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Introduction 

Ropstad, E., L. Vik-Mo and A. 0. Refsdal: Levels of milk urea, plasma con
stituents and rumen liquid ammonia in relation to the feeding of dairy cows during 
early lactation. Acta vet. scand. 1989, 30, 199-208. - The study was undertaken to 
establish the relationships between milk and plasma urea levels and protein 
supply, usmg traditional and new measures of feed protein value. 
Samples of milk and plasma were taken before morning feeding twice weekly for 
the first 3 months post partum from 21 multiparous cows and 7 heifers. Samples of 
rumen flmd were collected every second week. The cows were distnbuted into 4 
different feeding groups. Feedmg regimens were factonal with respect to protein 
content of the concentrates (i.e. Low protem (Lp): 12.5 % digestible crude protein 
(DCP) vs. High protem (Hp): 17 .5 % DCP) and concentrate allowances (i.e. Low 
energy (Le): substandard vs. High energy (He): standard). Silage was offered ad 
hb1tum. 
The within-ammal coefficients of correlation between milk and plasma urea levels, 
and between milk urea levels and the levels of ammonia in the rumen fluid were 
r = 0.88 (p < 0.001) and r = 0.75 (p < 0.001), respectively. Analysis of variance 
showed the following sources of urea variation to be significant: Protein balance in 
the rumen (PBV), intake of DCP, intake of ammo acids absorbed m the intestine 
(AA T), intake of fattening feed units, and the mdividual animal factor. A similar 
tendency was found for the variation of ammonia m rumen fluid. The coefficients 
of determination (R 2 model) were not increased by mtroducmg protein balance 
(BADCP), the amount of PBV and AA T in the dry matter ingested, or the pro
tem/energy ratio as alternative parameters of protein intake in the models. The 
levels of protein or energy mtake did not significantly influence the levels of 
plasma albumin. The correlations between urea levels and other plasma mdicators 
of metabolic status and hver function were generally low. 

protem metabolism; energy intake; nutrition; 
feed protein evaluation. 

Monitoring of feed adequacy is important 
for optimal feeding economy and good 
health and performance in dairy cows. The 
possibility of using the concentration of urea 
in milk as an indicator or aid in such moni-

toring has recently attracted interest (Oltner 
et al. 1983, Refsdal et al. 1985). 
The feeding of excessive amounts of easily 
degradable protein will increase the levels of 
ammonia in the rumen, and lead to an in
crease in the formation of urea in the liver. 
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Accordingly, protein intake, and particular
ly the protein to energy ratio, has been 
shown to affect urea levels in blood and 
milk (Ide et al. 1966, Payne et al. 1970, 
Hewett 1974, Kaufmann 1982, Oltner & 
Wiktorsson 1983, Refsdal et al. 1985). 
The protein requirements of the ruminants 
and the protein value of their feeds are ge
nerally expressed as apparent digestible cru
de protein (DCP). The DCP system is easy 
to use, though it has several shortcommings. 
It does not differentiate between what has 
been absorbed as aminoacids and what has 
been absorbed as other nitrogenous constitu
ents. Moreover it does not express the nitro
gen requirements of the rumen microorga
nisms. 
In order to correspondence the agreement 
between protein requirements and the esti
mated protein content of feed, and to opti
malize the use of proteins in milk produc
tion, a new Nordic system for protein eva
luation has been developed (Madsen 1985). 
The advantage of the proposed system is 
that it predicts the amount of amino acids 
absorbed from the small intestine (AA T) 
and the nitrogen supply of the rumen mi
croorganisms. This value is called the pro
tein balance in the rumen (PBV). The sy
stem is easy to use, as the protein values for 
the single feeds can be added. 
The present study was undertaken to estab
lish the relationships between ammonia in 
rumen liquid, urea in milk and urea in 
plasma on the one hand, and the protein 
supply on the other, using traditional (DCP) 
and new (AA T, PBV) measures of feed pro
tein value. Another objective was to invest
igate the relationships between urea levels 
and other plasma and feed constituents in 
early lactation. 

