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Abstract 

A clinical trial was conducted to determine the 
perceived and actual utility of milk urea nitrogen (MUN) 
notification and interpretation as a tool for monitoring 
protein and energy imbalances in dairy cows. Based on 
MUN results during the summer of 2001, 50 farms with 
high MUN values and 30 with low values were randomly 
allocated to become either intervention or control farms. 
From January to November 2002 (the trial period), in­
tervention included monthly notification of individual 
cow MUN results, interpretation of abnormal average 
MUN values in subgroups of cows based on parity and 
days-in-milk, and suggestion of possible nutritional rea­
sons for the abnormal MUN s. Intervention farms re­
sponded to a survey regarding report utilization, 
subsequent feed changes and perceptions of MUN test­
ing. Control farms received the individual cow MUN 
results , but no additional interpretation. No significant 
differences in average MUN or standardized milk pro­
duction between intervention and control farms were 
seen during the last three months of the trial (the out­
come period). However, in herds making a feed change 
in response to MUN notification and interpretation (71 % 
of intervention herds), milk production increased 2.4 lb 
(1.1 kg)/cow per day in the month after the feed change 
when compared to randomly selected herds not making 
a feed change during the same time period. Most dairy 
producers receiving the MUN notification and interpre­
tation reports felt they knew how to use MUN reports 
after the trial, and felt that MUN testing was at least 
somewhat useful as a nutritional tool. 

Resume 

Un essai clinique a ete mene afin de determiner 
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l'utilite per~ue et reelle de rapporter et d'interpreter les 
valeurs d'azote ureique du lait afin de surveiller les 
changements dans le bilan en energie et en proteines des 
vaches laitieres. Sur la base des valeurs d'azote ureique 
du lait etablies durant l'ete de 2001, 50 fermes avec des 
valeurs elevees d'azote ureique du lait et 30 fermes avec 
des valeurs basses ont ete allouees aleatoirement soit a 
un groupe recevant une intervention ou soit a un groupe 
temoin. Dejanvier a novembre 2002 (la periode de l'essai), 
le groupe avec intervention recevait mensuellement les 
valeurs individuelles d'azote ureique du lait avec 
interpretation des moyennes anormales dans des sous­
groupes de vaches selon la parite et le nombre de jours 
en lait et aussi des suggestions sur les raisons 
nutritionnelles possibles causant des valeurs anormales 
d'azote ureique du lait. Les fermes dans le groupe 
d'intervention remplissaient un questionnaire sur 
!'utilisation des rapports, les changements subsequents 
dans l'alimentation et la perception de la surveillance de 
l'azote ureique du lait. Les fermes temoins recevaient les 
rapports individuels d'azote ureique du lait mais sans 
interpretation. Il n'y avait pas de difference significative 
entre les fermes du groupe avec intervention et les fermes 
temoins au niveau de la valeur moyenne de l'azote ureique 
du lait ou de la production de lait corrigee lors des trois 
derniers mois de l'essai (la periode de test). Toutefois, dans 
les fermes qui ont apporte un changement a l'alimentation 
suite a !'interpretation des resultats d'azote ureique du 
lait (71 % des fermes avec intervention), la production s'est 
accrue de 2.4 lb (1.1 kg) par vache par jour dans le mois 
suivant le changement alimentaire par rapport a celle 
rapportee dans des troupeaux choisis aleatoirement 
parmi !'ensemble n'ayant pas apporte de changement 
dans l'alimentation dans la meme periode. La plupart 
des producteurs laitiers qui recevaient les rapports sur 
l'azote ureique du lait avec interpretation croyaient qu'ils 
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savaient comment utiliser ces derniers apres l'essai et 
que la surveillance de l'azote un~ique du lait etait a tout 
le moins assez utile comme outil de regie de la nutrition. 

Introduction 

It is difficult for dairy producers to provide suffi­
cient but not excess protein with suitable amino acid 
(AA) profiles, and to balance them with energy sources 
for efficient rumen fermentation.6,9 High producing dairy 
cows require an appropriate amount of high quality pro­
tein with the desired amount of essential AA to be pre­
sented to the lower digestive tract to sustain lactational 
and metabolic function. 25,30 Ruminal microorganisms are 
a good source of high quality protein, but they do not 
supply sufficient amounts of metabolizable protein to 
support maintenance and high levels of milk produc­
tion. 13,14,16,20,23 U ndegradable intake protein (UIP) can 
substantially increase the amount of protein for diges­
tion and the flow of AA to the small intestine for absorp­
tion. 15,34,35 

Balancing these many factors when formulating a 
dairy ration can be even more challenging with poten­
tially wide variation in quality of stored feeds and pas­
tures temporally (from week to week) and spatially (from 
field to field). Dairy producers could benefit from a nu­
tritional monitoring tool that would help them to detect 
inappropriate feeding of protein and energy. Many dairy 
herd improvement (DHI) corporations in North America 
routinely measure and report milk urea nitrogen (MUN) 
values to their customers at low cost. This service is 
based on the assumption that MUNs will identify im­
balances in protein and energy feeding, and feed changes 
to address these imbalances will pay for the cost of the 
MUN service in commercial dairy herds. 22,29 

Previous experimental studies have shown that 
blood urea nitrogen (BUN) increases as dietary crude 
protein (CP) increases,5,21,36 whereas other studies have 
shown strong correlation between MUN and BUN.8,21,24,31 

MUN levels can be low if the ration is deficient in pro­
tein, or if there is an excess of fermentable energy from 
carbohydrates relative to protein availability in the ru­
men.11,12,32 However, studies in commercial dairy 
herds18,27 have shown that the relationship between 
MUN and dietary components was weaker than reported 
from studies carried out under controlled experimental 
settings.8,32 Furthermore, there is little scientific evi­
dence to support anecdotal opinion that the use of MUN 
as a nutritional monitoring tool is beneficial in commer­
cial dairy herds. 

