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NOTICE

This report was prepared by Cornell Waste Management Institute in the course of performing work
contracted for and sponsored by the New York State Energy Research and Development Authority and the
New York Farm Viability Institute (hereafter the “Sponsors™). The opinions expressed in this report do not
necessarily reflect those of the Sponsors or the State of New York, and reference to any specific product,
service, process, or method does not constitute an implied or expressed recommendation or endorsement of
it. Further, the Sponsors and the State of New York make no warranties or representations, expressed or
implied, as to the fitness for particular purpose or merchantability of any product, apparatus, or service, or
the usefulness, completeness, or accuracy of any processes, methods, or other information contained,
described, disclosed, or referred to in this report. The Sponsors, the State of New York, and the contractor
make no representation that the use of any product, apparatus, process, method, or other information will
not infringe privately owned rights and will assume no liability for any loss, injury, or damage resulting
from, or occurring in connection with, the use of information contained, described, disclosed, or referred to

in this report.



ABSTRACT

Six farms using different types of dried manure solid (DMS) strategies, including a farm that had side-by-
side pens using sand and DMS, participated in a study to assess the impact on herd health of using DMS as
bedding on dairy farms in the Northeast. Samples of unused and used bedding were taken over the course
of a year and analyzed for bacterial content and physical properties. Mastitis and somatic cell count (SCC)
records were analyzed in relation to those properties. Sand bedding started out “cleaner” than DMS
bedding, but once in the stalls, the bacterial load of several organisms was highest in sand. In addition,
DMS with the least bacterial numbers in the unused tended to have the highest bacterial numbers in the
used bedding. A comparison of bacterial concentrations in unused and used air-dried DMS versus
composted DMS did not show composted to be consistently lower and calls into question the value of
composting DMS prior to bedding. Bacteria in the unused bedding had little to no effect on bacteria in the
used indicating that bacterial levels in used bedding are more dependent on bacterial levels in the manure of
the cows using the stalls and how well the stalls are scraped, rather than the cleanliness of the bedding
before it is place in the stalls. Levels of Streptococcus, Klebsiella and gram negative and positive bacteria
were significantly higher on the teat ends of cows bedded on DMS versus those bedded on sand, but SCC
and mastitis for those cows did not differ between bedding materials. Although mastitis differed among
farm/bedding strategies, bacteria levels and properties of bedding had no effect on mastitis incidence.
Lactation number, stage of lactation and SCC were the significant variables. Decreased levels of Klebsiella
in the used bedding increased the odds of having an abnormal SCC for one FBS, and decreased moisture
and fine particles in the used bedding increased the odds of having an abnormal SCC for a different FBS.
For all others, abnormal cell counts were affected only by season, lactation number and milk production.
Concern that continued use of DMS will increase SCC was not borne out using linear regression of 10
years worth of linear score data. Although 2 of 6 farms showed an increase in linear score while using
DMS, it was not different from the change in linear score prior to using DMS. Lameness was higher in
cows bedded on sand compared to DMS. Economic analysis a savings of between 1 and 26 cents per
hundred weight of milk produced through the use of manure solids as bedding on five farms. This study

suggests that properly managed DMS can provide an economic benefit without compromising herd health.
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SUMMARY

This document summarizes the results of a study conducted by Cornell Waste Management Institute
(CWMI) that was funded by the New York State Energy Research and Development Authority, the New
York Farm Viability Institute, Cornell Cooperative Extension and the College of Agriculture and Life
Sciences at Cornell. This research was conducted to assess the impact of using dried manure solids (DMS)

as bedding on herd health on dairy farms in the Northeast.

Six farms using different types of DMS bedding strategies participated in this study, including a farm that
used sand and two DMS strategies side-by-side. Samples of unused and used bedding were taken over the
course of a year and analyzed for bacterial content, presence of Mycobacterium Avium paratuberculosis
(MAP), and physical properties. Individual cow records were retrieved on mastitis incidence, somatic cell
count (SCC) and linear score (LS) for cows in the pens from which samples were taken. Teat swabs and
lameness were analyzed at the farm using sand and DMS, and teat end scoring was performed at all farms.
Statistical analysis of all data was done with the JMP operating system. Mass nutrient balance data and
economic data were collected. In addition, research at the SUNY Cobleskill dairy facility investigated the
effect of composting on bacterial pathogens in bedding. In one barn, four types of bedding (air-dried DMS,
partially composted DMS, mature compost from DMS and sawdust) were analyzed for bacterial content

and physical properties over a 3 week period to assess differences between them.

BACTERIAL CONCENTRATIONS IN BEDDING

One of the most important things learned from this study was that different bacteria respond differently.
That is, just because the level of one type of bacteria is high in one type of bedding, does not mean that the
levels of the other bacteria measured will be high, nor does it mean that levels of that same bacteria will
consistently be high in additional samples of that same type of bedding. In addition, statistical analysis of
SCC and mastitis returned only one bacterium (Klebsiella), as having a significant effect on the number of
animals with elevated SCC, but it was in the opposite direction expected. Therefore, bedding sample

analysis for bacterial levels will not necessarily return useful information for enhancing herd health.

BACTERIAL CONCENTRATIONS IN UNUSED BEDDING

There were no differences in bacterial populations of Staphylococcus species, Enterobacter and Proteus in
any unused bedding. For the rest of the bacteria analyzed, sand unused bedding had the lowest bacterial
populations. Average levels of E. coli and Klebsiella were very low in all of the unused bedding, with
significant differences between populations of these two pathogens occurring only between sand

(significantly less) and two or three of the “green” DMS strategies. There was no E. coli found in the
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unused bedding of the drum and windrow composted and sand strategies, and no Klebsiella in one of the

drum composted and the sand strategies.

BACTERIAL CONCENTRATIONS IN USED BEDDING

In the used bedding, there were no significant differences in the levels of E. coli, Enterobacter or Proteus
between any FBS. Streptococcus levels were significantly higher in the sand strategy used bedding than all
other FBS except one. Klebsiella (which was absent from the unused bedding in one of the drum
composted strategies) was found in significantly higher levels in the used bedding from that strategy than
several other FBS. Although sand started out “cleaner”, used bedding in the sand FBS had significantly
higher levels of the bacteria analyzed (except Klebsiella) than at least one, and in many cases, more than
one DMS FBS. In all cases (except Streptococcus), the three strategies at the side-by-side farm did not
differ in bacterial levels, indicating that it is more likely that bacterial levels in used bedding are a result of
bacteria in the manure of the cow and how well stalls are cleaned, rather than how *“clean” the bedding is
when it is put in the stall. In addition, those strategies that started out with “clean” bedding tended to have
significantly higher levels of bacteria in used bedding, indicating the bedding may have started out too

clean (i.e. no competition from other bacteria).

