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abstract

GerGovska, Z., Y. Mitev, t. anGelova, D. YorDanova and t. Miteva, 2011. effect of 
changes in body condition score on the milk yield of Holstein-Friesian and Brown swiss cows. 
Bulg. J. Agric. Sci., 17: 837-845

the effect of BCs at calving, loss of BCs, the duration of loss after calving and the reached minimum BCs 
during lactation on milk yield for 305 days have been studied. the object of study are 37 cows, of which 20 
Holstein and 17 Brown swiss ones. the cows from both breeds are reared together with the same technology 
and nutrition. the body condition score of cows has been recorded on a monthly basis by using a 5-grade scor-
ing system and accuracy of recording up to 0.5 points. BCs at calving, loss of BCs and the duration of loss after 
calving have significant effect on milk yield. The reached minimum BCS during lactation has no significant effect. 
in the Holstein cows BCs before calving is lower (2.8 points), loss of BCs is greater (1.95 points) and longer 
(3.8 months compared to the Brown cows (3.0, 1.75 and 2.8, respectively). Cows from both breeds with higher 
BCS (≥3.5 points), with greater loss of BCS after calving (≥2.5 points) and longer loss of BCS at the beginning 
of lactation (≥5 months) have the highest milk yield for a 305-day lactation. 

Key words: body condition score, loss of body reserves, minimum body condition score, milk yield for 
305 days, dairy cows
Abbreviations: BCs – body condition score; ls means - leas square means
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introduction

Cows have physiological ability of providing 
nutritional substances from their body tissues by 
losing “body condition” for about 40 to 100 days 
after calving and afterwards they again restore the 
lost body reserves (koenen et al., 2001; Coffey 
et al., 2004; Pryce and Harris, 2006). What has 
focused the interest specifically to these mecha-
nisms in dairy cows in the last 50 years is the 

intensive transgeneration genetic selection towards 
increase of the total milk yield per lactation and 
at the beginning of lactation (Dillоn, 2006). The 
differences in the degree of genetic improvement 
and the managing factors in the different countries 
and cattle populations bring different results in that 
field in the studies of numerous authors. (Coffey 
et al., 2004; Pryce et al., 2001; МсCarthy et al., 
2007; roche et al., 2007; Macdonald et al., 2008; 
roche, 2007).
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the energy balance of dairy cows is usually 
negative at the beginning of lactation as a result 
of which body reserves are mobilized (tamminga 
et al., 1997). although negative energy balance 
is normal from a physiological point of view, its 
degree and duration are adversely related to pro-
ductivity, health status and reproductive qualities 
of cows (Butler and smith, 1989; Domecq et al., 
1997; senator et al., 1996; veerkamp et al., 2000; 
De vries et al., 2000; Pryce et al., 2001).

the objective of the study is to investigate the 
effect of BCs at calving, the loss of BCs, the dura-
tion of loss after calving and the reached minimum 
BCs during lactation on milk yield for 305 days 
in cows from two breeds – Holstein and Brown 
swiss, reared under the same conditions.

material and methods

the study comprises 37 cows, of which 20 
Holstein and 17 Brown swiss ones at the farm of 
the agricultural institute stara Zagora. 

Cows from both breeds are reared together with 
the same technology and nutrition. the tearing 
technology is free rearing with individual cubicles 
for rest. lactating cows are allowed daily to walk 
in a yard, which provides them with an opportunity 
for exercise. Milking is twice a day in a milking 
parlor. Cows are divided in three technological 
groups according to their physiological status, dry 
ones, І (up to day 150 of lactation) and ІІ lactation 
period, respectively. Pregnant cows, two months 
before calving, are placed in the dry cows group.

nutrition is based on full-ration mixture com-
prising maize silage, alfalfa haylage, concentrated 
fodder and vitamin and mineral additives. Con-
centrated fodder during lactation is according to 
the average milk yield of the group. all rations 
have been prepared according to the current cattle 
feeding rates.

Milk yield and milk composition data have been 
taken from the official control register of the farm 
productivity.

age of cows has been recorded as number of 

lactation and animals have been grouped in the 
following classes, respectively – І; ІІ and ІІІ and 
further lactations.