Materials and methods 
A feeding experiment was carried out with 
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28 Norwegian Red Cattle dairy cows. Ta
king date of calving into account, the cows 
were randomly distributed into 4 groups in 
which different feeding regimens were em
ployed from 1 month prior to calving until 
13 weeks after calving. There were 7 primi
parous cows in all, which were, as far as 
possible, evenly distributed among the treat
ment groups. 
Feeding treatments were factorial (2x2) with 
respect to protein content of the concentrate 
and concentrate allowances after calving. 
The levels of protein treatments were desig
nated low (Lp) and high (Hp), feeding al
lowances (energy) being similarly low (Le) 
and high (He). 
Concentrates were formulated to contain 
crude protein (CP) in dry matter (OM) at 
175 g/kg for LP and 240 g/kg for Hp. The 2 
mixes were made up to provide similar 
amounts of rumen non-degradable protein 
(UDP) per kg DM, based on assumed de
gradability ofCP (ARC 1980). 
Before calving, the cows received 3 kg con
centrates per day, and grass silage sufficient 
to achieve an energy intake of about twice 
the maintenance requirement (Breirem 
1984). After calving, the amounts of con
centrates fed were raised to predetermined 
levels, the He cows being allowed 3.5 kg/day 
more than Le cows at a given milk yield. 
Heifers in their first lactation received 1 
kg/day more concentrates than older cows 
yielding the same amount of milk. Grass 
silage was fed ad libitum. 
Energy values in fattening feed units (FFU) 
were estimated from in vitro digestibility of 
the silages, and from tabulated values for the 
ingredients in the concentrates (Breirem & 
Homb 1971). Digestible crude protein 
(DCP) was calculated from the content of N 
(Thomsen & Negaard 1983). Amino acids 
absorbable in the intestine (AA T) and pro
tein balance in the rumen (PBV), were ob-



Levels of urea in relation to feeding 201 

tained according to principles described el
sewhere (Madsen 1985). The degradability 
of feed protein was based on nylon bag mea
surements (Vik-Mo & Lindberg 1985). 

Blood, mzlk and rumen lzquzd samples 
Blood samples were collected and treated as 
described by Ropstad et al. (1989). Plasma 
analyses were performed at the Department 
of Biochemistry, Norwegian College of Vete
rinary Medicine. Plasma acetoacetate 
(ACAC), glucose (GLUC), aspartate amino
transferase (ASAT), glutamate dehydrogen
ase, sorbitol dehydrogenase (SDH), free fatty 
acids and total bilirubin (BILI) assays were 
determined as described by Ropstad et al. 
(1989). 
The levels of plasma albumin (reagents from 
General Diagnostics, USA) and plasma urea 
(PLUREA) (reagents from Roche Diagnosti
ca, Switzerland) were estimated using com
mercial kits appropriate for the Gemsaec 
Analyzer (from Electro-Nucleonics Inc.). 
Pooled morning and afternoon milk samples 
were collected twice weekly for the deter
mination of urea levels (MUREA). The as
say was carried out with a Technicon auto
analyzer using an appropriate commercial 
kit (Method no. SE 40001 FD4 from Tech
nicon Instruments, USA). 
Rumen liquid, withdrawn by a stomach 
tube, was collected every second week at IO 
a.m. For preservation, 0.5 ml 50 o/o formic 
acid (vol/vol) was added to 10 ml rumen 
liquid immediately after samplmg. The con
tent of ammonia N (RNH3-N) was analyzed 
by a colorimetric reaction (Logsdon 1960) 
using a Technicon autoanalyzer. 