For MUN test results to be of value to a dairy pro­
ducer, a number of steps are required. First, a dairy 
producer paying for MUN information needs to decide 
whether MUN values for certain groups of cattle in the 
herd are too high or low. If MUN values are out of the 
normal range (10-14 mg/dL),17 the farmer, perhaps with 
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the assistance of a nutrition advisor and/or veterinar­
ian, needs to determine the cause of the abnormal MUN 
values. He or she would then make changes to the ra­
tion, hopefully resulting in MUN values in the normal 
range and improved cattle productivity. To our knowl­
edge, there is no report of a formal evaluation of ben­
efits of using MUN testing for monitoring and adjusting 
nutritional imbalances in protein and energy in com­
mercial dairy herds. 

Therefore, the objectives of this randomized con­
trolled clinical trial were: 1) to determine the impacts 
on a) MUN and b) milk production associated with MUN 
results notification and interpretation reports, regard­
less of any specific changes in management; 2) to deter­
mine the impacts on a) MUN and b) milk production 
associated with nutritional changes that occurred spe­
cifically in response to MUN results notification and 
interpretation reports; and 3) to assess the perceived 
utility of MUN testing by producers participating in the 
clinical trial. This study was part of a larger research 
program investigating the variability, factors, impacts 
and utility of MUN testing on dairy farms in Atlantic 
Canada. None of the participating farmers had experi­
ence with MUN testing prior to the project because rou­
tine testing of monthly milk samples for MUN was 
unavailable to them prior to the program. 

Materials and Methods 

Herd Selection and Intervention 
The target population for the study included all 

dairy farms in the Canadian province of Prince Edward 
Island (PEI) that received monthly milk testing by the 
Atlantic Dairy Livestock Improvement Corporation 
(ADLIC). This provided 198 herds containing 13,363 
lactating cows for possible inclusion in the study, repre­
senting approximately 70% of all dairy farms in the prov­
ince. 

To demonstrate the effect of notification and inter­
pretation of MUN abnormalities, herds with a high prob­
ability of experiencing abnormal MUN tests during the 
clinical trial were required. Therefore, an initial herd 
categorization was conducted, based on an initial "group 
categorization period", the summer of 2001 (June-Au­
gust), during which all milking cows in the target popu­
lation were tested monthly for MUN levels as part of an 
on-going research project on MUN. This period was se­
lected because previous research involving dairy cattle 
in this region demonstrated significantly higher MUN 
concentrations during summer than other times of the 
year,4 likely due to high levels of soluble protein in fresh 
grass on pasture.37 All study herds were on pasture dur­
ing the summers of 2001 and 2002. MUN concentra­
tions were measured using infrared testing with a 
Fossomatic 4000 Milkoscan Analyzer at the PEI Milk 
Quality Laboratory in Charlottetown, PEI. MUN test 
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results from this instrument have been validated by 
blindly comparing 30 samples every three months dur­
ing the trial period with an enzymatic test (CLlO), pro­
ducing excellent precision and validity (n = 161), as 
reported elsewhere. 2 MUN results during this group 
categorization period were used to calculate a herd av­
erage MUN (HA-MUN) concentration for each month. 
The monthly HA-MUNs were averaged to categorize 
each farm into historically high (> 14 mg/dL), normal 
(10 to 14 mg/dL) or low(< 10 mg/dL) MUN groups. 

From the historical high MUN group, herds were 
randomly allocated and recruited by mail until 25 herds 
agreed to participate as intervention herds. This herd 
sample size represented half of the total herds in the 
historically high MUN group, leaving 25 herds who 
agreed to participate as control herds from the high 
MUN group. 

Although high MUN values were of.primary con­
cern to dairy producers due to implications for feed costs 
and reproductive efficiency, 10,26•33 low MUN concentra­
tions also represented imbalanced feeding. Because al­
tering management practices to increase low MUN 
offered opportunities for improved productivity, this 
group was also included in the trial. However, there were 
only eight herds in the historically low MUN group dur­
ing the group allocation period. Therefore, the defini­
tion of the historically low MUN group was relaxed to 
include herds with average HA-MUN values of 11.5 or 
lower during the group allocation period. This was con­
sidered justified, as MUN values have been shown to be 
1.5 mg/dL higher in summer months than at other times 
during the year in PEl.1 With this relaxed definition, 30 
herds fell into the historically low MUN group, and 
therefore 15 herds were randomly selected and agreed 
to participate as intervention herds in the study, leav­
ing 15 historically low MUN herds who agreed to par­
ticipate as control herds. 

Intervention Definition and Data Collection 
The clinical trial was conducted from January to 

November 2002 (the "trial period"), capturing the win­
ter stabling period of January to May, and the subse­
quent spring, summer and fall pasture seasons. For both 
the intervention and control herds, MUN results were 
sent monthly to dairy producers within the normal pack­
age of herd test results from ADLIC. In addition, for 
intervention herds, nutritional advisors (usually a feed 
company representative) also received a copy of the in­
dividual cow MUN results. The nutritional advisors and 
dairy producers also received MUN summary sheets and 
an interpretation report of average MUN concentrations 
for the farm, by stage oflactation and parity subgroups 
of cows. Stage of lactation categories included early (0 
to 100 days), mid- (101 to 200 days) and late(> 200 days) 
lactation, and parity categories included first, second 
and third-plus lactation. The interpretation reports in-
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dicated which subgroups of cows had low or high aver­
age MUN concentrations that month, and a list oflikely 
feed-related causes for those abnormal averages. The 
intention of this intervention was to instigate a review 
of the ration and feeding management, leading to sub­
sequent feeding changes if deemed appropriate and pos­
sible for the farmer. 

Questionnaires were developed and sent to inter­
vention farms twice during the 11-month trial period to 
obtain information about: 1) their response to the MUN 
data notifications and interpretations; 2) their knowl­
edge of how to use MUN data; and 3) their perceptions 
on the utility of MUN data. For the producers who had 
failed to return the questionnaire in a timely manner, 
phone calls were made to encourage them to complete 
and return the questionnaires and, in a few cases (n = 
7), to complete the questionnaire over the phone. 

During the 11-month trial period, individual cow 
milk samples from the monthly ADLIC milk test were 
collected and tested for MUN and milk components (fat, 
protein and somatic cell count - SCC). Milk test data, 
production levels, days-in-milk and parity of each cow 
were obtained electronically from the ADLIC database 
for the test dates just before, during and just after the 
trial period. 