COMPOSTING DMS

Composting reduced bacterial numbers in unused bedding for 4 of the 7 bacteria found in the DMS
products investigated. Of the 4 bacteria that had significantly higher counts in the unused air-dried DMS,
only one (Corynebacterium) remained significantly higher in the used air-dried DMS. Streptococcus counts
in the used DMS were significantly higher in both the mature and partially composted DMS than in the air-
dried DMS, while Klebsiella counts were not different in any of the used DMS bedding. E. coli, which was
not found in the mature compost prior to being used as bedding was found in significantly higher levels in
the used mature compost bedding than the partially composted used bedding. This adds weight to the
theory that bacterial levels in the used bedding are more likely a result of bacteria in the fresh manure of the

animal, how well the stall is cleaned, and how much competition there is in the bedding.

COMPARISON OF DMS AND SAWDUST

In general, air-dried DMS had the highest levels of most bacteria in the unused bedding, while sawdust had
the lowest. Molds appeared only in sawdust, while yeast was present in both sawdust and air-dried DMS.
There was fungus in all but the air-dried DMS. Although present in unused bedding, there were no yeasts,
molds or fungi in any of the used bedding materials. As with unused, sawdust had significantly lower levels

of most bacteria in used bedding than the other materials.
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SEASONAL DIFFERENCES IN BEDDING BACTERIA

Seasonal differences in bacterial counts of bedding have been noted in the literature. In this study, there
were very few seasonal differences in bacterial levels of unused bedding, however, where there were,
spring had the highest bacterial load. Streptococcus levels in unused bedding were significantly higher in
the spring for most FBS, but were higher in the winter than the spring for sand bedding. Although spring
levels of bacteria in unused bedding were highest, summer had higher levels in the used bedding.
Staphylococcus, E. coli, Klebsiella, Enterobacter and Corynebacterium were all highest in used bedding in
the summer, while Streptococcus levels were highest in the spring. Klebsiella levels in used bedding were

the lowest in the spring.

CORRELATION OF BACTERIAL COUNTS IN USED BEDDING TO BACTERIA COUNTS IN
UNUSED BEDDING

It is often assumed that the cleanliness of the unused bedding has an effect on the bacterial population of
the used bedding. One would expect that if the bacterial content of the unused bedding determined the
levels in the used, it would be the same bacteria (i.e. more E. coli in the unused would produce more E. coli
in the used). However, multiple linear regression showed that increasing levels of bacteria in the unused
bedding sometimes increased levels of bacteria and sometimes decreased levels of bacteria in the unused
bedding. In addition, it wasn’t always the same bacteria, and the r-square values indicate that levels of
bacteria in the used bedding are due only 6 to 51% to the levels of the bacteria in the used. These data
suggest that other factors besides the bacterial level of the unused bedding have an impact on bacterial

levels in used bedding.

PHYSICAL PROPERTIES OF UNUSED BEDDING

Percent moisture, organic matter (OM) and particle size of the unused and used bedding were analyzed. As
expected, moisture and OM in the unused bedding were significantly lower in the sand bedding strategy
than any other bedding strategy. Fine particles in the unused bedding were expected to be higher in the
sand, however, both drum composting and one separated farm/bedding strategy produced the same amount
of particles less then 2mm as in sand bedding. There were significant differences in all of the physical
properties between the DMS farm/bedding strategies. Moisture ranged from 64 to 73%, OM from 86 to
93% and the % of particles less than 2 mm and 0.84 mm ranged from 31 to 74% and 6 to 37%,
respectively. These differences may indicate that it is the type and efficiency of the separator being used on

the farm that determines the properties of the unused bedding.

S-3



PHYSICAL PROPERTIES OF USED BEDDING

As with the unused bedding, moisture and OM in the used bedding were significantly lower in the sand
bedding strategy than any other system. The addition of feces increased the amount of OM in the sand
bedding. There was no increase in OM between unused and used bedding in the DMS bedding strategies.
Moisture ranged from 29 to 60% in used bedding with moisture being higher in the bedding strategies that
used deep beds than those that used mattresses. This makes sense since those using mattresses spread the
DMS in a 2” layer on top of the mattresses and thus it dries out. Fine particles were significantly higher in
the sand bedding strategy than any other strategy, and tended to be lower in those bedding strategies that
used deep beds versus those that used mattresses. DMS in deep beds tends to mat together from the weight

of the cow, while the DMS on the mattresses tends to either fall off, or spread out.

CORRELATION OF BACTERIAL COUNTS IN AND PHYSICAL PROPERTIES OF BEDDING
WITH BACTERIAL COUNTS ON TEAT ENDS

Some of the literature indicates that the greater the bacterial population in the bedding, the greater the
bacterial population on the teat ends. High populations are proposed to cause an increase in somatic cell
count (SCC) and cause greater incidence of mastitis. Comparison of the bacterial population on the teat
ends of cows bedded on DMS from the separator and cows bedded on sand showed significant differences
only for Klebsiella, gram negative and gram positive bacteria (significantly higher counts on cows in the
DMS pen versus cows in the sand pen). Analysis of the bedding properties that caused differences in
bacteria on the teat ends yielded variable responses. The percent of fine particles in the used bedding had a
significant effect (either by itself, or in conjunction with other bedding properties and/or bacteria) on the
level of bacteria found on the teat ends for 4 of the 8 bacteria analyzed. However, it did not behave as
expected. Streptococcus, Staphylococcus and Enterobacter levels all decreased when the percent of fine
particles increased in the used bedding. Bacterial levels in the used bedding had an affect on several
bacterial levels on teat ends, but only in the case of Klebsiella were they the same bacteria (increased

Klebsiella levels in the bedding caused increased Klebsiella levels on teat ends).

CORRELATION OF BACTERIAL COUNTS ON TEAT ENDS WITH SCC

It has been generally accepted that the cell count for “normal” milk is nearly always less than 200,000
cells/ml for cows (2" lactation or greater). Higher counts are considered abnormal and indicate probable
infection. Therefore individual cow SCC was divided into two categories; those cows with less than or
equal to 200,000 cells/ml (normal) and those cows with > 200,000 cells/ml (abnormal). There were 18 out
57 cows in the DMS pen with an abnormal SCC, and 22 out of 60 in the sand pen. There was no difference
in the number of animals between the two pens. Logistic regression for the log odds of having an abnormal

cell count based on the bacterial population on the teat ends showed that the level of Streptococcus on the
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teat ends was positively correlated and the level of gram negative bacteria was negatively correlated. That
is, the odds of having an abnormal cell count increase 1.6 times for each 1 log cfu of Streptococcus on the

teat ends, and decrease 1.2 times for each log cfu increase in gram negative bacteria.

CORRELATION OF BACTERIAL COUNTS IN AND PHYSICAL PROPERTIES OF BEDDING
WITH MASTITIS

The odds of getting mastitis for heifers was significantly affected by only abnormal cell count (those
heifers with >100,000 cells/ml were more likely to get mastitis), while the odds of getting mastitis for cows
was significantly affected by farm/bedding system, season and abnormal cell count. Since farm/bedding
system includes other farm variables besides bedding, Poisson regression was run to see which variables
within farm/bedding system had an effect on mastitis incidence. Bacterial levels and properties of the
bedding had no effect on the incidence of mastitis. SCC was a significant variable for all systems. Stage of
lactation, milk production and season also had an effect, but not for all farm/bedding systems. When the
three side-by-side systems were analyzed together, type of bedding did not have an effect, but the amount
of moisture and particles < 2mm in the used bedding, as well as milk production were all positively

correlated with mastitis incidence.