Statistical analysis 
Week averages calculated for all variables 
were subjected to analysis of variance. Sta-

tistical analysis was performed by SAS 
(1982) programmes (The GLM procedure). 
Levels of PLUREA, RNH3-N, MUREA 
and plasma albumin were evaluated by 
linear models which accounted for the effect 
of the individual animal factor (COW), the 
effect of week of lactation, the effect of pro
tein intake, indicated either by total dietary 
PBV (TPBV) (Model B), total intake of 
AA T (T AA T) or by total intake of DCP 
(TDCP) (Model A), and the effect of energy 
intake (TFFU). Possible interactions were 
tested for significance and excluded from 
further analysis if not significant. 
Alternatively, the dietary protein parameters 
were replaced by the protein/energy ratio 
(TPBV /TFFU and TDCP/TFFU), by the 
estimated balance of DCP, or by the estima
ted amount of protein (DCP or PBV) in the 
dry matter ingested (DMDCP and DMPBV). 
RNH3-N was used as an alternative protein 
parameter to explain the variation of urea in 
milk. Similarly, the animal factor (COW) 
was replaced by lactation number, body 
weight and milk yield or by protein treat
ment (Hp or Lp). The variance contribution 
for each independent variable was calcu
lated from its sum of squares type III (SS III) 
divided by total SS; i.e. (SS III/SS total) x 
l 00. Correlation analysis was used to assess 
the relationship between selected parame
ters. Testing for significance of the differen
ces between coefficients of correlation was 
performed according to Snedecor (l 959). 

Results 
Means and ranges for urea levels in milk and 
plasma, ammonia N in rumen liquid, and 
selected variables of nutrient intakes and 
metabolic status are shown in Table l. 
Average body weight was 507 ± 10 (± SD) 
kg. 
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Significant relationships were found between 
protein intake (TPBV and TDCP) on the 
one hand, and PLUREA, MUREA and 
RNH3-N on the other (Table 2). Increased 
levels of protein intake were associated with 
increases in the level of urea in plasma and 
milk, and in the level of ammonia in rumen 
liquid. The partial regression coefficients for 
total dietary PBV (g/day) and total intake of 
DCP (g/day) on MUREA (mmol/l) were 
0.0040 (p < 0.001) and 0.0047 (p < 0.001), 
respectively. 
Replacing the measures of protein intake 
(TPBV and TDCP) with the protein to ener
gy ratio (TPBV/TFFU and TDCP/TFFU), 
the estimated balance of DCP, and the esti
mated amount of PBV in the dry matter in
gested (DMPBV) did not increase the coeffi
cients of determination (R 2) for any of the 
models listed in Table 2. 
Total intake of AAT as the protein para
meter instead of total dietary PBV in Model 
A (Table 2) reduced the R2 for MUREA 
from 69.7 % to 57.9 %. The variance contri
bution from T AAT was 8.3 %. 
The highest R 2 for MU REA (see Model A, 
Table 2) was found when rumen liquid am-

monia-N was used as the protein parameter 
(R 2 = 76. 7 %, p < 0.001, variance contribu
tion from RNH3-N = 25.3 %, p < 0.001). 
The effect of energy intake on MUREA and 
RNH3-N levels was negative, and significant 
only when total intake of DCP was used as 
the parameter of protein intake. The vari
ance contributions from energy intake were 
low compared with those from protein in
take (Table 2). 
The use of total dietary PBV as a protein pa
rameter instead of total intake of DCP did 
not improve the coefficient of determination 
for MUREA or RNH3-N (Table 2). How
ever, the total correlation of MUREA with 
TPBV (r = 0.74, p < 0.001, Fig. 1) was 
higher than with TDCP (r = 0.57, p < 
0.001) or with T AA T (r = 0.30, p < 0.001 ), 
the differences being significant with p < 
0.001. 
According to Table 2, albumin was not sig
nificantly related to either protein or energy 
intake. No significant correlations were 
found between urea and albumin levels. 
The variance contribution from the animal 
factor (COW) was 17 .8 % for plasma urea 
levels and 11.8 % for milk urea levels (Mo-

Table 2. Analysis ofvanance. The levels of plasma urea (PLUREA), milk urea (MUREA), rumen liquid 
ammoma (RNH3-N) and albumm (ALB) were regarded as a function of the mdependent vanables. 
Twenty-eight cows were studied dunng the first 3 months of lactation. Once-weekly observations are 
mcluded except for RNH3-N which was measured every second week. 

