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ABSTRACT

In the past decade, the demand for organic agri-
cultural products has increased rapidly in the United
States and worldwide. Milk quality research is of major
interest to both consumers and dairy farmers alike.
However, scientific data on milk quality, herd manage-
ment methods, and animal welfare on organic farms
in the United States has been lacking before the re-
search from this study. The objective of this study was
to evaluate the association of bulk tank milk somatic
cell count (SCC) with management characteristics on
organic and conventional dairy farms in New York, Or-
egon, and Wisconsin. Data from similarly sized organic
farms (n = 192), conventional nongrazing farms (n =
64), and conventional grazing farms (n = 36) were col-
lected at a single farm visit. Of the 292 farms visited,
290 bulk tank milk samples were collected. Overall, no
difference in SCC was observed between the conven-
tional and organic grazing systems. Two models were
created to assess the effects of various management and
herd characteristics on the logarithmic transformation
of the SCC (LSCC), one using data from all herds and
one using data from organic herds only. From the total
herd model, more grain fed per cow per day was nega-
tively associated with LSCC, whereas a positive bulk
tank culture for Staphylococcus aureus and years that a
farmer reported being in the dairy business were both
positively associated with LSCC. In the organic herd
model, a seasonal effect indicated that LSCC tended
to increase in the summer and decrease in the winter.
Grain fed per cow per day, the use of anionic salts in
transition-cow diets, the use of gloves during milking,
and regular use of a quarantine unit at milking were all
negatively associated with LSCC. Similar to the total
herd model, a Staph. aureus-positive bulk tank culture
was positively associated with LSCC in the organic
model. Standard plate count was also positively associ-
ated with LSCC in the organic model. Several variables
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that were associated with management using external
resources were combined to create an external input
score. In the total herd model, use of more external
resources was negatively associated with LSCC. Con-
ventional herds in the study tended to use more outside
management resources than organic herds.
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INTRODUCTION

Udder health is an essential component of qual-
ity milk production and cow well-being. Mastitis is
the most costly and common disease found in dairy
herds in the United States. Clinical mastitis is often
responsible for a decrease in milk production and milk
discard due to low quality and a rare risk of antimicro-
bial residues from treatment (van Schaik et al., 2002).
Subclinical mastitis results in a lower milk production
and reduced milk quality due to increased SCC in milk
(Roesch et al., 2007). Determining bulk milk SCC is
an internationally recognized method to determine the
quality of the milk and the udder health status of the
cattle in the herd. Many management practices have
been associated with an increased disease risk and with
subsequent higher bulk milk SCC (BMSCC; Dohoo,
1982; Barkema et al., 1998; Schukken et al., 2003).

Interest in quality food production, animal welfare,
and environmental sustainability has increased in recent
years. This holds true for the dairy industry across both
organic and conventional dairy production systems. A
large body of literature reports associations between
management of dairy farms and animal health, as well
as milk quality (Zwald et al., 2004; Pol and Ruegg,
2007; Dufour et al., 2011). Consumers have become
increasingly curious about the source of their food, and
many have become interested in organic or local food
sources (Yiridoe et al., 2005). The associated increase
in certified organic dairy animals and production of
organic dairy products is a direct result of consum-
ers’ interest in animal welfare and the environmental
impact of conventional dairy farming (Sundrum, 2001).
However, there is a lack scientific data on management
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methods and herd health on organic farms to determine
the effect of these methods on animal well-being.

Organic management often places an emphasis on
preventative measures such as vaccination to control
disease (Ruegg, 2009). On organic dairy farms in the
United States, animals or products from animals given
substances prohibited by the National Organic Program
may not be sold as organic, and these animals must be
removed from the herd following treatment. However,
producers are prohibited from withholding necessary
treatment from a sick or injured animal (USDA AMS,
2007). From 2000 to 2008, the number of certified or-
ganic cows in the United States increased from 38,196
to 249,766 (USDA ERS, 2008). Due to the recent surge
in the number of organic dairy animals, the need for
established best management practices and overall herd
health information on organic dairy farms is growing,
but the industry currently lacks sufficient scientific
information to define best organic management prac-
tices. Antimicrobial use and mastitis management have
been compared between organic and conventional dairy
operations in several US studies (Zwald et al., 2004;
Pol and Ruegg, 2007; Ruegg, 2009), but few studies
have included conventional herds matched on size and
location to organic herds. Recent publications from our
project have described management on organic and
conventional farms (Stiglbauer et al., 2013), as well
as the use and role of veterinarians within the same
population (Richert et al., in press). A perception ex-
ists among consumers that organically produced milk
is healthier or of better quality (Yiridoe et al., 2005).
However, previous research has found little difference
in SCC between organic and conventional dairy farms
(Rosati and Aumaitre, 2004; Zwald et al., 2004; Sato
et al., 2005) and a review of published literature on
organic products lacked any strong evidence for a nu-
tritional advantage of organic foods (Smith-Spangler et
al., 2012).

The objective of this study was to evaluate the rela-
tionship between management practices and BMSCC
for all herds involved in the study and specifically for
the subset of organic herds. The aim was to identify
a set of management variables for the overall dairy
community, as well as specifically to the organic com-
munity, that are associated with a lower BMSCC and
can be used to define best management practices for
conventional as well as organic dairy farms.

MATERIALS AND METHODS
Recruitment and Herd Selection

Herd inclusion and recruitment criteria are as de-
scribed by Stiglbauer et al. (2013) and Richert et al.
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(in press). Briefly, 292 dairy herds were visited in New
York (NY), Oregon (OR), and Wisconsin (WI) be-
tween March 2009 and May 2011. A total of 192 organic
(ORG) herds and 100 conventional (CON) herds were
frequency matched based on herd size and location. In
NY, 72 ORG and 25 CON farms were visited; in WI, 96
ORG and 51 CON farms were visited; and in OR, 24 of
each ORG and CON farms were visited. Organic herds
were initially identified by listings from certifying orga-
nizations, county extension agents, and personal con-
tacts. Conventional herds were identified by compiling
a list of licensed dairy farms from each state’s depart-
ment of agriculture. Nonresponders received multiple
mailings to increase participation. To be eligible for the
study, ORG herds were required to have a minimum of
20 adult cows and had been shipping certified organic
milk for at least 2 yr. Conventional herds were required
to have a minimum of 20 adult cows and must have
been shipping milk for at least 2 yr.