A standardized measure of milk production (stan­
dard milk, or S-milk) was computed by adjusting milk 
production for each herd for: 1) breed; 2) parity; 3) stage 
of lactation; and 4) milk component concentrations.28 

Statistical Methods 
To address objectives la and lb, mean HA-MUN 

and mean S-milk were calculated for the last three 
months of the trial (September, October and November 
2002 - the "outcome period"). Due to monthly variabil­
ity in MUN concentrations and milk production reported 
in PEI in the past, 1 a mean HA-MUN over three months 
was deemed to be more representative of a farm than a 
single HA-MUN. Mean HA-MUN and S-milk during the 
outcome period served as the outcome variable for lin­
ear regression analyses, and predictors to be investi­
gated included intervention herd (yes or no), and MUN 
grouping during the group categorization period (high 
or low), along with other possible confounders, as dis­
cussed below. 

To address objectives 2a and 2b, questionnaires for 
the intervention herds were utilized to determine 
months during which management changes, including 
feed changes, were implemented in response to MUN 
notification and interpretation reports. However, con­
trol farms for objectives la and lb were not required to 
complete these questionnaires (to ensure their study 
participation), and therefore, there was no way to con­
firm feed change status among control herds. Therefore, 
for each month during which a feed change in response 
to MUN data was reported in intervention herds, an-
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other intervention herd was randomly selected from 
herds that belonged to the same MUN group (high or 
low), but did not report a feed change in response to 
MUN data during that month, or the month preceding 
or following that month. This selection process created 
a dataset of "feed change months" during which feed 
changes in response to MUN data were made, and "con­
trol months" during which feed changes in response to 
MUN data were not made. Therefore, the definition of 
"intervention" for objectives 2a and 2b was the instiga­
tion of a feed change that occurred in response to MUN 
notification and interpretation. The definition of "con­
trol" for objectives 2a and 2b was the lack of a feed change 
in response to MUN notification and interpretation. 

HA-MUN and S-milk were obtained for herd tests 
before and after the feed change months and control 
months. These variables for the herd tests after the re­
ported feed change months and control months served as 
the outcome variable for the linear regression analyses 
for objectives 2a and 2b, with predictors to be investi­
gated including: HA-MUN (2a) or S-milk (2b) for the herd 
test prior to the feed change months and control months; 
feed change (yes or no); and MUN grouping during the 
group categorization period (high or low), along with other 
possible confounders as discussed below. 

For all four of the modelling processes (objectives 
la and lb, and objectives 2a and 2b), unconditional as­
sociations between the predictors and the outcome vari­
ables were first investigated using linear regression, and 
those predictors that produced P values of less than or 
equal to 0.25 were offered for multivariable linear re­
gression analyses. In the multivariable regressions, 
backward elimination of non-significant (P > 0.05) vari­
ables was conducted until the model contained only sig­
nificant variables. First-order interaction variables of 
significant main effects were then created and offered 
to the model, then a similar backward elimination pro­
cess for interaction variables was conducted. 

For the MUN regression analyses for objectives la 
and 2a, the interaction between intervention for la (or 
feed change for 2a) and high or low MUN grouping was 
of particular interest for two reasons. First, MUN group­
ing would probably have an impact on subsequent MUN 
values, with herds in the high MUN group being more 
likely than herds in the low MUN group to have high 
average MUN concentrations later in the study period 
or after a feed change. Second, the intervention effect 
on MUN s was expected to occur in opposite directions 
within the two MUN groups (i.e. expected to lower the 
average HA-MUN in herds in the high MUN group with 
a high MUN, but incre~se the average HA-MUN in herds 
in the low MUN group with a low MUN). Therefore, in 
the multivariable regression analyses for MUN out­
comes (objectives la and 2a), the intervention and MUN 
groupings were initially forced into the models, and the 
interaction between the two variables was investigated 
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to determine the effect of the intervention in each MUN 
group. The interaction effect between intervention and 
MUN grouping on S-milk was also investigated for ob­
jectives lb and 2b to determine if there was a difference 
in the potential impact of intervention between MUN 
groupings. 

To evaluate the success of the randomized alloca­
tion of the herds, average herd characteristics (e.g. 24-
hour milk yield per cow per day, MUN, parity, 
days-in-milk (DIM), and linear score of SCC) were cal­
culated for each herd for the autumn period (Septem­
ber 2001 to November 2001) prior to the trial ("pre-trial 
period"). Herd averages were first calculated for each 
month, then an average over the three months was cal­
culated. Pre-trial herd averages for the production vari­
ables were compared between intervention and control 
farms using t-tests, and found no significant differences 
between intervention and control farms (Table 1). How­
ever, there was a 4.4 lb (2.0 kg) numerical difference in 
standardized milk production between the intervention 
and control herds for both the high and low MUN groups, 
suggesting that the randomization of herd allocation did 
not successfully produce two completely comparable 
groups of farms. Therefore, subsequent analyses in­
cluded MUN grouping during the group categorization 
period (objective la) or S-milk during the pre-trial pe­
riod (objective lb) as a predictor in the multiple linear 
regression analyses. For objectives 2a and 2b, HA-MUN 
and S-milk for the month before reported "feed change" 
and "control" months were included as a possible pre­
dictor in the multiple linear regression analyses, respec­
tively, as mentioned earlier. 

Effects of possible confounding characteristics on 
average HA-MUN during the final three months of the 
trial (objective la) and post-feed-change HA-MUN (ob­
jective 2a) were also investigated (e.g. average parity, 
average DIM, average milk production, average protein 
percent, average fat percent during the final three 
months of the trial or during the month prior to the feed 
change). These additional factors were not offered to the 
S-milk models (objectives lb and 2b) because standard 
milk is already adjusted for these factors. Herd average 
linear score SCC was also offered to the MUN and S­
milk models (objectives la, lb, 2a and 2b) to control for 
possible confounding. The variable "herd" was included 
as a random effect in the models for objectives 2a and 
2b (feed change) to adjust for the clustering of multiple 
feed changes within herds. 

Goodness of fit for the final models was assessed 
using standard diagnostic tests. All statistical analyses 
were conducted in a commercial software package. a 

Results 

The final dataset for objectives la and lb included 
38 intervention farms and 39 control farms, with 24 72 
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Table 1. Mean values for herd characteristics of the intervention and control groups during the pre-trial period 
(September to November, 2001), classified by average herd milk urea nitrogen (MUN) level. 

