations in which BS has been used as a
predictor variable, though several reports indicate a negative association
between calving BS and feed intake (Garnsworthy and Topps, 1982b;
Garnsworthy and Garner, 1985). BS was an important factor on intake in
most stages of lactation except stage 3 (weeks 13-18) when most animals
would have reached minimum BS levels for Trial 1. The lack of significant
effect of BS on DMI in lactation weeks 2-6 for Trial 2 are difficult to
interpret. Perhaps low intakes of heifers and of fat animals, which tend to

be mostly cows, at this time helps to explain this effect.

In computing prediction equations across weeks of lactation, ignoring cow
effects, it was observed that a model containing milk protein yield accounted
for more variation in DMI than one containing either milk yield, FCM yield,
fat yield or milk fat plus protein yield. This is the first time that such a
result has been reported. Brown et al (1977) have reported that fat yield
in prediction equations gave good prediction of VFI. This result is difficult
to explain since 1 kg of fat yield contains more energy than 1 kg of protein
yield. Could the energy cost of synthesising one unit of milk protein be
higher than a unit of milk fat? Webster (1980) showed that the amount of

ME required to deposit one gram of protein and fat was the same (53 MJ).
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If this value is accepted, then the apparent difference may be due to low
energy cost associated with the transfer of long chain fatty acids from
mobilized body tissues to milk fat (Kronfeld, 1982) as compared with the
energy cost of de novo synthesis of milk protein from different absorbed

amino acids.

From the foregoing it is reasonable to expect that MY, LW, LWC and BS,
which are important factors related to the energy situation of an animal,
would account for most of the variation in DMI. The probable reasons for

the 30-59% unexplained variation in DMI were discussed in Chapter 3.2.1.

This is further evidenced by lack of significant association of some factors
as LWC and BS with DMI in some stages of lactation. Also correlations and
coefficients between DMI and other animal characteristics are influenced
by the stage of lactation (Miller et al, 1973; Grieve et al, 1976; Korver, 1982;
Bertilsson and Burstedt, 1983). It would therefore appear that for improved
precision of predictions, equations should be estimated for different stageé

of lactation.

The present experiment also demonstrated that LW, BS, LWC and milk yield,
in the stage of lactation, were all important factors influencing MEB and
efficiency traits. These variables explained in MEB 42.5-71.0 and 29.7-54.5%
of the total variation for Trials 1 and 2 respectively. The lower variation
observed in Trial 2 is difficult to explain. Energy balance depends on
maintenance requirements and milk energy yield. LW and MY should
therefore have explained a large amount of the variation in MEB. Variation
in size of LWC or LW and errors in estimation of energy balance could explain

some of this discrepancy.

Differences between animals in efficiency were mostly due to differences
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in milk yield and ME intake. It would therefore seem that high yielding cows
produce more milk per unit ME intake than low yielding cows. They also eat
more (high correlations between milk yield and DMI) but still partition more
of their ME intake into milk (high negative correlations between efficiency
and DMI). These results are in agreement with experimental observatinos
(Bryant, 1981; Davey et al, 1983) that cows of high breeding index eat more

and still partition more food into milk than cows of low breeding index.

It is significant to note that in the equation which included milk yield and
ME intake, LWC, which was highly correlated with efficiency traits, was not
an important factor influencing efficiency variables. This gives support to
the contention that LWC is the effect of level of DMI and not the reverse

(Bines, 1979).

The most interesting aspect of the present study, never previously reported,
was the significant interaction of DMI and calving BS on milk yield in
lactation weeks 19-24 and over weeks 2-24 and ME intake and calving BS on
efficiency traits in lactation weeks 19-24. Cows calving in fat condition
tended to partition more of their DMI into milk than cows in thin and in
medium condition at calving. Thin cows also partitioned more DMI into milk
than cows in medium condition. This was reflected in fat cows being more
efficient in gross milk energy and milk nitrogen production at this time.
These results are less surprising when it is recalled that at this time fat cows
are still mobilizing body fat while other groups are replenishing fat. This is
further evidenced by declining net efficiency for cows in thin and medium
condition at this time. These results, though, are consistent with the
hypothesis (Chapter 4.2.2.2) that fat animals which deplete their body
reserves in early lactation decline in body fat to a plateau and there switch

from body fat mobilization to deposition.
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The energy value of 1 kg change in LWC for cows (11.0-35.2 MJ ME or 6.8-
21.8 MJ at Kg = 62%; MAFF, 1975) and heifers 20.0-33.9 MJ ME or 12.4-21.0
MJ) are less than those reported in the literature. For example, ARC (1980)
recommended 26 MJ net energy/kg weight change; Alderman et al (1982)
observed 27.4-49.1 MJ ME for heifers and 31.3-89.1 MJ ME/kg LWC for cows
and MAFF (1975) recommended 20 MJ net energy/kg LWC. Probable causes
of differences between experiments in energy value of LWC was discussed
in Chapter 5.2.2.7 and was attributed to the confounding effects of gut fill

on LWC.

