ABSTRACT

HEIZER, BRITTANY THOMPSON. Impact of Management Practices on Milk Quality on
North Carolina Dairy Farms (Under the direction of Dr. Stephanie H. Ward).

Adoption of mastitis control programs over recent decades has improved milk quality
across US dairies; however, the Southeast is still the poorest region for milk quality. Eroding
milk prices creates an opportunity for interruption of proper management practices and producers
to lose focus on low somatic cell counts (SCC). Because the Southeast is a milk deficit area,
producers must find ways to remain sustainable and competitive. The objective(s) of this study
are: 1) to assess NC milk quality and 2) to understand how management practices impact milk
quality. Eighteen farms voluntarily participated in milk quality assessments, and 27 evaluations
were conducted. Herds were categorized as high (SCC > 350,000 cells/mL), medium (200,000 <
SCC <350,000 cells/mL), and low (SCC < 200,000 cells/mL) bulk tank SCC prior to the start of
herd visits. Herd evaluations were conducted on 30% of the lactating cow herd for the following
variables: teat end scores (TES), locomotion, udder cleanliness, and body condition score (BCS).
Housing evaluations were performed on each herd, with assessment of the following factors:
housing type, bedding type and quantity, bedding frequency, and use of bedding conditioners.
Parlor evaluations were conducted at each visit to observe milking procedures. Herd managers
completed an on-farm questionnaire interview evaluating management strategies and herd
demographics. Herd data was categorized for analysis. A monthly average of temperature
humidity index (THI) was calculated for each visit and classified as no heat stress (THI <68) or
heat stress (THI > 68). Data were analyzed using PROC GLM in SAS. Bulk tank SCC (BTSCC)
and standard plate count (BTSPC) were dependent variables and all other variables were
independent. Bulk tank SCC and SPC were significantly lower for large herds compared to small

herds. Jersey herds had the highest average BTSCC and BTSPC. Herds milked 3X had lower



BTSCC and BTSPC compared to 2X. Bulk tank SCC was greatest during periods of heat stress
compared to no heat stress while BTSPC was lowest during periods of heat stress. Bulk tank
SCC was lower in herds with more clean udders compared to dirty and very dirty udders. Herds
with more clean udders had lower BTSPC compared to dirty udders, and very dirty udders were
intermediate. There was a tendency that as TES increased from low to high, BTSCC increased
and TES significantly reduced BTSPC as TES decreased. Herds with more normal gaited cows
had lower bulk tank SPC compared to herds with more moderately lame cows and severe
lameness was intermediate. Bulk tank SPC was lowest in herds with more ideal BCS cows
compared to thin cows, and fat cows were intermediate. Freestall housing and recycled sand
bedding were found to be associated with the lowest BTSCC. Deep bedded stalls had lower
BTSCC and BTSPC than non-deep bedded stalls. Bedding once a week demonstrated lower
BTSCC and BTSPC compared to bedding more or less frequently. Prep lag time of 90 s or
greater than 90 s had lower BTSCC than less than 90 s. Prep lag of less than 90 s had the lowest
BTSPC. Pre-dip contact time of 30 s or greater had the lowest BTSCC and BTSPC. Peroxide
pre-dip had the lowest BTSCC but the highest BTSPC. Chlorine dioxide and iodine had the
lowest BTSPC. Forestripping resulted in lower BTSCC but higher BTSPC. Dry wiping prior to
pre-dip reduced BTSCC but not BTSPC. Udder hair removal lowered BTSCC but increased
BTSPC. Less cracked teat ends resulted in lower BTSCC but increased BTSPC. Use of teat
sealant at dry off reduced BTSCC and BTSPC. Conducting milk quality evaluations to assess
NC milk quality and better understand how management practices impact milk quality is pivotal
for prioritizing and determining herd based solutions for improving on-farm milk quality and

herd profitability.
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CHAPTER 1: Introduction

“Milk is the most nearly perfect food” containing more vitamins, minerals, and other
essential nutrients than any other single food (Patton, 2004). With this comes the heightened
pressure from both consumers and processors on dairy operations to produce a higher-quality
product. Processors mandate a high-quality product as poor-quality milk with elevated somatic
cells leads to reduced shelf life of dairy products due to reduced processing properties and a
product with decreased nutrient values. (Boor et al., 1998; Ma et al., 2000; Jayarao et al., 2004;
Barbano et al., 2006). Shipping a higher quality product is more economical for a producer as it
may be the difference between making a profit and breaking even (Dickrell, 2019).

In the United States, Somatic Cell Count (SCC) and total bacterial counts known
specifically as, Standard Plate Count (SPC) are two recognized regulatory measurements used to
determine the quality of raw milk under the Grade “A” Pasteurized Milk Ordinance (PMO; US
Department of Health and Human Services, 2009). Bacterial concentrations in milk typically are
measured as colony forming units (cfu/mL) and cannot exceed 100,000 cfu/mL to qualify as
Grade “A” milk. Increased SPC concentrations are predominantly influenced by bacterial
growth on unsanitary milking equipment, dirty udders, improper cooling of milk, and accidental
milking of mastitic cows (Murphy and Boor, 2000; Hayes et al., 2001; Chambers, 2002; Costello
et al., 2003). Currently the United States has the highest legal SCC limit with a Bulk Tank
Somatic Cell Count (BTSCC) less than 750,000 cells/mL. Nationally, in 2019, the average
BTSCC of herds enrolled in the Dairy Herd Improvement Association was 187,000 cells/mL.
While 2019 marked the lowest average BTSCC ever recorded in DHI history, the BTSCC
variation across the US remained large with the Southeastern states often being higher as seen in

Figure 2.1. When looking specifically at North Carolina, the 2019 BTSCC average was 207,000
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cells/mL, down 13,000 cells/mL from 2018, with 20.4% of herds having test day averages over
400,000 cells/mL (Norman et al., 2020). Typically, SCC are indicators of udder health with an
intramammary infection (IMI) influencing SCC the most compared to age, stage of lactation,
stress, season, and mastitis management practices. A SCC greater than 200,000 indicates
inflammation in the udder and potentially, mastitis (Dohoo and Meek, 1982; Eberhart et al.,
1997; Laevens et al., 1997; Harmon, 2001). Mastitis costs the dairy industry an average of $2
billion per year because it reduces milk quality, production, and overall cow comfort (Donovan
et al., 2005). An accumulation of studies has researched numerous management practices
implemented across dairy operations and their associations with BTSCC, BTSPC, and mastitis
control. These results form the foundation of udder health recommendations for producers
today.

While the industry has made tremendous strides through the adoption of mastitis control
programs, opportunity persists for herds to set more ambitious goals as the Southeast still is
noted as the poorest region for milk quality (Oliver, 2008). Recently, eroding milk prices have
interrupted management practices and threatened operations sustainability, and it is critical that
producers shift their mindset around milk quality. Therefore, the objective of this research
project was to prioritize the management practices within NC Dairy operations that have the

greatest impact on milk quality and overall herd profitability.



CHAPTER 2: Literature Review

2.1. Milk Quality

Producers easily recognize the necessary actions to help connect with consumers to build
trust and encourage consumption but the market volatility over the last four years has amplified
this challenge. With the ever-growing threat of sustainability for family businesses and their
livelihoods, it is crucial that the dairy industry shift its mindset to address the heightened
challenges surrounding milk quality by connecting with today’s consumer and striving to put a
higher quality product on the shelf. This mindset can be difficult for a producer when one is
facing eroding milk prices that interrupt proper management practices and make producers
question why they should bother with a low somatic cell count (SCC). Every reason is tied to
their bottom line, simply having access to a market may be predicated on what the quality is of
the product you produce (Dickrell, 2019). Processors mandate a high-quality product as poor-
quality milk has a high number of somatic cells that leads to reduced shelf life of dairy products
as a result of reduced processing properties and a product with decreased nutrient values. (Boor
etal., 1998; Ma et al., 2000; Jayarao et al., 2004; Barbano et al., 2006). The shelf life of high-
quality milk (SCC= 45,000) is 21 days, compared to 14 days for low quality milk
(SCC=849,000; Ma Y et al., 2000). Shipping a higher quality product is more economical for a
producer especially when milk prices are low as it is essential to capture premiums and avoid
imposed poor quality deductions set by processors. The difference between making a profit and
breaking even is a low BTSCC (Dickrell, 2019).

In the United States, Somatic Cell Count (SCC) and bacterial, Standard Plate Count
(SPC) are two assigned measurements used to determine the quality of raw milk under the Grade

“A” Pasteurized Milk Ordinance (PMO; US Department of Health and Human Services, 2009).



Currently in the United States, an individual dairy producer can legally ship milk if their milk
has a Bulk Tank Somatic Cell Count (BTSCC) less than 750,000 cells/mL. This benchmark
standard has been in place since implementation in 1993 when the standards were lowered from
1,000,000 cells/ml (FDA 1991). To date the United States has the highest upper limit for somatic
cell count for milk sell when compared to other developed countries such as the European Union
(EU), New Zealand, Australia, Switzerland, and Norway who have all accepted 400,000
cells/mL as the upper limit, and Canada at 500,000 cells/mL (Dong et al, 2012). Nationally, in
2019 the average BTSCC of herds enrolled in the Dairy Herd Information Association was
187,000 cells/mL. While 2019 marked the lowest average BTSCC ever recorded in DHI history
the BTSCC variation across the US remained large with the Southeastern states often being
higher (Figure 2.1). When looking specifically at North Carolina, the 2019 BTSCC average was
207,000 cells/mL, down 13,000 cells/mL from 2018, with 20.4% of herds having test day
averages over 400,000 cells/mL (Norman et al., 2020).

Somatic cells are predominantly white blood cells (macrophages, lymphocytes, and
polymorphonuclear neutrophils (PMN)) and milk-secreting epithelial cells that have entered the
mammary gland in response to injury or infection (Dairyman’s Digest, 2009). The SCC
population shifts from majority lymphocytes and macrophages to PMN when an IMI is present
(Harmon, 1994). Typically, SCC are general indicators of udder health with an IMI influencing
SCC the most (Dohoo and Meek, 1982). While multiple factors influence SCC, parity, stage of
lactation, and heat stress were documented to have no effect (Harmon, 1994). A SCC less than
100,000 cells/mL typically indicates an udder free of infection and an animal in better health.
Multiple studies concluded that SCC elevations greater than 200,000 cells/mL indicated

abnormal milk and inflammation in the udder (Eberhart et al., 1997; Laevens et al., 1997;



Harmon, 2001). Eberhart et al. (1979) found that 50% of uninfected cows had SCC <100,000
cells/mL and 80% were less than 200,000 cells/mL. In addition, Laevens et al. (1997)
demonstrated a geometric mean SCC of 49,400 cells/mL across 44 uninfected cows within their
first to third lactations while a 16-month University of Kentucky survey demonstrated a
geometric mean SCC of 29,000 per ml for 4,213 bacteriologically negative quarters (Harmon,
2001). Harmon’s previous research in 1994 concluded the SCC was not significantly influenced
by parity, stage of lactation or heat stress. These studies demonstrated that a normal, healthy
SCC for cows without mastitis is less than 200,000 cells/mL.
2.2. Milk Quality and Animal Health
2.2.1 Mastitis

Mastitis is the result of physical, chemical, and bacteriological changes in the milk as well
as pathological changes in the glandular tissue of the udder (Sharma et al, 2011). The primary
causative agent for mastitis is bacteria that entered the mammary gland thru the teat canal,
initiated an inflammatory response and multiplied in the milk. These mastitis infections can be
either clinical or subclinical, with subclinical infections remaining the most economically
important due to long-term effects on total milk-yield from a chronic infection (Ruegg, 2005).
Mastitis is difficult to control due to the diverse bacteriological pathogens that can infect the
udder. These bacteriological pathogens are typically broken down into two broad categories,
contagious pathogens, which are spread between cows during milking; and environmental
pathogens, which are found throughout cattle housing facilities and equipment (Oliver, 2008).
To assist producers with the threat of mastitis, the National Mastitis Council (NMC) developed a
10-step recommendation plan for controlling mastitis. The 10-steps to mastitis control included:

1) setting udder health goals, 2) housing cows in a clean and dry environment, 3) utilizing proper



milking procedures, 4) adequate function and maintenance of milking equipment, 5) detailed
record keeping, 6) clinical mastitis management, 7) effective dry cow management, 8)
implementation of biosecurity protocols, 9) monitoring SCC as indicator of udder health, and 10)
regular evaluation of the mastitis control program. Moxley et al., (1978) demonstrated that herds
on a mastitis control program organized by a professional (18%) and those on a self-organized
program averaged 58,800 and 40,800 cells/ml lower counts than herds without a control
program. Herds, in that study, on a mastitis control program tended to more frequently use
recommended practices of hygiene and record keeping.

Recent studies have calculated that an average case of mastitis costs a producer $444 with
labor, milk discard, treatment and veterinary care, and erosion of lactation curve driving this
expense (Kirkpatrick, 2018). A report from Zoetis and Compeer Financial (2016) used
production and financial data from 367 herds to determine key drivers of profitability, of which
mastitis and SCC were identified as leading drivers. The study identified an average BTSCC
difference of 152,000 cells/mL between the top performing herds and the worst one-third of
herds, which correlated to 5 kg/d increase in milk produced, which netted a $0.63/cwt
differential in net farm income (NFI). They also concluded that for every 100,000 cells/mL
change in BTSCC, production of energy corrected milk (ECM) shifted 2.5 kg/cow/d. The data
also indicated that average BTSCC was highly correlated with several other key performance
indicators such as death loss, days open, and 21-day pregnancy risk. Based on reported results,
(Lormore, 2018) deemed that opportunity persisted for herds to set more ambitious goals to drive
SCC lower — to 150,000 or even 100,000 to capture marginal milk and production efficiencies

left on the table.