HighMUNa LowMUNh 

Intervention Control Intervention Control 
Variables Groupe Groupe Groupd Groupd 

(25 herds) (25 herds) (15 herds) (15 herds) 

Standardized milk production (lb) 62.5 58.1 68.2 63.8 
24-hour milk yield (lb/cow/d) 61.6 57.9 65.1 59.6 
MUN (mg/dL) 16.7 16.6 10.3 10.4 
Total milk protein ( % ) 3.1 3.2 3.2 3.2 
Total milk fat(%) 3.7 3.6 3.7 3.8 
Linear score 2.9 3.1 2.8 2.7 
Parity 2.9 3.0 2.5 2.6 
Days-in-milk 177 181 180 183 

a Farms with an average herd MUN of~ 14.0 mg/dL during the group allocation period. 
b Farms with an average herd MUN of,::; 11.5 mg/dL during the group allocation period. 
e,d There were no statistically significant differences between randomly selected intervention and control groups in either the 
high or low MUN groups at P s 0.05, indicating minimal response bias. 

and 2331 cows (on average over the trial period), under­
going a total of 367 and 379 herd tests, respectively. 
Three farmers ( two intervention, one control) stopped 
milking cows during the trial period and therefore were 
excluded from the analyses. Each remaining herd un­
derwent nine to 11 monthly herd production tests per 
year, depending on where their herd visits fit within 
the calendar year. Of the 77 herds remaining in the 
study, 85% were in tie-stall housing and 95% fed a com­
ponent ration. All herds exposed their cattle to pasture 
during the summer. Most herds were Holstein (six Ayr­
shire, two Shorthorn and one Guersey), varying in size 
from nine to 175 milking cows. 

During the trial period, 176 of 367 intervention 
herd tests (48.0%) and 194 of 379 control herd tests 
(51.2%) had at least one subgroup of cows (one out of 
nine DIM by parity subgroups) within each herd with 
an average MUN value that was identified as abnormal 
( < 10 mg/dL or> 14 mg/dL). Of these, 85 (23.2%) and 72 
(19.0%) were abnormally high, and 91 (24.8%) and 122 
(32.2%) were abnormally low in the intervention and 
control herds, respectively. These abnormal MUN test 
results would have formed the basis for discussion re­
garding nutritional management between the producer 
and his or her nutritional advisor. 

Among farms in the high MUN group, interven­
tion farms had marginally lower mean HA-MUN val­
ues (13.8 mg/dL) than control farms (14.6 mg/dL) during 
the summer season (P < 0.15), demonstrating a poten­
tially beneficial effect of the intervention on HA-MUNs 
during the time period when MUN s are usually high in 
PEI. 4 Examining parity-stage of lactation subgroups 
during this time period, early lactation cows (13.6 mg/ 
dL vs. 14.5 mg/dL) and third-plus lactation cows (14.0 
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mg/dL vs. 14.9 mg/dL) had marginally (P < 0.15) lower 
mean MUN concentrations for intervention versus con­
trol farms by nearly 1 mg/dL. In particular, third-plus 
lactation cows in early lactation had a substantially 
lower mean MUN in the intervention herds (13.2 mg/ 
dL) than in the control herds (14.8 mg/dL). 

For the unconditional regression analyses of asso­
ciations with mean HA-MUN during the outcome pe­
riod (objective la), the following variables had a P value 
less than or equal to 0.25 (coefficient in parentheses af­
ter each variable): MUN group during the group cat­
egorization period (2.35), mean HA-MUN during the 
pre-trial period (0.61) and average DIM (0.013) and av­
erage linear score SCC (4.96) during the outcome pe­
riod. Intervention was not significant in the 
unconditional regression analysis (P = 0.62), but this 
was not surprising because of the expected cancelling 
out of intervention effects among high and low MUN 
groups, as explained earlier. Effect of the intervention 
was assessed in the following multiple linear regression 
analysis results. 

Results from the multiple linear regression models 
of associations with mean HA-MUN concentrations (ob­
jective la) during the outcome period are shown in Table 
2. As expected, the MUN group was significantly (P s 
0.05) associated with mean HA-MUN values during the 
last three months of the trial, but no other variables re­
mained significant in the final model, including the in­
teraction variable between intervention and MUN group. 

For the unconditional regression analyses of asso­
ciations with S-milk during the outcome period (objec­
tive lb), the following variables had a P value :s; 0.25 
(coefficient in brackets after each variable): S-milk dur­
ing the pre-trial period (0.94), MUN grouping (-2.08) and 
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Table 2. Final multiple linear regression model show­
ing the impact on milk urea nitrogen (MUN) levels of 
interpreting MUN values outside of the normal range 
(intervention) for farmers and their nutritionists. 

Variable b SE P-value 

Intervention -0.22 0.81 0.79 
High MUN group 1.94 0.71 0.008 
Interaction term between 0.85 1. 02 0.407 

intervention and high MUN group 
Constant 8.74 0.57 0.002 

intervention (1.59). These variables were offered in the 
multi-variable regression analyses. Results for the mul­
tiple linear regression model for S-milk during the out­
come period were similar to those found for mean 
HA-MUN during the outcome period, with S-milk be­
fore the trial being the only variable that was signifi­
cant and remaining in the final model (results not 
shown). 

In total, 35 of the 38 remaining intervention farm­
ers responded to the questionnaire regarding use and 
utility of MUN test results. Among the responding farm­
ers, 62.9% (22 of35) indicated they did discuss their MUN 
results at least once with their nutrition advisor during 
the trial period, with nine of 13 (69%) and 13 of 22 (59%) 
producers in the low and high MUN groups, respectively. 
Among the tests for the 13 herds that did not discuss 
their MUN results at least once with their nutrition ad­
visor, 43.2% were outside the normal range (16.8% high 
and 26.4% low). This was not significantly lower than 
the 50.4% of tests outside the normal range reported by 
producers who consulted their nutritional advisors. 