CORRELATION OF BACTERIAL COUNTS IN AND PHYSICAL PROPERTIES OF BEDDING
WITH SCC

The odds of having an abnormal cell count for cows were affected by farm/bedding system, season (less
likely in the winter), lactation number (greater for those in 3 or greater lactation than 2™), and stage of
lactation (as the number of days in milk increased, the odds of having an abnormal SCC also increased).
The odds of having an abnormal cell count for heifers were affected by farm/bedding system and season.
As with cows, the number of heifers with abnormal cell count was least in the winter and most in the spring
and summer. Since farm/bedding system includes other farm variables besides bedding, Poisson regression
was run to see which variables within each system had an effect on abnormal cell count. The only time
bacterial levels had an effect on SCC was for the drum composted system at the side-by-side farm, where
Klebsiella levels in the used bedding had a negative correlation with number of cows with abnormal cell
count (i.e. less Klebsiella in the used bedding, more cows with abnormal SCC). Bedding properties had an
effect only for CDigested where the amount of moisture and the amount of particles < 0.84 mm also had a
negative correlation with abnormal SCC. Both of these responses for bedding bacteria and properties are
not what would be expected. Otherwise, it was season, lactation number and milk production that had an
effect.
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IMPACT OF CONTINUED USE OF DMS ON SCC AND LS

Many producers and veterinarians believe that continued use of DMS as bedding is contributing to
increasing somatic cell count on farms. Herds that participate in the Dairy Herd Improvement Program
(DHIP) have many years worth of herd average milk production and SCC/LS data available. This
information was available for our use from approximately January 1997 through January 2008 for all of the
farms on the study except one for which data was available through August 2006. Linear regression of
average monthly milk production and LS for all farms together and each farm individually was run on all of
the data, as well as on the data generated prior to and after using DMS as bedding. This data was run for
farm only, not farm/bedding strategy, as the 3 strategies at the farm using sand could not be separated out in
this data set. Two additional farms, not in the study, that are using DMS as bedding also gave permission to
access their data. Data was also available from 1997-2008 for 65 NYS dairy farms with comparable herd
size, and linear regression over time was run for these 65 farms over the same time period. Data were not
available about which of these farms might have been using DMS bedding, but knowledge about NYS

practices indicates that this would be a very tiny percentage.

Looking at the study farms together from 1997 to 2008, average monthly milk production did not change
significantly either prior to, or while using DMS as bedding Linear regression of the data for linear score
shows a positive correlation (+ 0.0002/cow/day or 0.07/cow/year) for LS over time for cows bedded on

DMS and no significant correlation for those on some other bedding (i.e. LS did not change significantly
over time). ANOVA analysis showed the change in LS over while using DMS was significantly different

from the “no change” prior to using DMS on the 6 study farms.

Comparing the 65 NYS farms to the 6 study farms, ANOVA analysis showed no difference in the change
in milk production over time between the two sets of farms. For the 65 farms there was an increase in milk
production over that time period of 0.0007 Ibs/cow/day (0.3 Ibs/year), while the 6 study farms showed no

change in milk production over the same time period.

Both the 65 farms and the 6 study farms showed an increase in LS between 2000 and 2007 (comparison
was made only for the periods in which the study farms were using DMS). The 65 NY'S farms showed an
increase of 0.00002/cow/day (0.007/cow/year), while the 6 study farms showed an increase of
0.0002/cow/day (0.07/cow/year). ANOVA on these results showed a significant difference in the change in
LS over time between the two sets of farms. Therefore, it is possible that continued use of DMS could be
increasing LS more than other bedding, but since the dataset for those using DMS is much smaller than
those using other bedding, and there is no way to be sure of what type of bedding the other farms are using,

no conclusion should be made.
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In addition, comparison of each individual farm while using DMS, as well as comparison of the additional
2 farms using DMS to the 65 NY'S farms, showed only 3 of 8 farms incurring an increase in LS while using
DMS, and only 2 of those were significantly different than the increase in LS that was occurring on the 65
NYS farms. These two farms have been using DMS for approximately 10 years. However, one of the
additional farms (not a study farm) has been using DMS for over 15 years with no change in LS over that

time period, so changes in SCC/LS may not have anything to do with DMS use.

IMPACT OF BEDDING ON LAMENESS

Some of the literature has indicated that sand is the best bedding for the health of feet and legs. There is
concern that using DMS as bedding can have an adverse effect on feet and legs, causing increased lameness
and thus culling of animals. A comparison of lameness at the farm using both sand and DMS as bedding
showed that the cows on sand (particularly those in lactation 4 or greater) were significantly lamer than
those bedded on DMS.

JOHNES DISEASE

There is some concern that since the bacteria responsible for Johnes disease (Mycobacterium Avium
paratuberculosis -MAP) is shed in the manure, using manure solids as bedding may spread the disease
throughout the herd if the bacteria remains viable in the DMS. MAP was found in small numbers in several
of the unused bedding sources, including sand. The fact that MAP is not necessarily destroyed by
separation, digestion or drum composting means that there could be some potential for the spread of Johnes
through the use of DMS if bedding calves with DMS because they might be more inclined to eat it than
adult animals.

IMPACT OF DMS ON FARM NUTRIENT BALANCE

Bedding management does not greatly impact overall farm nutrient balances on New York dairy farms.

ECONOMIC IMPLICATIONS OF DMS

Economic analysis showed that the cost of using manure solids as bedding ranged from a savings of 1 and
26 cents per hundredweight of milk produced. All five farms saved money using DMS through reduced
costs of manure hauling and purchased bedding. Total savings, of course, depends on the amount of milk
produced. For example, at the farm that showed a savings of 20 cents/cwt, total milk sales for the year were
38,325,000 Ibs, saving the farm 383,250 * 0.20 = $76,650 on the cost of producing milk that year.
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SECTION 1

INTRODUCTION

Dairy farms in NYS are under increasing pressure to improve manure management. Bedding for dairy cows
is a costly and time consuming component of dairy farming that may have implications for herd health as
well as the environment and economics. The cost and availability of bedding fluctuates and good consistent

bedding can be hard to find and expensive.

In the northeast, there is increasing interest in and some limited experience with the use of dried manure
solids (DMS). The semi-solid (25% solids) material derived from a manure stream runs through a separator
to reduce moisture content for use as bedding. While interest is high, there are concerns, from veterinarians,
farm advisors, and farmers, that using DMS as bedding will cause elevated levels of environmental

pathogens that may negatively affect udder health (increased environmental mastitis) and milk quality.

The potential financial savings of using DMS are substantial and the potential to avoid bringing additional
nutrients in bedding materials onto the farm is another benefit. Farmers using DMS report greater cow

comfort than with other bedding materials they have used.

Mastitis is a costly disease for the dairy farmer. It is broken down into contagious mastitis (caused by
bacteria that are found in the mammary gland and spread from cow to cow largely through the milking
process), and environmental mastitis (caused by bacteria that live in the environment and spread through
exposure to them in the environment). Control of contagious mastitis is sought through milking hygiene,
the use of teat dips, treatment of infected animals in lactation, culling of animals with chronic infections,
and dry cow antibiatic therapy. Control of environmental mastitis is sought through stall and animal

hygiene, milking procedures and improvement of host resistance.

