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Introduction

E. Ropstad and A. O. Refsdal: Herd performance related to urea concentration in
bulk milk. Acta Vet. Scand. 1987, 28, 55-63. — Bulk milk samples were collected
from 256 dairy herds from 4 districts in Southern Norway: Gudbrandsdal (n = 35),
Bergen (n = 15), Hedmark (n = 117) and Hardanger (n = 89).

A total of 6-8 samples were collected in each herd during the indoor season. Data
concerning reproductive performance, milk production and nutrition were regis-
tered for a period of 15 months starting 7 months before the first milk sample was
collected. The urea levels obtained during the sampling period were averaged
generating a mean urea level of each herd. The mean urea levels were related to
reproductive performance.

The urea levels within districts showed only minor variations during the sampling
period. The mean urea level in Hardanger was significantly higher (p < 0.05) than
in the other distrikts. This district also had the lowest fertility. Significant correla-
tions between mean urea level and fertility were observed only in Hedmark. Fer-
tility status (FS), an integrated index, and number of inseminations per animal
inseminated were significantly affected by the interaction between mean urea level
and district. Herds in Hardanger with cows treated for ovarian cysts had a sign-
ificantly higher mean urea level (p = 0.02) than herds with non-treated cows.

The results appear to support the notion that a negative relationship may exist
between bulk milk urea levels and reproductive performance. The great district
variations observed indicate, however, that the practical value of such measure-
ments is limited.

dairy cows; health; milk production; nutrition; protein.

1982, Oltner et al. 1983). According to

Feeding excessive amounts of protein may
be detrimental to fertility (Jordan & Swan-
son 1979, Lotthammer 1979, Piatcowski et
al. 1981 and Kaim et al. 1983). Excessive
amounts of easily degradable protein will re-
sult in an accumulation of ammonia in the
rumen, causing increased formation of urea
in the liver. Thus, the protein intake and
particularly the ratio of protein to energy
affect the urea levels in blood and milk
(Payne et al. 1970, Hewett 1974, Kaufmann

Hewett (1974) and Depke (1981), high urea
levels are associated with fertility problems.
In a previous experiment (Refsdal 1983), a
high correlation (r = 0.77, p < 0.01) be-
tween herd means of urea in blood and urea
in bulk milk was found, indicating that ana-
lysis of bulk milk can be used to reflect the
urea status of the herd. A later study (Refs-
dal et al. 1985) showed that analysis of urea
in bulk milk seemed to be a practical way of
assessing the protein/energy ratio in the
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feeds at the herd level. The aim of the pre-
sent investigation was to assess the relation-
ship between bulk milk urea levels and the
herd reproductive performance.

Materials and methods
Urea was analyzed in bulk milk samples
from 256 dairy herds. The herds were lo-
cated in four districts in Southern Norway,
two in the western part (Bergen, n = 15 and
Hardanger, n = 89) and two in the eastern
part (Hedmark, n = 117 and Gudbrandsdal,
n = 35). Bulk milk samples were collected
once monthly during the indoor season from
October to May in Hedmark and Hardanger.
In Gudbrandsdal sampling started in No-
vember. In Bergen sampling was finished in
April, and no samples were obtained in
March. The majority of animals were in-
seminated during the indoor season in all
districts.
The study was performed in the period from
1982 to 1985. Samples from Hardanger
were collected in 1984/85 and samples from
other districts in 1982/83.
The samples of bulk milk comprised both
morning and afternoon milk. The analyses
normally took place on the day following
sample collection. If not, the samples were
kept at 4°C and analyzed the following day.
All samples were thoroughly mixed before
analysis. The analyses were performed by a
Technicon Auto-Analyzer according to a
method described by the manufacturer.
Data concerning reproductive performance,
milk production and nutrition were obtained
from fertility statistics and herd recording
files. In each herd the following parameters
were registered for a period of 15 months,
starting 7 months before the first milk samp-
les were collected:
— Average number of days from calving to
first insemination (CFI)
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— Average number of days from calving to
last insemination (CLI)

— Number of animals inseminated (I)

— Average number of inseminations per an-
imal inseminated (NIA)

— Number of animals culled due to infertil-
ity (AC)

— Non-return rate 60 days post insemina-
tion (NR60)

— Return rate 0-3 days post insemination
(PRO-3)

— Average yield at first insemination (YI)

— Average yield (305 days) (Y)

-~ Average percentage of silage in the diet (%
Si) (yearly estimate)

— Average percentage of concentrates in the
diet (% Co) (yearly estimate)

— Fertility status (FS) expressed by the for-
mula:

NR60 + RRO-3 _ f CLI
FS - [ NIA 125)] [I AC]

Data concerning treatments for ovarian cysts
and anoestrus were obtained from 83 herds
in Hardanger. These data were related to the
mean urea level of October, November and
December, which is the main breeding sea-
son in this district.