Independent vanables 

Individual cow, n = 28 
Week oflactat10n, 1-12 
Total dietary PBV 
Total mtake ofOCP 
Total intake ofFFU 

R2 model(%) 

MU REA 

l l .8C 
l .sns 

20.oc 

0,4ns 

69.7C 

Model A 

PLUREA 

l 7.8C 
l .5ns 

15.0C 

o.5ns 

7 l .4C 

Percentage of total sum ofsquaresl) 

Model B 

RNH3-N MU REA RNH3-N ALB 

22.oa 1Q.7C 22.4b 27.4C 
2.6ns l .sns 2.6ns 2.Jb 

22.JC 
20,4C 22.sc O.Jns 

o.5ns 4.9c 4.6b O.Jns 

60.lc 70.2C 60.8C 31.9C 

I) Level of sigmficance a) p < 0.05, b) p < O.QJ, c) p < 0.001, ns) p > 0.05. 
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del A, Table 2). In comparison, the variance 
contribution from total dietary PBV was 
15.0 % and 20.0 % on the levels of plasma 
urea and milk urea, respectively. 
In models alternative to those given in Table 
2, the individual factor (COW) was substitu
ted by lactation number, body weight and 
milk yield, but none of these variables con
tributed significantly to the vanation of plas
ma and milk urea, rumen liquid ammo
nia-Nor plasma albumin levels (p > 0.05). 
The substitution of the animal factor (COW) 
by protein treatment (Hp or Lp) reduced the 
R 2 for MUREA in Model B (Table 2) from 
70.2 % to 62. l %. The effect of protein treat
ment was significant (p < 0.001) with a 
variance contribution of 2.8 %. Excluding 
the animal factor in the same model gave a 
R 2 for MUREA of55.7 %. 

The within animal coefficient of correlation 
between MUREA and PLUREA was r = 
0.88 (p < 0.001 ), and between MUREA and 
RNH3-N r = 0.75 (p <0.001). The rela
tionship between milk urea levels and ru
men liquid ammonia-N levels is illustrated 
in Fig. 2. Both plasma urea and milk urea 
levels were significantly correlated with the 
levels of plasma free fatty acids (r = --0.25, p 
< 0.01 and r = --0.28, p < 0.001, respective
ly) and plasma glutamate dehydrogenase (r = 
0.17, p < 0.05 and r = 0.18, p < 0.05, re
spectively). The other plasma constituents 
(ACAC, GLUC, ASAT, SDH, BA, BILI) 
were not significantly correlated with urea 
levels in milk or ammonia levels in rumen 
liquid. 
Highly significant correlations were found 
between several of the energy and protein in
take parameters (Table 3). 

Tab I e 3. Correlat10n coefficients between measures of energy and protem mtake. The correlations are 
based on weekly estimates from 28 dairy cows during the first 12 weeks of lactat10n, represented by 
weekly analysis. 

Coefficients of correlation I) 

Vanabies2) TPBV SPBV TAAT SDCP TDCP TPBV/TFFU 

TPBV 1.00 
SPBV 0.79C 1.00 
TAAT 0.37C --0.0lns 1.00 
SDCP 0.59C 0.66C 0.31C 1.00 
TDCP 0.76C 0.38C 0.87C 0.5(C 1.00 
TPBV/TFFU 0.97C 0.82C 0.24C 0.57C 0.65C 1.00 
TFFU 0.40C o.osns 0.99C 0.33C 0.89C o.osns 
DMPBV 0.96C 0.81C 0.29C 0.67C 0.58C 0.99C 
DMDCP 0.93C 0.71C 0.38C 0.46C o.nc 0.97C 