Questionnaire and Data Collection

The study questionnaire was adapted from previ-
ously published survey instruments with input from
veterinarians familiar with the dairy industry (Zwald
et al., 2004; Pol and Ruegg, 2007; available at http://
milkquality.wisc.edu/organic-dairies/project-cow /). Tt
was reviewed by professional survey developers, and
pretested with organic and conventional dairy farmers
in each state. Farmers were asked to refer to all avail-
able records to ensure accuracy of answers. Recall was
frequently limited to the 12 mo before the herd visit
or less. Questionnaire information addressed questions
under each of the following themes: animal health and
personnel, herd inventory and expansion, milk produc-
tion, breeding and reproductive information, housing,
feed and water systems, milking and other routine
procedures, disease definitions and treatment, mastitis,
management of Johne’s disease, veterinarian involve-
ment, calf and heifer information, and DHIA informa-
tion (if applicable).

Data-collection methods were consistent across the
3 states, as described by Richert et al. (in press). In
brief, a single member of the study team conducted
all interviews in each state. All investigators met and
were trained on administration of the survey and
scoring methods used in the study. Throughout the
data-collection period, monthly conference calls were
held to discuss questions and help ensure standardiza-
tion of data collection among states. In most herds,
the individual directly responsible for animal care was
interviewed.

Body condition scoring, udder hygiene, and hock scor-
ing was done by the interviewer on all farms. Scoring on
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farms with more than 50 adult cows was assessed for
a minimum of 50 lactating and 20 dry cows, or 20% of
each group, whichever was larger. All adult cows were
scored from herds with less than 50 cows. Body condi-
tion was evaluated using an accepted scoring method
with provided guidelines for examining the thurl line,
hooks, pins, and sacral and tailhead ligaments (Fergu-
son et al., 1994; Elanco Animal Health, 1997). Udder
hygiene was assessed on a 4-point system (Schreiner
and Ruegg, 2003). Hock scores were assessed using a
3-point system developed by Cornell University (Ithaca,
NY) in 2007 (http://www.ansci.cornell.edu/prodairy/
pdf/hockscore.pdf; accessed September 2012). All
scoring forms can be found at http://milkquality.wisc.
edu/wp-content /uploads/2011/10/Reference-Guides-
for-Scoring.pdf.

Bulk Tank Milk Sample Collection and Testing

Samples of bulk milk were collected by study person-
nel at 290 of the study farms and sent to Quality Milk
Production Services at Cornell University for analysis.
All samples were taken directly from the bulk tank with
a sterile sampler after a minimum of 5 min of agitation,
immediately put on ice, and transported to the testing
facilities. Two farmers in the study requested that their
bulk tank milk not be analyzed and were, therefore, not
included in the analyses for this manuscript.

The samples were analyzed using real-time PCR for
foodborne pathogens Salmonella spp. (detecting the
presence of the invA gene; Nam et al., 2005), Listeria
monocytogenes (detecting the hly gene; Jothikumar et
al., 2003), and Shiga toxin-producing FEscherichia coli
(detecting for the presence of the stzl or str2 genes;
Reischl et al., 2002; Manning et al., 2007). Samples
were also tested for Mycoplasma bovis (Hogan et al.,
1999); bovine viral diarrhea virus (Renshaw et al.,
2000); a modified mastitis bacteria count, inclusive of
many contagious and environmental mastitis pathogens
(Hogan et al., 1999); and antibodies to Mycobacterium
avium subspecies paratuberculosis (Johne’s disease;
(Paracheck; Prionics AG, Zurich, Switzerland). Samples
were couriered to Dairy One Cooperative (Ithaca, NY)
and tested for SCC, SPC, laboratory-pasteurized (LP)
count, coliform and F. coli count, and butterfat and
protein percentages (Wehr and Frank, 2004).

Statistical Analysis

Study Variables. All statistical analysis was per-
formed using SAS version 9.2 (SAS Institute, 2008).
Descriptive analysis of bulk tank milk was performed
using PROC UNIVARIATE for BMSCC (x 1,000 cells/
mL), SPC (x 1,000 cfu/mL), LP count (x 100 cfu/

mL), protein (%), butterfat (%), coliform count (cfu/
mL), and E. coli (cfu/mL). The presence of foodborne
pathogens Staphylococcus aureus and Streptococcus
agalactiae were also included in the analysis. Somatic
cell count and SPC were transformed into log;, values
of the number of cells per milliliter and log;, values
of the number of colony-forming units per milliliter,
respectively, and reported as geometric means using
the antilog to back-transform the parameters. Due to
the large number of negative results, LP count and F.
coli were dichotomized. The descriptive analysis of LP
count and F. coli reports the percentage of each grazing
system with a positive result (Table 1).

Dairy production system (ORG and CON) and graz-
ing information were combined to create a new predic-
tor variable, grazing system, which had 3 levels: (1)
organic, which therefore required grazing (ORG); (2)
conventional grazing (CON-GR); and (3) conventional
nongrazing (CON-NG). Grazing was defined as herds
where >30% of DMI of lactating cows were obtained
from pasture during the grazing season. Grazing sys-
tem, herd size category (0-99 cows, 100-199 cows, or
>200 cows), and site (NY, OR, or WI) were associated
with the design of the study and were forced into the
modeling process.