The urea levels obtained (n = 6-8 samples
per herd) were averaged generating a mean
urea level for each herd. The mean urea
levels were related to reproductive perfor-
mance, milk production and nutrition. Dif-
ferences among means were assessed using
the Duncan’s Multiple Range Test and Stu-
dent’s t-Test. Correlation analysis was used
to assess relationship between mean urea
levels and reproductive performance. The
General Linear Model procedure from the
Statistical Analysis System (SAS Institute
Inc 1982) was used. The results were analy-
zed by the following model:
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Y; =p+A;+(AB);+E

ij»

where

Y;;  =the ijth fertility criterion to be
studied

u = general mean

A;  =effect of the ith district (i=1...4)

(AB);; = effect of the interaction between the
ith district and the jth mean urea
level j=2.54...7.25)

E;  =residual random term with
variance og’.

Results

The overall mean urea level was 4.96 =+
0.80 mmol/l ranging from 2.54-7.25 mmol/l
(Fig. 1). Within districts the mean urea
levels remained relatively constant during
the sampling period except in herds from
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Bergen, where a high urea level was ob-
served in October (Fig. 2).

In Hardanger the mean urea level was sig-
nificantly higher (p < 0.05) than in the
other districts (Table 1, Fig. 2). Herds in this
district also had a higher percentage of silage
and concentrates in the diet. The average
yield among cows in Hardanger was lower
than observed in the other districts (p <
0.05) (Table 1).

In Hedmark and Gudbrandsdal there was a
positive correlation between urea levels and
average percentage of silage in the diet (r =
0.28, p = 0.002 and r = 0.50, p = 0.002, re-
spectively) but in Hardanger a negative cor-
relation was found (r = -0.26, p = 0.01)
(Table 2).

Differences among districts existed for se-
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Figure 1. Frequency distribution of mean bulk milk urea levels in 256 Norwegian dairy herds sampled
during the indoor season.
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Figure 2. Mean bulk milk urea levels in 4 districts (Gudbrandsdal n = 35, Bergen n = 15, Hedmark n =
117 and Hardanger n = 89) during the indoor season.

Table 1. Differences among districts for reproductive parameters, urea level, milk yield and nutrition.

Mean
District No. of Urea CF1 CLI NIA FS NR&0 Y1 Y % Si % Co
herds mmol/1
Gudbrandsdal 35 48> 833 106% 1.78b 582 612 24.0° 5618 31 39bc
Bergen 15 50b 725 9s5b 1gab g4r 54> 2422 5283 31 41b
Hedmark 117 47° 81* 102* 1.6 64 65* 23.7° 5768% 26° 37°
Hardanger 89 54* 76> 90 1.80 69* 53 2332 5277° 41* 432
Overall mean 256 5.0 79 99 1.7 65 60 23.6 5548 41 39
+ SD +0.8 +11 =14 +03 21 =16 2.7 +691 +£10.0 £59

a,b,¢: Means with different superscript within columns differ significantly (p < 0.05).
I: CFI = Average number of days from calving to first insemination

CLI = Average number of days from calving to last insemination

NIA = Average number of inseminations per animal inseminated

FS  =Fertility status Y = Average yield (305 days)
NR60 = Non-return rate 60 days post partum % Si = Average percentage of silage in the diet
Y1l = Average yield at first insemination % Co = Average percentage of concentrates in the diet
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Table 2. Correlations within districts between mean urea level of the herds and reproductive parameters,
milk production and nutrition.

Spearman correlation coefficients, rsI

District No. of CFl CLI FS NR60 NIA Y1 Y % Co % Si
herds

Gudbrandsdal 35 0.21 002 007 008 -023 -0.13 033> 021 0.50°¢

Bergen 15 0.41 024 -0.15 -022 -009 016 040 041 0.05
Hedmark 117 -0.13  0.10 -0.26° -0.19¢ 0.30° -0.10 -0.17* 0.06 0.28
Hardanger 89 006 009 -006 =007 0.15 028° 021° 033 -0.26°
All 256 -0.06 -0.09 -0.10 -023° 0.24° -003 -0.10 039 0.35°

a.b.¢: Correlation coefficients with superscripts differ significantly from zero.
a:p < 0.1 b:p < 0.05 c:p < 0.01