Because mastitis is frequently sub-clinical, a number of tests have been developed for detecting mastitis.
Most tests estimate the somatic cell count (SCC) of a milk sample. All milk contains white blood cells
known as leucocytes which constitute the majority of somatic (derived from the body) cells. It has been
generally accepted that the cell count for “normal” milk is nearly always less than 200,000 cells/ml. Higher
counts are considered abnormal or excessive and indicate probable infection. SCC can be done on
individual cows or on bulk tank milk samples. Elevated SCC due to environmental mastitis is often short-
lived, so SCC counts are not very useful in evaluating environmental mastitis infections. High SCC has

been associated with milk yield loss.
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Very low (< 20,000) levels of leucocytes in the mammary gland may increase the incidence of infection by

environmental pathogens such as coliforms. Herds that have effectively controlled contagious mastitis

pathogens (Streptococcus agalactiae, Streptococcus dysgalactiae, and Staphylococcus aureus) through

programs of post-milking teat disinfection and dry-cow therapy, tend to have more problems with

environmental mastitis pathogens.

The following bacteria are those commonly considered mastitis pathogens:

e Contagious pathogens:

Staphylococcus aureus
Streptococcus agalactiae and Streptococcus dysgalactiae, to a lesser extent also
Streptococcus uberis.

Mycoplasmas

e  Environmental pathogens:

Streptococcus species (other than the above)

Staphylococcus species (other than above)

Enterococcus species

Coliform bacteria (including: Escherichia coli, Klebsiella species, and Enterobacter
species)

Pseudomonas species

Proteus

Serratia species

Prototheca

Corynebacterium species

Other gram negative and gram positive bacteria

Other organisms such as yeasts, mold and fungi may play a part.

The following report contains a summary of research literature on the contribution of bedding to cow health

and milk quality as well as issues pertaining to bedding material, and the design and results of a six farm

study that looked at the issues surrounding the use of DMS on udder health and milk quality.
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SECTION 2
LITERATURE REVIEW

OVERVIEW

A literature review was conducted in 2006 prior to initiating the research to address the use of dried manure
solids (DMS) as bedding for dairy cows, specifically the relationship of DMS bedding to herd health. The
concentration of pathogens in bedding, on teat ends and their relationship to mastitis is discussed in this

review of literature (Appendix A). It is summarized below.

TYPES OF BEDDING

There are two types of bedding, organic and inorganic. Organic bedding materials contain nutrients needed
for bacterial growth, while inorganic bedding materials do not. However, once any type of bedding
becomes soiled (with fecal matter and urine), pathogen growth can be supported. Inorganic bedding, such
as sand, may start out with low pathogen concentrations. Some organic bedding materials start out with
lower concentrations than others. However, research shows that within 24-48 hours of being in the stall,
pathogen levels in all organic bedding materials rise to similar concentrations. The addition of lime to the

stalls to reduce pathogens is not supported by the literature.

AGE AND FREQUENCY OF BEDDING

The desirable frequency with which fresh organic bedding is added to the stalls is unclear. While
“common wisdom” suggests frequent re-bedding, the research literature indicates that pathogen levels peak
after a couple of days and may decline thereafter. This may be a result of bacteria having consumed the
available nutrients and that frequent re-bedding provides a new source of food resulting in higher bacterial

counts. More work is needed on this subject; an NYFVI grant is funding further research on this.

BEDDING BACTERIA AND TEAT ENDS

The literature shows inconsistency regarding the relationship of bacterial concentrations in bedding to the
bacterial concentration on teat ends. Factors such as particle size may be more important than simple

bacterial counts in the used bedding. Further, the relationship of teat end counts to mastitis is unclear.

BEDDING BACTERIA AND MASTITIS

Researchers have generally stated the rule of thumb that bedding materials should be kept below a
maximum bacterial count of 10° colony forming units (cfu) per gram of bedding wet weight. This number
appears to be based on one study where there were no new cases of coliform mastitis when bedding counts
were at 10" and 10° one summer, but there were several new cases the following summer when bedding
counts were at 10’ cfu/g wet weight (Bramley and Neave, 1975). This paper does not claim that 10° colony

forming units (cfu) per gram of bedding wet weight is a critical level and it represents data from only two
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summers on one farm. A few studies show a correlation between the number of bacteria in the bedding
and/or the number on the teat ends and mastitis while a number of studies show no correlation. Few studies

examined the relationship between bedding pathogens and milk quality.

BEDDING BACTERIA AND SOMATIC CELL COUNT

Several studies have been conducted on the differences between herds that have low average somatic cell
counts (SCC) and herds that have high average SCC. Other studies look at the value of SCC in determining
intra-mammary infection (IMI) status in herds. High SCC is correlated with decreased milk production.
SCC is measured both with a bulk tank sample (BTSCC) and with individual milk samples from each cow.
BTSCC can be a good indicator of a herd’s general udder health status, with high BTSCC generally
indicating a problem with contagious mastitis. Herds with lower BTSCC have lower subclinical mastitis
and better general udder health. However, the presence of leucocytes in the udder helps protect it from
getting other mastitis, therefore very low SCC (less than 20,000) appears to predispose cows to getting
environmental mastitis. By looking at individual cow SCC over a period of several months, patterns can be
established for each cow. Spikes in individual cow SCC usually indicate environmental mastitis and are
often short in duration. When SCC is done on a monthly or other low frequency basis, these spikes may be
missed. Thus typical BTSCC cannot generally be used to diagnose environmental mastitis at the herd level

unless it is pervasive and persistent.

OTHER ISSUES

The impact of bedding, cleanliness of the udder and/or legs on the mastitis rate of a herd is unclear.
Bedding may play a role in the cleanliness of the udder, and pre-milking udder hygiene may play a role in
the amount of mastitis seen.

Other issues that may affect intramammary infection in dairy herds include stage of lactation and the dry
period, parity (number of lactations), milking and milking machine factors including the use of post
milking dips, teat end roughness and callosity, seasons of the year, nutrition, and housing conditions other
than bedding.
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SECTION 3
DESCRIPTION OF STUDY

FARMS

Six farms participated in this study based on the fact that they had either been using DMS, or were
beginning to use DMS for all or part of their herd. On one farm, a side-by-side trial of sand, drum
composted DMS and DMS from a separator were compared using 3 pens in one barn. A description of the
farm bedding strategy (FBS) used for analysis at each farm can be found in Table 3-1 and more detailed

descriptions of each farm can be found in Appendix B.

Table 3-1: Description of Bedding Practices at the Six Study Farms

Farm Bedding Strategy Employed Farm/Bedding
Strategy
A Manure from the stalls is separated, then drum composted for 24 hours. It ADrum

sits in a pile for one day and is then spread in the stalls over the concrete 3

times per week.