Some discussions on MUN results between inter­
vention producers and their nutritional advisors did lead 
to a feed change. Among the responding intervention 
farmers, 71.4% (25 of 35) indicated that they made a 
feed change during the trial period in response to MUN 
notification and interpretation. On these 25 farms, 54 
feed changes were reported in response to the MUN 
notification and interpretation, and occurred during the 
following months: five in January, two in February, six 
in March, six in April, four in May, one in June, four in 
July, five in August, seven in September, nine in Octo­
ber and five in November. Of the 54 feed changes, 18 
(33.3%), 22 (40.7%) and 14 (26.0%) followed from high 
(> 14 mg/dl), low ( < 10 mg/dl) and normal (10-14 mg/dl) 
HA-MUN values, respectively. The 14 feed changes in 
response to normal HA-MUN values had a mixture of 
subgroups of cows (based on stage of lactation and par­
ity), with high or low average MUNs, instigating the 
reported feed change. 

For the unconditional regression analyses of asso­
ciations with HA-MUN after a reported feed change, the 

SUMMER, 2006 

following variables had a P value less than or equal to 
0.25 (coefficient in brackets after each variable): MUN 
group (1.40), HA-MUN before the feed change (0.31) and 
feed change (intervention) (-0.61). These variables were 
offered to the multi-variable regression analyses. The HA­
MUN before the feed change (0.23), and historical MUN 
group (1.52) were significant (P s 0.05) in the final model. 
Herds in the high MUN group did have significantly 
higher HA-MUN concentrations after the feed-change 
months compared to herds in the low MUN group, as 
expected, and HA-MUN before the feed change was posi­
tively associated with HA-MUN after the feed-change. 
HA-MUN values after feed-change months (i.e. months 
when feed changes were made in response to MUN noti­
fication and interpretation) were 0.61 mg/dL lower than 
HA-MUN values during the "no feed-change" months 
(matched months in other surveyed herds when feed 
changes were not made), but this difference was not sta­
tistically significant (P = 0.24; results not shown). The 
interaction between HA-MUN and feed-change month 
(intervention) was also not statistically significant. 

For the unconditional regression analyses of asso­
ciations with S-milk production after a reported feed 
change, the following variables had a P value less than 
or equal to 0.25 (coefficient in brackets after each vari­
able): S-milk before feed change (0.85), MUN grouping 
(-1.80) and feed-change month (1.47). These variables 
were offered in the multivariable regression analyses. 
In the final model, S-milk for the months following feed 
changes was associated with a significant (P = 0.045) 
increase of 2.4 lb (1.1 kg)/cow/day, compared to months 
without feed changes (Table 3). S-milk was also higher 
for herds in the high MUN group than in the low MUN 
group, although this difference was not statistically sig­
nificant. There was no interaction effect between inter­
vention and MUN groupings. A small amount of the 
variation in S-milk existed at the herd level, with 85% 
of the variation occurring at the test day level. 

Table 4 summarizes the responses of the dairy pro­
ducers and nutritionists regarding their perceived util­
ity and understanding of MUN reports. At the end of 
the trial, 22 of 35 (62.9%) producers said that they now 
knew how to use MUN reports, and 29 of 35 (83%) pro­
ducers felt MUN was at least somewhat useful for nu­
tritional management. All nutritionists reported that 
they knew how to use MUN reports, and considered 
them at least somewhat useful. 

Discussion 

To our knowledge, this is the first scientific report 
of a formal evaluation in commercial dairy herds of the 
benefits of using MUN testing for monitoring and ad­
justing nutritional imbalances in protein and energy. 
The tracking of nutritional management changes in re­
sponse to MUN values, and subsequent changes in MUN 
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and milk productivity in this randomized, controlled trial 
provide scientific evidence in support of anecdotal opin­
ion that MUN testing can be a useful nutritional moni­
toring tool when used to instigate feed changes in 
response to abnormal MUN levels. 

Our study showed that in herds where a feed 
change was made in response to MUN data, an increase 
of milk production of2.4 lb (1.1 kg)/cow/day was observed 
in the month after the feed change. However, we cannot 
conclude that the increased S-milk production associ­
ated with the MUN-instigated feed change was due to 
the feed change and improved nutrition, for a number 
of reasons. First, a concurrent significant association 
between HA-MUN and MUN-instigated feed change was 
not found in the analyses for objective 2a. However, 
MUN-instigated feed changes were weakly associated 
with a reduction in HA-MUN of 0.61 mg/dL, and most 
of the feed changes were due to high MUNs in subgroups 
of cows or overall. A larger number of herds or feed 
changes may have provided stronger evidence that the 
improved milk was from reduced MUN. Experimental 

Table 3. Final multiple linear regression model show­
ing the impact on standard milk levels of instigating 
changes in feeding management in response to milk urea 
nitrogen interpretation. 

Variable b SE P-value 

Fixed effects 
Standard milk before 0.82 0.09 0.001 
Changing feed 1.07 0.54 0.045 
High & low group 0.67 0.64 0.300 
Constant 4.04 2.84 0.155 

Random effects 
Herd 0.93 1.35 0.480 

studies have shown that MUN values over 20 mg/dL 
could decrease milk production by 6.6 lb (3.0 kg)/cow/ 
day due to the energy cost involved in converting am­
monia to urea. 29 

Second, we also relied on self-reporting of months 
when feed changes were made in response to MUN no­
tification and interpretation, which may have suffered 
from misclassification bias. Poor recall may have led to 
omitted feed changes, or inaccurate reporting of the 
month, especially if it happened close to the end of one 
month or the start of another month. It is unlikely that 
these misclassifications were systematic in any way, and 
therefore would only lead to a bias toward the null (e.g. 
more likely to find no significant difference). 

Additionally, the control months used for compari­
son with the feed-change months came from interven­
tion farms, not control farms. Ideally, the control months 
would have come from control farms, but this clinical 
trial was the last component of a larger project on MUN, 
and we sensed that there was producer fatigue with the 
project. Therefore, to ensure that we could obtain a sub­
stantial number of farms to participate in the clinical 
trial, we told the potential participants that if they 
agreed to participate and were selected as control farms, 
they would have the option of not completing the ques­
tionnaire. 