2.2.2 Lameness

Lameness is a growing health and welfare concern for the dairy industry and was
reported as the third most prevalent reason for dairy cattle culling, behind mastitis and poor
reproductive performance (Kossaibati and Esslemont, 1997). Lameness is defined as any
condition that alters a cow’s gait due to hoof or limb injury (Olechnowic and Jaskowski, 2011)
or simply any abnormality which causes a cow to change the way she walks (Ronk, 2016).
These alterations in gait can exist based on a multitude of foot and leg conditions such as foot
rot, digital dermatitis, laminitis, and claw disease (Ronk, 2016). In addition, lameness in dairy
cattle is a multifactorial condition influenced by nutrition, infectious disease agents, genetics,
housing environment, and management factors. Not only does lameness create pain and
discomfort for the animal, it limits production and causes great economic loss on farms through
reduced milk yield, lowered reproductive performance, increased culling risk, and increased
labor and treatment cost (Ronk, 2016; Green et al., 2010; Sogstad 2006). Ronk (2016) indicated
a single case of lameness can cost a producer anywhere from $90-$300 per cow. Lameness was
estimated to be present in 20 to 30% of lactating dairy cows in herds located in North America
(Cook, 2003; Espejo et al., 2006), with the greatest incidence of lameness recorded in
confinement-housed freestall herds (Cook, 2003; Haskell et al., 2006; Cook and Nordlund,

2009).

Currently, two-thirds of US dairy herds practice conventional confinement-housed
management strategies as intensive farming systems have become a common practice to meet the
demand of milk production (USDA NASS, 2010; von Keyserlingk et al., 2012). The USDA
NASS reported approximately 68% of the herds with <500 cows and 73% of herds with >500

cows were housed in free-stall environments. However, cows managed in this manner are at a



greater risk of injury and lameness and the industry may face animal welfare concerns from
consumers who have expectations that cattle should be outdoors in a grazing system.

Preventing lameness is a critical management strategy for producers to reduce the
negative welfare implications and the economic costs associated with the debilitating conditions
of lameness. Locomotion scoring were developed to assist producers with determining the
extent of lameness across their herd. The locomotion scoring systems help producers assess the
severity, duration, and prevalence of lameness in their herd through quick, visual observation of
cow movement. This assessment is guided by two key parameters; gait and back posture and is
scored on a scale of 1 to 5 (Appendix A) with severity increasing, respectively. A score of 1
reflected a cow that walks normally, while scores of 2 or 3 are associated with subclinical
lameness and anything greater implies a cow is clinically lame (Robinson and Juarez, 2013).
Cows displaying clinical or subclinical signs are examined to determine source of discomfort,
identify lesion type (infectious or non-infectious) and then follow corrective and preventative
treatment recommendations (Socha et al., 2006). Continual locomotion monitoring is
imperative to follow up on these treatment measures and make sure lameness is reduced in the
herd.

High locomotion scores were shown to have numerous negative effects across the
wellbeing and production of a dairy cow. It is well documented that fertility in dairy cattle is
compromised by an onset of lameness. Studies have demonstrated delayed cyclicity, increased
days open, greater risk of ovarian cyst, and decreased conception rates that lead to longer calving
to conception intervals and increased services per pregnancy (Sprecher et al., 2007; Garbarino et
al., 2004; Melendez et al, 2003). Non-lame cows are quicker to conceive as the median time to

conception increases by 36-50 days for lame cows and even longer, 66 days, among lame cows



with high cumulative locomotion scores (Hernandez et al., 2005). More recently Bicalho, 2011
demonstrated a 25% decrease in likelihood of becoming pregnant in cows that were clinically
lame during the first 70 days in milk (DIM) compared with non-lame cows.

In addition, it is well documented that cows with lameness have increased stall lying time
(Singh et al., 1993; Walker et al., 2008; Chapinal et al., 2009), reduced dry matter intake (DMI)
because they spend less time standing at the feed bunk, and have lower milk yields (Robinson
and Juarez, 2003) . Cows effected by lameness produce 1.9 kg/d less for each increase of 1
locomotion score (Robinson and Juarez, 2003). An ideal BCS at calving is essential as cows that
are too thin have an increased risk (3-9X) of developing lameness during the lactation compared
to cows with a higher BCS (Hoedemaker, 2009). Riber et al. (2004) also concluded that
incidence of lameness is positively associated with animal age as older cows tend to be thinner
cows that suffer from hoof damage and lower overall digital cushion thickness. Van Straten
(2011) illustrated the relationship between milk fat and subacute ruminal acidosis (SARA) and
indicated that decreased test day milk fat percentage could indicate cows at risk for claw horn
lesions. Olechnowicz and Jaskowski, 2010, while investigating the effect of clinical lameness
on milk yield, observed that groups of clinically lame cows (both lame for one month and > one
month) had significantly larger SCC when compared to groups that had no incidence of lameness
or groups that were categorized mildly lame (5.47 v. 5.15 and 5.22 £+ 0.60 log SCC; P<0.01).
Researchers suspected the synergistic stressful effects of both subclinical mastitis and lameness
to be the cause of the increased SCC in clinically lame cows but did not offer an underlying

mechanism for the increase.



2.2.3. Body Condition

The body condition score (BCS) of a dairy cow is a visual, subjective assessment of the
proportion of body fat that she possesses and has been used by animal scientists, veterinarians,
and producers as a key monitoring tool in dairy cow management since its introduction in the
1970s (Roche et al., 2009). The scoring chart (Appendix B) used to measure BCS differs
between countries (Bewley and Schutz, 2008), but lowest values always reflect emaciation (thin
cow) and highest values equate to obesity (Roche et al., 2004). Utilizing the 1 to 5 scale, the
BCS and change in body condition served as as an indirect indicator of energy balance.
According to Ferguson (1996) a one-unit change in BCS represented about 56 kg (120 Ib) of
body weight change and about 16 742 MJ (400 Meal) of net energy. Generally, BCS decreased
in early lactation as cows cannot consume enough energy yielding nutrients to meet the needs of
production and maintenance therefore energy from body reserves are partitioned. Energy
balance (EB) is the difference in net energy consumed minus the net energy required for
maintenance and production (EB = NE1 (consumed) - NEI1 (required)) (Butler and Smith, 1989).
The goal of BCS is to reach an ideal level of body fat that maximizes milk production without
increasing metabolic and reproductive disorders (Perkins et al., 1985b).

Bewley and Schutz (2008) performed a comprehensive review on BCS and concluded
that milk yield, herd health, reproductive performance, and animal well-being are all impacted by
BCS changes. Excessive loss of energy reserves during early lactation, generally associated with
cows of higher BCS at calving, often results in impaired health and reproductive performance.
Studies by Ferguson (1996) and Coffey et al. (2004) demonstrated ideal BCS was significantly
influenced by stage of lactation and management of production system. Loker et al. (2012)

demonstrated an effect of BCS on mastitis susceptibility, where cows with low BCS had an
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increased predisposition to mastitis. Positive genetic correlations between energy reserve
changes and SCC or clinical mastitis have been noted. Loker et al. (2012) indicated the genetic
correlations between BCS and mastitis were moderate to strong throughout the lactation,
becoming stronger as lactation progressed with an average daily genetic correlation of —0.730
(0.110 MAST posterior std deviation). Neuenschwander (2010) obtained a genetic correlation
between BCS and mastitis occurrence of about —0.30 throughout the majority of the lactation
while Koeck et al. (2011a) obtained a genetic correlation of —0.35 (SE = 0.10) and Lassen et
al. (2003) reported a genetic correlation of —0.16 (SE = 0.09) between BCS and mastitis in
the first 50 DIM. Cows with an average BCS <2.0 in the first 100 DIM had an incidence of
mastitis of 8.53%, and those with BCS >2.0 had an incidence of mastitis of 10.40% (Loker et al.,
2012). Although the difference in mastitis incidence between thin and not-thin cows was small,
the thin cows were expected to have a greater incidence as authors hypothesized that cows that
mobilized more tissue (and experienced a lower BCS during lactation) are more susceptible to
health and fertility problems. To the authors knowledge, the direct relationship between BCS
and mastitis is illustrated rarely. Berry et al. (2007¢) reported reduced SCS in parity 1 and 2
cows and increased SCS in parity 3 cows with increasing BCS at calving. However, clinical
mastitis rates were not significantly associated with BCS. Most studies have not demonstrated
any relationship between mastitis and BCS (Gearhart et al, 1990; Dyk, 1995; Ruegg and Milton,
1995; Heuer et al., 1999). BCS is a practical indicator for health and fertility status.
Garnsworthy (2007) claimed it to be the most valuable management tool for assessing nutritional

status of dairy cattle.

11



2.3. Farm Management Practices, Milk Quality and Milk Harvesting
2.3.1 Milk Harvesting

The invention of the mechanical parlor shaped the modern-day dairy industry and over
the last 100 years, many advances in designs led to improved efficiency of milk harvest and
match the genetic potential of the modern cow for increased milk production and milking
frequency. Reinemann et al. (2003) described milking as a compromise between milking the
cow as quickly and completely as possible without compromising teat end health. To achieve
this compromise, proper maintenance and system operation is essential as research documented
that improper milking unit function can cause poor teat health ultimately leading to increased
risk of mastitis (Neijenhuis, 2004; Ohnstad et al., 2007; Mein, 2012). According to Spencer
(1989), in a recent review of Current Concepts in Bovine Mastitis, there are 4 common ways the
milking unit influences new IMI rate: 1) passes pathogens between cows, 2) potential for cross-
infection within cows, 3) improper function can predispose cow to mastitis through teat end
damage, and 4) pathogens can be forced past streak canal defense if milking vacuum is abruptly
stopped or lost. Additionally, O’Shea (1987) described five mechanisms by which the milking
machine affects udder health: 1) harbor bacteria on teat skin, 2) teat end trauma, 3) carrier for
bacteria to enter teat canal 4) bacterial circulation in quarter, and 5) incomplete milk removal.

The milk machine is a vector for bacteria, whether it be between the cows or from teat to
teat (Neijenhuis, 2004). Tremendous strides were made within the industry as the majority of
new infections are caused by factors unrelated to the milking machine thus indicated by statistics

showing that only 10% of herds new infection rates are linked to the milking unit (Mein, 2012).
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2.3.2 Milking Vacuum Pressure

During machine milking, the vacuum system has two essential functions: the removal of
milk from the udder and “holding” the milking unit to the udder. The claw vacuum (the vacuum
beneath the teat) is constantly changing during the course of the milking but a certain level and
degree of stability is needed to ensure a rapid, complete milk removal with minimal tissue
trauma (Jones, 1999). To achieve this the recommended ISO standard of an average claw
vacuum is 32 to 40 kPa. This degree of stability is influenced by two control elements: 1) the
vacuum regulator and 2) the design and configuration of system components (Reinemann, 2005).
In relation to design, Reinemann noted that vacuum was more stabilized at the teat end with the
incorporation of low-level pipeline systems in milking parlors. Most parlors have demonstrated
that the most efficient and most complete milkout was achieved at a vacuum level of 10.5-12.5
inches Hg at the teat end during peak milk flow (Stewart et al., 1996). The industry standard for
vacuum stability in bovine milking systems is that the vacuum level should never drop more than
0.6” Hg (2 kPA) with all units operating at the designed milk and airflow rates. Nyhan and
Cowhig, (1967) were the first two researchers to validate that fluctuating vacuum increased new
IMI (P<0.05). They also demonstrated the necessity for each system having an adequate vacuum
pump to support the corresponding number of units in the parlor otherwise inadequate capacity
led to higher bulk milk cell counts (Mein et al., 2004). Field observations demonstrated that
milkline vacuum levels between 48 and 52 kPa support the best udder health rates in herds with
known mastitis problems (Rasmussen and Madsen, 2000). However, Besier (2016) documented
that vacuum levels, > 42 kPa, are too high and will cause damage to the teat end. Additional
studies demonstrated that increased vacuum increased the number of infected quarters (P <

0.0001, Mabhle et al., 1982), hyperkeratosis rates, and prevalence of intramammary infections
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(Barkema et al, 1999). The tradeoff of setting vacuum levels low is the likelihood for increased
unit attachment time, frequency of liner slips, and unit fall offs (Reinemann, 2005). On the other
hand, milking at high vacuum levels decreased machine-on time but consequently caused a
negative effect on teat congestion (Hamman et al., 1993), teat end closure, teat end
hyperkeratosis (Rasmussen et al., 1993; Mein et al., 2003) and strip yield volumes (Reinemann et
al., 2001a). Ultimately, vacuum influences udder health through bacteria penetration to the teat
canal and change of teat end condition thus making it essential to find that delicate balance in an
operations system.