B Manure from the stalls is separated and then put in windrows in a building to | BWindrow
compost for about 10 days prior to spreading on mattresses in stalls. Started
the study bedding 3 times per week, but after the first sampling, went to 6

days per week

C Manure from the stalls is run through a digester, then separated and piled. It | CDigested
is used on mattresses in the stalls right out of the separator in the fresh cow
pens. It is re-bedded 3 times per week. As the study progressed, all cows
were bedded on DMS.

D Manure from the stalls is separated (in the first month of the study only, it DSeparated
was digested first), piled for approximately 7 days then spread in deep beds
2 times per week. There were some months when stalls were bedded with

material directly from the separator.

E There were 3 bedding treatments at this farm from May 06 through EDrum, ESand,
September 06, then only 2 from October 06 through April 07. Manure from ESeparated
the stalls is separated, then either piled or run through a drum composter
with a 3 day retention time and bedded in deep beds 2 times per week. The
drum composted bedding was dropped in September. The third bedding is

sand in deep beds and bedded once a week.

F Manure from the stalls is separated and piled for about 7 days then spread FSeparated

in deep beds 2 times per week.
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Research was also conducted at the SUNY Cobleskill dairy barn to investigate the effect of composting on
bacterial concentrations as well as to compare DMS to sawdust. During the research trial, four treatments
(air-dried DMS, partially composted DMS, mature DMS compost and sawdust) were each replicated in
four stalls. Student labor bedded these stalls by hand on Monday, Wednesday and Friday for three weeks.

The compost was produced using a forced air system operating for 1-2 months.

RESEARCH DESIGN

Research Questions

The goal of the research was to evaluate the impact of bedding with DMS on herd health and farm

economics. Data were collected and analyzed to answer the following questions;

Are bacterial concentrations in unused bedding in the various systems different?
Avre bacterial concentrations in the used bedding different?

Avre there seasonal differences in bacterial counts in bedding?

A w0

Avre bacterial concentrations in the used bedding correlated with concentrations in the

unused bedding?

5. Are there physical factors in the unused and used bedding that are different among the
systems and are these correlated with bacterial concentrations?

6. Do the bacterial counts on teat ends differ between cows bedded on sand and those
bedded on DMS?

7. Do the bacterial counts in and/or the properties of the used and unused bedding have an
effect on the bacterial counts on teat ends?

8. Are bacterial levels on teats correlated with physical properties of the bedding?

9. Do the bacterial levels on teats have an effect on somatic cell count (SCC)?

10. Do the bacterial counts in and/or the properties of the used and unused bedding have an
effect on mastitis or SCC?

11. How has milk production and linear score (LS) changed over time at these farms, taking
into consideration when DMS was first used?

12. Is lameness greater on sand or DMS?

13. Will the bacterium that is responsible for Johne’s disease be more prevalent in raw
unused DMS versus composted DMS or sand?

14. Does using DMS have an impact on the overall farm nutrient balance?

15. What are the economic implications of the different bedding systems?

Bedding Samples

The 6 research farms were visited over a period of one year from March 2006 through April 2007.
Sampling at Farm E occurred monthly from May 2006 through April 2007; sampling occurred 8 times
(March, May, July, August, September, October, December and February) at the other 5 farms. At each
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visit, the owner or herdsperson was interviewed to assess changes in bedding, milking or other procedures
since the last visit. Also at each visit, quadruplicate samples of used bedding and triplicate samples of

unused bedding were taken according to the protocol in Appendix C.

The samples were sent to three different laboratories for analysis. Quality Milk Promotion Services
(QMPS), Cornell University Animal Health Diagnostic Center, Ithaca, NY analyzed both the used and

unused bedding for the following pathogens on a wet weight basis:

e Environmental Streptococcus species

e Environmental Staphylococcus species

e Enterococcus species

e Coliform bacteria (including: Escherichia coli, Klebsiella species, and Enterobacter species)
e Pseudomonas species

e Proteus

e Serratia species

e Prototheca

e Corynebacterium species

e  Other gram negative and gram positive bacteria

e Yeast, mold and fungus

The Johnes Laboratory, Cornell University Animal Health Diagnostic Center, Ithaca, NY analyzed only the
unused bedding (on a wet weight basis) for the presence of Mycobacterium Avium paratuberculosis (MAP)
to see if the Johnes disease bacterium was present and thus could potentially be spread through the use of
DMS.

Brookside Laboratories, New Knoxville, OH, analyzed both the used and the unused bedding for the

following properties:

e % Moisture

e % Organic Matter

o Volume/Density

e 9% Total, Ammonia and Nitrate Nitrogen
e 9% Phosphorus

e % Potassium

e ppm Copper

e ppm Water Extractable Phosphorus

e pH
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e Particle Size

The numbers of bacteria found in bedding materials can be reported on a wet weight (“as is”), dry weight
or volume basis. Reporting on a wet weight basis has little significance since it will be highly dependent on
how moist (heavy) the material is. When comparing bacterial counts within the same type of bedding
material, it makes sense to do it on a dry weight basis. For example, dry weights might be used when
examining the change in concentrations over time in the same barn using the same bedding. Comparing
different materials with very different densities, such as sand and DMS, is challenging since the bedding in
a stall of sand will weigh more than a stall with DMS. For the same volume of material, the higher density
of sand would result in lower reported dry weight concentrations than a lighter material so the sand would
“look cleaner” while the same samples compared using volume based concentrations might show higher
concentrations in the sand. Figure 3-1 shows an illustration of this concept. The teat ends of a cow are
immersed in two 120 ml cups of bedding material. The cup on the left contains DMS and the cup on the
right contains sand. Because of the density of sand, much more of the bedding material is touching the teat
end in the cup on the right than is touching the teat end in the cup on the left. Both cups contain 500,000
cfu/g wet weight of Klebsiella, The weight of the DMS in the cup on the left is 40.6 grams, while the
weight of the sand is 142.3 grams. Because of the difference in weight in the same volume, the amount of
Klebsiella to which each teat end is exposed differs between the two bedding types. The cup holding the
DMS is exposing the teat end to 169,250 cfu/ml, while the one holding the sand is exposing it to 592,708
cfu/ml (see the literature review in Appendix A for a fuller discussion). Therefore, in this report all
bacterial concentrations are reported on a volume basis. The information obtained on volume/density was

used to convert the bacterial counts from the wet weight QMPS data to a volume basis.

Each 120 ml cup contains 500,000
cfufg Klebsiefla wet weight

f DS Sand
Wolume: 120 mi 120 mi
Weight 406 g 14239
cfuiml = (cfufg)™ (weight of 169,250 cfufml | 592,708 cfu/ml
materialivolume of material)

Figure 3-1: Concentration of Bacteria in Bedding Materials
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At SUNY Cobleskill, individual samples of unused material from each stall were obtained just prior to
spreading in the stalls on Monday and Wednesday following the general procedure reported in Appendix C.
Individual samples of used bedding from each of the 4 stalls of each treatment were obtained on

Wednesday and Friday just prior to the spreading of new bedding.

The samples for each stall of used and unused bedding were delivered to the QMPS laboratory at Cobleskill
for analysis of bacteria and other organisms (i.e. molds, yeast and fungi). Composite samples of unused
bedding material (one sample for each treatment) were shipped to Brookside Laboratory for analysis of

moisture, organic matter, nitrogen, carbon, C:N ratio, pH and maturity.