For the objective of the experiment the body 
condition of cows has been recorded on a monthly 
basis and a 5-point scoring system has been used 
(edmonson et al., 1989). Body condition scores 
(BCs) have been recorded with an accuracy of 
up to 0.5 points. the experiment includes all dry 
cows for the period from December 2008 to april 
2009 and pregnant heifers for two months before 
calving. Calving of cows were respectively in the 
spring and part of the summer of 2009. in this way 
the factors year and season of calving are equal 
and not included in the models.

the body condition score of cows before calv-
ing was recorded within the period from 7 to 10 
days before calving. the minimum recorded score 
is 2 and the maximum one - 4, the cows with these 
scores being single cases in both breeds. the pre-
dominant number of cows are within the limit of 
2.5 – 3.5 point. to obtain greater approximation 
cows have been divided in the following classes 
according to BCs before calving: 1st class – 2 and 
2.5 points; 2d - 3 points and 3rd class – 3.5 and 4 
points. 

During lactation body condition has been 
recorded on a monthly basis. From the recorded 
BCs values during lactation the reached minimum 
BCs has also bee taken and the month in which 
it was reached has also been recorded. Based on 
the recorded minimum BCs values three classes 
have been formed: 1st class – 1 point; 2nd class – 
1.5; and 3rd class - 2 and more points. the month 
of reaching the minimum BCs or the duration of 
loss of body reserves varies from first to seventh 
lactation month. to achieve greater approximation 
cows have been divided in the following classes 
according to the duration of loss of BCs: 1st class 
– from calving to ІІ lactation month; 2nd class – 
ІІІ and ІV and 3-rd class – v and further lactation 
months.

Based on BCs before calving and the reached 
minimum BCs during lactation the loss of BCs has 
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been calculated, which has also been subdivided 
into classes as follows: 1-st class – loss of 1.5 and 
less point; 2-nd class – loss of 2 points and 3-rd class 
– loss of 2.5 and more points.

the results have been processed through stat 
soft 1984-2000 inc (Copyright 1990-1995 Mi-
crosoft Corp.)

since the studied body condition traits are 
interrelated in varying degree, their inclusion in 
one and the same model for evaluation of their 
effect shall not be correct, so an identical model 
has been used for each of them (models i to iv, 
table 2), as follows:

yijkl =  μ +  Pi + Lj +Fk + eijkl

Where:
yijkl  is the dependable variable (the studied 

trait); μ is the population mean; Pi is the effect of 
the breed, lj is the effect of the number of lactation, 
fk is the effect of each of the studied BCs traits 
(BCs at calving, minimum BCs for the lactation, 
loss of BCs and duration of loss of BCs) and  eijkl 
is the random residual effect.

the data have been analyzed by using the 
computer program lsMlMW by Harvey (1987). 
through variance analysis (anova) for each 
model the least square mean (lsM) and the least 
square estimates (lse) have been obtained by 
classes of the fixed factors, comprising the sum 
total of squares calculated as divergence from 
the mean value of the trait obtained through the 
model.

results 

on table 1 the statistical data about productiv-
ity and the studied body condition traits of cows 
have been presented by breeds. the average milk 
yield for 305-day lactation of Holstein cows is 
higher than that of the Brown swiss ones by 970 
kg (P<0.01). However, in Brown swiss cows the 
milk composition traits have higher values both for 
percentage of milk fat and milk protein (P<0.05 

and P<0.001),
all BCs values are higher in the Brown swiss 

cows compared to these for the Holstein. the aver-
age BCs at calving is 3 points, the minimum BCs 
– 1.68 points in the Brown swiss cows, while in the 
Holstein they are 2.8 and 1.4 points, respectively. 
loss of BCs from calving to reaching minimum 
BCs during lactation is higher in the Holstein 
cows, almost 2 points, compared to 1.7 points in 
the Brown swiss cows. a difference, although not 
statistically significant, is recorded in the duration 
of loss of BCs after calving as well. in the Hol-
stein cows the loss continues by an average of one 
month longer than in the Brown swiss cows.

the results from the analysis about the effect 
of the controlled factors on milk yield for 305-
day lactation are presented in table 2. From all 
controlled factors included in the study the factor 
breed has had a significant effect (P<0.05). No 
significant effect of the number of lactation has 
been recorded although there is logical difference 
in milk yield of cows by lactations. the cause 
could be due to the fact that cows from both breeds 
with different milk yield and also different body 
condition during one the same lactation have been 
included. 

table 1
descriptive statistics for studied traits by breeds
   

traits

Holstein 
cows

Brown swiss 
cows

n = 20 n = 17
х   ±  Sx х   ±  Sx

Milk yield for 305 
days, kg

6262.2 ± 
1066.4** 5291.7 ± 966.4**

% milk fat 3.88 ± 0.40* 4.21 ± 0.33*

% milk protein 3.32 ± 
0.11*** 3.48 ± 0.08***

BCs at calving 2.80 ± 0.66 3.00 ± 0.58
Minimum BCs 1.40 ± 0.42* 1.68 ± 0.39*
loss of BCs 1.95 ± 0.56 1.70 ± 0.44
Duration of loss, 
months 3.8 ± 2.11 2.8 ± 1.67
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table 2
analysis of the variance of controlled factors for milk yield for 305 days lactation