Predictor variables considered for inclusion in the
SCC model were selected based on similarity to vari-
ables described in the meta-analysis of Dufour et al.
(2011) and were then separated into the following
groups: (1) general farm information, (2) management
information, (3) milking procedures, and (4) nutrition.
The variables considered within each group were as fol-
lows: (1) general farm information: average reported
BMSCC (mean of BMSCC from 3 mo before herd visit
from on-farm records), average age of primary adult
housing in years, percentage of first-lactation cows on
the farm, mean lactation number, number of years the
farmer had been in the dairy industry, seasonality of
herd visit {computed using the formulas sin[2w x (day
of year/365)] and cos[2w x (day of year/365)], where =
= 3.14}, percentage of problem breeders in the past 12
mo (defined as animals that had been removed due to
their failure to conceive, animals that had been removed
from the breeding population by being labeled “do not
breed” because of failure to conceive, or animals that
were 9 month postpartum and not yet pregnant), esti-
mated calving interval in days (provided by herd record
systems or calculated by adding 60 d to the estimated
lactation length), amount of milk produced per cow
per day (kg), type of milking facility (pit parlor, flat or
walkthrough parlor, tiestall or stanchion, or other type
of facility), presence of Staph. aureus (yes or no), pres-
ence of Strep. agalactiae (yes or no), mean BCS, mean
hock score, mean udder hygiene score, and average
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Table 1. Descriptive analysis of milk quality variables from bulk tank samples collected from dairy farms in New York, Oregon, and Wisconsin

from March 2009 to May 2011, analyzed among grazing systems'

Milk quality variable All herds (n = 290)

CON-NG (n = 63)

CON-GR (n = 36) ORG (n = 191)

SCC? (x 1,000 cells/mL)
SPC? (x 1,000 cfu/mL)
Laboratory pasteurized count®
(x 100 cfu/mL)

Coliform® (cfu/ mL)
Escherichia coli’ (% (cfu/mL)]
Butterfat® (%)

Protein® (%)

Salmonella species (%)
Listeria monocytogenes® (%)
Shiga toxin Escherichia coli® (%)
Bovine viral diarrhea® (%)
Mycoplasma boms* 2
Staphylococcus aureus (%
Streptococcus agalactiae® (%)

191 (41 to 724)
6.8 (1 to 4,000)
<1 (<1 to 300)

to >150)*

to 150)

(2.86 to 5.80)
(2.44 to 3.89)

1
2

182 (61 to 501)
8.8 (1 to 4,000)
<1 (<1 to 54)

166 (40 to 616)
5.6 (1 to 110)
<1 (<1to11)

195 (45 to 724)
6.5 (1 to 1,700)
<1 (<1 to 300)

o >150)" 12 (0 to >150)" 4 (0 to >150)*
0 22) 28 (0 to 150) 19 (0 to 29)
3.14 to 4.96) 3.87 (2.86 to 5.24) 4.02 (2.90 to 5.80)
2.73 to 3.89) 3.19 (2.61 to 3.89) 3.12 (2.44 to 3.86)
0 0
0 1
3 1
3 1
3 2
43 62
0 3

'All analyses were based on a single sampling event from each herd. CON-NG = conventional nongrazing; CON-GR = conventional grazing;

ORG = organic.
*Geometric mean and range reported.

Analyzed variable had nonnormal distribution (median and range reported).
*Testing was done on Petrifilm plates (3M, St. Paul, MN), which had an upper limit of 150 cfu/mL.

PPercentages of each group that tested positive. Ranges presented in parentheses are in colony-forming units per milliliter for nonbinary vari-
ables. Escherichia coli counts are represented as positive results (>1 cfu/mL).

6 . S
"Range represented in parentheses is in percentage.

reported SPC (mean of SPC from 3 mo prior to herd
visit from on-farm records: <1-7,000, 8,000-32,000, or
>33,000 cfu/mL); (2) management information: use of
natural service for nonlactating heifers (none, some, or
all), use of natural service for adult cows (none, some,
or all), use of DHIA (yes or no), use of a dedicated
calving area separate from all other cows (yes or no),
farmer-reported improved laneways (yes or no), use of
a segregation unit or bucket milker during milking (yes
or no), clinical mastitis culturing (performed regularly,
performed infrequently, or not ever performed), number
of people who treat mastitis, written herd health and
treatment records (yes or no), regular veterinarian vis-
its (yes or no), use of vaccinations in adult cows (yes or
no), use of a nutritionist (yes or no), use of anionic salts
in transition-cow diets (yes or no), frequency of bulk
tank cultures taken per year (never, monthly, quarterly,
or other times per year), use of a blanket dry treatment
(categorized as a blanket antimicrobial, internal or ex-
ternal sealant for all cows, combination of antibiotic
and sealant for all cows, other blanket treatment, or
no blanket treatment), routinely checking postpartum
cows (yes or no), use of a California mastitis test (yes
or no), keeping sick and healthy cows separate (yes or
no), use of a separate location to transfer cows (yes or
no), introduction of new dairy cows or heifers in the
past 12 mo (yes or no), percentage of herd with 3 or
fewer teats, and the percentage of the herd that had
at least 1 quarter segregated from the bulk tank; (3)
milking procedures: number of times milked per day,
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premilking teat disinfection (yes or no), postmilking
teat disinfection (yes or no), use of gloves during milk-
ing (yes or no), use of automatic take offs (yes or no),
number of milkers on the farm, forestripping before
milking (yes or no), and number of milking units (0-10,
11-19, or >20); (4) nutrition: use of grazing (yes or no),
use of TMR (yes or no), and amount of grain fed per
cow per day (kg). The following variables were specific
to the organic model, and not analyzed in the total
herd model: number of acres used for pasture, average
percentage of DMI from pasture, percentage improved
pasture from 7 yr prior to the herd visit, the number of
years certified organic, number of days grazing in the
last grazing season, and the use of rotational grazing
(yes or no).