No other data (i.e. farm records, SCC, teat swabs, etc) were collected.

Teat Swabs

Teat swab sampling was performed by CWMI at Farm E 3 times to assess the bacterial population on the
teat ends of cows in the different bedding regimes. Samples were taken on the first 20 cows coming into the
milking parlor in each of the three study pens (composted DMS, DMS from the separator, and sand) on
September 27, 2006, then in the sand and DMS from the separator pens 2 more times (January 16, 2007
and May 1, 2007). The swabs were taken to QMPS for bacterial analysis.

Teat End Scoring

Teat end scoring (1 to 4) was performed by QMPS trained technicians one time at each of the six farms.
This was done to determine the health of teat ends at each farm. The health of teat ends is an important
determinant of the impact of bacteria on milk quality and cow health. While bedding is not expected to
impact teat end health, teat end health may result in differences in the way bedding materials affect SCC
and mastitis. Teat end scoring was done to ensure that differences in teat end health between the farms does

not account for any differences in clinical mastitis.

Farm Records

The six dairy farms in this study use a computer-based record keeping system called Dairy Comp 305
(Valley Agricultural Software, Tulare, CA). This system includes a series of pages for each cow in the
herd. The events page stores data concerning the current lactation, such as age, lactation number, days in
milk, pen number, fresh date, mastitis incidences and other health related events (Figure 3-2). The Dairy
Comp 305 files were obtained each time bedding samples were collected to keep track of the cows in each
pen that was sampled on each farm. Through this, it was possible to get a count of mastitis incidence, as
well as lactation number, days in milk and milk production for the cows in the sampled pens over the study
period.
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Figure 3-2: Sample Events Page for Dairy Comp 305.

Each of the six farms also participated in the NYS Dairy Herd Improvement Program (DHIP), in which
trained technicians come to the farm once a month and take milk samples on the whole herd. Milk
production is recorded and the samples are analyzed for fat, protein and somatic cell count (SCC) and
linear score (LS). This information can also be found in Dairy Comp 305 (Figure 3-3). This was used to
calculate average somatic cell count in the sampled pens over the study period. Farm A discontinued

enrollment in DHIP in August 2006, so SCC records from Farm A were no longer available.
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FAE2F/0F 186 73 3.0 2.9 BB 24830 99 2599 7.7 27 o}

Figure 3-3: Sample Test Days Page for Dairy Comp 305.

Linear score is another measurement of SCC that is less variable than raw SCC. It is calculated based on
the raw values, and each doubling of raw values increases the linear score by 1. Table 3-2 shows the
relationship between SCC and LS. A linear score greater than 4 (200,000 SCC) indicates a possible
intramammary infection.

Table 3-2: Relationship Between Somatic Cell Count and Linear Score

Linear Score | Somatic Cell Count

1 25,000

50,000

100,000

200,000

400,000

o g | W DN

800,000
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Historical Farm Records

Dr. Robert Everett, Animal Science professor at Cornell University, has access to DHIP records going back
to the year 2000. He was able to pull out all of the DHIP records since that time for each of the farms on the
study and put them into an excel file. These records include average milk production and linear score (LS)
for the whole milking herd at each farm. In addition, he extracted a file with average milk production and
linear score for the milking herd at 65 New York State Dairy farms that have a current herd size of between

750 and 2000 cows for the same time period.

Lameness Scoring
Lameness scoring was done twice at Farm E (4/25/07 and 5/22/07) on cows in the pen bedded with DMS

from the separator and cows in the pen bedded with sand. Lameness scores are reported on a 1-4 scale. A
score of 1 is normal: the cow stands and walks with a flat back, 2 is mildly lame: the cow stands with a flat
back and arches when she walks, 3 is moderately lame: the cow stands and walks with an arched back and
takes short strides on one or more leg, and 4 is lame: the cow stands and walks with an arched back, and

one or more limbs are physically lame or non-weight bearing.

Mass Nutrient Balance Data

Caroline Rasmussen, Research Support Specialist with the Cornell Nutrient Management Spear Program,
collected mass nutrient balance data on the six farms participating in the study. The Mass Nutrient Balance
assessment is designed to measure the effectiveness of the farm’s current nutrient management program
and highlights areas of concern or improvement. It tracks the percent of nitrogen, phosphorus, and

potassium that comes on to and off of the farm and in what manner.

Typically, more nutrients come onto farms as purchased feedstuffs and fertilizer than leave the farm as
animal products and crops. An assessment of the nutrients entering and leaving the farm can be used to
target farm practices that could be more efficient, thereby, potentially increasing farm profitability and

decreasing nutrient losses. Each farm received a nutrient analysis of their farm.

Economic Analysis

An economic analysis assessing variables affecting the use of using DMS as bedding was performed by A.
Edward Staehr, Extension Associate in the Department of Applied Economics and Management at Cornell
University. He collected the information related to using DMS as bedding at five of the six farms that
participated in the study: The annual cost per hundred weight of milk of using DMS was then calculated

based on the information collected.
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STATISTICAL ANALYSIS

Statistical analysis was performed using analysis of variance (ANOVA) for multiple comparisons with
Tukey corrections, multiple linear regression, logistic regression and/or Poisson regression using the JMP
statistical package. The analysis was run on a natural log transformation of the bacterial counts, and actual
values of all other variables to help normalize the data. All of the analyses were performed with bacterial
counts calculated on volume basis (log cfu/ml). To convert bacterial counts to cfu/ml, the anti-log of the
138 _

value must be taken. Therefore, if there are 7.9 log cfu/ml Streptococcus, that is equivalent to e
1,000,000 cfu/ml.

ANOVA analysis measures the mean value of a response variable (i.e. bacterial concentration) for each
predictor variable (i.e. farm/bedding strategy) and compares it to the variation of the mean response within
each predictor. If the between-variable variation is large and the within-variable variation is small, a
significant difference is concluded. ANOVA analysis, in this case, would tell whether or not farm/bedding
strategy (predictor) has a significant effect on bacterial concentrations in bedding (response). Multiple
comparisons with Tukey corrections compares the response for each possible combination of predictors to
indicate which ones are significantly different from each other. For example, ADrum could have
significantly higher levels of Klebsiella in the used bedding than FSeparated, but significantly lower levels
than ESand.

Linear regression differs from the ANOVA analysis as it examines the relationship between the predictor
(i.e. cfu/ml of Streptococcus in unused bedding) and response variable (i.e. cfu/ml of Streptococcus in the
used bedding). It does not treat each predictor variable as a distinct point (as in the ANOVA), but considers
the trend and measures whether the change in the response variable as the predictor variable changes is
different from zero (i.e. as the number of cfu/ml of Streptococcus increases in the unused bedding, the

amount of Streptococcus in the used bedding increases, decreases or remains the same).

Linear regression produces an equation in the form of:
y = mx + b, where
e y =the response variable
e m = the slope of the line (i.e. the amount by which the y-level changes)
e x =the predictor variable, and

e b =the y-intercept (i.e. the level of y at time 0).