The higher estimated energy value of LWC in early lactation may be
attributable to the higher energy value of body fat which would be mobilized
shortly after calving, but may also reflect underestimation of true LW loss
in early lactation, due to changing gut contents between lactation weeks 2-
6 (Moe et al, 1971). The opposite would be the case for heifers which have
less body fat at calving to mobilize (Table A.4.5). The significant intercept
values are probably an indication of energy needed for growth which was not

allowed for in estimation of energy balance of immature animals.

The energy value of one unit of BSC (763-2107 MJ ME) in this study appears
very low when compared with 2242-3478 MJ net energy value obtained by
Wright (1982). Differences between the two experiments are probably due
to the method of estimating these values. Wright (1982) regressed body
energy estimated from slaughter experiments on BS. Furthermore, energy
value of a subjective measure such .as BS cannot be absolute due to
differences between operators (Evans, 1979; Nicols, 1981). The
non-significant coefficients of energy value of BSC for heifers possibly

reflects lack of significant BSC change between lactation weeks 2-18.
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4.3.1 ESTIMATION OF PARTIAL EFFICIENCY OF ME UTILIZATION
FOR LACTATION

Estimation of Kj is normally by calorimetric methods and regression
techniques (Flatt etal, 1969; Moe etal, 1971; VanEs and
Van der Honig, 1979). In these methods Kj is determined through
simultaneous measurement of milk energy yield (EV) and tissue energy
change (TE) under conditions where they vary relative to each other.
The results are then analysed by fitting into a model as:

ME intake = a + byW0-75 + byEV + positive TE + bg negative TE

Where K = 1/p,

Such methods are costly and time consuming and yet Kj is important
for feed formulations. Few attempts have been made to estimate Kj
from live body measurements. The use of ultrasonic backfat area
measurements and equations derived from cow body composition data
to estimate K) fell short of expectations (Table A.4.5). The results
indicatd that K; ranged from 0.91-0.99 when ME intake was the
dependent variable but 0.36-0.43 when EV was the dependent variable.
The efficiency of conversion of TE to EV was estimated within the
range 0.48-0.97. The two methods of calculating K; are expected to
be similar since theoretically they measure the same factor (Moe et al,
1971). The present results differ from 0.54-0.68 reported for K from
all forage to high concentrate diets or the 0.82-0.84 reported for the
efficiency of conversion of TE to milk energy (Flatt et al, 1969; Moe
et al, 1971; Van Es and Van der Honig, 1979). These poor estimations
were no doubt due to cumulative errors in estimation of body energy
from many predictive equations and also in the measure of backfat

area.
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4.4 Conclusion

LW, MY LWC and BS accounted for 43.1-71.0 and 29.7-70.7% of the total
variation in DMI and MEB respectively, within different stages of lactation.
The proportion of variation explained in DMI tended to decline with advancing
lactation due to the decreasing effectiveness of BS and LWC as predictor
variables. When cow effects were ignored the predictor variables MY, LW
and linear and quadratic effects of WL explained only 41.1-49.7% of the total
variation in DMI. Prediction equations containing protein yield accounted
for more variation in DMI than equations containing milk or FCM or fat
yields. The precision of prediction of DMI increased more with variability
of the data than with sample size (Curran et al, 1970). Milk yield was as good
a predictor of DMI as was FCM yield. LW, Lw0.73 and LW0-75 accounted

for similar variation in DMI.

Correlations of DMI with milk yield declined whereas correlations with FCM
yield increased as lactation progressed. High yielding cows consumed more
feed, but still partitioned more of the feed into milk yield and were therefore

_more efficiency than low yielding cows.

Fat cows at calving partitioned more DMI into milk yield and were more
efficient than cows calving in thin or medium condition in lactation weeks
19-24. Cows in thin condition also partitioned more DMI into milk yield than

cows in medium condition, at this time.

The energy value of 1 kg change in LWC was estimated as 7-22 MJ for cows
and 12-21 MJ for heifers. Partial efficiency of ME utilization for milk energy
yield (Kj), estimated from ultrasonic backfat area measurements and cow

body composition data, ranged from 0.36-0.99.
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In conclusion: simple empirical relations are not precise enough for the
prediction of VFI using animal factors. The use of more complex
relatinoships will, however, render predictions of little practical farm use.
Improved predictions of DMI more precisely than +1.3-1.9 kg will require
improved recording of LW and LWC (affected by gutfill) and BS (affected by
operator bias). These equations can further be improved by the use of stage
of lactation constants or the estimation of individual stage of lactation
prediction equations. Body fat mobilization results in low correlations
between DMI and FCM yield but not with uncorrelated milk yield. Milk yield
is as good a predictor varible as FCM yield for DMI provided the average milk
fat composition of the animals is above 40 g/kg. The estimation of K; from
backfat area and body composition is too inaccurate to be of practical
significance in further estimation of input-output relationships; one of the
initial objectives of the Langhill project (Neilson et al, 1983). Improvements
in the digitising of backfat area scans are needed for more precise predictions
of body energy change. The present use of Scanogram to read backfat area
directly may prove to be a more accurate method for predicting body

composition than the more subjective method of Danscanning.
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TABLE A.9 Means and standard deviations (SD) for milk yield traits per stage of
lactation - TRIALS 1 & 2