Use of FExternal Input. To assess the level of
external support a farmer was using, several variables
were combined to create a new variable, named exter-
nal input score (EIS). It was additive of the following
variables, several of which were changed to binary to
allow for a 0 (no) or 1 (yes) scale: use of nutrition-
ist (no or yes), regular use of a veterinarian (no or
yes), use of DHIA (no or yes), use of anionic salts in
transition-cow diets (no or yes), vaccination of cows
(no or yes), vaccination of calves (no or yes), regular
pregnancy checks (no or yes), a written record of herd
health events (no or yes), any use of Al in nonlactating
heifers (no or yes), and any use of Al in lactating cows
(no or yes). The resulting additive scale ranged from 0
to 10. Because of the statistical and logical correlation
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of these variables to one another, the EIS was used in
the modeling process in replacement of the individual
variables that remained in the final models before the
backward stepwise process.

Statistical Models. We analyzed data from 290 of
the 292 farms included in the study due to missing
bulk tank information from 2 OR farms. The primary
outcome variable was the BMSCC on the day of the
herd visit. Due to the heavily right skewed distribution
of the BMSCC variable, it was logarithm transformed
to the log;, of the number of cells per milliliter before
model construction (LSCC). PROC UNIVARIATE
was used to analyze individual continuous variables and
assess normality of the variable distributions. Variables
with a nonnormal distribution were categorized into 3
groups based on the 25th and 75th percentiles (0-25,
26-75, or 76-100%).

Two linear regression models were constructed to
determine the relationship between LSCC and the
individual predictor variables using different subsets
of data: (1) a model constructed using data from all
herds in the study, hereinafter referred to as the total
herd model and (2) a model constructed using data
from all ORG herds in the study, hereinafter referred
to as the organic herd model. Variable selection was
done according to the method described by Dohoo et
al. (2010).

The general form of the linear model used for the
total herd model was as follows:

LSCC = (3, + B, grazing system + (3, herd size
category + (35 site + 3, X + . .. + &,

where (3, = intercept term, (3; = regression coefficient,
Xy = predictor variable, and € = error term.

Model selection was performed in 3 steps. First, each
individual predictor variable was screened for uncon-
ditional associations with LSCC by linear regression
using PROC MIXED. Then, unconditionally associated
variables from each of the 4 groups of predictor vari-
ables (general dairy information, management, nutri-
tion, and milking procedures), in addition to all design
variables, were included for selection for 4 multivariable
submodels using a P < 0.25 cutoff. Finally, all predictor
variables that remained in the submodels (P < 0.25)
were selected for a final multivariable regression model,
analyzed using PROC GLM. Biologically relevant first-
order interactions were assessed in the final model.
The final multivariable model was constructed using
backward selection techniques. Predictor variables sig-
nificant at P < 0.10 and all design variables remained
in the final multivariable model. The model-building
process used for the organic herd model was identical

to the process used for building the total herd model
except that grazing system was not included as a design
variable, and grazing-specific variables were included.

RESULTS
Bulk Tank Results

The geometric mean SCC of the overall study popu-
lation was 191,000 cells/mL, ranging from 41,000 to
725,000 cells/mL (Table 1). When the back-transform
of LSCC was stratified by grazing system, the geomet-
ric mean SCC were 182,000, 166,000, and 195,000 cells/
mL for CON-NG, CON-GR, and ORG farms, respec-
tively (Table 1). The overall geometric mean SPC was
6,800 cfu/mL, and stratified means were 8,800, 5,600,
and 6,500 cfu/mL for CON-NG, CON-GR, and ORG
farms, respectively. Total coliform counts among CON-
NG, CON-GR, and ORG farms had medians of 11,
12, and 4 cfu/mL, respectively, with an overall median
of 5 cfu/mL. Due to the large number of negative re-
sults (0 cfu/mL), the descriptive analysis of LP and E.
coli variables reports the percentage of each grazing
system with a positive result (>1 cfu/mL; Table 1).
Laboratory-pasteurized count results were positive on
45% of CON-NG farms, 39% of CON-GR farms, and
34% of ORG farms, and for 37% of the total population.
Twenty-eight percent of bulk tanks on both CON-NG
and CON-GR farms were positive for F. coli, whereas
19% of ORG farms and 22% of all herds’ milk tested
positive. Mean butterfat (%) on CON-NG, CON-GR,
and ORG farms was 3.91, 3.87, and 4.02%, respectively.
The mean protein percentages from the bulk tank milk
were 3.13, 3.19, and 3.12% for CON-NG, CON-GR,
and ORG, respectively. The prevalence of foodborne
pathogen DNA of L. monocytogenes and Shiga toxin-
producing E. coli was low (Table 1). Salmonella DNA
was not detected in any of the samples. Bovine viral
diarrhea virus and M. bovis were rare in the bulk milk
of the study population, with only 1% of total samples
testing positive for each.

Contagious mastitis pathogens from the bulk tank
that were assessed for differences between grazing
systems were Staph. aureus and Strep. agalactiae from
the modified bacteria count testing. The percentage of
ORG bulk tanks with a Staph. aureus-positive culture
was 61%, compared with 42% of CON-NG and 43% of
CON-GR bulk tanks (Table 1), with an overall percent-
age of 55%. The prevalence of Strep. agalactiae was also
low, with only 2% of bulk tanks testing culture positive
for Strep. agalactiae.

Univariate Analysis

Of the approximately 60 predictor variables analyzed
using univariate linear regression analysis, 29 were un-
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conditionally associated (P < 0.25) with LSCC and se-
lected for inclusion in the final model. The association
of average reported SCC and LSCC were analyzed to
ensure accuracy and reassurance of the BMSCC (Fig-
ure 1; R* = 0.76, P < 0.001), but the average reported
SCC variable was not included in the model-building
process.