: CFI = Average number of days from calving to first insemination
CLI = Average number of days from calving to last insemination
FS  =Fertility status
NR60 = Non-return rate 60 days post insemination
NIA = Average number of inseminations per animal inseminated
YI = Average yield at first insemination
Y = Average yield (305 days)
% Co = Average percentage of concentrates in the diet
% Si = Average percentage of silage in the diet

veral reproductive parameters (Table 1). spectively, than the eastern districts (Hed-
The western districts (Hardanger and Ber- mark and Gudbrandsdal). Number of in-
gen) had significantly lower non-return rates seminations per pregnancy was lower in
(NR60), and shorter intervals from calving Hedmark than in the other districts (p <
to first (CFI) and last insemination (CLI) re- 0.05).

Table 3. Significance level for the effect of district and the interaction
between mean urea level of the herds and district on reproductive perfor-
mance in 256 dairy herds.

Significance level, p!

Sources of

variation CF1 CLI FS NR60 NIA
District 0.03 0.49 0.19 0.10 0.07
Urea x district 0.10 0.41 0.04 0.12 <0.01
R2 model 0.11 0.21 0.07 0.15 0.12

I: CFI = Average number of days from calving to first insemination
CLI = Average number of days from calving to last insemination
FS = Fertility status
NR60 = Non-return rate 60 days post insemination
NIA = Average number of inseminations per animal inseminated
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Table 4. Reproductive performance related to mean urea level in herds
from Hedmark (n=117).

Mean urea Mean]
level No. of
mmol/l herds CFl CLI NIA NR60 FS
<43 30 81 9g°b 1.5 70.0? 73%
4.3-5.2 58 82% 103 16> 63.3% 65
>52 29 78 106* 1.82  60.3° 54b
a b. Means with different superscript within columns differ significantly

(p < 0.05).
I: CFI = Average number of days from calving to first insemination

CLI = Average number of days from calving to last insemination
NIA = Average number of inseminations per animal inseminated
NR60 = Non-return rate 60 days post insemination

FS  =Fertility status

Regression analysis revealed a significant
effect of the interaction between mean urea
level and district on fertility status (p = 0.04)
and number of inseminations per animal in-
seminated (p < 0.01) (Table 3). The effect
of district was significant on days from calv-
ing to first insemination (CFI) (P = 0.03).
Significant correlations between the mean
urea levels of the herds and fertility were
found only in Hedmark (Table 2 and 4). In
this district the mean urea levels were sign-
ificantly correlated with fertility status (FS)
(R = -0.26, p < 0.01), non-return rate
(NR60) (r=-0.19, p < 0.01) and number of
inseminations per animal inseminated (NIA)
(r =030, p < 0.01) (Table 2). Mean urea
levels above 5.2 mmol/l were associated
with reduced fertility in Hedmark (Table 4).

Herds in Hardanger with cows treated for
ovarian cysts had higher urea means (p =
0.02) than herds with non-treated cows
(Table 5).

Discussion

The fact that the study was carried out in
the period from 1982 to 1985 should be
taken into account when looking at differ-
ences among districts. Urea levels may
change from one year to another, and the re-
productive parameters registered are to some
extent dependent on external factors which
may change over the years. It is, however,
likely that the differences observed in this
study are effects of district rather than the
year of sampling.

The small variation in mean urea levels seen

Table 5. Average urea levels in herds with cows treated for ovarian cysts and anoestrus compared with
average urea levels in herds with non-treated cows.

Herds with treated cows Herds with non-treated cows Significance level
for the difference between
Disease n Urea, mean n Urea, mean the two categories,
mmol/l mmaol/1 p
Ovarian cysts 21 5.86 63 5.40 0.022
Anoestrus 70 5.85 14 5.46 0.110
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during the sampling period, is in agreement
with Refsdal et al. (1985). The high October
level in herds from Bergen is probably due
to the fact that a majority of the animals still
was on pasture at the time of sampling.

The marked difference in mean urea level
between Hardanger and Hedmark is prob-
ably an effect of using different feeds. In
Hardanger forage diets with grass silage as
the main roughage are commonly used. Ac-
cording to Refsdal et al. (1985) this seems to
involve a risk of feeding excessive amounts
of protein and thereby elevating the milk
urea levels. In Hedmark other roughages
such as roots, hay, straw etc. are more com-
monly used in addition to grass silage.
Considering this, the negative correlation
seen in Hardanger (r = -0.26, p < 0.05) be-
tween mean urea levels and the average per-
centage of silage in the diet was somewhat
unexpected (Table 2). A possible explana-
tion could be that concentrates relatively
rich in protein are commonly used to re-
place silage in the diet in this district, there-
by tending to increase urea levels. Prelimi-
nary results indicate, however, that also in
Hardanger a positive correlation existed be-
tween the crude protein content of the silage
dry matter and the urea levels in bulk milk,
supporting Refsdal et al. (1985).