Even with a high performing. well-maintained system, vacuum fluctuations will occur.
Decreases or increases in airflow within the milking system occurred rapidly from either a
blocked vent or air leaks that allow excessive flow (Jones, 1999). Vacuum fluctuations are
broken down into two categories, cyclic and irregular vacuum fluctuations. Cyclic vacuum
fluctuations (CVF) occur at regular intervals while milking with the greatest fluctuations
occurring at peak milk flow (Rasmussen et al., 2006). Furthermore, CVF are influenced by milk
flow from the liner opening (Thiel et al., 1974) as well as liner movement (Besier et al., 2016).
Regardless, the occurrence of CVF with either a low or high milk flow rate was still proven to
have no effect on new IMI in the udder (Thiel et al., 1974)

A substantial decrease in vacuum, consequently followed by a vacuum recovery is
defined as irregular cyclic fluctuations (ICF; Thiel et al., 1974). These are most captured in the
parlor as events that decrease milk flow rates such as liner slips, squawking, or unit fall off occur
during milking. More than 5-10 slips or falloffs per 100 cows within a milking indicated a
vacuum problem and require correction. Corrective measures would depend on timing of the

fluctuations. For instance, low vacuum levels, blocked air vents, or restrictions in the short milk
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tube are often causes of a unit slips or squawking within first half of milking (Jones, 1999). Slips
in the latter part of milking are commonly related to unit alignment, age and condition of liner, or
cluster weight that is unbalanced (Mein and Reid, 1996). Each of these conditions increased the
number of liner slips and multiple studies have shown that infection rates increase as a result of
poor udder and teat end health caused by irregular vacuum fluctuations (Wilson, 1958; Beckley
and Smith, 1962; Stanley et al., 1962; Wilson, 1963; Nyhan and Cowhig., 1967; McDonald and
Witzel., 1968; Nyhan, 1968).
2.3.3 Teat Cup Liner Design

Liners are a critical piece to the milking machine as they are in direct contact with the
cow’s teats. Worn liners damaged teat tissues, increased machine on time through slower milk
out, and caused more liner slips during milking which are a known source for new
intramammary infections (Jarrett, 1984; Spencer, 1989). There is not an “ideal” standard liner for
the industry as there are several hundred types marketed all with varying design characteristics.
Along those same lines, there are no formal guidelines for evaluating how efficiently a liner can
remove fluid milk while simultaneously maintaining teat end condition. However, many
producers assessed liner performance based upon milking speed, comfortability related to cow
behavior, teat health, and mastitis incidence rate (Hillerton 2005). Schukken et al., 2006,
demonstrated a difference in type of liners when comparing round verses square. Data showed
that prevalence of cracked teat ends increased by 20% and average keratinization score was 0.43
higher in herds milking with round liners. The authors also compared over a three-month period
the herd effect of switching from round to square liners. By switching to square liners both
keratinization (0.18) and cracking (0.16) were reduced. Further research by O’Shea et al., 1979,

concluded that liner slip was highly dependent on liner design. They noted that infection rates
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increased in the order of two to three-fold with high slip liners when compared to low slip liners
(P <0.05). In a study by Baxter et al. (1992), he concluded that high slip liners had an increased
association with (IMI) verses cows that were milked with low slip liners. The high slip liner
averaged 6.1 slips and 7.6 major vacuum fluctuations per cow milking, while the low slip liner
averaged 3.6 slips and 3.1 vacuum fluctuations per cow milking (P < 0.01). Lastly, Baxter et al.
(1992) indicated that previously infected cows were more susceptible to new infections when

milked with high slip liners.

2.3.4 Teat End Condition

Teat end health and skin condition play an integral part in any effective mastitis program.
Hyperkeratosis means "excessive keratin growth” which is a thickening of the teat canal skin that
results from forces applied during milking or a calf suckling. Over the years, multiple teat-end
scoring systems have been developed to evaluate teat-end health and skin condition, with the
most common methods utilized being visual assessment, photographic comparison, and scoring
schematics (Britt and Farnsworth, 1996; Neijenhuis, 1998; Shearn and Hillerton, 1996; Sieber
and Farnsworth, 1984; Timms et al., 1998; Mein et al., 2001). Dairy producers and veterinarians
require an efficient and reliable way to evaluate teat end health across their herds and Mein et al.,
2001 suggests the system below for simplified on farm evaluation:

No ring (N) — a typical status for many teats soon after the start of lactation. This

category includes teat-ends scored as HKO in the UK or N in NL, and some teats scored as 1 in

US.

Smooth or Slightly rough ring (S) — a raised ring with no roughness or only mild roughness
and no keratin fronds. This category includes teats classified as HKO or 1 in UK, as 1A, 1B or

2A in NL, 1 in AU, and most teats scored as 2 in the US.
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Rough (R) — a raised roughened ring with isolated fronds of old keratin extending 1-3
mm from the orifice. This category indicates some breakdown in epithelial integrity. It includes

teat-ends classed as HK2 or 3 in UK, 2B or 2C in NL, 2 in AU, or 3 in the US.

Very Rough (VR) — a raised ring with rough fronds of old keratin extending >4 mm
from the orifice. The rim of the ring is rough and cracked giving the teat-end a “flowered”
appearance. This category includes teat-ends classified as HK4 or 5 in UK, 2D in NL, 3 in AU,

or 4 in US.

A study in Brazil conducted by de Pinho Manzi et al. (2012) showed a 30% increase in
intramammary infection for each 1-unit increase in teat-end HK score (P < 0.001). Teat-end
hyperkeratosis is a dynamic condition influenced by a multitude of factors including climate,
seasonal and environmental conditions, genetics, teat end shape, stage of lactation, milk
production level, milking equipment function, and milking management (particularly slow
milking and over-milking). Teat-end hyperkeratosis was reported most prevalent in high
producing herds particularly during colder climate months (Mein et al., 2003). Teat-end scoring
is an essential tool for producers to utilize to monitor teat-end health and risk of IMI across
milking machines, milking management, and environmental conditions the teat tissue is subject
to (Mein et al, 2001).

2.3.5 Overmilking

Overmilking occurred when teat cistern milk flow dropped below milk flow out of the
teat canal. Past beliefs in the industry, “milk all cows out as completely as possible at every
milking” contributed to prolonged machine on time as well as parlors not utilizing automatic
take-offs. Veterinarians at Michigan State University stated that following milking completion a

unit should be removed within 15 seconds and any unit attached for greater than 30 seconds is
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overmilked (Erskine and Moore-Foster, 2018). This is also supported by Mein (2003) who states
that teat-end health is significantly impacted when milk flow rate is less than about 1 kg/min. It
has been proven that overmilking has a negative effect on udder health by causing a greater
number of quarters to become infected (Natzke et al., 1982). Thiel, (1974) described the end of
milking and the time around milking unit removal to be the highest risk of new infections. Thus,
overmilking merely lengthens the time of potential risk of bacterial transfer and subsequent new
infection (Natzke et al., 1982). Neijenhuis et al. (2000b and 2001), has also shown that teat-end
lesions and mastitis occurrence are reduced as machine-on time it shortened. Lastly, Rasmussen
(1993) demonstrated that hyperkeratosis can be reduced by shortening average milking times per
cow through adjustment of automatic cluster remover threshold settings.
2.3.6 Automatic Cluster Removal

Automatic milking machine removal more commonly referred to as automatic cluster
removal (ACR) was first introduced to the dairy industry approximately 50 years ago. O’shea et
al. (1987) suggested that automatic detachers may have an association with decreased herd SCC,
since the problem of overmilking is greatly reduced. Multiple studies have demonstrated the
association of ACR use/nonuse with BTSCC (Fenlon et al., 1995; Hutton, 1990; Jayaro et al.,
2004). Fenlon et al., 1995 showed herds with a high BTSCC were less likely to use ACR, while
a Washington State study found that automatic milking unit detachers were used on more low
SCC than high SCC herds (P < 0.02; Hutton, 1990). In addition, after evaluating Pennsylvania
dairy herds in 2004, Jayaro found producers that utilized ACR had lower BTSCC and
significantly less coagulase-negative staphylococci (CNS) counts in the bulk tank milk, as

opposed to those who did not use ACR and had higher BTSCC.
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The primary objective of an ACR is to detach the milking unit from the cow once milk
flow had decreased below a predetermined level, or switch point (kg/min). Traditionally, a milk
flow rate of 200g/min is the switch point to trigger unit removal and imply that a cow is
sufficiently milked out. However, just because that threshold (200 g/min) is reached, it does not
guarantee that the milk flow rate will not be less than threshold at the physical time of unit
detachment (Rasmussen, 1999). This is dependent on the ACR delay time which is a set
adjustment that tells the unit how long it will remain attached after the switch point is reached
(Stewart, 2002; Magliaro, 2005). The selection of various ACR switch point and ACR delay
time settings have been documented to influence milking duration with no effect on production
and udder health (Rasmussen, 1993; Stewart et al., 2002). Rasmussen reported an experiment
that tested two ACR switch points (200 g/min and 400 g/min) and two delay times (18 s and 12
s) respectively. Increasing the ACR threshold level from 0.2 to 0.4 kg/min demonstrated a
reduction in machine-on time by 0.52 min (P < 0.05) without affecting milk yield, milk
composition, or the incidence and prevalence of clinical and subclinical mastitis (Rasmussen,
1993). Additional reports cited field experience in commercial dairies indicating that time in
parlor is decreased and volume and quality of milk is maintained when ACR settings are
increased from 0.32 to 0.59 kg/min or to an even higher threshold of 0.82 kg/min (Reid and
Stewart, 1997; Stewart et al., 1999 and 2002). The latest report demonstrated that the incidence
of clinical mastitis was not altered by raising the ACR threshold setting nor by applying a
maximum milking time; however, SCC was greater (P < 0.05) for cows in the higher threshold
setting (ACR400; Jago, 2010.) All in all, producers who utilized ACR increased milking

efficiency thru decreased machine-on time, increased average milk flow and improve teat
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condition and BTSCC if all best practice pre-milking preparation routines were followed (Jago,
2010).
2.3.7 Milking Pulsation and Pulsation Ratios

Pulsation is another key element of milking machine function that has significant
influence on milking and udder health. Pulsation is defined as cyclic opening and closing of the
barrel of a teat cup liner. Its main purpose is to provide liner compression to the teat end, which
assists the return of blood and lymph flow through the veins and lymph ducts during milking
ultimately preventing congestion and edema of the teat during machine milking (Mein and
Williams, 1984; Hamann and Mein, 1996). The 4 phases of each pulsation cycle are defined by
the International Organization for Standardization (ISO) as a: liner opening; b: liner open, or
milking; c: liner closing: and d: liner closed or rest. The duration of each phase is measured
between the points at which the pulsation chamber vacuum is 4 kPa below nominal system
vacuum (a-to-b and b-to-c transitions) and 4 kPa above atmospheric pressure (d-to-a and c-to-d
transitions; Upton, 2016). The SO specified that the d-phase should be at least 15% of the
pulsation cycle and have a minimum d-phase duration of 150 ms. This recommendation was
supported by Upton (2016) who conducted a 7 d-phase duration trial to measure the effect of
duration on the teat canal cross-sectional area (CA). Upton (2016) concluded that d-phase
durations of 50 and 100 ms significantly reduced CA of the teat canal unlike d-phase durations of
150, 175, 225, 250, and 300 ms (P<.001). An older challenge study by O’Shea et al. (1984)
analyzed two levels of d-phase duration (72 and 187 ms) for their effect on
new mastitis infections when the teats were dipped in a Staphylococcus aureus culture before
and after milking. O’shea identified that the short d-phase duration triggered a new infection 5

times faster than the long d-phase; one new infection every 800 quarter milkings, verses one new
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infection every 4,000 quarter milkings. Additionally, Reitsma et al. (1981) found that decreasing
the duration of liner closure significantly increased the occurrence new quarter infections across

all four durations of liner closure (0, 0.17, 0.34, and 0.51 s) per pulsation cycle.

Pulsation ratios (PR) refer to the amount of time the liner is in milk phase (open) or
massage phase (closed). The most common ratio used across the industry is 60:40 with the range
of 55:45 to 70:30. It is common knowledge that widening the PR increases the speed at which
a cow is milked out but at what cost. Most literature supported the earliest work stating when
effective pulsation is applied in the conventional teat cup, it is remarkably difficult to increase
new mastitis infections even in association with high vacuum levels (Olney and Mitchell, 1983)
or prolonged overmilking (Olney and Mitchell, 1983; Mein et al., 1986). For example, Thomas
et al. (1993) found no differences in milk production when comparing 50:50 and 70:30 PR as
well as no differences when evaluating BTSCC, clinical mastitis cases, or number of cows culled
for mastitis. Mahle et al. (1982) compared three PR, 50:50, 60:40, and 70:30, and identified no
changes in infection rates or number of new infections in cows despite a bacterial challenge,
however the study revealed that the 70:30 PR was associated with SCC through increased
Wisconsin mastitis test scores. Lastly, Hamann & Mein (1996) demonstrated an increased teat
tissue thickness when PR increased from 50:50 to 80:20 with the most significant increase
arising from 70:30 to 80:20. Zecconi et al. (1992) identified teat tissue thickness that arises from
milking forces to be a risk factor for mastitis and a minimal 5% increase in teat end thickness
during milking increased the risk for teat-end bacterial colonization. While research reports
vary, the clear message is that pulsation is an important function to the milking machine system
and cow because pulsation-less milking is detrimental. Capuco et al. (1994) demonstrated those

impacts with 68% of quarters becoming infected with bacterial pathogens after 2 weeks,
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compared to 2% new infections among quarters milked with pulsation, an 8% increase in teat
end thickness, and a sevenfold mean SCC increase in pulsation-less quarters (P < 0.05).
2.3.8 Milk Wash System