Total Herd Model Building. Differences and as-
sociations with LSCC among binary and categorical
variables are presented in Table 2. Continuous general
farm characteristic variables that were unconditionally
associated (P < 0.25) with LSCC in the total herd data
set were the number of reported years in the dairy busi-
ness, percentage of first-lactation cows on the farm, and
the milk production per cow per day. The cosine and
sine of seasonality variables were also associated with
LSCC; summer months tended to have an increase in
LSCC. The EIS was the only continuous management
variable that was unconditionally associated (P < 0.25)
with decreased LSCC. The number of milkers on the
farm was the only continuous milking variable that had
an unconditional association with increased LSCC in
the total herd data set. The amount of grain fed per
cow per day was the only continuous nutritional vari-

800 -
700
600
500
400 -
300

200 4

Bulk Tank SCC (x 1,000 cells/mL)

100 -

able that was unconditionally associated with LSCC in
the total herd data set.

The predictor variables that were selected for in-
clusion in the final multivariable LSCC model before
backward stepwise regression using a cutoff value of P
< 0.25 were the number of years in the dairy industry,
seasonality, presence of Staph. aureus in the bulk tank,
average reported SPC, the EIS, the percentage of heif-
ers bred using natural service, the use of gloves, the
number of milkers on the farms, the amount of grain
fed per cow per day, and the use of anionic salts in
transition-cow diets.

Selected Total Herd Model. Backward stepwise
linear regression modeling resulted in the final model
that, in addition to the forced design variables (grazing
system, herd size, and location) included 4 predictor
variables (Table 3). The variables representing the per-
centage of heifers on the farm bred using natural ser-
vice and the use of anionic salts in transition-cow diets
were removed from the model, as they were a part of
the EIS calculation. The EIS was negatively associated
with LSCC (P = 0.008), as was amount of grain fed
per cow per day (P = 0.036). Bulk tank milk samples
that tested positive for Staph. aureus typically had a

e}

T I T 1

600 700

Average SCC from 3 mo prior to herd visit (x 1,000 cells/mL)

Figure 1. Measured SCC (x 1,000 cells/mL) from bulk tank milk on the day of collection plotted against the average bulk tank SCC from
3 mo before the collection date from 187 organic (open circles) and 96 conventional (closed circles) farms in New York, Oregon, and Wisconsin.
The SCC information was unavailable for 4 organic and 3 conventional farms. Data were collected between March 2009 and May 2011; R* =

0.76, P < 0.001.
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Table 2. Least squares means of the geometric mean of the bulk tank milk of the logarithmic transformation of SCC (log, cells/mL) among
290 farms in New York, Wisconsin, and Oregon'

Geometric
mean SCC 95% CI
No. of (x 1,000 (x 1,000 P-value
Variable Variable level herds cells/mL) cells/mL) (P <0.25)
General farm characteristics
Grazing system” CON-NG 63 182 158-209 0.17
CON-GR 36 166 138-200
ORG 191 195 182-214
Site New York 97 195 174-219 0.007
Oregon 46 151 128-178
‘Wisconsin 147 200 186-219
Average reported SPC? (cfu/mL) <1-7,000 97 178 159-200 0.24
8,000-32,000 131 200 182-219
>33,000 62 200 174-229
Bulk tank culture — Staphylococcus aureus Negative 131 162 41-724 0.21
Positive 159 214 63-724
Management
DHIA No 137 209 190-229 0.005
Yes 153 174 158-191
Percentage of heifers bred by natural service 0-25% 149 166 155-182 <0.001
26-75% 28 182 151-224
76-100% 113 229 204-252
Percentage of adult cows bred by natural service 0-25% 203 174 162-191 <0.001
26-75% 33 224 182-269
76-100% 54 246 209-282
Dedicated calving area No 204 200 182-214 0.092
Yes 86 174 155-200
Improved laneways No 133 204 182-224 0.13
Yes 157 182 166-200
Use of segregation unit or bucket milker No 200 186 182-214 0.069
Yes 90 174 155-195
Regular vet visits No 153 204 186-224 0.039
Yes 137 178 162-195
Routine fresh cow checks No 247 214 178-251 0.20
Yes 43 186 174-200
Use of nutritionist No 109 209 186-229 0.044
Yes 181 182 162-195
Use of blanket dry treatment® None 206 200 186-219 0.030
Blanket antimicrobial 36 195 164-234
Combination 22 151 120-191
Sealant 22 145 112-182
Other 4 200 120-324
Vaccinate cows’ No 72 229 200-257 0.002
Yes 218 182 166-195
Milking procedures
Gloves No 95 209 186-234 0.042
Yes 195 182 170-200
Use of automatic take-offs No 179 204 186-224 0.015
Yes 111 174 155-191
Use of post-dip No 24 219 178-275 0.20
Yes 266 191 178-200
Nutrition
Use of TMR No 165 200 182-219 0.17
Yes 125 182 162-200
Use of anionic salts No 265 195 182-209 0.046
Yes 25 155 123-191
Use of grazing” No 23 166 132-209 0.19
Yes 267 195 182-209

"Variables shown are the categorical and binary general farm characteristics, management, milking, and nutrition and grazing variables analyzed
for unconditional association. Models did not include the design variables grazing system, herd size, or location.

*CON-NG = conventional nongrazing; CON-GR. = conventional grazing; ORG = organic.
*Refers to the mean SPC from 3 mo before the herd visit; obtained from on-farm records.

‘Combination is representative of antimicrobial with a sealant treatment; sealant dry treatments include internal and external teat sealants le.g.,
Orbeseal or T-Hexx (Hydromer Inc., Branchburg, NJ)]; other dry treatments include dry treatment-specific teat dip and alternative treatments.

’Refers to any reported vaccine.
SRefers to any positive response for use of grazing; not limited to the organic minimum DMI percentage for grazing.