      

variation sources Degrees of freedom
(n – 1)

Milk yield for 305 days
І model ІІ model ІІІ model ІV model
F        P F        P F        P F        P

total for the model 37 2.85   * 1.29  - 3.04 * 2.73*
μu  - y μ 1 0.459   - 0.002 - 0.02 - 0.08 -
Breed 1 7.23   * 4.51 * 3.08 * 3.87 *
number of lactation 2 0.146   - 0.03 - 0.28 - 0.30 -
BCs at calving 2 3.86   * - - -
Minimum BCs 2 - 0.10 -  -
loss of BCs 2 - - 4.33 * -
Duration of loss of BCs 2 - -  3.56 *

From the traits related to BCs only the reached 
minimum BCS during lactation has no significant 
effect on milk yield for 305 days lactation. the 
other traits, such as BCs at calving, loss of BCs 
and the duration of loss after calving have signifi-
cant effect (P<0.05).

From the total number of cows, predominant is 
the relative share of cows with high body condition 
score at calving – 3.5 – 4 points, 40.5 % (Figure 
1). the next group according to BCs at calving is 
the one with 3 points – 37.8 % and the smallest is 
the share of cows with low body condition score – 
2.5 and 2 points, 20.7%. Considered by breeds, the 
lowest is the share in cows with low body condition 
score at calving in both breeds. in the Holstein the 
relative share of cows with medium body condition 
score at calving is higher - 45 % (BCs 3 points), 
while in the Brown swiss cows predominant is the 
number of these with high body condition score 
before calving from 3.5 – 4 points (47.1 %).

on Figure 2 ls means (leas square means) 
about the effect of the body condition score of 
cows before calving on their milk yield for nor-
mal lactation has been presented. Cows from both 
breeds with low body condition score at calving 
from 2 and 2.5 points have the lowest milk yield 
for 305 days after calving. More pronounced is that 
difference in the Brown swiss cows. in them the 

milk yield of cows with low body condition score 
(≤2.5 points) is by about 1400 kg lower than that 
of cows with BCS ≥3.5 points. In Holstein cows 
that difference is less – only 876 kg, although their 
milk yield as a whole is greater. 

on Figure 3 the relative share of cows is pre-
sented according to loss of BCs after calving by 
breeds. a clear difference is noticed in the relative 
share of cows from both breeds for the various 
classes of loss of BCs after calving. in the Holstein 
cows the greatest is the relative share of cows with 
the greatest loss of BCs – 2.5 and more points – 
55%, while in the Brown swiss cows the highest 
is the relative share of cows with loss of 2 points. 
in the Brown swiss cows the smallest is the share 
of cows with great loss of points – 2.5 and more, 
only 17.6 %. 

Loss of BCS after calving has a significant ef-
fect on milk yield for 305 days lactation (Figure 
4). the highest is the milk yield of cows with the 
greatest loss of BCs after calving in both breeds. 

on Figure 5 the relative share of cows accord-
ing to duration of loss of BCs after calving has 
been presented (in months) in both cattle breeds. 
Holstein cows are almost equally distributed by 
duration of loss of BCs after calving – by 30-35 
% in each class. in Brown swiss cows the great-
est is the relative share of those with loss of BCs 
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fig. 1. distribution of cows (in %) depending 
on the body condition score at calving

fig. 2. Effect of body condition score at 
calving on milk yield in 305 days lactation
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fig. 3. relative share of cows according to loss 
of bcs after calving by breeds

fig. 4. Effect of loss of bcs after calving 
on milk wield for 305 days lactation
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fig. 5. relative share of cows according to duration 
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fig. 6. Effect of the duration of loss of bcs after 
calving on milk yield for 305 days lactation
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fig. 7. relative share of cows according to reached 
minimum bcs after calving by breeds

up to the ІІ lactation month – 52.9 %, and cows 
with longer loss of BCs up to and after v lactation 
month are only 11.9 %. 