The work is not over when the last cow leaves the parlor. Instead the next critical step to
ensuring high quality milk has just begun. At the end of each milking, the milking pipeline must
be washed promptly to remove the buildup of milk soils, organic and mineral solids, and prevent
microbial growth. The dairy industry widely adopted the use of Clean-In-Place (CIP) systems
starting in the 1960s (Fan et al., 2015). The CIP process consisted of up to 4 phases; pre-rinse,
detergent wash, acid rinse, and sanitize cycle. Each step has its own requirements and the time,
temperature, water volume, chemical balance, velocity, and drainage of each must be monitored
to make sure no results are compromised (Engel, 2016). The pre-rinse wash is tasked to remove
90-95% of the soil load and to warm up the equipment for cleaning. The pre-rinse water should
be lukewarm, between 100 to 110°F. If the pre-rinse is too hot (>120°F) then proteins will be
denatured leaving protein film on surfaces where bacteria can grow. On the other hand, if the
pre-rinse is too cold then milk fat crystallization will occur and form a greasy film on surfaces
(Jones, 2009). In 2015, Fan studied the effectiveness of rinse water at three temperatures (22 °C,
45 °C, and 67 °C). Fan concluded that rinse water effectiveness was improved significantly (P <
0.05) when temperature was increased from 22 °C to 45 °C, but found no difference when
increased to 67 °C. At the conclusion of the pre-rinse all water must be completely drained from
the system in preparation for the detergent wash to follow. The detergent wash cycle typically
contains a chlorinated alkaline detergent that should circulate through the system with a pH
between 11 and 13, and a starting solution temperature between 160°F and 170°F, and

maintained above 120°F for roughly 7-10 minutes depending on parlor size and number of slugs

22



generated. While cleaning action can be achieved at a minimum velocity of 5 ft/sec it is strongly
recommended that the system deliver 20 good slugs going 25 to 35 feet per second to ensure
optimum effectiveness (Jones, 1999; Engel, 2016). The next cycle is the acid rinse cycle that
circulates for 3-5 minutes at 95 to 110°F, with a pH between 2.0 to 3.5 to neutralize any
detergent residue, remove minerals and inhibit bacteria growth (Engel, 2016). The last cycle of
the wash system is the sanitize cycle. This cycle is typically run just prior to milking or in
conjunction with the acid cycle. Either way, the sanitize cycle is used to kill bacteria and to have
the most impact the solution should circulate for three to five minutes at 95 to 110°F and yield
100 to 200 ppm of chlorine when testing the drain of the cycle (Engel, 2016). To have the most
success its essential to have regular system maintenance and monitor milk quality tests of
Standard Plate Count, Laboratory Pasteurization Count, Coliform Count and Preliminary
Incubation Count (SPC, LPC, CC and PI) to know when and where action needs to take place
(Oliver, 2010).
2.4. Milking Management Practices

Milking parlor management is deciding upon a specific milking routine for a specific
parlor design. Milking routine and milking procedures; while often misconstrued as the same
thing, it is important to recognize their distinct differences. A milking routine is “the system by
which milkers move through a milking parlor” while the milking procedures are defined “the
steps that define the routine” also commonly observed as the cow side activities conducted by
each milker (Fuhrmann, 2002). There is vast amount of literature that demonstrates the influence
of these cow side hygienic activities (pre-milking disinfection, fore-stripping, teat drying
method, post-milking disinfection, glove use, udder hygiene and hair management) on somatic

cell count (Pankey, 1989). Herds with stricter attention on hygiene and these cow side activities
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will have a lower BTSCC (Barkema et al, 1998). Smith and Armstrong, 1998 also demonstrated
a production advantage to proper pre-milking hygiene with an additional 9 lbs. more milk per
cow in herds using full preparation vs minimal.
2.4.1 Pre-Dip Active Ingredients, Application, and Timing

Good udder preparation alone is not enough to reduce IMI, instead more is needed to
decrease teat end exposure to environmental pathogens. The main factor to bacterial control is
the use of pre and post teat disinfectants (Philpot, 1979). The use of a pre-milking disinfectant is
widely supported in literature with its effectiveness in decreasing bacteria counts and incidence
of clinic mastitis (Galton et al., 1986; Rasmussen et al., 1992). Pankey et al. (1987) successfully
proved that good udder preparation plus pre-dipping significantly reduced rate of IMI (51.5% (P
< 0.001) for environmental pathogens; 48.2% (P < 0.025) for EPS (Esculin-positive
streptococci); and 54.0% (P < 0.005) for CO (Coliform). These effective results were obtained
using three formulations of iodine-based disinfectants across the herds. However, Galton, 1986
found other compounds (Iodophor, sodium hypochlorite, and dodecyl benzene sulfonic acid) to
be just as effective at reducing total bacteria in milk with no significant differences among the
disinfectants. More recently, Enger et al. (2015) evaluated mastitis pathogen strain sensitivities
across four different commercially available teat disinfectants (dip A: 1% H202; dip B: 1%
chlorine di-oxide; dip C: 1% iodophor; and dip D: 0.5% iodophor) and concluded that all four
significantly reduced log bacteria versus the undipped control (P < 0.0001). When comparing
the disinfectants, Enger found that dip A, the 1% H202 was the least efficacious and
significantly different from the other three disinfectants (P < 0.05). In addition, dip C, the 1%
iodophor, was the superior disinfectant with the greatest log bacteria reduction (95.1%), which

was significantly different from dip D, 90.9% log reduction (P < 0.05) but not from dip B, 92.9%
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(P >0.05). In a second experiment, Enger also evaluated dip contact time for three different teat
dips (dip A: T-Prox a 1% H201 dip; dip D: T-505 a 0.5% iodophor (Thatcher Company); and
dip E: DellaCare Enhanced, a 0.25% iodophor (DeLaval). Once again Enger found significant
differences between types of dip with log reductions of 40.3%, 34.3%, and 26.5% for dips D, E,
and A respectively (P<0.05). When looking at herds in the Southeast, Blakely (2017) found that
herds using dips with hydrogen peroxide had double the BTSCC than other ingredients. While
there are discrepancies in literature about which active ingredient is most effective, it is
important to remember that a pre-dip is still essential and that there are other factors associated
with the pre-dip that are critical influencers of bacteria counts as well. These factors include
contact time, application technique, and drying method.

The industry recommendation for pre-dip contact time with the teat skin is 30 seconds
(s). Studies by (Reneau, 2001; Bray and Shearer, 2012) supported this recommendation while
others demonstrated optimal time depending on active ingredient. When contact times of 15 s,
30 s, and 45 s were evaluated, Enger concluded that all resulted in mean log reductions of 30.0,
34.1, and 37.0% respectively, all significantly different (P < 0.05). The study also determined
that different active ingredients had different optimal contact times with a 30 s contact time for
iodophors but only 15 s contact needed for hydrogen peroxide dips. Additional research has
shown significant germicidal efficacy against mastitis pathogens with disinfectant contact times
of 15 to 20 s (Galton et al., 1988) and 60 s (Peters et al., 2000).

The most common application methods of pre-milking disinfectant have been evaluated
(foam, dip-cup, and spray) with multiple results as well. Jayarao et al. (2004) concluded that
herds applying pre-dip using a dip-cup verses spray had a significantly lower BTSCC, SPC, and

PIC in their BTM (P < 0.05). When producers in Virginia and Tennessee were evaluated in the
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Southeast Quality Milk Initiative (SQMI) in 2016, Blakely found that producers using foam
(24%) had the lowest SCC (294,000 cells/ml, SE=13,147), those using dip cups (55%) had the
second lowest at 300,000 cells/ml (SE=13,147), and those using spray (18%) had the greatest
SCC at 342,000 cells/ml (SE=33,054) (p<0.05).
2.4.2 Cleaning and Drying Teats

Once adequate contact time is achieved the next essential step to reduced bacterial counts
and decreased milk sediment is the removal of the pre-dip by thorough cleaning and manual
drying of teats immediately before milking (Galton et al., 1984 and 1986; Pankey et al., 1989).
Moxley et al. (1978) found BTSCC values to be 44,000 cell/ml lower for herds that dried teats
compared to herds that left teats wet. Two common and accepted methods in the US for cleaning
and drying teats are individual paper towels or cotton towels washed between milkings and
literature disputed which is most effective. Galton et al. (1986) concluded that type of towel used
in drying teats had no effect on bacterial accounts across the nine different preparations and that
duration of drying was of no importance as well. On the other hand, more recent studies by
Jayarao et al. (2004) and Bach et al. (2008), concluded that type of towel did impact SCC (P <
0.011 and P < 0.001, respectively). Bach noted that producers that used paper towels (68.1%)
had lower SCC (P < 0.001) than those that used cloth towels (31.9%). What the literature
doesn’t dispute is that regardless of type of towel, the use of a single service towel per cow
provided the lowest bacterial counts and greatly reduced the risk of bacterial transmission
between cows (Galton et al.,1986; Elmoslemany et al., 2010). In addition, reusable cloth towels
may function as a vehicle for mastitis causing pathogens, therefore it is critical that they be
washed and disinfected between uses to stop the spread of mastitis pathogens. Data from Gradle

and Dee (2003) showed an advantage to sanitizing detergents having greater killing power over
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normal detergents and that complete drying of towels resulted in a significant reduction across all
types of bacteria tested, verses leaving towels damp. Rowe et al., 2019 discovered that towels
that were not dried were 8.2 times more likely to have a coliform count > 5 CFU/in? (P = 0.003).
2.4.3 Forestripping

Pre-milking udder preparation that included forestripping, expressing 2-3 streams of milk
prior to unit attachment, should be a standard practice across all operations to ensure adequate
milk letdown and identification of all abnormal milk (Rasmussen et al., 2000). Goodger et al.,
(1993) stressed the importance of forestripping for the purpose of detecting mastitis early to
allow cows to be properly treated and separated from healthy cows to decrease the risk of
bacterial spread. The first streams of milk located in the teat cistern are known to have the
greatest concentration of bacteria of any milk fraction, thus discarding this milk through
forestripping resulted in lower somatic cell and organism prevalence (Harmon, 1994; Fahr,
2002). In addition, the bulk tank milk is 2.5 times less likely to become contaminated with L.
monocytogenes if forestripping is practiced (Hassan et al., 2001). In addition, forestripping was
associated with enhanced parlor performance thru increased milk yield per milking, greater peak
milk flowrates, more cows per hour, and lesser bimodality (Ruegg, 2004; Sandrucci et al., 2007).
However, Wagner and Ruegg (2002) found contrasting results as no effect of forestripping was
observed on milk yield, unit attachment time, or average milk flow rates. Further studies
discussed forestripping as an effective method of lowering SCC but simultaneously increased the
frequency of IMI due to teat-contact with hands of milking personnel and increased exposure of
pathogens to neighboring cows (Peeler et al., 2000; Rasmussen, 2000). Schukken et al. (1991b)
supported this increased exposure to pathogens, specifically contagious pathogens, when

suggesting that forestripping was a risk factor for Staphylococcus aureus mastitis. Jayarao et al.
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2004, also discovered that herds that practiced forestripping had higher BTSCC than herds that
did not (P = 0.028). When specifically looking at VA and TN dairies, forestripping was a
common practice (71%) that resulted in herds having a higher SCC (337,000 cells/ml vs 332,000
cells/ml + 25,474) than those that did not forestrip (P < 0.05; Blakely, 2016).
2.4.4 Post-Milking Teat Disinfection

Post-milking teat disinfection (PMTD) is an essential step of any mastitis control
program and is widely adopted by producers (96.8%, USDA 2014) because it is simple,
economic, and effective. PMTD immediately following the removal of the milking unit was
noted as one of the most significant practices influencing herd SCC (Barkema et al., 1998;
Dufour et al., 2011). Barkema et al., 1998 found herds that utilized PMTD were more likely to
have a BTSCC <150,000 cells/mL versus those that did not. The goal of PMTD is to ensure full
coverage of the teat barrel and teat end with an efficacious post-milking teat disinfectant.
Adequate coverage aids bacterial kill of the teat surface and soft agile teat skin is maintained
when an emollient is included in the dip to help withstand the rigors of milking (Ohnstad et al.,
2018). Multiple studies have demonstrated reduced rates of new IMI through PMTD depending
on pathogen specificity. For instance, post-milking teat dips have validated efficacy in reducing
the incidence of both opportunistic (Hogan et al., 1995; and Quirk et al., 2012) and contagious
(Neave et al., 1969; Bramley et al., 1984; Pankey at al., 1984; Pankey at al., 1985; Oliver et al.;
1991; Williamson and Lacy-Hulbert, 2013) IMI. There is discussion across the literature
regarding PMTD effectiveness against environmental mastitis pathogens. A few studies proved
that pre-milking teat dips were effective in reducing the incidence of environmental IMI across
varying concentrations of iodine (Wesen and Schultz, 1970; Eberhart et al.,1983; Nickerson et

al., 1986; Pankey et al., 1987). Eberhart et al. (1983) and Wesen and Schultz (1970) both
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indicated that a 1% iodine post-milking teat disinfectant was 65% efficacious in reducing new
IMI caused by environmental streptococci other than S. agalactiae. In contrast to these results,
(Oliver et al., 1991) concluded that low concentration iodine post-milking teat disinfectant was
ineffective against environmental pathogens (24.1% reduction) but highly effective against
contagious mastitis pathogens. Additional active ingredients other than iodine, were studied as
well to determine their efficacy against major mastitis pathogens. Oliver et al., (1990) found
chlorhexidine teat dip to be 50% efficacious (P<.01) against major mastitis pathogens and
Erskine and Eberhart, (1991) supported this in their study with chlorhexidine herds being
associated with lower SCC. Pankey et al., (1985) also looked at two other formulations: 1) linear
dodecyl benzene sulfonic acid - .55% iodophor and 2) barrier-type product consisting of milk
protein solubilized with lauryl sulfate, a surface active detergent, and 4.8% glycerin to test their
efficacy against Streptococcus agalactiae and Staphylococcus aureus. Pankey et al. (1985)
concluded significant reductions in incidence of infection of 52.7% (P<0.025) and 70.7% (P <
0.005) for formula one and 60.3% (P < 0.005) and 67.9% (P < 0.01) for formula two across the
two pathogens, respectively. When application methods for post-milking teat dip were
evaluated, Blakely et al. (2016) discovered that 87% of producers applied PMTD with a cup and
were associated with a lower SCC (322,000 cells/mL) than the 11% of producers who used spray
(380,000 cells/mL; P < 0.05).
2.4.5 Hygienic Practices — Glove Use and Udder Cleanliness

The second parlor practice that Dufour et al. (2011) found to have a significant impact on
influencing herd SCC was glove use (P < 0.03). Multiple studies demonstrated that BTSCC
decreased with the use of gloves during milking (Hutton et al., 1990; Bach et al., 2008; Cicconi-

Hogan et al., 2013). Additional literature from Rodrigues et al. (2005) in Wisconsin found
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associations of glove use and lower SCC as well as facility type. The authors concluded that
milkers wore gloves less often in herds with a high BMSCC (P < 0.001) and that milkers in
stallbarn herds were less likely to wear gloves when compared to free-stall facilities (P < 0.01).
Japanese dairies also reported an association between wearing gloves routinely and a lower
BTSCC (P <0.01; Kawai et al., 2015). However, research reports from Great Britain by Peeler
et al. (2000) and O’Reilly et al. (2006) disputed these observations. Peeler and O’Reilly reported
that wearing rubber gloves during milking resulted in an increased incidence rate of clinic
mastitis (IRCM) compared to herds who never wore gloves (P <0.01).