Finally, due to budget restrictions, we did not con­
duct formal nutritional assessments of the participat­
ing farms before the reported feed changes to confirm 
the nutritional cause of the abnormal MUN test results, 
or after the reported feed changes to confirm that the 
nutritional problem had been rectified. However, ran­
dom selection of control months did go a long way to­
ward ensuring that other factors were equal between 
the feed-change months and control months. Future 
clinical trials could include a larger number of partici­
pating farms, with feed-change information from all 
farms, and monthly ration evaluations before and after 

Table 4. Attitudes toward milk urea nitrogen (MUN) data, as reported by dairy producers (n = 35) and nutrition­
ists (n = 10), after a clinical trial was conducted to determine utility. 

Do you feel that you now know how to use MUN reports? 
Yes 
No 

How do you feel about the MUN 
report as a nutritional management tool? 

5) Very useful 
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4) Useful 
3) Somewhat useful 
2) Not very useful 
1) Not at all useful 

Producer response 

Number 

22 
13 

3 
11 
15 
3 
3 

% 

62.9 
37.1 

8.6 
31.4 
42.8 
8.6 
8.6 

Nutritionist response 

Number 

10 
0 

1 
6 
3 
0 
0 

% 

100.0 
0.0 

10.0 
60.0 
30.0 
0.0 
0.0 
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feed changes when MUN averages indicate abnormal 
monthly tests. 

Although not measured in this study, other poten­
tial benefits of MUN testing could be obtained, includ­
ing foot health and reproduction. An association has been 
shown between high MUN levels and lower fertil­
ity, 3·19,33·34 and high urea concentrations have been found 
within the uterine lumen that impaired reproduction. 10 

Bazeley et al7 and Mason et al28 also found that herds 
fed excessively high levels of dietary protein had a high 
incidence of laminitis. 

The opinion part of the survey provided interest­
ing evidence of the perceived utility of MUN testing. 
Participating intervention farmers received MUN noti­
fication and interpretation for nearly a year, and stan­
dard reports that included MUN results for nearly three 
years as part of the larger MUN research project. As a 
result, 63% felt they now knew how to use MUN re­
ports, and the vast majority (83%) felt MUN testing was 
at least somewhat useful as a nutritional tool. 

Whether the benefits of MUN monitoring are 
greater than the costs for a particular farm requires a 
review of the management and records of the farm. Pro­
ducers with totally confined herds, who manage the feed 
harvesting, storage and inventories so that there is likely 
to be little variation in feed quality throughout the year 
and have the ration balanced according to the cows' 
milking performance and requirements, may have MUN 
values consistently in the normal range. These farms 
may find little benefit from the added cost of MUN test­
ing other than the peace of mind of normal MUN re­
sults and the ability to confirm when problems arise. 
Conversely, MUN testing could be of great benefit to 
farms with substantial changes in feed quality during 
the year, or farms with large variation in historical av­
erage MUN values. 

Most farms fall somewhere in between the two 
extremes portrayed above, requiring some analysis of 
farm management and records to determine the utility 
of MUN testing for each farm. A formal cost-benefit 
analysis would also assist in this decision-making pro­
cess, but was not done as part of this study. The cost of 
MUN testing would be easy to estimate, typically around 
25-30 cents per cow per test. An assessment of benefits 
would require information regarding current feeding 
management, milk production and records on the fre­
quency of reproduction and lameness problems, along 
with estimates of what proportion of these problems 
could be due to undetected nutritional imbalances. 

Compared to pre-trial values (objectives la and lb), 
a number of reasons could have contributed to finding 
no significant differences between intervention and con­
trol farms with respect to HA-MUN values or standard­
ized milk production during the last three months of 
the trial period. First, although the intervention farm­
ers and their nutritional advisors received notification 
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and interpretation of MUN values, follow-up action was 
infrequent. Of the 176 herd tests with abnormal MUN 
results in at least one subgroup of cows among the in­
tervention herds, only 50 times (28.4% of the time) did 
intervention producers actually discuss these abnormal 
MUN results with their nutritional advisor, substan­
tially reducing the possible impact of the intervention. 
In addition, control farmers also received MUN test re­
sults during the trial period (as a condition of funding 
the overall MUN research project). It is likely that a 
portion of these control farmers discussed their abnor­
mal MUN test results with their nutritional advisors 
and made nutritional improvements, on their own ini­
tiative, that would have reduced the apparent benefit 
of the intervention to the intervention farmers compared 
to control farmers. 

Second, 13 of 35 (37%) responding intervention 
producers said that they did not feel they understood 
how to use MUN test results, despite receiving MUN 
notifications and interpretation reports for a year, and 
involvement in the overall study for two earlier years. 
As a result, it was much less likely that these farmers 
would have made appropriate nutritional management 
changes to rectify a nutritional imbalance, thereby re­
ducing the likelihood of a significant difference in out­
come variables between intervention and control farms. 
Of the 13 farmers, only three (23.1 %) discussed their 
MUN test results with their nutritional advisor, even 
though these 13 farms had 55 (44.0%) out of a possible 
125 herd tests with abnormal MUN test results in at 
least one subgroup of cows, which was comparable with 
the other 25 intervention farms. 

Finally, the small number of farms in the study 
had a limited power to detect any significant differences 
if they existed. However, the number of farms was in­
tentionally limited, for logistical and budgetary reasons, 
to those that would likely have abnormal average MUN 
values during the trial, based on the monitoring period 
prior to the trial. 

Conclusions 

In dairy herds making a feed change in response 
to MUN notification and interpretation reports, an in­
crease in standardized milk production of2.4 lb (1.1 kg)/ 
cow/day was observed in the month after the feed 
change. Results are based on comparisons with ran­
domly selected herds not making a feed change during 
the same time period, while controlling for possible con­
founders and clustering of feed changes within herds. 
There was no significant difference in milk production 
or MUN values between intervention and control farms 
at the end of the trial, indicating that farmers cannot 
expect improvements in milk production or MUN val­
ues unless they apply the MUN information to make 
feed changes. By the end of the study, most producers 
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and all nutritionists felt they knew how to use MUN 
reports, and felt that MUN testing was at least some­
what useful as a nutritional tool. 

Endnote 

a STATA, version 9.0; Stata Corporation, College Sta­
tion, Texas. 