The data concerning the reproductive per-
formance comprised both the indoor winter
season and the summer season, whereas urea
samples were collected during the winter
season only. However, the indoor winter
season is the main breeding period in all
districts. Therefore the urea levels obtained
should fairly well reflect the urea status of
the herds at the time of breeding.

The differences seen in fertility parameters
between the western and eastern districts did
not influence the integrated index fertility
status (FS) (Table 1). This is explained by
the strong influence of the interval from

calving to last insemination (CLI) on this
index. In the western districts the interval
from calving to last insemination was con-
siderably shorter than in the eastern di-
stricts. This may be caused by managerial
efforts taken to keep a concentrated calving
period.

The lower non-return rates and higher num-
ber of inseminations per animal inseminated
in the western districts may partly be due to
the fact that the interval from calving to first
insemination was shorter in these districts.
However, according to Norwegian Al-stati-
stics this explains only about 25 % of the dif-
ferences observed in non-return rates be-
tween eastern and western districts (Refsdal,
unpublished data).

Hedmark was the only district in which a
significant relationship between mean urea
level and fertility was found (Table 2). Fer-
tility among herds with the highest mean
urea levels (> 5.2 mmol/l) was comparable
with fertility in Hardanger (Table 1 and 4).
In Hardanger the mean urea level was 5.4
mmol/l and only 4 herds had urea levels be-
low 4.3 mmol/l. Therefore, if urea levels in
the low range found in Hedmark have any
influence on reproduction, it would be dif-
ficult to detect significant correlations in
Hardanger.

A recent Norwegian study including 426
cows in 33 herds showed no relationship
between the urea levels in milk from indivi-
dual cows and fertility (Hdrstad 1985). Ac-
cording to Hewertt (1974) and Depke (1981)
high urea levels are associated with fertility
problems. The blood levels obtained by
Depke averaged 6.2 mmol/l, and could, ac-
cording to Oltner et al. (1983), be compared
with the mean urea level in milk found in
Hardanger. However, also Hewett and Dep-
ke worked with individual animals.

The high urea levels seen in herds with cows
treated for ovarian cysts is probably an ex-
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pression of an undesired protein/energy ra-
tio in the feed ration (Oltner et al. 1983,
Kaufmann 1982). A negative energy balance
will tend to increase the frequency of ova-
rian cysts and postpone the onset of ovarian
activity after calving (Refsdal 1982).

The results of this study appear to support
the notion that a negative relationship may
exist between bulk milk urea levels and re-
productive performance. Further investiga-
tions into the district variations observed are
required to establish the practical value of
bulk milk urea determinations.
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Sammendrag

Fruktbarhetsresultater i storfebesetninger relatert
til ureanivdet i tankmelk.

Tankmelk-prever ble samlet fra 256 besetninger
fra 4 omrider i Ser-Norge: Gudbrandsdal (n = 35),
Bergen (n = 15), Hedmark (n = 117) og Hardanger
(n = 89). Det ble tatt ut en preve pr. maned i hver
besetning fra oktober til mai. Opplysninger om
fruktbarhet, helse, melkeproduksjon og foring ble
registrert fra sju méneder fer forste melképrove ble
samlet og i 15 maneder framover i hver besetning,
Gjennomsnittsnivdet for ureamdlingene i hver be-
setning ble sammenholdt med fruktbarhetsresul-
tatene.

Det var lite variasjon i ureanivdene i preveperi-
oden. Hardanger hadde signifikant heyere urea-

nivd og darligere fruktbarhetsresultater enn de
andre distriktene. Signifikante korrelasjoner mel-
lom ureanivd og fruktbarhet ble bare funnet i
Hedmark. Det var en signifikant sammenheng
mellom FS-tall og antall inseminasjoner pr. pdbe-
gynt ku pd den ene siden og samspillet mellom
ureanivd og distrikt pA den andre. Besetninger i
Hardanger hvor kyr var behandlet for cyster hadde
heyere ureanivd (p = 0.02) enn besetninger uten
cystebehandlede kyr.

Undersekelsen indikerer at heye ureaniver i
tankmelk kan vare forbundet med dérlig fruktbar-
het. Store distriktsvise forskjeller bidrar imidlertid
til & redusere den praktiske nytten av slike mélin-
ger.
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