Across herds the ability to keep cows clean and reduce teat end exposure to pathogens is
increasingly challenging with increased herd size, parlor throughput pressure, infrequent alley
scraping and manure removal, and bedding material availability. Ward et al. (2002) described
the lowest incidences of mastitis occurring in the herds with the cleanest cows and the most
satisfactory beds. Assessing proper udder hygiene (UH) is a critical component as quantity and
bacterial species present on teat ends is influenced by udder cleanliness. Several different
scoring methods have been developed to assess cow hygiene (Cook, 2002 ; Schreiner and Ruegg,
2003; Reneau et al., 2005) and demonstrated that poor hygiene results in udder health problems.

Through utilization of these scoring assessments, researchers have discovered positive
associations between excessive dirt and manure particularly on udders and legs with level of
mastitis (Schreiner and Ruegg, 2003; Reneau et al., 2005). For instance, Schreiner and Ruegg,
(2003) concluded that clean cows (udder scores 1 and 2) were 1.5 times less likely to be infected
with a major mastitis pathogen than dirty cows using their scoring method. Utilizing a more
complex scoring system, Reneau et al. (2003) found somatic cell score (SCS) to be significantly

affected by udder and lower rear leg hygiene scores with SCS increases of 0.13, 0.17 and 0.17
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for each 1 standard deviation increase in Udder, Rear legs, or Udder-Rear Legs Composition,
respectively (P =0.03, P <0.01, P <0.01). This equated to a 40-50,000 cells/ml difference in
herd SCC for each 1-unit increase or decrease in cow hygiene scores. In a more recent study,
Sant’ Anna and Paranhos da Costa (2011) compared the effect of hygiene on SCLS and found all
body areas evaluated (leg, flank, abdomen, udder) to be significant (P <0.0001; P = 0.0008; P =
0.0008; and P = 0.0003) respectively. UH score is also associated with bulk tank milk bacterial
counts (Elmoslemany et al., 2010). Furthermore, a study in the Netherlands found 4 times more
dry cows in herds with >30% of their udders covered in manure in high SCC herds compared to
herds with BTSCC <150,000 cells/mL (P < 0.05; Barkema et al., 198). Udder hair management
was documented as an influential component of UH as hair removal reduced the bacterial content
around the udder and teat ends. A few studies have advocated clipping udder hair for the control
of IMI and decreased SCC (Barkema et al., 1998; Elmoslemany et al., 2010; Dufour et al., 2011).
Yet, a 10-month study by Silk et al. (2003) disputed that singeing udder hair had no effect on
new IMI or bacterial counts in the milk or on the teat skin. Rodrigues et al. (2005) also
demonstrated that frequency of hair removal is essential as low and medium BMSCC herds
removed udder hair more frequently than high BMSCC herds (P < 0.01). Despite the dispute,
the PMO dictated that milk should be harvested from clean udders, more specifically udders
clipped or trimmed to facilitate ease of cleaning and prevent bacterial harboring that could
interfere with providing a safe wholesome product.
2.4.6 Dry Cow Management Practices

Dry cow therapy (DCT) also commonly referred to has blanket dry cow treatment is
defined as a prophylactic antibiotic treatment at the end of a cow’s lactation. The goal of DCT is

to reduce the prevalence of intramammary infections (IMI) by curing existing IMI at dry off and
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reducing the new infection rate during the dry period (Eberhart, 1986) Barkema et al. (1998)
demonstrated that DCT was practiced most frequently among herds with low BMSCC and the
low BMSCC herds paid stricter attention to DCT. Scherpenzeel et al., (2014) evaluated the use
of DCT across low SCC cows (<150,000 cells/mL for primiparous and <250,000 cells/mL for
multiparous cows) and its effect on CM and SCC. Data concluded that quarters dried off without
antibiotics were 3.7 times more likely to acquire CM than quarters dried off with antibiotics and
that SCC and QSCC200 at calving and D14 were significantly higher in quarters dried off
without antibiotics (P <0.01). When IRCM was evaluated, quarters dried off without antibiotics
were 1.7 times higher than in quarters dried off with antibiotics and this increased IRCM was
significantly higher from dry-off through the first 100 d of lactation when compared to quarters
treated with dry cow antibiotics (Scherpenzeel et al., 2014). Prior studies observed comparable
findings. Hassan et al., (1999) showed that quarters dried off with antibiotics were 1.4 times less
likely to have CM than quarters dried off without antibiotics. Schukken et al. (1993) illustrated a
2-fold increase in new IMI across major and minor pathogens in quarters dried off without
antibiotics in herds with low BTSCC. If DCT was utilized, teat disinfection prior to (Hutton et
al., 1990; Barnouin et al., 2004) and after (Barnouin et al., 2004) intramammary infusion was
proven to be significant as well and characterized low SCC herds. Recently, with the heightened
concern regarding antibiotic use and resistance, the use of selective dry cow therapy (SDCT) was
considered. SDCT means not administering antibiotic to cows that had a low SCC at the last
milk test day before drying off (Scherpenzeel et al., 2014). SDCT substantially reduced the
amount of antibiotic use (85%) but Scherpenzeel et al., (2014) observed increased number of
cases of CM and higher SCC in low-SCC cows when SDCT is implemented. This correlated

with SCDT inadequacy of fulfilling the second objective of DCT, preventing new IMI. Dufour
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et al. (2011) reported that SDCT is not consistently associated with lower SCC and
administration of an approved intramammary antibiotic treatment to all cows at dry-off is still the
best-supported recommendation to dairy producers. With that said, producers must weigh the
decision of mastitis or antibiotic use when deciding on which method of DCT to adopt.

Considering the concern of antibiotic use, products such as teat sealants were developed
to help producers minimize the impact of the dry period. Teat sealants supported DCT
objectives and were proven to lower mastitis rates by forming an artificial barrier that blocks
pathogens from entering the teat canal. Teat sealants are essential as all teat ends do not close as
documented by Dingwell et al. (2003) who reported 50% and 23% of teat ends still open after 1
and 6wk of the dry period, respectively. Godden et al. (2003) observed a 30% reduction of new
IMI and a 33% reduction in clinical mastitis cases between dry off and 60 days in milk (DIM) in
quarters treated with DCT and an internal teat sealant at dry-off. Schewe et al. (2015) also
demonstrated a reduction in BTSCC with use of internal teat sealants in a study evaluating 628
herds (P < 0.016). Additional studies also suggested the incorporation of coliform mastitis
vaccinations at dry-off as their use were associated with a lower BTSCC (P =0.017; Wenz et al.,
2007).
2.4.7. Milking Consistency and Ejection

Consistent milking routines are a key aspect to milking parlor management as timing of
the milking procedure must be monitored to achieve optimum stimulation and milk removal.
When milking routines remained consistent, 305 d milk yield increased by 5.5% compared to
herds who implemented a careless and inconsistent milking routine. Many are familiar with the
role of oxytocin in milk letdown however, few realize that the process of milk letdown is more

complex. Studies demonstrated that there are multiple factors that control the effectiveness of
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oxytocin response and milk ejection (Mayer et al., 1984; Svennersten and Claesson, 1990). For
instance, Lefcourt, (1982) identified a second milk letdown mechanism when measuring the
effect of teat stimulation on sympathetic tone in the mammary gland. Bruckmaier and Blum,
(1996) also demonstrated that the nervous systems had an active role in the rate of milk flow
through the teat canal and proper nerve stimulation, a minimum of 12-15 seconds of teat contact
time, is required to prompt ample oxytocin release and milk ejection response (Mein and Reid,
1996). With milk ejection two primary factors to monitor are Prep time (PT) and Prep-lag time
(PLT). PT is defined as the time taken to manually clean and dry teat surfaces, particularly teat-
ends while PLT is measured from the start of teat preparation to the attachment of the milking
unit. Consistent milk let down and effective teat sanitation is normally achieved with a quality
stimulus PT of 10 to 20 seconds. Reneau and Chastain (1995) determined that at least 20 s of
stimulus and a total PLT of 60 s increased average flow rate and reduced unit on time when
compared with no stimulation.

A proper pre-stimulation is essential to obtain continuous and rapid milk removal because
without it milk let-down is delayed, and milk flow reduced. This phenomenon is known as
bimodality. Both milking efficiency and udder health are negatively influenced by this gap
between the flow of the milk stored in the cistern (at the beginning of the milking) and the flow
of the milk from the alveolus (Bruckmaier et al., 1995; Bruckmaier and Blum, 1996; Dodenhoff
etal., 1999). A recent analysis of greater than 2,400 milk-flow curves from 82 Italian Holstein-
Friesian herds found that 35.1% of curves were bimodal which suggested improper milking
routines (Sandrucci et al., 2007). Bimodality more commonly occurred in cows with greater peak
milk flow rates (fast emptying of the udder cistern) and cows with bimodal milk curves were

more susceptible to mastitis (Grindal and Hillerton, 1991) and tended to have increased SCS
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(Dodenhoff et al., 1999; Sandrucci et al., 2007). Sandrucci et al., (2007) also discovered that the
percentage of bimodal curves decreased with increasing attachment delay (PLT; P < 0.05) but as
number of clusters per milker increased (P < 0.01) bimodality increased in all parlor types. To
avoid the consequences of bimodality and achieve a continuous milk flow, an udder pre-
stimulation of 20 to 90 s, depending on the degree of udder filling is necessary (Weiss and
Bruckmaier, 2005). In addition, Rasmussen et al. (1992) reported an ideal prep-lag time of 1.3
(one minute and 18 s) following 20 to 30 s of pre-stimulation across both Holstein and Jersey
cows for optimum milk yield. Turki and Winnicki (2001) concluded that PT did not influence
milk yield, however it was affected significantly (P < 0.05) by PLT. Furthermore, a prep-lag
time interval that is prolonged (>3 min) was shown to have detrimental effects on milk yield. To
maximize milk harvested in the first two minutes (50-55% EML and 53-61% LL of milk),
Watters et al. (2012) discovered that a PLT >60 s and <240 s for early to mid-lactation (EML)
and >60 s for late lactation (LL) was significant (P < 0.001).

As the dairy industry consolidates and herd size increases, extra pressure is applied to
maximizing cow throughput to get the most profitability out of the parlor. There is a fine line of
too fast that compromises milking prep procedures, especially in the udder preparation phase
creating a negative effect on milk quality. It’s essential that owners and employees find that
combination where cows are milked fast, gently and completely without affecting milk
production, udder health and milk quality. Once that routine is established, proper training of
employees and continuous monitoring and feedback is necessary to excel in successful parlor
management and performance.

2.5. Employee Management and Training Practices
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The structure change to the US dairy industry, with increased herd sizes generated a
greater reliance on nonfamily labor and an increased responsibility of immigrant labor to
perform critical tasks across the operations. This variability in employment practices and
organization created a greater need for understanding dairy producer attitudes and beliefs
regarding management and training practices, communication efforts and employee performance
to continue to advance milk quality.

Reports from a national survey of 5,005 dairy farms concluded that 50% of the farms
hired immigrant labor and 62% of the US milk supply came from dairy farms employing
immigrant labor (Rosson et al., 2009). With the rise of immigrant labor, comes the cultural and
communication barriers that complicated management on top of dairy owners who more than
likely have limited human resource knowledge and management experience to professionally
train employees (Stup et al., 2006). These barriers raised perceived conceptions that employees
are not motivated to engage in success of meeting milk quality goals and poor protocol
compliance. According to Wenz (2007) management often failed to provide the necessary
resources to properly perform a task or failed to provide immediate feedback to workers which
inadvertently enabled protocol drift. Across 12 Michigan dairies, Erskine (2015) discovered that
36% of employees did not know SCC goals for the farm and Spanish-speaking employees (41%)
were less aware of herd SCC goals that English-speaking workers (87%, P <0.001). Further
data showed that employees primarily received milking protocol training from other employees
or on their own (71%), versus being trained by an owner or manager. Milker training should be a
top priority for a herd to have effective parlor management which was not noted by the survey
results as only 14% of Latino workers were taught milking protocols by an owner or manager

which was significantly less than English-speaking workers (42%, P <0.01). In addition, 49%
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of employees stated they received no mastitis control and management education, and only 16%
received education on a regular basis. Obviously, this demonstrated a gap in education and
training and more is needed to address employee turnover rates and the fact that many hired
workers do not have previous dairy experience and they are being tasked with larger roles
including milking, cow health, housing maintenance, and so on (Erskine et al., 2015). Therefore,
the case was made that communication and training between owners and employees is essential
to the prevention and control of mastitis in a herd.