An r® value is also generated, which indicates how well correlated the x variable (predictor) is with the y-
value (response). In the example above, it would tell how much of the variation in Streptococcus in the
used bedding is due to the cfu/ml of Streptococcus in the unused bedding. R-square values closer to 1 are a
better fit.
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Multiple linear regression is the same as linear regression, only it uses multiple predictor (x) variables. The
equation would include additional values of mx;, mx,, etc for each predictor that has an effect on the
response. The r-square value relates to how well all of the predictor variables together explain the change in

the response variable.

Logistic regression measures the log odds of some response occurring based on a set of predictor variables.
For example, what are the log odds of having an abnormal cell count (> 200,000 cells/ml) based on the
FBS. The results are given as a number that represents the log odds of the event. The anti-log of that
number represents the actual odds of the event occurring. In the example above, if the log odds of having
an abnormal cell count for BWindrow versus DSeparated were -0.82, then the odds of having an abnormal
cell count would be €8 = 0.44. This means that it is estimated that the odds of having an abnormal cell

count for BWindrow are 44% less than for DSeparated.

Poisson regression is used when the outcome is a count, with large-count outcomes being rare events. For
example, the number of mastitis events occurring based on the stage of lactation of the cows. Since the
number of animals in the pens being studied at each farm and at each sampling differed, number of animals
was used as an offset variable for these regressions. The offset variable transforms the model into a model
of rates (i.e. number of mastitis events per number of cows) and helps to equalize the data between FBS.
The results are given as the difference in response between a specified level and the average of all other
levels. In the example above, if the result for cows in early lactation versus mid lactation is -1.2, that means
that the difference in log mean mastitis events between early and mid lactation is -1.2.This difference can
then be converted to an estimate of the ratio of incidence by taking the anti-log. In this case, cows in early

lactation are estimated to have e = 0.3 or 30% of the number of mastitis events as those in mid lactation.
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SECTION 4
RESULTS

BACTERIAL COUNTS IN BEDDING

By Farm/Bedding Strategy

Unused bedding. There were no significant differences between the farm/bedding strategies (FBS) in the

levels of Staphylococcus species, Enterobacter, and Proteus in the unused bedding (Table 4-1). FSeparated
was the only FBS that had any molds in their unused bedding, so they had significantly more molds than
any other FBS. ESand bedding started out “cleaner” than the three separated FBS, but the same as the other
DMS bedding systems in respect to the rest of the bacteria analyzed. Streptococcus and gram negative
bacteria were significantly lower in ESand FBS than all other FBS except EDrum and ESand had
significantly lower levels of gram positive bacteria than all other FBS. Escherichia coli and Klebsiella
levels were the same in ADrum, BWindrow, CDigested, EDrum and ESand FBS. All FBS had the same
amount of Corynebacterium in the unused bedding, except DSeparated, which had significantly higher
levels than ADrum, BWindrow, EDrum and ESand.

Table 4-1: Average Bacterial Levels in Unused Bedding in each Farm/Bedding Strategy

Over the Study Period on a Volume Basis (log cfu/ml).

ADrum | BWindrow | CDigested | DSeparated | EDrum | ESand | ESeparated | FSeparated
Streptococcus 7.0 7.2 12.0° 11.1%® 599 | 2.0 9.9%¢ 12.5°
Staphylococcus 0.0 0.0 0.4% 0.5% 0.0 0.8% 0.8° 0.0
E. coli 0.0° 0.0° 0.5™ 2.7 0.0 | 0.0° 0.7 3.8°
Klebsiella 0.0° 1.0° 1.1 4.7° 0.6™ | 0.0° 3.8% 3.9%
Enterobacter 0.0 0.0 0.0 0.6 0.0 0.0 0.2 0.4?
Proteus 0.0 0.5° 1.4% 1.7% 0.0 0.0 0.9? 0.4?
Gram negative 12.0° 8.6% 10.7® 10.8* 6.6 | 3.2° 10.0® 10.5®
Gram positive 13.7° 12.2% 12.0® 121%* | 10.4° 6.9° 12.6® 12.9%
Corynebacterium | 0.9° 1.1° 3.9% 5.5° 0.6° 0.5° 3.7® 4.3®
Molds 0.0° 0.0° 0.0° 0.0° 0.0° | 0.0° 0.0° 1.6°

Values in each row with different letters are significantly different.

Used bedding. In the used bedding, there were no significant differences in the levels of E. coli,
Enterobacter, Proteus and molds between any FBS (Table 4-2). Streptococcus levels were significantly
higher in ESand used bedding than in all other FBS except BWindrow and DSeparated. ESand and EDrum
FBS had significantly higher levels of Staphylococcus and gram negative bacteria than FSeparated.

Klebsiella (which was not found in unused ADrum) was found in significantly higher levels in that system
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than in BWindrow, CDigested, ESand and FSeparated. Although ESand started out “cleaner”, used bedding

in the ESand FBS had significantly higher levels of other bacteria studied (except Klebsiella) than at least
one, and in many cases, more than one FBS. In all cases (except Streptococcus), the three farm E systems

did not differ in bacterial levels, indicating that it is more likely that bacterial levels in used bedding are a

result of bacteria in the manure of the cow and how well stalls are cleaned, rather than how “clean” the

bedding is when it is put in the stall. In addition, those systems that started out with “clean” bedding tended

to have significantly higher levels of bacteria in used bedding indicating the bedding may have started out

too clean (i.e. no competition from other bacteria).

Table 4-2: Average Bacterial Levels in Used Bedding in each Farm/Bedding Strategy Over
the Study Period on a Volume Basis (log cfu/ml).

Bacteria ADrum | BWindrow | CDigested | DSeparated | EDrum | ESand | ESeparated | FSeparated
Streptococcus 16.7° 16.8% 16.5° 17.0® 16.4° | 17.4° 16.7° 16.7°
Staphylococcus 4.7° 0.8% 3.4%® 3.3® 5.4% 3.8 2.5% 0.3°
E. coli 3.8 3.2° 6.7* 2.3 5.8° 5.6° 2.9° 4.3
Klebsiella 13.7° 9.8 7.4° 12.8% 12.3% | 10.4™7 | 12.8® 8.7%
Enterobacter 5.4 2.2° 3.9 3.1° 0.6 3.5° 3.3 2.4°
Proteus 0.3 0.0° 0.3 1.9° 2.0° 0.4° 2.0° 0.6°
Gram negative 12.0% 13.6° 9.9° 13.6° 125 | 13.2° 13.9° 12.7®
Gram positive 16.1%° 15.8%° 14.8° 15.6™ 17.1® | 17.0° 16.1%° 15.1°
Corynebacterium | 14.1® 11.1° 13.2® 13.1® 13.4® | 1522 15.3 12.9%
Molds 0.8° 0.0° 0.8° 0.7° 0.0° 0.0° 0.0° 1.2

Values in each row with different letters are significantly different.