With regard to duration of loss of BCs after 
calving in cows from both breeds there is a ten-
dency for higher milk yield in those with longer 
loss of BCs and that is more clearly shown in the 
Holstein cows? in them cows with loss of BCs up 
to the ІІ lactation month have produced 1490.7 kg 
less milk that these with duration of loss up to and 
after the v lactation month. in the Brown swiss 
cows that difference is only 485.5 kg (Figure 6).

regardless of the fact that minimum BCs dur-
ing lactation does not have reliable effect on milk 
yield for 305 days lactation, Figure 7 presents the 
allocation of cows as relative share depending on 
reached minimum BCs by breeds. the clearly op-
posite tendency regarding the allocation of cows 
from both breeds is evident from the data. in the 
Holstein cows the highest is the percentage of cows 
that had reached minimum BCs during lactation 
– 45 %, and the lowest – of those with minimum 
BCs 2 and more points. in the Brown swiss cows 
the greatest is the relative share of cows with high 
minimum BCs - 2 and more points, the cows that 
reached the lowest BCs – 1 point are only 11.8 %. 
However, a similar tendency in milk yield accord-
ing to the minimum BCs is not reported in none 
of the two breeds. 

discussion 

the higher milk yield of Holstein cows is re-
lated to lower BCs values, greater and longer loss 
of BCs at the beginning of lactation compared to 
the Brown swiss breed. Pryce et al. (1999) state 
that selection aimed at productivity only results in 
lower BCs compared to cows with average genetic 
potential for milk yield. veerkamp et al. (2001) 
reported negative genetic correlation between 
productivity and BCs. the authors found out that 
at each 1000 kg of milk yield increase, decrease 
of BCs by 0.38 points is recorded.

the relative share of the cows with average 
BCs before calving is predominant, while at the 
same conditions is recorded higher relative share 
of the Brown swiss cows with high BCs. samaru-
tel et al. (2006) also point out that in primiparous 
Holstein cows the share of cows with medium 
body condition score before calving is predomi-
nant – BCs from 3.25 to 3.75 points, lean cows 
with BCS ≤ 3.0 are 28 % and these with high body 
condition score ≥ 3.75 points are 26%.

More pronounced difference in milk yield is 
recorded for the Brown swiss cows with low and 
high BCs (1400 kg) compared to Holstein cows 
– only 876 kg. that shows the greater possibili-
ties of the Holstein cows for mobilization and use 
of their body reserves for milk production which 
often results in extenuation of the organism with 
subsequent reproductive and health problems 
(Harrison et al., 1990; Waltner et al., 1993). With 
reduced body reserves the Brown swiss cows 
react by decreasing the milk yield for preserving 
the organism.

after calving cows normally suffer from loss 
of body reserves used by the organism for milk 
production at the beginning of lactation. this is 
the period of negative energy balance on the cow 
organism. the degree of loss of body reserves 
depends on a number of factors, such as degree of 
body condition at calving, nutrition after calving, 
level of milk production, etc.

in our study was determined higher relative 
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share of the Holstein cows with high loss of BCs 
after calving - 55% ((≥2.5 points), and only 17.6% 
for the Brown swiss cows. Highest relative share 
for the Brown swiss breed have cows with BCs 
loss of 2 points. this is largely explained by the 
differences in the milk yield of the two breeds. 

Harrison et al. (1990) found greater negative 
energy balance at the beginning of lactation in 
cows selected for high milk yield compared to the 
ones with average milk yield.

koenen et al. (2001) found that the average loss 
of BCs after calving is greater in the Holstein, 
respectively 1.2 compared to that in the red-and-
White cows – 1 point. that difference is due to the 
different productivity, which is by 1000 kg higher 
in the Holstein (8003 kg compared to 6975 kg). 
other authors also report a positive correlation 
between loss of BCs and milk yield (Gallo et al., 
1996). 

in the study by samarutel et al. (2006) only 
primaparous cows of the same herd have been in-
cluded for a period of 5 years. For the first 30 days 
after calving cows have lost an average of 0.49 
points of BCs, the lean ones have lost 0.25 points, 
the ones with medium body condition – 0.48, those 
with good body condition – 0.60 points. the aver-
age duration of the period from calving to the low-
est value of BCs for the lean cows is 37 days, for 
the ones with medium body condition – 49 and for 
those with good body condition - 53 days. For the 
period from calving until reaching the lowest body 
condition score lean cows had lost 0.41 points, the 
ones with medium body condition – 0.76 and the 
ones with good body condition – 1.05 points.

ruegg and Milton (1995) also point that cows 
with better body condition have been losing live 
weight for a longer time after calving. on average 
the studied cows have lost 0.80 points after calving 
and for the first week and around calving itself they 
had lost 0.25 points. the loss of BCs has taken 
place till the 50-th – 90-th day of lactation. 