A study by Barkema et al. (1998) is one of a few studies which correlated attitude and
behavior with milk quality. Barkema categorized management styles as either “clean and
accurate” (BMSCC <150,000 cells/mL) or “quick and dirty” (BMSCC 250-400,000 cells/mL)
and found a significant association between BMSCC and management style. The herds
classified as “clean and accurate” were characterized by a younger generation of owners with a
higher level of education, who know their cows better and were more hygienically meticulous.
The most prominent difference between the 74% of “clean and accurate” herds verses the 73% of
"quick and dirty” herds was the fact that the former preferred to work precisely while the latter
preferred to work quickly (Barkema et al., 1998). This was previously supported by Hutton et
al., (1990) and Tarabla and Dodd, (1990) and more recently by Barnouin et al., (2004) and De
Vliegher et al., (2004) who demonstrated the effect of herd manager attitudes on herd SCC.
Tarabla and Dodd, (1990) showed that the management practices that impacted milk quality
would be applied correctly if a positive attitude regarding animal and milking is present.

Milk quality is a multifactorial, continuous improvement process. Deming noted that in
the quest for “continuous improvement,” attitude is the key component as it is the greatest barrier

to quality management. Within a herd the commitment to producing quality milk must be firm
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and the consistent application of quality milk management practices must be enforced through
the attitude reflected in management behavior to reduce variation, lower BMSCC and develop a
“milk quality mind-set” (Reneau et al., 2002).
2.6 Housing Management and Cow Comfort

Cow comfort is a top priority for dairy producers. When cows are cool and comfortable,
they spend more time lying down and chewing their cud, ultimately making more milk.
However, this time spent lying increases a cow’s chance of intramammary infection if housing is
dirty. Teat ends are the primary target for potential mastitis pathogens as they become exposed
to environmental bacteria through manure splatter with rapid cow movement, bedding material
contaminants while lying and other environmental risk factors (Rendos et al., 1975; Schreiner
and Ruegg, 2003; Zdanowicz et al., 2004; Ruegg, 2006; DeVries et al., 2012). Multiple studies
demonstrated that bedding resources are the primary host for environmental pathogens and when
cows are comfortable, they may lay for 12 to 14 h per day, substantially increasing their
exposure to harmful mastitis pathogens (Tucker and Weary, 2004; Cook et al., 2005; Hogan and
Smith, 2012). Therefore, it is essential that tasks involving selection of bedding material,
manure removal and cleanliness of cow beds are performed consistently as they all have major
influence on hygiene and control of environmental mastitis.
2.6.1 Bedding Management

Successful bedding management is a major contributing factor to reducing bacterial
numbers on teat-ends (Bey, et al., 2002; Hogan et al., 1989, Zdanowicz, et al., 2004). There is
ample evidence in the literature to show that multiple aspects of bedding management reduce
mastitis rates. In general, organic bedding sources will host more bacterial growth as compared

to inorganic sources (Fairchild et al., 1982; Janzen et al., 1982; Zdanowicz et al., 2004).
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However, it is important to remember that pathogen growth can be supported by either type,
once bedding material becomes soiled with urine and feces. Additional studies (Wenz et al.,
2007; Dufour et al., 2011) demonstrated that mattresses and sand bedding for lactating cows and
heifers were associated with lower BTSCC but sand bedding will worsen the exposure rates to
Streptococci spp. and Klebsiella spp. Rowbotham and Ruegg, (2015) found that solids over
foam-core mattress (SBMS) bedding carried the greatest bacteria load and that new sand (NS)
had the lowest gram-negative bacterial population. In another study, it was proven that recycled
manure bedding had the greatest bacterial counts and rates of new coliform IMI during the
summer (Smith et al., 1985). Even with these results authors have stated that the relationship
between bedding bacterial populations and IMI needs to be investigated further and under direct
comparison as two other studies disputed these conclusions and found no effect between
coliform bacterial numbers in bedding and coliform IMI (Natzke and LeClair, 1976; Fairchild et
al., 1982). Dry cow housing facilities that were loose or free-stall were also associated with a
lower BTSCC when compared to tie-stalls, stanchions, or outside housing facilities. Barkema,
(1999) also showed that the installation of free-stall dividers reduced the risk of clinical E.coli
mastitis by 1.3 times. Frequency of bedding application and removal of manure also
significantly reduced IMI rates (Rowbotham and Ruegg, 2015). Rowbotham and Ruegg, (2015)
herds reduced their bulk milk somatic cell score (BMSCS) by removing the organic bedding
from the back one-third of the stall at least once a week and by increasing the number of times
per week that new bedding was added to the stall. However, in the same study herds that utilized
inorganic bedding it was found that the increased frequency of replacement bedding was
associated with an increased BMSCS. This was associated with his findings that farms that

utilized inorganic bedding were 1.8 times more likely to deep bed their stalls verses operations
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using organic bedding or manure products. Recycled manure products may provide some
economic opportunity to producers, but they do come at potential cost as they harbor greater
bacteria counts than new inorganic bedding like sand (Rowbotham and Ruegg, 2015). Utilizing
deep bedding increased cow comfort but added to the necessity of raking manure out of stalls.
When manure is raked out of stalls, Schukken et al. (1991) demonstrated a 74% reduction in
clinical coliform mastitis cases and bedding was dryer (76% versus 68% dry matter) in herds
with BTSCC <283,000 cells/ml (Hutton et al., 1990). Another study demonstrated poor hygiene
across herds with SCC > 250,000 cells/ml as these herds were associated with a greater
percentage of stalls containing >10% manure (19% versus 12%), stalls were raked clean less
often throughout the day (1.6 versus 2.2 times/day) and less bedding was applied in stalls
(Ruegg, 2006).
2.6.2. Heat Stress Abatement

Across the United States, but particularly in the Southeastern United States, dairy
producers must combat heat stress on their operations. Heat stress occurred when an animal’s
body temperature elevated above the thermoneutral zone (TNZ) and the body exceeded its the
ability to abate heat (Dahl, 2018). A cow’s ideal body temperature is around 38°C and this is
markedly influenced by the two primary heat stress parameters of elevated temperatures and
relative humidity along with additional factors such as air and radiant temperature, and wind
speed. The Temperature—Humidity index (THI) is the primary indicator used in the USA to
assess heat stress and when this reading exceeds 68, the animal is heat stressed. Heat stress is a
pivotal concern as it ultimately impacts a cow’s production potential and it targets high
producing cows the hardest because of their high feed intake levels. Cows that are cooled

properly will produce 9 1b. more milk per day than non-cooled cows (Jones, 1999). Research
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illustrated that temperature and humidity are related to mastitis infection, occurrence of clinical
mastitis (CM), and increased milk SCC (Morse, 1988). Two additional studies indicated that
cows housed in hot environments suffering from heat stress had increased risk of udder health
implications such as higher rates of CM or increased SCC (Cook et al., 2002; Bertocchi et al.,
2014). The economic implications of heat stress were documented to cost the US dairy industry
between 0.8 to 1.5 million dollars annually (St-Pierre et al., 2003) Multiple side effects are
associated with heat stress such as reduced dry matter intake, difficult births and underweight
calves, increased metabolic disease, lower production, and higher incidence of laminitis (Jones,
1999). It is critical that dairy facilities utilize cooling systems (fans, sprinklers, misters, etc.),
provide shade and water to keep cows cool because otherwise milk production and components
are reduced due to elevated body core temperature. In addition, producers run the risk of elevated
udder temperatures when lactating cattle are under heat stress which is associated with higher
incidence rates of mastitis (Igono et al., 1988) and disease occurrence due to immunosuppression
that occurs after rumination is inhibited (Temple et al., 2015). Regardless of location it is
essential that producers maximize heat stress abatement across all areas of their operation to
improve production, animal welfare, and milk quality.
2.7 Research Objective

An accumulation of studies has researched numerous management practices implemented
across dairy operations and their associations with BTSCC and mastitis control. These results
form the foundation of udder health recommendations by producers today. It is common
knowledge that the SE United States is known to be the poorest region for milk quality with SCC
continuing to be greater than national average. While other states in the SE have evaluated the

effects of management practices on SCC, North Carolina has not. Therefore, the objective of
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this project is to prioritize the management practices within a NC Dairy operation that have the

greatest impact on milk quality and overall herd profitability.
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CHAPTER 3: Materials and Methods
3.1. Herd Selection and Farm Demographics
North Carolina State University conducted on-farm milk quality evaluations across 18

herds that spanned across 10 different counties in North Carolina. Milk quality data was
obtained from the NC Department of Agriculture and Consumer Services and herds were
initially identified and stratified by average BTSCC (low (<200,000 cells/mL), moderate
(200,000 to 350,000 cells/mL) and high (>350,000 cells/mL) and herd size (small (<600 cows)
and large (>600 cows). Herds were also classified by housing type (freestall, bedded pack,
pasture/grazing). Herds were then contacted via phone and invited to participate in the research
project. At the initial visit, producers were asked to sign forms indicating their willingness to
participate in an evaluation and their release of data to the NCMQ team.

On-farm data was collected from September 2018 through October 2019, with 27 total
farm visits at 18 farms. Nine farms were visited during a ‘cool’ season and again during a
‘warm’ season to determine the impact of increased heat stress on quality measures. A cool
season visit was defined as periods of no heat stress as indicated by the Average THI reading of
< 68 while a warm season visit was indicative of heat stress with an Average THI reading > 68.
Average herd size was 587 cows with 10 small herds and 8 large herds, as well as 10 low, 9
medium, and 8 high BTSCC herds represented.
3.2. Cow Evaluations

Herd size was used to determine sample size on the farm. If herd size was greater than

1000 cows, 300 cows were evaluated. In herds smaller than 1000 cows, at least thirty percent of
the milking herd was evaluated for teat end health, udder cleanliness, locomotion, and body

condition scoring with equal representation across all milking groups. Measures were collected
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from cows across lactations and days in milk (DIM). All evaluators had previous experience
with these scoring systems but were trained prior to study start at the Lake Wheeler Dairy facility
by project directors and graduate students. .
3.2.1. Teat End Scoring

Teat end health was visually scored and then recorded utilizing the Teat End Scorer app
developed by the University of Wisconsin School of Veterinary Medicine (Food Animal
Production Medicine, 2015) immediately after milking unit removal, but prior to application of
post-milking teat disinfectant. This application assessed hyperkeratosis of teat ends through
graphical interface utilizing a simplified 4-point visual scoring scale from Mein et al., (2001),
which can be viewed in (Appendix C). Teat end scores ranged from 1 (Normal)= normal teat
end with no ring around the teat canal; 2 (Smooth)= smooth raised ring or slightly rough ring
with no keratin fronds; 3 (Rough) = rough ring with a raised, roughened ring with fronds or
keratin extending 1-3 mm from the orifice; and 4 (Very Rough) = a raised roughened ring with a
“flowered” appearance from keratin extending more than 4 mm from the orifice. A half point
was assigned to the whole score if teat end “cracking” was observed on the teat orifice as well.
Teat end scores on 30% of the milking herd were collected and averaged by cow, and percentage
of total cracked teat ends was recorded. Average teat end score was categorized as low (<2),
medium (2 to 3), or high (>3).
3.2.2. Udder Hygiene Scoring

Udder hygiene scores were also collected to determine the relationship between cow
cleanliness and monthly average BTSCC. Cows were scored utilizing a multi-zone hygiene
scoring system developed by Cook, (2002; Appendix D) which documents the degree of manure

contamination on a 1-4 scale for each of three zones, the udder, the lower leg and the upper leg
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and flank (Appendix D). Udder cleanliness score was categorized as clean (<2), dirty (2 to 3),
or very dirty (>3).
3.2.3. Locomotion Scoring

Locomotion scores were collected to determine effect of lameness on BTSCC and
BTSPC. Lameness was assessed utilizing a 5-point scoring system from Sprecher et al., (1997)
that assessed gait and placed a novel emphasis on back posture (Appendix A). Lameness scores
ranged from 1 (Normal)= cow stands and walks with a level-back posture and makes long
confident strides with normal gait, to 5 (Severely Lame)= the arched back posture is always
evident and the cow additionally demonstrates an inability or extreme reluctance to bear weight
on one or more of her limbs/feet. Lameness scores were collected as cows were walking on a
level surface as they returned to housing at the end of milking. Lameness score was categorized
as normal (<2), moderate (2 to 3), or severe (>3).
3.2.4. Body Condition Scoring

Body condition scores (BCS) were also observed. The assessment of a cow’s condition
was collected using a numerical 5-point scale with 0.25-point increments. A score of 1 reflected
an emaciated (very thin cow), while a 5 denoted an excessively fat cow, with an ideal average
BCS represented at a score of 3 see (Ferguson et al., 1994; Appendix B). Body condition was
categorized as thin (<3), ideal (3), or fat (>3).
3.3. Questionnaire and Milk Quality Data Collection

A modified version of the Southeast Quality Milk Initiative (SQMI;
http://sequalitymilk.com) questionnaire was created and administered through interview with
farm owner or manager during the initial farm evaluation visit. The purpose of the questionnaire

was to obtain information pertaining to herd demographics and to assess management practices
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related to milking, housing, cow management, nutrition, labor, replacements, and animal health.
All answers were based upon management practice occurrence within the previous year.
Questionnaire questions utilized in the data analysis included milking frequency, type of housing
for lactating cows, type of bedding material, frequency of bedding application, etc. The full
version of the survey evaluation can be viewed in (Appendix E).