I) Level ofs1gmficance: c) p < 0.001, ns) p > 0.05 
2) TPBV: Total dietary PBV 

SPBV: Silage PBV 
T AA T: Intake of total AA T 
SDCP: Intake ofDCP from silage 
TDCP: Intake of total DCP 
TFFU: Intake of total FFU 
DMPBV: PBV in the diet dry matter 
DMDCP: DCP in the diet dry matter 

TFFU DMPBV DMDCP 

1.00 
0.30C 1.00 
0.39C 0.97C 1.00 

Acta vet scand vol 30 no 2 - 1989 
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Discussion 
The mean urea levels in milk were in ac
cordance with the levels found in bulk milk 
under field conditions (Refsdal et al. 1985), 
though slightly lower than those reported by 
Ropstad & Refsdal (l 987) and Harstad 
(1985). 
The present results support earlier findings 
that the levels of urea in milk and plasma 
and the level of ammonia in rumen liquid, 
are dependent on protein intake (Lewis 
1957, Ide et al. l 966, Payne et al. 1970, He
wett 1974). Both total dietary PBV and total 
intake of DCP contributed significantly to 
the variation in MUREA and RNH3-N 
(Table 2). The higher total correlation of 
MUREA with TPBV (r = 0.74, p < 0.001) 
than with TDCP (r = 0.57, p < 0.001) may 
be due to the influence of dietary energy, 
included in the calculation of TPBV. Total 
intake of AA T showed a lower total correla
tion with MUREA than did either total in
take of DCP or total dietary PBV, and the 
analysis of variance revealed that the vari
ance contribution from this factor on the 
MUREA variation was less than the contri
butions from TDCP and TPBV. Total in
take of AA T is an expression of metaboliz
able aminoacids in the body. A large pro
portion of the available aminoacids is used 
for milk synthesis, and this may explain the 
lower variance contribution on urea levels 
from T AA T than from total intake of DCP 
and total dietary PBV. 
Results of the present study indicate that the 
levels of urea measured in milk and plasma 
are markedly influenced by the extent of 
ammonia losses from protein by degradation 
processes in the rumen. Attention is drawn 
to the very high coefficient of determination 
for MUREA (R2 = 76.7 %) found when ru
men liquid ammonia-N was used as the pro
tein parameter in the models listed in Table 
2. In a previous experiment (Oltner & Wik-
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torsson 1983), milk urea concentrations 
were found to be closely correlated to the 
protein/energy ratio in the feed ration, 
whereas the total amount of feed consumed 
had little influence. In the present study, the 
estimated TPBV values closely reflected 
both the protein/energy ratio and the con
tent of protein in dry matter (Table 3). This 
is in line with the principles of PBV estima
tion (Madsen 1985) and feed composition. It 
remains to be seen in further feeding experi
ments if total dietary PBV (TPBV) can be 
used as a general indicator of the urea con
tent in cow's milk. 
Levels of urea in milk are subject to con
siderable individual variation in groups of 
animals offered the same amount of identi
cal feeds. This has therefore to be taken into 
consideration when evaluating the suitabi
lity of milk urea as an aid in monitoring 
feeding regimens. The individual factor in
deed proved to be a prominent source of 
variation in the present study (Table 2). Ac
cording to Oltner et al (l 983), indivudual 
variation is partly due to body weight and 
the age of the cow. In the present study, 
body weight, lactation number and milk 
yield did not contribute significantly to the 
variation of urea levels in milk or plasma. 
However, the results provide evidence that 
the effect of protein treatment (Hp and Lp) 
may have contributed to the large variance 
contributions from the animal factor (see 
Table 2 and Results). 
Due to the random variation between cows, 
it is probably not possible to estimate the 
nutritional status of a cow directly from its 