Journal of Dairy Science Vol. 96 No. 6, 2013



8 CICCONI-HOGAN ETAL.

Table 3. Final total herd linear regression model showing the association of significant (P < 0.1) variables and the bulk tank using the
logarithmic transformation of SCC (log, cells/mL) among conventional nongrazing (CON-NG; n = 63), conventional grazing (CON-GR; n =

36), and organic (ORG; n = 191) farms'

Variable Level Estimate Final model P-value
Intercept 2.192 <0.001
Grazing system CON-NG 0.059 0.29
CON-GR 0.049
ORG Reference
Location NY 0.086 0.093
WI 0.098
OR Reference
Herd size >200 cows 0.055 0.048
100199 cows 0.099
20-99 cows Reference
External input score” Continuous (0-10) —0.019 0.008
Amount of grain fed (kg/cow per day) Continuous —0.011 0.036
Bulk tank culture — Staphylococcus aureus Positive 0.111 <0.001
Negative
Number of years in the dairy industry Continuous 0.004 <0.001

'Grazing system, location (New York, Wisconsin, and Oregon), and herd size were always included in the model as design variables. Estimates

provided are the f-coefficient for the given variable.

*External input score is a continuous, additive variable from 0 to 10. It consists of the following variables and their scoring schemes: use of nutri-
tionist (no or yes; yes = 1), regular use of a veterinarian (no or yes; yes = 1), use of DHIA (no or yes; yes = 1), use of anionic salts in transition
cow diets (no or yes; yes = 1), vaccination of cows (no or yes; yes = 1), vaccination of calves (no or yes; yes = 1), regular pregnancy checks (no
or yes; yes = 1), a written record of herd health events (no or yes; yes = 1), any use of Al for nonlactating heifers (no or yes; yes = 1), and any

use of Al for lactating cows (no or yes; yes = 1).

higher LSCC (P < 0.001). As the number of years that
a farmer reported being in the dairy industry increased,
the LSCC also increased (P < 0.001).

Organic Herd Model Building. Differences and
associations with LSCC among binary and categorical
variables in the organic herd model are presented in
Table 4. In the ORG herd data set, continuous general
farm characteristics that were associated with LSCC
were the number of years in the dairy business, the
number of years a farm has been certified organic, and
milk production per cow per day. The cosine of season-
ality variable was associated with LSCC, with a peak
in the summer months and a low in the winter months
of LSCC. The EIS was the only continuous manage-
ment variable that was unconditionally associated with
LSCC in the ORG herd data set. The number of milk-
ers on the farm was unconditionally associated with
increased LSCC in the ORG data set. The continuous
nutritional variables that were unconditionally associ-
ated with LSCC in the ORG herd data set were the
average percentage of DMI from pasture and the num-
ber of days grazing per year and the amount of grain
fed per cow per day.

In the organic herd model, the predictor variables
that were selected for inclusion in the final multivariable
LSCC model before backward stepwise regression using
a cutoff value of P < 0.25 were the number of years a
farmer had spent in the dairy business, the number of
years the farm was certified organic, the average SPC,
a Staph. aureus-positive result from the bulk tank, the
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EIS, the use of a segregation unit or bucket milker at
milking, regular visits from the veterinarian, vaccina-
tions of adult cows, the use of gloves, the amount of
grain fed per cow per day, the use of rotational grazing,
and the use of anionic salts in transition-cow diets.

Selected Organic Herd Model. Backward stepwise
linear regression modeling resulted in the final model
that contained the 2 required design variables (herd size
and location) and 8 other variables (Table 5). An in-
crease in the number of years in the dairy industry was
associated with a higher LSCC (P = 0.024). A seasonal
effect was observed on LSCC (P = 0.066), which indi-
cated a peak in the summer months and a depression in
the winter months (Figure 2). A Staph. aureus-positive
bulk tank culture was associated with a higher LSCC
(P < 0.001). Farmers that reported use of a segregation
unit or bucket milker during milking tended to have
a lower LSCC (P = 0.002), as did the use of gloves
during milking (P = 0.089). Feeding more grain per
cow per day was associated with a lower LSCC (P =
0.062). Higher average reported SPC from 3 mo before
the herd visit was associated with a higher LSCC (P =
0.071). Feeding anionic salts in transition-cow diets was
associated with a lower LSCC (P = 0.035).

DISCUSSION

This study was a component of a larger project with
an overarching goal to assess the herd health, manage-
ment practices, and herd characteristics of conventional
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Table 4. Least squares means of the geometric mean of the bulk tank milk of the logarithmic transformation of SCC (log, cells/mL) among

191 organic farms in New York, Wisconsin, and Oregon'

Geometric
mean SCC 95% CI
Variable No. of (x 1,000 (x 1,000 P-value
Variable level herds cells/mL) cells/mL) (P <0.25)
General farm characteristics
Average reported SPC? (cfu/mL) <1-7,000 70 178 155-200 0.059
8,000-32,000 85 214 191-240
>33,000 36 209 174-251
Bulk tank culture — Staphylococcus aureus Negative 73 159 141-182 <0.0001
Positive 118 229 209-251
Bulk tank culture — Streptococcus agalactiae Negative 185 195 182-214 0.17
Positive 6 269 174-427
Management
DHIA No 113 209 186-229 0.20
Yes 78 186 166-214
Percentage of heifers bred by natural service 0-25% T 170 148-191 <0.001
26-75% 18 182 141-234
76-100% 96 234 209-257
Percentage of adult cows bred by natural service 0-25% 115 178 162-194 0.001
26-75% 29 229 191-282
76-100% 47 240 204-282
Use of segregation unit or bucket milker No 130 214 195-234 0.020
Yes 61 174 151-200
Regular vet visits No 123 209 191-234 0.071
) Yes 68 182 159-204
Use of blanket dry treatment® None 179 200 186-219 0.48
Blanket antibiotic 0 — —
Combination 0
Sealant 8 155 102234
Other 4 200 120-324
Vaccinate cows' No 70 229 200263 0.009
Yes 121 182 166-204
Milking procedures
Gloves No 65 219 191-251 0.11
Yes 126 191 174-209
Use of post-dip No 20 229 185-295 0.21
Yes 171 195 178214
Nutrition
Use of rotational grazing No 10 269 191-380 0.076
Yes 181 195 182-214
Use of anionic salts No 180 204 186219 0.023
Yes 11 138 98-191

"Variables shown are the categorical and binary general farm characteristics, management, milking, and nutrition and grazing variables analyzed
for unconditional association. Models did not include the design variables grazing system, herd size, or location.