Seasonality

Analysis of the seasonality of bacterial counts in unused and used bedding was performed on each of the

farm/bedding systems as well as for all FBS together. The following months were used in determining the

seasons:

e  Spring: March, April and May

e Summer: June, July and August

o  Fall: September, October and November

e  Winter: December, January and February

Unused bedding. There were no significant seasonal differences in the levels of Staphylococcus species, E.

coli, Enterobacter, gram negative bacteria, or molds in the unused bedding for any of the farm/bedding

systems. Table 4-3 shows the seasonality of the levels of other bacteria in the unused bedding that showed

some significant difference between seasons. Spring appears to be the season in which bacterial levels are
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higher in unused bedding in the few instances when there is a significant difference. Streptococcus levels in
unused bedding were significantly higher in the spring for most farm/bedding systems, but were higher in
the winter than the spring for ESand. Klebsiella, Proteus and gram positive bacteria were higher in the

spring for all farm/bedding systems that showed seasonality. Corynebacterium did not show a clear pattern.

Table 4-3: Seasonality of Bacterial Levels in Unused Bedding for each FBS and All Farms

Together on a volume basis.

Code Streptococcus | Klebsiella | Proteus Gram Positive Bacteria | Corynebacterium
ADrum SP=W>SU NA NA NS NS

BWindrow | SP=W>SU NS NS NS NS

CDigested | NS NS NS NS NS

DSeparated | SP>SU NS SP>SU=F=W | NS SP>SU=W
EDrum NS NS NA SP>F NS

ESand W>SP=SU NA NA NS NS

ESeparated | SP>W>SU SP>SU=W | SP>SU=F=W | SP>W F>=SU=W
FSeparated | NS NS NS SP>F SU>F=W

All Farms | SP=F=W>SU | SP>SU SP>F SP>SU=F NS

SP = Spring, SU = Summer, F = Fall, W = Winter, NS = not significant, NA = not applicable

Used bedding. Although spring levels of bacteria in unused bedding were highest, summer had higher
levels in the used bedding (Table 4-4). Staphylococcus, E. coli, Klebsiella, Enterobacter and
Corynebacterium were all highest in used bedding in the summer, while Streptococcus levels were highest

in the spring. Gram negative and gram positive bacterial showed no clear pattern.
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Together on a volume basis.

Table 4-4: Seasonality of Bacterial Levels in Used Bedding for each FBS and All Farms

Code Streptococcus | Staphylococcus | E. coli | Klebsiella | Enterobacter | Gram Gram Corynebacterium
Negative | Positive
ADrum NS NS SP>F= | SU>F=W | SU>F>W NS NS SU=F>SP
w >SP
BWindrow | NS NS SU>= | SU=F=W | NS F=W>SP | SP>SU | SU=F>W
F=W | >SP =SU =W
CDigested | F>SP=SU NS NS SU=F>SP | NS NS NS F=SU>SP
DSeparated | SP>SU NS SU>S | SU=F=W | NS SU=F= NS W>SP=SU=F
P=F= | >SP W>SP
w
EDrum SP>SU SU>SP=F NS NS NS NS SP>SU | SU=F>SP
ESand SP=F=W>SU | NS NS F>SP F>SP NS NS SU=F>SP
ESeparated | NS F>wW NS SU=F>W | W>SP=SU NS SU=W> | SU>SP=F=W
F
FSeparated | NS NS NS SU=F=W | SU>F NS NS NS
>SP
All Farms SP=F>SU SU>SP=F=W | SU>S | SU=F=W | SU>SP NS NS SU=F>SP=W
P=F= | >SP
w

SP = Spring, SU = Summer, F = Fall, W = Winter, NS = not significant

EFFECT OF BACTERIAL COUNTS OF UNUSED BEDDING ON COUNTS IN USED BEDDING

Data were analyzed to address the question on whether the cleanliness of the unused bedding has an effect
on the bacterial population of the used bedding. That is, will lower bacterial counts in the unused bedding
necessarily lead to lower bacterial counts in the used bedding? Multiple linear regression was performed on
the effect of bacterial counts in unused bedding on the counts in used bedding. Table 4-5 shows the results.
One would expect that if the bacterial content of the unused bedding determined the levels in the used, it
would be the same bacteria (i.e. more E. coli in the unused would produce more E. coli in the used).
However, Table 4-5 shows that this is only the case for Staphylococcus, Klebsiella and Proteus.
Staphylococcus levels in used bedding are positively correlated with Staphylococcus and Corynebacterium,
and negatively correlated with Streptococcus levels in the unused bedding. That is, one could lower the
levels of Staphylococcus in used bedding by lowering levels of Staph and Corynebacterium and increasing
levels of Strep in the unused bedding. Similarly, decreasing levels of Klebsiella and increasing levels of

molds in unused bedding would allow for lower levels of Klebsiella in used bedding. However, r-square
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values for both of these indicate that the levels of these bacteria in the used bedding are due only 18 and
29% to the levels of the bacteria in the unused bedding. The best fit (r-square = 0.51) is for levels of gram
negative bacteria in the used bedding. In this case, if Enterobacter and Proteus levels in the unused
bedding were increased, then gram negative bacteria in the used bedding would decrease. These data
suggest that other factors besides the bacterial level of the unused bedding have an impact on bacterial

levels in used bedding.

Table 4-5: Effect of Bacterial Counts of Unused Bedding on Counts in Used Bedding

Bacteria in Used Multiple Linear Regression Equation (all x variables are | p-value | r-

Bedding (Y) in unused bedding) square

Streptococcus (vol) Y=16.9 — 0.1* gram negative bacteria + 0.1* gram 0.0011 | 0.1943
positive bacteria

Staphylococcus (vol) Y = 8.6 — 0.5* Streptococcus + 0.6* Staphylococcus + 0.0049 | 0.1860
0.3* Corynebacterium

E. coli (vol) Y =7.5-0.9* molds 0.0372 | 0.0661

Klebsiella (vol) Y =11.7 + 0.2* Klebsiella — 1.0* molds <.0001 | 0.2928

Enterobacter (vol) Y =5.4 + 0.5* E. coli — 0.9* molds 0.0080 | 0.1420

Proteus (vol) Y = 2.2 + 0.7* Enterobacter + 0.4* Proteus — 0.2* 0.0010 | 0.2286
Corynebacterium

Gram Negative (vol) Y= 14.1 — 0.5* Enterobacter — 0.3* Proteus <.0001 | 0.5138

Gram Positive (vol) Y =17.6 — 0.1* gram negative bacteria — 0.1* <.0001 | 0.2632
Corynebacterium

Corynebacterium (vol) Y =14.5 - 0.5* Proteus 0.0392 | 0.0647

Molds (vol) Y = 0.9 + 0.5* E coli — 0.6* Enterobacter 0.0035 | 0.1645

BEDDING PROPERTIES

Bedding (both unused and used) was analyzed for % maoisture, % organic matter (OM) and particle size. It

has been suggested in the literature that with more moisture and more organic matter, bacterial populations

thrive. It has also been suggested that the amount of fine particles in the bedding has an effect on bacterial

populations on the teat ends (the finer the material, the more likely it will stick to the teat ends, and

therefore there will be a higher population of bacteria on the teat ends). This is hypothesized to, in turn,

cause more mastitis. Therefore, particle size was analyzed as % of particles < 2 mm and % of par