all that comes to show that it is better to provide 
sufficient body reserves at calving in order to use 
them afterwards for milk production.

the degree of loss also depends on the breed 
characteristics, such as level of selection, milk 
productivity, etc.

that tendency is clearly shown in cows from 
both breeds. in loss, unlike BCs before calving, 
the difference between cows with low and high 
loss is almost the same in cows from both breeds, 
1174.6 kg in the Holstein and 1322.2 kg in the 
Brown swiss cows, respectively. that shows that 
greater effect on milk yield is exerted by the loss 
or use of body reserves than the provided ones at 
calving. selection for higher BCs after calving 
would have a more beneficial effect on milk yield 
than selection for reducing the loss body reserves. 
veerkamp et al. 2001 also point out that loss of 
BCs is a very important factor for dairy cows than 
BCs value itself.

although the negative energy balance is normal 
from a physiological point of view, its degree and 
duration is negatively related to the health status 
and fertility of dairy cows (Butler and smith, 1989; 
Domecq et al., 1997; Senatorе et al., 1996). 

one third of the Holstein cows have prolonged 
loss of BCs – till 5-th month of lactation, or till 
150 day of lactation. For the Brown swiss cows 
highest is the relative share of those with BCs 
losses to the 2nd month of lactation – 52.9%. the 
cows with prolonged BCs loss till and after 5th 
month of the lactation are only 11.9%. 

koenen et al. (2001) record BCs in the Hol-
stein and Brown swiss cows by a 9-point grad-
ing system and they state that it corresponds to 
the 5-point one by using 0.5 point scores. Cows 
included in the study have different percentage 
of participation of the Holstein and authors point 
out that by increasing the percentage of the Hol-
stein, the average BCs value is reduced. For both 
breeds an average BCs after calving of 5.6 points 
is reported, the lowest value being in the 11-th week 
after calving.

losses are greater and for longer period in cows 
with higher milk yield. in low yield cows the low-
est BCs is at about the 3-rd month after calving and 
in high yield ones – at the 4-th. High yield cows 
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lose twice as much body reserves compared to low 
yield ones. Cows with milk yield ≤ 6000 kg reach 
the minimum BCs on the 86-th day and the ones 
with milk yield above 12000 kg – on the 117-th day 
by losing from the beginning of lactation 0,38 and 
0,64 points, respectively (Gallo et al., 1996).

the genetic correlations between losses of live 
weight and BCs after calving are from –0.70 to 
–0.91. Phenotypic correlations between milk yield 
and losses of BCs are greater between higher 
productivity and higher losses (Dechow et al., 
2002). 

kadarmideen and Wegmann (2003) also found 
that the average of ls mean for BCs by periods 
of lactation shows that cows lose body reserves up 
to the 5-th month after calving and after that they 
store it till the end of lactation. 

this is probably due to the fact that the reasons 
for reaching the minimum BCs are different. 
some of the cows had very low BCs before calv-
ing, others – great and longer loss of BCs after 
calving, etc.

the clearly opposite tendency regarding the 
allocation of cows from both breeds is evident 
from the data. in the Holstein cows the highest is 
the percentage of cows that had reached minimum 
BCs 1 during lactation – 45 %, and the lowest – of 
those with minimum BCs 2 and more points. in the 
Brown swiss cows the greatest is the relative share 
of cows with high minimum BCs - 2 and more 
points, the cows that reached the lowest BCs – 1 
point are only 11.8 %. However, a similar tendency 
in milk yield according to the minimum BCs is 
not reported in none of the two breeds.

all this shows that minimum BCs during lacta-
tion is not necessarily linked to higher milk yield. 
Clearer and positive is the effect of the provided 
body reserves before calving, the amount of body 
reserves used for milk production (loss of BCs).

conclusion

BCs at calving, loss of BCs and the duration of 
loss of BCs at the beginning of lactation have sig-

nificant effect on milk yield for 305 days lactation. 
the reached minimum BCs at the beginning of 
lactation has no significant effect on milk yield.

in the Holstein cows the average BCs at calv-
ing is lower (2.8 points), the loss of BCs is greater 
(1.95 points) and longer (3.8 months) compared 
to the Brown swiss cows (3.0, 1.75 and 2.8, re-
spectively). 

Cows from both breeds have higher BCS (≥3.5 
points) with greater loss of BCS after calving (≥2.5 
points) and longer loss of BCs at the beginning of 
lactation (≥5 months) have the highest milk yield 
for 305 days lactation. 

Holstein cows use better the stored body re-
serves – at greater amount and longer, for milk 
production compared to the Brown swiss cows.
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