*Refers to the mean SPC from 3 mo before the herd visit; obtained from on-farm records.

3Combination is representative of antimicrobial with a sealant treatment; sealant dry treatments include internal and external teat sealants le.g.,
Orbeseal or T-Hexx (Hydromer Inc., Branchburg, NJ)]; other dry treatments include dry treatment-specific teat dip and alternative treatments.

"Refers to any reported vaccine.

and organic dairy farms in NY, OR, and WI. The pur-
pose of this manuscript is to provide an analysis of the
milk quality of bulk tank milk, as well as to determine
the effect of selected management variables on BMSCC.

All ORG farms in our study were matched with
CON farms of similar size and location, so that com-
parisons would be as accurate as possible. Also, the
wide range of management methods and, subsequently,
milk-quality results are represented in our population.
Approximately 30% of the organic population across
the 3 states was visited. This study was primarily a
cross-sectional study with a longitudinal component

and we recognize that several limitations exist with this
method of data collection and research. Although the
study was strong internally, care should be taken when
interpreting the results and applying to a group outside
of the study demographic.

Results of this study confirmed previous research,
which indicated that grazing system does not affect
BMSCC (Stiglbauer et al., 2013). The prevalence of
foodborne pathogenic bacteria in our sample of herds
was lower than reported in previous studies (Van Kes-
sel et al., 2011). This may be due to the differences
in methodology between the 2 studies. The number of
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Table 5. Final organic herd linear regression model showing the association of significant variables (P < 0.1) and the bulk tank milk SCC using
the logarithmic transformation of SCC (log) cells/mL) of all organic dairies (n = 191)1

Variable Level Estimate Final model P-value
Intercept 2.239 <0.001
Location NY 0.054 0.62
WI 0.032
OR Reference
Herd size >200 cows 0.157 0.026
100-199 cows 0.091
20-99 cows Reference
Years in the dairy industry Continuous 0.003 0.024
Seasonal effect? Continuous —0.045 0.066
Bulk tank culture — Staphylococcus aureus Positive 0.174 <0.001
Negative Reference
Use of segregation unit or bucket milker Yes —0.112 0.002
No Reference
Amount of grain fed (kg/cow per day) Continuous —0.020 0.002
Reported SPC >33,000 cfu/mL 0.060 0.071
8,000-32,000 cfu/mL 0.080
0-7,000 cfu/mL Reference
Use of gloves during milking Yes —0.057 0.089
No Reference
Use of anionic salts in transition-cow diets Yes —0.148 0.035
No Reference

!system, location (New York, Wisconsin, and Oregon), and herd size were always included in the model as design variables. Estimates provided

are the 3-coefficient for the given variable.

*Seasonal effect was computed using the formulas sin[2r x (day of year/365)] and cos[2w x (day of year/365)] where = = 3.14. We are defining

it here as a continuous variable.

3.0

2.8

2.6

2.4 1

2.2 1

Log(10) SCC

2.0 1

1.8 ~

1.6 ~

Jan Jul

Date of Herd Visit

Jan

Figure 2. Seasonal trend of the logarithmic transformation of SCC (cells/mL) by dairy production system of 290 farms in New York,
Wisconsin, and Oregon. Closed circles represent organic farms (n = 191); open circles represent conventional farms (n = 99). Trend shown (gray
line) is the cosine (P = 0.091), indicating peaks in SCC in the summer months and depression in the winter months. Dates of herd visits span

from March 2009 to May 2011. The logarithmic transformation of the SCC was on the 10% form of the variable.
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farms sampled in the 2011 study was much larger than
ours and samples were also taken from milk filters, in-
stead of just from the bulk tank. Our study population
consisted of primarily small farms (<100 adult cows),
whereas samples collected for Van Kessel et al. (2011)
came from a wide range of farm sizes. In addition to
these differences, it should be noted that only 3 food-
borne pathogens were tested for, so the testing was by
no means exhaustive. These differences should be kept
in mind when interpreting the prevalence of foodborne
pathogens.

The presence of Staph. aureus in the bulk tank milk
was higher on ORG farms (61%) than CON-NG (42%)
and CON-GR (43%) farms, which was not unexpected,
as previous research has shown a higher prevalence of
Staph. aureus among organic farms (Sato et al., 2004;
Pol and Ruegg, 2007). Because Staph. aureus is a con-
tagious pathogen that is difficult to treat, the typical
management strategy is to cull the infected animal or,
alternatively, milk her last to avoid transmitting the
bacteria to the rest of the herd via the milking machin-
ery. The higher prevalence of Staph. aureus on ORG
farms may be due to the difficulty in replacing culled
animals that are organically certified. It may also be
due to the reluctance of ORG farms to bring in adult
animals from outside sources (Stiglbauer et al., 2013).
Approximately 30% of our ORG herds used a segrega-
tion milking unit or a bucket milker, which was found
to be associated with a lower BMSCC. An increased
implementation of a bucket milker use by farms that are
harboring Staph. aureus cows may be a relatively easy
and financially sound method to improve milk quality
on organic farms (Wilson et al., 1995). Additionally, we
found that 94% of our ORG herds did not report use of
any dry cow treatment. The National Mastitis Council
recommends intramammary dry cow treatment of all
cows as one of the key steps in an effective mastitis
control program. Some IMI caused by Staph. aureus
and other gram-positive organisms have been respon-
sive to intramammary treatment, so the lack of dry
cow treatment in ORG herds may be the cause of the
higher Staph. aureus prevalence (Sol and Sampimon,
1995). However, the cause of a higher prevalence of
Staph. aureus on ORG farms is a matter that should be
further explored in future research.