Data for 2018 and 2019 BTSCC and BTSPC were obtained from the NC Department of
Ag and Consumer Sciences as well as milk cooperatives for each of the farms participating in the
study. A monthly BTSCC and BTSPC was determined from the data provided for each farm
based on the month of visit to the farm.
3.4. Parlor Evaluation

Parlor evaluations were conducted at each farm visit. One milking shift was observed to
document type of milking parlor, number of milking units, milking protocol, and number of
milking personnel. The Milking Prep Lag Timer application (Food Animal Production Medicine
University of Wisconsin-School of Veterinary Medicine, 2015) was utilized to track the timing
of the various stages of the milking procedure. Predefined steps of the farms milking protocol
(Dry wipe, Dip 1, Foremilk, Dip 2, Wipe, Attach, Detach) were selected in the app after
observing the farm’s milking procedures, and the application timed the procedures accordingly
for each turn of 8 cows. The application calculated averages for the following parameters:

Prep Lag Time (s) = Attachment — Preparation start (Step 1)
Dip Contact Time (s) = Wipe — Dip 1
Attached Time (s) = Detach — Attach

Timing began as the first cow entered the parlor on a side and ended when the last cow exited

from that side. The number of timings recorded were based on parlor size with a minimum total
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of three parlor turns recorded to represent a typical parlor routine for that herd. Parlor turn was
defined as the number of cows per side. Because the app only recorded up to 8 cows, multiple
recordings were performed to equal one turn if parlors were larger than 8 milking units per side.
If multiple employees were milking, recordings were split evenly among employees. Average
prep lag time was classified as <90 s, 90 s, or > 90s. Pre-dip contact time was classified as < 30
sor=>30s.
3.5. Housing Assessments

A housing evaluation was also conducted to assess cow comfort across an operation.
Type of housing and housing design was drawn. Housing type was defined as freestall, bedded
pack, or mixed. Mixed housing included herds with access to more than one type of housing or
herds with access to pasture. Bedding quantity, bedding material, use of bedding conditioners,
and new bedding frequency were evaluated. Bedding quantity was defined as deep bedded or not
deep bedded. Use of bedding conditioners was defined as yes or no. New bedding frequency was
categorized as less than once a week, once a week, or greater than once a week. Bedding material
was defined as recycled sand, fresh sand, shavings, or other. Other included herds with access to
bedding materials such as mattresses, manure solids, or pasture.
3.6. Climatic Data Collection

Climatic data was collected using the National Oceanic and Atmospheric Administration
Local Climatological Data (NOAA, 2020). Data were collected using the weather station closest
to the farm location. Average, Maximum, and Minimum dry bulb temperature (T°C) and relative
humidity (RH) hourly were obtained for the study period and used to calculate daily average,
maximum, and minimum THI using the following equation (Kelly and Bond, 1971):

THI = (1.8 T +32) — (0.55—0.0055*RH) * (1.8 T — 26)
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Then, daily values were combined into a monthly average for the month of the herd visit.
Monthly averages were then classified as no heat stress (THI < 68) or heat stress (THI > 68).
3.7. Statistical Analysis

All analyses were performed in SAS 9.4 using the GLM procedure of SAS (SAS Institute
Inc., Cary, NC) to identify the practices most strongly associated with BTSCC and BTSPC. The
categories for herd size, average teat end score, average udder cleanliness, average locomotion,
and body condition (as described in the sections above) were used as independent variables.
BTSPC and BTSCC for month of farm visit were dependent variables. Herd size, cow variables,
parlor evaluation variables, housing variables, average monthly THI, and questionnaire
responses were considered independent variables. Interactions between average monthly THI
and herd evaluation variables were assessed.

Means were separated using Fisher’s Least Significant Difference, and significance was
declared when P < 0.05 (Fisher’s Least Significant Difference). Trends were discussed when P <

0.10. All data were presented as mean + the largest standard error of the mean (SEM).
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CHAPTER 4: Results and Discussion

4.1.1. Farm Demographics

Observations from 18 herds spanning across 10 counties throughout 3 regions of North
Carolina were included in this study. North Carolina herds enrolled in DHIA in 2019 had a
BTSCC average of 207,000 cells/mL (Norman et al., 2020). Of the herds evaluated, 37, 33, and
30% of the herds were categorized as low, medium, and high BTSCC, respectively. Bulk tank
SCC averaged 132,110, 250,467, and 449,381 + 1428.9 cells/mL for low, medium, and high
BTSCC herds, respectively (Table 4.1). Within the herds evaluated, 56% had a monthly average
BTSPC <5000 cfu/mL (Low) 33% had a BTSPC greater than 5,000 but less than the industry
standard of 10,000 cfu/mL (Medium), and 11% had a BTSPC > 10,000 cfu/mL (High). Bulk
tank SPC averaged 2,651, 7,951, and 13,425 + 146.5 cfu/mL for low, medium, and high BTSCC
herds, respectively (Table 4.2).

Of the operations evaluated, 28% milked Holstein cattle, 17% milked Jersey cattle, and
55% milked more than one breed. Significant differences were detected among breeds of cattle
for BTSCC and BTSPC (P<0.0001; Table 4.3) with herds milking only Jerseys having the
greatest BTSCC and BTSPC (323,456 and 10434 + 7262.3 cells/mL and 304.5 cfu/mL,
respectively), followed by Multiple Breeds (246,479 and 5481 + 2960.7 cells/mL and 124.2
cfu/mL, respectively), and Holstein herds having the lowest BTSCC and SPC (206,893 and 4947
+2539.2 cells/mL and 106.5 cfu/mL, respectively). Bulk tank SCC and SPC were significantly
lower (P<0.002 and P<0.0012) for herds milked 3X compared to herds milked 2X during the
study (Table 4.3). Decreased BTSCC with 3X milking compared to 2X is consistent with
previous research observations (Smith et al., 2002; Allen et al., 1986; Klei et al., 1997; Hogeveen

et al., 2001). Smith et al. (2002) observed significantly lower SCC score and weighted SCC for
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herds milked 3X compared to 2X during all three years of the study. Additionally, Hogeveen et
al. (2001) demonstrated that changing from 2X to 3X across 57 herds, resulted in decreased
BTSCC from 193,000 to 162,000 cells/mL. This decrease was reversed once herds resumed 2X
milking. The study also found that there were fewer cows with cell counts greater than 250,000
cells/mL. when milked 3X a day.

Herd size ranged from 76 to 1568 lactating cows per herd with 55% of the herds milking
fewer than 600 cows (small) and 45% of the herds housing > 600 cows (large). The average herd
size was 239 and 1016 + 9.7 for small and large herds, respectively. Herd size was associated
with BTSCC and BTSPC, and large herds were associated with a 139,496 cells/mL and 1619
cfu/mL lower BTSCC and BTSPC than small herds, respectively (P<0.0001; Table 4.3). Enger
(2017) reported a negative relationship between bulk tank somatic cell score and herd size. As
herd size increased, bulk tank somatic cell score decreased. However, the opposite was true
when evaluating BTSPC. The relationship between herd size and BTSCC was supported by
previous work showing reduced BTSCC in herds greater than 200 cows (Cicconi-Hogan et al.,
2013). Additionally, herds smaller than 200 cows were shown to have increased concentration of
spore-forming bacteria in pasteurized bulk tank milk (Masiello et al., 2014).

Average THI affected BTSCC and BTSPC differently (Table 4.3). Bulk tank SCC was
greatest during periods of heat stress (291,262 vs. 244,144 + 3628.8) when compared to periods
of no heat stress. Periods of no heat stress resulted in a 19% reduction in BTSCC (P < 0.0001;
Figure 4.1). This confirmed previous research that SCC increased during heat stress. For
example, Smith et al. (2013) reported increased SCC for both Jersey and Holstein cows when
THI was greater than 68. In contrast, BTSPC was greatest during periods of no heat stress (8,293

vs. 5,046 + 166.4) and decreased by 64% during periods of heat stress (P < 0.0001; Figure 4.2).

68



When the impact of THI and heat abatement practices (fans only, fans and water system, or no
heat abatement practices) utilized was analyzed, the use of heat abatement practices reduced
somatic cell count, during times of heat stress and no heat stress (Figure 4.8). The addition of
water to cool cows increased SCC, which we could expect as a wetter environment would result
in a greater bacterial load. The use of heat abatement practices of both fans and a combination of
fans and misters had the lowest SPC compare to no heat abatement practices utilized as well as
heat abatement practices during periods of no heat stress (Figure 4.9).

A significant effect (P<0.0001) was also present between average THI and herd size.
Large herds were consistently lower in BTSCC, 177,345 and 218,713 + 3477.9 when compared
to small herds in both times of no heat stress and heat stress, respectively. However, among
small herds, BTSCC was greater during heat stress than periods of no heat stress (310,942,
363,811 £ 6370.1; Figure 4.3). It was expected that large herds would be less affected by THI
because of their confinement housing system and access to heat abatement strategies observed in
this study. Bulk tank SPC was lowest during heat stress (both large and small herds) and was
greatest during no heat stress among small herds (P < 0.0001; Figure 4.4).
4.1.2. Cow Variables

Table 4.4 shows the effect of cow variables: teat end score (TES), udder cleanliness
(UClean), locomotion scoring (LOCO), and body condition score (BCS). Of the teats evaluated,
69.4% were low, 27.5% were medium, and 3.1% were high. There was a tendency (P<0.0750)
toward BTSCC to increase with increasing TES. The relationship between TES and SCC has
conflicting results across research (de Pinho Manzi et al., 2012; Neijenhuis et al., 2000; Shearn
and Hillerton, 1996). A study in Brazil conducted by de Pinho Manzi et al. (2012) showed a

30% increase in intramammary infection for each 1-unit increase in teat-end HK score (P<.001)
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while Isaksson and Lind, (1992) and Shearn and Hillerton, (1996) found no association between
TES and BTSCC. There was a positive effect between TES and BTSPC (P<0.0001) but further
research needs to be carried out to understand the relationship between TES and BTSPC as there
is little research conducted to date. Surprisingly, one paper by Paduch et al., 2012 reported that
teat end condition influenced bacterial colonization differently depending on the mastitis
pathogen present.

When the interaction between TES and monthly average THI was considered, there was
not a significant interaction with BTSCC but there was with BTSPC. During periods of heat
stress, as TES increased, BTSPC increased with high TES during no heat stress having the
largest BTSPC (Figure 4.5). Teat-end hyperkeratosis is a dynamic condition influenced by a
multitude of factors including climate, seasonal and environmental conditions, genetics, teat end
shape, stage of lactation, milk production level, milking equipment function, and milking
management (particularly slow milking and over-milking). Reports of teat-end hyperkeratosis
are most prevalent in high producing herds particularly during colder climate months (Mein et
al., 2003).

Across herds the ability to keep cows clean and reduce teat end exposure to pathogens
has become increasingly challenging with increased herd size, parlor throughput pressure,
infrequent alley scraping and manure removal, and bedding material availability. Of the udders
evaluated, 82.3% were clean, 17.3% were dirty, and 0.4% were very dirty (Table 4.4). Clean
udders had a significantly lower BTSCC (P<0.0001) than dirty and very dirty udders. This is
consistent with previous research (Ward et al., 2002; Schreiner and Ruegg, 2003; Reneau et al.,
2003; Sant’Anna and Paranhos da Costa, 2011). Reneau et al. (2003) reported increases in

somatic cell score of 0.13, 0.17 and 0.17 for each 1 standard deviation increase in udder, rear
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legs, or udder-rear legs composition, respectively. Clean udders also had a significantly lower
BTSPC (P<0.0001) than dirty and very dirty udders. This is supported by research from
Elmoslemany et al. (2010) that found a positive association between udder hygiene score and
bulk tank milk bacterial counts. A significant association for both BTSCC and BTSPC was
determined when the interaction between udder cleanliness and average THI was conducted.
Bulk tank SCC was lowest for clean udders during no heat stress followed by clean udders
during heat stress. As degree of manure contamination increased on udders during heat stress
BTSCC increased (P < 0.0001; Figure 4.6). Clean udders during heat stress had the lowest
BTSPC followed by clean udders during no heat stress and dirty udders in times of heat stress.
Very dirty udders in both periods of heat stress and no heat stress had the greatest BTSPC (P <
0.0001; Figure 4.7).

In the current study, neither BCS nor LOCO affected BTSCC (Table 4.4), but both did
have a significant effect on BTSPC (P<0.0001). Herds with more ideal and fat cows had a
significantly lower BTSPC than herds with more thin cows. Herds with more normal LOCO
cows had a lower BTSPC than herds with more moderate LOCO, and severe LOCO was
intermediate. While comprehensive research has been conducted to conclude the effect of BCS
on milk yield, herd health, reproductive performance, and animal well-being, there is little
regarding BCS effect on BTSCC. However, Loker et al. (2012) reported that cows with a low
BCS have an increased predisposition to mastitis. This would be expected as BCS is a practical
indicator for health status, but further research would need to be carried out to determine direct
relationship. In contrast to the results of the current study, research by Olechnowicz and
Jaskowski (2010) observed greater SCC ingroups with clinically lame cows compared to groups

with no incidence of lameness or groups categorized as mildly lame.
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4.1.3. Housing Evaluation

Housing facility type was associated with BTSCC (P<0.0001; Table 4.5). Across this
study 61% of operations were free stall barns, 11% were bedded packs and 28% offered mixed
housing for the lactating herd. Free stall housing had the lowest BTSCC followed by bedded
packs, and mixed housing had the greatest BTSCC (238,794; 364,334; and 410,408 + 15,742.6
cells/mL, respectively). Research has shown no difference in SCC between confinement and
pasture-based operations (Stiglbauer et al., 2013; Cicconi-Hogan et al., 2013). Hogan and Smith
(2012) reported that clean and dry bedding with minimal organic matter had more impact on risk
of environmental mastitis than whether the operation used confinement or pasture-based housing.