References 

1. Arunvipas P, Dohoo IR, VanLeeuwen JA, Keefe GP: The effect of 
non-nutritional factors on milk urea nitrogen levels in dairy cows in 
Prince Edward Island, Canada. Prev Vet Med 59:83-93, 2003. 
2. Arunvipas P, VanLeeuwen JA, Dohoo IR, Keefe GP: Evaluation of 
the reliability and repeatability of automated milk urea nitrogen test­
ing. Can J Vet Res 67:60-63, 2003. 
3. Arunvipas P, VanLeeuwen JA, Dohoo IR, Keefe GP: The relation­
ship between milk urea nitrogen and reproductive performance in 
dairy cattle. Proc Am Assoc Bou Pract 36:254, 2003. 
4. Arunvipas P, VanLeeuwen JA, Dohoo IR, Keefe GP: Bulk tank milk 
urea nitrogen: Seasonal patterns and relationship to individual cow 
milk urea nitrogen values. Can J Vet Res 68:169-174, 2004. 
5. Bach A, Huntington GB, Calsamiglia S, Stern MD: Nitrogen me­
tabolism of early lactation cows fed diets with two different levels of 
protein and different amino acid profiles. J Dairy Sci 83:2585-2595 
2000. ' 
6. Baker MJ, Amos HE, Nelson A, Williams CC, Froetschel MA: 
Undegraded intake protein: effects on milk production and amino acid 
utilization by cows fed wheat silage. Can J Anim Sci 76:367-376 
1996. ' 
7. Bazeley K, Pinsent PJN: Preliminary observations on a series of 
outbreaks of acute laminitis in dairy cattle. Vet Rec 115:619-622, 1984. 
8. Broderick GA, Clayton MK: A statistical evaluation of animal and 
nutritional factors influencing concentrations of milk urea nitrogen. 
J Dairy Sci 80:2964-2971, 1997. 
9. Broderick GA, Ricker DB, Driver LS: Expeller soybean meal and 
corn by-product versus solvent soybean meal for lactating dairy cows 
fed alfalfa silage as the sole forage. J Dairy Sci 73:453-462, 1990. 
10. Butler WR, Calaman JJ, Beam SW: Plasma and milk urea nitro­
gen in relation to pregnancy rate in lactating dairy cattle. J Anim S ci 
74:858-865, 1996. 
11. C~nfield RW, Sniffen CJ, Butler WR: Effects of excess degradable 
protem on postpartum reproduction and energy balance in dairy cattle. 
J Dairy Sci 73: 2342-2349, 1990. 
12. Carlsson J, Pehrson B: The influence of the dietary balance be­
t~een energy and protein on milk urea concentration: experimental 
tnals assessed by two different protein evaluation systems. Acta Vet 
Scand 35:193-205, 1994. 
13. Christensen RA, Lynch GL, Clark JH, Yu Y: Influence of amount 
and degradability of protein on production of milk and milk compo­
nents by lactating Holstein cows. J Dairy Sci 76:3490-3496, 1993. 
14. Claypool DW, Pangborn MC, Adams HP: Effect of dietary protein 
on high-producing dairy cows in early lactation. J Dairy Sci 63:833-
837, 1980. 
15. Cunningham KD, Cecava MJ, Johnson TR, Ludden PA: Influence 
of source and amount of dietary protein on milk yield by cows in early 
lactation. J Dairy Sci 79:620-630, 1996. 
16. Edwards JS, Bartley EE, Dayton AD: Effects of dietary protein 
concentration on lactating cows. J Dairy Sci 63:243-248, 1980. 
17. Ferguson JD: Milk urea nitrogen. Available: http://cahpwww.vet. 
upenn.edu/mun/mun_info.html Accessed April 13, 2006. 

94 

18. Godden SM, Lissemore KD, Kelton DF, Leslie KE, Walton JS, 
Lumsden JH: Relationships between milk urea concentrations and 
nutritional management, production, and economic variables in 
Ontario dairy herds. J Dairy Sci 84:1128-1139, 2001. 
19. Guo K, Russek-Cohen E, Varner MA, Kohn RA: Effects of milk 
urea nitrogen and other factors on probability of conception of dairy 
cows. J Dairy Sci 87:1878-1885, 2004. 
20. Henson JE, Schingoethe DJ, Maiga HA: Lactational evaluation of 
protein supplements of varying ruminal degradabilities. J Dairy Sci 
80:385-392, 1997. 
21. Hof G, Vervoorn MD, Lenaers PJ, Tamminga S: Milk urea nitro­
gen as a tool to monitor the protein nutrition of dairy cows. J Dairy 
Sci 80:3333-3340, 1997. 
22. Janicki FJ, Holter JB, Hayes HH: Varying protein content and 
nitrogen solubility for pluriparous, lactating Holstein cows: digestive 
performance during early lactation. J Dairy Sci 68:1995-2008, 1985. 
23. Kalscheur KF, Vandersall JH, Erdman RA, Kohn RA, Russek­
Cohen E: Effects of dietary crude protein concentration and 
degradability on milk production responses of early, mid, and late 
lactation dairy cows. J Dairy Sci 82:545-554, 1999. 
24. Kolver ES, MacMillan KL: Short term changes in selected me­
tabolites in pasture fed dairy cows during peak lactation. Proc New 
Zealand Soc Anim Production 53:77-81, 1993. 
25. K1:1ng L, Hube~ JT: Performance of high producing cows in early 
lactat10n fed protem of varying amounts, sources, and degradability. 
J Dairy Sci 66:227-234, 1983. 
26. Larson SF, Butler WR, Currie WB: Reduced fertility associated 
with low progesterone postbreeding and increased milk urea nitro­
gen in lactating cows. J Dairy S ci 80:1288-1295, 1997. 
27. Leger ER: Nutritional and management factors associated with 
milk urea nitrogen levels in maritime dairy cattle feed under com­
mercial conditions. Masters Thesis, Atlantic Veterinary College Uni-
versity of Prince Edward Island. 2002. ' 
28. Mason S: Milk, standard milk and BCA. Available: http:// 
www.westerndairyscience .com/h tml/ ADM %20articles/html/ 
Milk&BCA.html Accessed April 13, 2006. 
29. NelsonAJ: Practical application of MUN analyses. ProcAmAssoc 
Bou Pract 29:85-95, 1996. 
30. NRC: Dairy cattle nutrition and the environment. Nutrient Re­
quirements of Dairy Cattle. Washington, DC, National Academy of 
Science, 2001, pp 244-248. 
31. Oltner R, Wiktorsson H: Urea concentrations in milk and blood as 
influenced by feeding varying amounts of protein and energy to dairy 
cows. Livest Prod Sci 10:457-467, 1983. 
32. Oltner R, Wiktorsson H, Emanuelson M: Urea concentrations in 
milk in relation to milk yield, live weight, lactation number and 
amount and composition of feed given to dairy cows. Livest Prod Sci 
12:47-57, 1985. 
33. Rajala-Schultz PJ, Saville WJA, Frazer GS, Wittum TE: Associa­
tion between milk urea nitrogen and fertility in Ohio dairy cows. J 
Dairy Sci 84:482-489, 2001. 
34. Rhoads ML, Rhoads RP, Gilbert RO, Toole R, Butler WR: Detri­
mental effects of high plasma urea nitrogen levels on viability of em­
bryos from lactating dairy cows. An Repro Sci 91:1-10, 2006. 
35. Robinson PH, McQueen RE, Burgess PL: Influence of rumen 
undegradable protein levels on feed intake and milk production of 
dairy cows. J Dairy Sci 74:1623-1631, 1991. 
36: Sklan D, Tinsk! M: Production and reproduction responses by 
dairy cows fed varymg undegradable protein coated with rumen by­
pass fat . J Dairy Sci 76: 216-223, 1993. 
37. Wittwer FG, Gallardo P, Reyes J, Opitz H: Bulk milk urea concen­
trations and their relationship with cow fertility in grazing dairy herds 
in Southern Chile. Prev Vet Med 38:159-166, 1999. 