TRIAL
1 2
TRAIT Mean SD Mean SD
Fat yield (kg/day)
Stage 1 1.37 0.303 1:12 0.293
2 1.26 0.253 1.09 0.209
3 1.12 0.225 1.03 0.204
+ 1.02 0.229 0.96 0.207
1-4 1.19 0.209 1.05 0.200
Protein yield (kg/day)
Stage 1 1.10 0.165 0.87 0.204
2 1.06 0.166 0.89 0.159
3 0.94 0.153 0.84 0.140
< 0.83 0.158 0.77 0.147
1-4 0.99 0.138 0.85 0.146
Parameters of milk yield*
curve
' a _ 27.6" 8.04 22.6 8.18
b 0.251 0.230 0.223 0.162
c -0.0430 0.0258 -0.0311 0.0191
* a = level parameter (kg)
b = parameter describing the initial increase in production from lactation week 2

to week of peak yield (kg/day)

(o]
1l

the slope during the decline in production after week of peak yield to lactation
week 24 (kg/day)
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Table A.14 Least squares means, standard errors (SE) and estimates of the
effects of calving liveweight (kg) and liveweight change - kg/week
(regression coefficients (b)) for 305-day milk and fat corrected milk
(FCM) yields (kg) - TRIAL 1

TRAIT
MILK YIELD FCM YIELD

Factors N Mean SE Mean SE
Year of calving

1 33 7332 278.3 7669 342.5

2 35 6858 247.9 7464 305.1

3 35 6986 233.4 7440 287.3

4 12 6952 372.8 7243 458.17
Month of calving

1 47 7271 225.0 7771 276.9

2 o6 7190 207.8 7532 255.8

3 12 6635 342.1 7058 421.0
Parity

2 26 6941 320.2 7581 394.1

3 34 6942 252.8 7607 311.1

4 25 6960 262.3 7229 322.8

5 30 7278 253.9 7398 312.4
Milk yield groups

1 16 68032 433.2 74492 533.2

2 45 68212 208.2 74212 256.3

3 54 75720 178.6 7891b 219.9
Calving condition
score groups

1 65 6873 201.6 7433 248.1

2 26 6895 240.6 7184 304.8

3 24 7328 447.1 7744 550.2
Weight change (b,SE)c 115 -145.7 57.28* -161.8 7.495%
Calving liveweight 115
(b,SE) -1.124 1.661 0.4114 0.2045
All observations 1135 7032 187.2 7454 230.5

ab pifferent superseripts in column indicate significant difference P < 0.05
N = number of records
* P<0.05

C Lactation weeks 2-6
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Table A.18 Least squares means, unadjusted parity group means, standard errors
(SE) and estimates of the effects of certain variables (regression
coefficients (b)) for 305-day milk and fat corrected milk (FCM) yields
(kg) - TRIAL 2

TRAIT
MILK YIELD FCM YIELD
Factors N Mean SE Mean SE
All 75 6710 106.0 7117 134.0
Month of calving
1 27 6708 137.3 7152 195.6
2 24 6519 145.8 6970 207.7
3 24 6364 161.0 6663 229.3
Parity groups
la 24 65942 186.0 68242 265.0
1b 25 69700 154.0 7701b 219.4
2 14 6043¢ 258.0 6347C 367.4
3 12 65142 277.6 68422 395.4
Weight change (b,SE)d 75 -247.6 63.03 -247.3 89.78
Calving liveweight (b, SE) 75 0.9131 2.159"* -0.2441 0.3047**
Calving condition score 75
(b,SE) -739.3 392.3 -920.4 558.6
Milk yield lactation 75
week 2 (b,SE) 90.84 20.67 95.00 29.45
UNADJUSTED MEANS
Parity groups
la 24 59978 178.1 61972 225.1
1b 25 68150 174.0 75540 220.7
2 14 69510 247.0 73050 300.8
3 12 7076P 246.0 7414b 819.1
All 75 6621 92.0 7051 131.0
Level of significance . %

abe Different superscripts in column indicate significant difference
N = number of records
WP <001 *P<0.01

d Lactation weeks 2-6
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Means and standard deviations (SD) of energy and nitrogen utilization traits per stage of lactation for Trials 1 and 2