milk urea concentration, though more reli
able information can be obtained if mea
surements are repeated over time. When 
milk urea determinations are performed on 
groups or herds, direct inferences regarding 
the adequacy of feeding is possible. Atten
tion is drawn to the results obtained by 
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Refsdal et al (1985), who found a significant 
correlation (r = 0.64, p < 0.001) between 
bulk milk urea levels and average percentage 
of crude protein in the silage dry matter. 
The correlations between milk and plasma 
urea levels and other plasma constituents 
were generally low. The biological signific
ance of the correlations found between levels 
and both FFA and GLDH is difficult to in
terpret. Probably they are confounded by 
other sources of variation and do not express 
the true relationship between the parameters 
concerned. The lack of relation between 
plasma albumin and the protein supply 
contrasts with the findings of others (Hewett 
1974, Payne & Payne 1987). However, the 
protein/energy ratio in the diet was relative
ly high in all cases in the present study, and 
this may have limited any potential response 
of albumin to protein level per se. Frequent 
sampling of the limited number of animals 
included in this study, combined with the 
long half life of albumin, may also have 
contributed to our findings. 
Optimal utilization of forage protein is de
pendent on a balance between the supply of 
degradable protein and the production of 
microbial protein. According to the regres
sion in Fig. 1, a milk urea level of about 3.8 
mmol/l plasma or milk would reflect a con
dition where the supply of dietary protein 
equals the amount synthesized by the rumen 
microorganisms. The mean urea levels 
found among Norwegian cows are consider
ably higher (Harstad 1985, Refsdal et al 
1985, Ropstad & Refsdal 1987), a situation 
which may reflect an excessive protein sup
ply in feed rations to Norwegian cows. 
However, further investigations are neces
sary to establish firm figures for optimal 
urea levels of blood and milk in dairy cows. 
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Sammendrag 
Nzvder av urea z melk, plasmabestanddeler og 
ammomakk z vomsafi z relas1on tzl forzng av 
melkeku z tzdlzg /aktas1on. 
UndefS0kelsen hie gjennomfort for a unde1"S0ke 
ureaniva i melk og plasma i relasJon ti! proteininn
hold 1 ffiret uttrykt ved trad1sjonelle og nye protein
vurderingsmal. 
Prever av melk og plasma hie tatt for morgenffiring 
to ganger 1 uken de tre forste laktasJonsmaneder fra 
21 mult1pare kyr og 7 kviger. Vomsaftprever hie 
tatt hver 2. uke. Kyrne hie fordelt pa 4 ffiringsgrup
per 1 et faktonelt opplegg med hensyn til protein
innhold I kraftffir (dvs. Hp: 17,5 % ford0yehg ra
protein (DCP) mot Lp: 12,5 % DCP) og kraftffir
mva (dvs. Le: underffiring mot He: normffiring). 
Surffir hie gitt etter appetitt. 
Innen dyr korrelasjoner mellom urea 1 melk og 
plasma var r = 0.88 (p < 0.001) og r = 0.75 (p < 
0.001) mellom urea i melk og ammoniakk i vom
saft. V ed variansanalyse ga folgende faktorer et sig
nifikant b1drag t!I variasJonen i urea i melk og plas
ma: Proteinbalansen 1 vomma (PBV), inntak av 
aminosyrer absorbert i tarmen (AA T), intak av 
DCP, inntak af ffirenheter og individ. Det samme 
m121nster hie funnet for vanasjonen av ammoniakk 1 
vomsaft. Vanansbidraget fra modellene hie ikke 
0kt ved a broke proteinbalanse (BADCP), meng
den af PBV og AA T 1 opptatt t121rrstof eller forhol
det mellom energi og protein som alternative para
metre for proteininntak i modellene. N1vaene av 
energi- og proteininntak bidro ikke til a forklare 
variasjonen 1 plasma albumin. KorrelasJonene 
mellom urea og andre indikatorer pa metabolsk 
status og leverfunksJon var generelt lave. 
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