THE BOVINE PRACTITIONER-VOL. 40, NO. 2 



• Proven effective against key mastitis pathogens, 
including penicillin resistant Staph. aureus 

• Proven therapeutic cure rate of 78 % against all 
mastitis pathogens after a single day of treatment1 

• Partial insertion with exclusive OPTI-SERT® tip proven 
to reduce new mastitis infections by up to 50% 2 

• Proven to show no increase in bacterial resistance 
over 25 years3A 

• Proven #1 mastitis tubes in the U.S.5 

Ask for America's #) Team 
www.fortdodgelivestock.com 

1. Wallace et al; ASDA Quebec 2002. 
2. RL Boddie, SC Nickerson, SC Sutherland. New design of mastit is tubes reduces infection. Hoard's Dairyman, August 1989, 13 79. 
3. Jill Makovec, MS, Pamela Ruegg, DVM, MPSVM, DABVP. Antimicrobial resistance of bacteria isolated from dairy cow milk samples 

submitted for bacterial culture: 8,905 samples (1994-2001). JAVMA, Vol. 222, No. 11, p. 1582-1589, June 1, 2003. 
4. National Mastitis Council Research Committee Report: Bovine Mastitis Pathogens and Trends in Resistance to Antibacterial Drugs. 

NMC Annual Meeting Proceedings, 2004. 
5. Doane's 4th Quarter MAT 2004. 

ToD ~f 
(cephapirin sodium) 

DOCTOR, 
THIS ADVERTISEMENT IS 

NOW APPEARING IN 
LEADING DAIRY 
PUBLICATIONS. 

ToMORROW® 
(cephapirin benzathine) 

@h&N®' 
Fort Dodge Animal Health 

©2006 Fort Dodge Animal Health, a division of Wyeth. 



Editorial Review Board 2006 

Articles in The Bovine Practitioner with the "Peer Reviewed" banner have been reviewed by two to four Editorial 
Review board members. Reviewers for 2006 included: 

Dr. Thomas L. Bailey Dr. Dale M. Grotelueschen 
Blacksburg, VA Gering, NE Dr. Pamela L. Ruegg 

Madison, WI 
Dr. Kerry S. Barling Dr. Karen L. Jacobsen 
Iola, TX Athens, GA Dr. George Saperstein 

Pomfret Center, CT 
Dr. Dale E. Bauman Dr. Bob L. Larson 
Ithaca, NY Manhattan, KS Dr. Phillip M. Sears 

E. Lansing, MI 
Dr. Steven L. Berry Dr. Howard D. Levine 
Davis, CA S. Woodstock, CT Dr. Jan K. Shearer 

Gainesville, FL 
Dr. Howard R. Bingham Dr. Sheila M. McGuirk 
Portage, MI Madison, WI Dr. Lynn E. Steadman 

Chadron, NE 
Dr. Ruth Blauwiekel Dr. Larry Moczygemba 
Colchester, VT Beeville, TX Dr. D.L. Step 

Stillwater, OK 
Dr. Jenks S. Britt Dr. Julia M. Murphy 
Bowling Green, KY Hadensville, VA Dr. Keith E. Sterner 

Ionia, MI 
Dr. Wade Brorsen Dr. Arden J. Nelson 
Stillwater, OK Windsor, CO Dr. Lynn Upham 

Tulare, CA 
Dr. Bill DuBois Dr. Ken Newman 
Mustang, OK Columbus, OH Dr. Francis L. Welcome 

Ithaca, NY 
Dr. Virginia R. Fajt Dr. Mel E. Pence, Jr. 
College Station, TX Tifton, GA Dr. David J. Wilson 

Ithaca, NY 
Dr. John Fetrow Dr. Daniel R. Posey 
St. Paul, MN College Station, TX Dr. Lou Anne Wolfe 

Sapulpa, OK 
Dr. James H. Fountaine Dr. Art Quinn 
Kenyon, MN Sand Springs, OK Dr. Amelia R. Woolums 

Athens, GA 
Dr. Brian J. Gerloff Dr. D. Owen Rae 
Marengo, IL Gainesville, FL 

Dr. Dee Griffin Dr. Jerry R. Roberson 
Clay Center, NE Knoxville, TN 

Appreciation is extended to each board member for volunteering their time and expertise to review articles for 
The Bovine Practitioner. 


	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048