TRIALS
1 2
Mean SD Mean sD
yield (MdJd/day)
103.2 18.3 84.4 20.2
98.9 16.9 84.3 14.6
86.4 15.3 78.0 13.4
77.1 15.3 72.4 13.4
91.3 14.2 79.9 13.7
E required (%)
91.3 14.8 104.4 12.8
106.9 15.6 114.5 11.3
114.3 15.9 120.7 12.2
114.5 16.2 119.7 14.1
106.1 12.0 114.5 9.6
ove maintenance ME requirements/FCM (MJ/kg)
4.62 1.03 5.48 0.93
5.73 132 6.20 0.85
6.30 1.19 6.66 0.98
6.35 1.36 6.65 1.21
5.66 0.87 6.20 0.74
intake/milk yield (kg/kg)
0.33 0.080 0.40 0.081
0.38 0.088 0.44 0.066
0.44 0.105 0.45 0.086
0.41 0.108 0.41 0.101
0.39 0.077 0.43 0.068
ke (g/day)
482 68.8 453 32.2
550 67.7 504 42.2
534 67.6 495 38.0
495 897 467 39.1
515 54.0 480 31.7
<e - undegraded in rumen (g/day)
140 45.0 149 28.8
169 38.8 165 38.9
155 57.0 165 24.7
141 34.2 144 24.2
150 38.4 156 24.4
<e - degraded in rumen (g/day)
342 42.2 303 43.3
381 49.1 338 43.5
' 379 57.1 329 46.1
354 53.4 322 41.5
365 44.0 323 39.7
no acid N supplied to tissues (EAA-N, g/day)
118 23.0 121 16.7
140 20.9 134 20.0
134 25.1 133 13.9
123 . 17.6 122 14.1
129 10.9 128 14.1
ed (g/day)
] 1.8 18.6 25.7 10.2
27.4 18.8 37.2 13.6
30.6 22.1 40.4 10.6
28.6 14.9 34.5 11.1
22.6 15.1 34.7 8.2
1 required (%)
101.7 16.0 128.9 14.1
125.2 17.6 139.3 15.0
130.1 22.3 144.7 14.3
131.6 18.5 140.5 15.9
121.6 14.6 138.2 11.0
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Table A.40 Means and standard deviations (SD) of backfat area change, estimated
body fat, energy and protein change and parameters of liveweight and

condition score curves - Trials 1 and 2

TRIAL
2
TRAIT Mean SD Mean SD
Backfat area change (cm?®)
Lactation weeks 1-6 =127 1.52 - -
1-12 -1.92 1.87 = =
1-18 -1 <17 1.85 = =
Parameters of liveweight curves
A (intercept) 634.3 72.3 544 .7 63.3
B (linear coefficient) 1.229 1.536 1.618 4.254
C (quadratic coefficients) 0.6901 0.1716 0.0501 0.147

Parameters of condition score curves

A (intercept) 3.10
B (linear coefficient) -0.0497
C (quadratic coefficient) 0.0021

Estimated body fat change (g/day)

Lactation weeks 1-6 -841.0
6-12 771

12-18 309.3

1-18 109.5

Estimated body protein change (g/day)

Lactation weeks 1-6 -3.6
6-12 20.6
12-18 Tl
1-18 9.5
Estimated body energy change (MdJ/day)
Lactation weeks 1-6 -33.:1
6-12 3.5
12-18 12.3
1-18 4,1

0.826 2.29 0.345
0.0878 -0.0384 0.0425
0.0026 0.0014 0.0015

833.1
522.0
535.1
301.3

112.0
74.9
74.8
39.6

34.3
21.4
22.2
12.4
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Dry matter intake (kg/day) YEAR 2

Dry matter intokel(kg/day} YEAR 2

Figure R.1:Relationship between dry matter intakes
(kg/day) of 2 consecutive lactarione of the same
animal over weeke 2 to B of l|actation.

Y=15.51 (SE, 3.37) +0. 208 (SE, 0. 203) ,R*=3. 1, RSD=2.78
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Figure R.2:Relalionehip between dry matter intokee
(kg/day) of 2 consecutive lactatione of rhe same
onimal over weeks 2 to 24 of lactalion.

Y=8.25(SE, 2. 43) +0. 604 (SE, 0. 133) ,R*=31.9,RSD=1.70
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Figure R.3 :Relationehip between milk yielde(kg/day) of
2 coneecutivelactatione of the eame animal over weeke
2 to 24 of lactation.

Y=23.06 (SE, 3.77)+0.211 (SE, 0. 145)X; R%=11. 1%, RSD=3. 94

Milk yield(kg/day) YEAR 2
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Figure R.4 : Mean drymatterel(’Z) of Feed Fed during 30
woeks of experimentiYeare 1(.),2(X),3(%),4(0) and 5(+)
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