The total herd model showed a relationship between
grain feeding and decreased LSCC, which may be
caused by a dilution effect. Animals that are fed more
grain are likely to produce more milk, which may di-
lute the number of SCC per milliliter in the bulk tank.
Previous research has shown that increased production
is associated with a slightly decreased SCC (Green et
al., 2006), although the strength of this effect is low,
as shown by the parameter estimate in our total herd

model (Table 3). The presence of Staph. aureus in bulk
tank milk and its association with a higher SCC is not
unexpected (Barkema et al., 1999; Olde Riekerink et al.,
2006), as subclinical mastitis caused by Staph. aureus
is associated with increased BMSCC. More years in the
dairy industry was associated with a higher BMSCC.
This could be interpreted as younger farmers, or farm-
ers that have recently gotten into the industry, being
more aggressive in their management and treatments.
However, the regression coefficient is quite small, and
a change of 10 yr only predicts a BMSCC difference of
15,000 to 30,000 cells/mL. Research more focused on
management reasoning may provide a more complete
picture of the relationship between BMSCC and the
number of years in the dairy business.

A point of interest is that of the 8 variables from
the organic herd model determined to be significant,
3 of the variables were also included in the total herd
model. This suggests that although many of the vari-
ables that affect milk quality on organic farms are the
same as those that are significant in the general dairy
population, the organic demographic may use different
methods and face different challenges than the conven-
tional population.

Of interest from both models were variables that
related to the farmer’s use of external management
resources. In our previous paper, Stiglbauer et al.
(2013), we created a scale that allowed us to assess
how much outside support was being used on the farm,
and how it related to various management variables.
We determined that more use of outside support and
management sources was associated with a lower SCC.
To understand the use of external resources and their
effects on milk quality, we combined the results from
the scoring system used in Stiglbauer et al. (2013)
with the multiple correspondence analysis results from
Richert et al. (in press), which was used to characterize
veterinarian use in our study population. The multiple
correspondence analysis results indicated that intensive
management practices, such as vaccinations, use of Al,
and use of a nutritionist were associated with a higher
likelihood of veterinarian use. We combined several of
the variables from both publications to create a more
complete scoring system, referred to as the EIS. This
score was designed to help measure how many different
outside sources the farmers were using to help manage
the farm. Some of the EIS variables by themselves did
not have any logical relationship with LSCC, but still
presented an association, such as high percentages of
bull-bred heifers on the farm. Our EIS was inclusive of
many different overarching management decisions and
factors, but was by no means exhaustive. Several of
the traditional variables typically used to troubleshoot
IMI and the resulting high BMSCC were not signifi-
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Figure 3. Relationship of external input score with IMI of dairy animals and the resulting SCC. The external input score is an additive score
of several variables that indicate more involvement of outside sources in dairy farm management, which may be representative of the precision
of various management procedures. Variables shown as being related to IMI by dotted arrows are representative of traditional variables used to
troubleshoot IMI and increased SCC that were not significant in our modeling.

cant in our models. We postulate that many of these
traditional variables are now less useful in reducing
BMSCC, as many farmers are either already practic-
ing these procedures, or know that this is an expected
response. As described in Figure 3, we believe that the
various EIS are indicative not only of how farmers use
outside sources, but may also serve proxies for precision
of the management procedures. Figure 4 indicates that
a higher EIS was associated with CON management
among size- and location-matched farms (simple regres-
sion; analysis not shown; P < 0.001). This result sup-
ports the findings from Stiglbauer et al. (2013), which
also showed that CON management was associated
with more external resource use, but was assessed using
a more limited external resource scale. Future research
should include more specific questions aimed at outside
management support used on the farm in order create
a more complete picture of management on the farms
and determine why the use of external resources was
lower on organic farms.

Future studies that would allow investigators to fol-
low farms over a longer period of time would be a use-
ful way to build on the information we currently have

Journal of Dairy Science Vol. 96 No. 6, 2013

available. Also, more demographics and farmer-attitude
information should be gathered to provide a more
complete picture with regard to the reasoning behind
external resource use (or lack thereof). The research
this manuscript suggests that external resource use by
farmers may be an effective method of improving milk
quality. This information could be used to enhance milk
quality-improvement programs to maximize utility for
the growing organic portion of the industry.

CONCLUSIONS

The increase in the demand for organic dairy prod-
ucts has produced the need for more knowledge and
research on organic dairy management. Our research
indicates that although each production system has
unique challenges, the milk quality of organic and con-
ventional dairy farms are not different. The LSCC of
the population of all herds included in this study were
most associated with the amount of grain fed, the pres-
ence of Staph. aureus in the bulk tank, the number of
years in the dairy industry, and the EIS. The LSCC of
the organic population of the study was influenced by
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Figure 4. Percentage of dairy farms in each grazing system in New York, Oregon, and Wisconsin distributed by the external input score.
Black bars represent conventional nongrazing farms (n = 63), striped bars represent conventional grazing farms (n = 36), and white bars rep-
resent organic farms (n = 191). The external input score is an additive score (0 to 10) of several variables that indicate more involvement of
outside sources in dairy farm management. The score consists of the following variables, using a 0 (no) or 1 (yes) scale: use of nutritionist (no
or yes), regular use of a veterinarian (no or yes), use of DHIA (no or yes), use of anionic salts in transition-cow diets (no or yes), vaccination of
cows (no or yes), vaccination of calves (no or yes), regular pregnancy checks (no or yes), a written record of herd health events (no or yes), any
use of Al in nonlactating heifers (no or yes), and any use of Al in adult cows (no or yes). The overall finding was that organic farms use fewer

external resources than their conventional counterparts (P < 0.001).

similar variables, with the exception of EIS. Other fac-
tors specific to the organic model included the use of a
bucket milker at milking, the reported bulk tank SPC,
the use of gloves during milking, the use of anionic salts
in transition-cow diets, and a seasonal effect. The EIS
offered an interesting analysis, as it provided insight
into how the different grazing systems use external
resources. Our analysis found that ORG farms were
more likely to have a lower EIS than size- and location-
matched CON farms in this study. Further research
should be done with the use of external management
resources in mind, as well as to create a more exhaus-
tive EIS scale.
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