Successful bedding management is a contributing factor to reducing bacterial numbers on
teat-ends (Bey, et al., 2002; Hogan et al., 1989, Zdanowicz, et al., 2004). Significant differences
were observed between type of bedding used in lactating cow housing and BTSCC (P<0.0001;
Table 4.5). Twenty-eight percent of operations utilized recycled sand and shavings while 22%
used fresh sand and other bedding materials such as manure solids, pasture, etc. Recycled sand
contributed to the lowest BTSCC (182,986 & 5061.5 cells/mL) with an average BTSCC of
69,834; 96,099; and 192,740 + 22,273.4 cells/mL less than other bedding, fresh sand, and
shavings, respectively (Figure 4.9). In general, organic bedding sources have been shown to
support more bacterial growth as compared to inorganic sources (Fairchild et al., 1982; Janzen et
al., 1982; Zdanowicz et al., 2004). This is supported by Wenz et al., (2007) and Dufour et al.,
(2011) who demonstrated that mattresses and sand bedding for lactating cows and heifers were
associated with lower BTSCC but sand bedding will worsen the exposure rates to Streptococcus
spp. and Klebsiella spp. Rowbotham and Ruegg (2015) found that solids over foam-core

mattress (SBMS) bedding carried the greatest bacteria load and that new sand (NS) had the
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lowest gram-negative bacterial population. While the current study did not investigate bacterial
populations, fresh sand had a higher BTSCC than expected. Interestingly, the current study did
not find any difference between fresh sand and other bedding. It was expected that herds bedding
with fresh sand would have the lowest BTSCC. This led to the investigation of the relationship
between bedding type and bedding frequency (Figure 4.11). The interaction between bedding
type and bedding frequency showed that those herds predominantly using shavings and adding
more than once a week had a higher SCC compared to other bedding. Looking across all the
different types of bedding the recycled sand was still the best option for having the lowest SCC.
These differences iterated the importance of culturing our bedding before it goes in regardless of
type as we do not know what is in it or necessarily where it has come from and in what
condition.

Utilizing deep bedding increases cow comfort but adds to the necessity of raking manure
out of stalls. Amount of bedding material available had a significant impact as seen in Table 4.5,
with deep bedded stalls having a 20% reduction on BTSCC when compared to those stalls not
deep bedded (234,640 v. 292,995 £+ 21850.9 cell/mL, respectively; P <0.0309). When manure is
raked out of stalls, Schukken et al., (1991) demonstrated a 74% reduction in clinical coliform
mastitis cases and bedding was dryer (76% versus 68% dry matter) in herds with BTSCC
<283,000 cells/ml (Hutton et al., 1990).

There have been numerous attempts to add chemicals to bedding materials to control
bacterial growth and reduce stall maintenance. The current study identified associations between
use of bedding conditioners and BTSCC (P < 0.002). Surprisingly, herds that did not use a
bedding conditioner had on average a 30,000 lower BTSCC than herds that did use a bedding

conditioner (Table 4.5). Hogan et.al, (1999) found that effectiveness of bedding treatments on
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bacterial concentrations differed between bedding types. Hydrated lime and alkaline conditioners
were most effective in recycled manure while sawdust bacterial counts were reduced the most by
an acidic conditioner. The antibacterial effects of each treatment had diminished between d 2
and 6 after use in bedding based on the bedding pH. The results in this study may be due to
farms only implementing bedding conditioners when necessary. Herds already struggling with
milk quality may have used these to combat increased BTSCC. This study was conducted during
periods of low milk prices, potentially reducing the use of bedding conditioners in herds that do
not struggle with SCC to save on expenses.

Frequency of bedding application and removal of manure also have been shown to
significantly reduce IMI rates. Frequency of bedding application was significant (P <0.0001)
with adding bedding only once a week having the lowest BTSCC average (242273 + 12614.5)
and bedding more than once a week had the highest BTSCC (392,829 + 37731.2). Of the
operations evaluated, 53% were currently adding new bedding once a week, 29% added bedding
multiple times a week, and 18% of operations bedded less than once a week. Previous research
Rowbotham and Ruegg, (2015) demonstrated that herds reduced their bulk milk somatic cell
score by removing the organic bedding from the back one-third of the stall at least once a week
and by increasing the number of times per week that new bedding was added to the stall.
However, in the same study herds that utilized inorganic bedding found the increased frequency
of replacement bedding to be associated with an increased bulk milk somatic cell score.
Although the current study did not distinguish between inorganic/organic bedding, it did observe
increased BTSSC when bedding was added more than once weekly.

Regarding BTSPC, no significant effects were found when looking at type of lactating

cow housing facility or type of bedding material used (P < 0.4415 and P < 0.7403, respectively;
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Table 4.5). However, significant differences with BTSPC were found when reviewing bedding
depth, use of bedding conditioners, and frequency of bedding application (P < 0.0001, P =
0.0214, P<0.0001, respectively; Table 4.5). Deep bedded herds had lower BTSPC than non-deep
bedded herds (6558 v. 14,220 + 875.5 cfu,/mL respectively). Similarly, to BTSCC, herds that did
not use bedding conditioners had significantly lower BTSPC than herds that did use bedding
conditioners (7186 v. 6288 + 328.6 cfu/mL, respectively). Herds that added bedding weekly had
lower BTSPC (5740 cfu/mL) than herds that applied bedding less than once weekly (7656
cfu/mL), and herds that bedded more than once weekly were intermediate (7035 + 1639.7
cfu/mL).
4.1.4. Parlor Assessment

Forestripping was reported by 44% of operations and was associated with an average
80,000 lower BTSCC compared to herds that did not include this in their parlor procedure
(203,710 v. 283,948 + 6669.0 cells/mL; P < 0.0001; Table 4.6). The first streams of milk located
in the teat cistern are known to have the greatest concentration of bacteria and somatic cells, thus
discarding this milk through forestripping will result in lower somatic cell and organism
prevalence (Harmon, 1994; Fahr, 2002). Reverse effects were observed between forestripping
and BTSPC. Parlor routines that reported forestripping in this data set had an increased BTSPC
when compared to herds that were not forestripping. This is consistent with other studies
reported increased BTSPC when forestripping was a part of the milking routine (Schukken et al.,
1991; Peeler et al., 2000; Rasmussen, 2000; Jayarao et al., 2004; Blakely, 2016). This increase
has been thought to be associated with increased teat-contact with hands of milking personnel
and increased exposure of pathogens to neighboring cows (Schukken et al., 1991b; Peeler et al.,

2000; Rasmussen, 2000). Inclusion of dry wipe prior to pre-dip application was recorded for
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67% of the operations. Herds that dry wiped had a BTSCC 24% lower than herds that did not
dry wipe (264,109 v. 346,089 + 17928.4 cells/mL, respectively; P = 0.002).

Pre-milking teat disinfection was employed by 100% of the operations but type of pre-dip
utilized varied. Peroxide was the most common active ingredient (44%, n=8) used by producers,
followed by chlorine dioxide and iodine (28%, n=5). Use of peroxide-based pre-dips was
associated with a significant reduction in BTSCC (P < 0.0001; Table 4.6) with the lowest
BTSCC compared to iodine and chlorine dioxide (256,687 v. 336,401 and 338,214 + 8976.8
cells/mL, respectively). Enger et al. (2015) reported reduced SCC when pre-dip was used
(peroxide, chlorine dioxide, 1% iodophor, and0.5% iodophor), however in contrast to the current
study, the previous authors reported that peroxide was the worst performing disinfectant while
the 1% iodophor was the superior disinfectant. When looking at herds in the Southeast, Blakely,
2017 found that herds using dips with hydrogen peroxide had double the BTSCC than other
ingredients as well. Active ingredient was also associated with significantly reduced BTSPC (P
<0.0001). Unlike BTSCC, herds using peroxide had the highest BTSPC while those using
chlorine dioxide and iodine had lower BTSPC (11,203 v. 4703 and 5601 + 641.4 cfu/mL). No
preparation of udder and teats had higher standard plate count attributed to soiled teats at
machine attachment, however the effect of active ingredient in teat dip on BTSPC has not been
widely investigated (Galton et al., 1982).

Large farms using peroxide pre-dip had the lowest BTSCC followed by large farms using
chlorine dioxide and small farms using iodine. Small farms using peroxide had lower BTSCC
than small farms using chlorine dioxide and large farms using iodine (P < 0.0001; Figure 4.10).
Active ingredient had significant but reverse effects on BTSPC in small and large herds (P <

0.0001). Large farms using chlorine dioxide and small farms using iodine had the lowest
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BTSPC followed by small farms using chlorine dioxide and large farms using peroxide. lodine
use had the largest BTSPC for large herds and peroxide had the largest BTSPC across small
farms (Figure 4.13).

The amount of time pre-dip was in contact with the teat was also important (P < 0.0273;
Table 4.6). Pre-dips that were applied for 30 s or longer had a lower BTSCC compared to pre-
dip that was removed faster than 30 s (289,243 v. 334,766 + 19807.9 cells/mL, respectively).
The industry recommendation for pre-dip contact time with the teat skin is 30 s (Bushnell, 1985).
Studies by Reneau, (2001) and Bray and Shearer (2012) support this recommendation while
others demonstrate optimal time depending on active ingredient. When evaluating contact time
of 15 s, 30 s, and 45 s, Enger concluded that all resulted in mean log reductions of 30.0, 34.1,
and 37.0%, respectively (P < 0.05). The study also determined that different active ingredients
had different optimal contact times with a 30 s contact time for iodophors but only 15 s contact
needed for hydrogen peroxide dips. Additional research has shown significant germicidal
efficacy against mastitis pathogens with disinfectant contact times of 15 to 20 s (Galton et al.,
1988) and 60 s (Peters et al., 2000).

Prep lag time (PLT) also influenced BTSCC. Bulk tank SCC was lower with a reported
PLT of 90 s or longer, with the highest BTSCC associated with a short PLT less than 90 s
(243,841 v. 311,010 = 7611.9 cells/mL, respectively; Table 4.6). Reneau and Chastain (1995)
determined that at least 20 s of stimulus and a total PLT of 60 s increases average flow rate and
reduces unit on time when compared with no stimulation. Kaskous and Bruckmaier (2011)
recommended a preparation lag time of 90 to 120 s to optimize oxytocin release and milk let
down prior to unit attachment. This is consistent with the current study that reported the greatest

BTSCC when PLT was lower than 90 s. Bulk tank SPC was also affected by PLT (P < 0.0001)
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with a 90 s or longer PLT being associated with a 55% reduction in BTSPC when compared to a
PLT shorter than 90 s (4017 v. 8851 £ 445.2 cfu/mL, respectively). Results from Enger (2017)
supported the current study as longer prep-times were associated with lower BTSPC as well.
This association is expected because if adequate time is spent to prep the cow then there is an
increased likelihood that teat ends were getting properly cleaned leading to a lower prevalence of
bacteria entering the milking system during milking.

Teat end cracking (TEC) observed in the parlor also affected BTSCC (P< 0.0335). Less
than 20% TEC reported the lowest BTSCC compared to TEC greater than 20% (252,975 v.
273,441 £ 8711.9 cells/mL, respectively: Table 4.6). No significant effect was observed between
TEC and BTSPC (P < 0.888). This association is opposite of Enger (2017) who reported a
negative relationship between percent of cracked teat ends and BTSPC; as percent of cracked
teat ends increased, BTSPC decreased. However, cracking is commonly known to increase
susceptibility of pathogen so the lower BTSCC for less than 20% TEC observed in the current
study was expected.

The removal of udder hair reduced BTSCC on average by 27% (P < 0.0001; Table 4.6).
Operators who choose to not remove udder hair (44%, n=8) regularly in the last year reported a
higher BTSCC (329857 + 12027.2) when compared to herds that did remove udder hair (240880
+ 19672.0). This is consistent with previous work (Barkema et al., 1998; Rodrigues et al., 2005;
Elmoslemany et al., 2010; Dufour et al., 2011). However, Silk et al. (2003) reported that
singeing of udder hair had no effect on new IMI or bacterial counts in the milk or on the teat
skin. Bulk tank SPC was negatively affected by udder hair removal (P < 0.0304), with removing
udder hair contributing to a higher BTSPC when compared to no hair removal (7274 v. 5118 +

849.8 cfu/mL, respectively). In contrast to the current study, clipping udder hair has previously
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been associated with reduced bacterial counts (Dufour et al., 2011) and a decrease in risk of new
mastitis infection (Elmoslemany et al., 2010). Despite the dispute, the PMO dictates that milk
should be harvested from clean udders, more specifically udders clipped or trimmed to facilitate
ease of cleaning and prevent bacterial harboring that could interfere with providing a safe
wholesome product.

As seen in Table 4.6, two thirds of operations used teat sealants at dry off which
demonstrated on average a 26% reduction in BTSCC compared to herds who did not use a teat
sealant (209,023 v. 284,531 + 3491.8 cells/mL, respectively; P < 0.0001). Teat sealants also
significantly affected BTSPC (P < 0.0001) as non-use had a higher BTSPC compared to herds
that did use a teat sealant (6241 v. 5238 = 151.9 cfu/mL, respectively). These results were
expected and are consistent with previous work (Godden et al., 2003; Bradley et al, 2010;
Schewe et al., 2015). Godden et al. (2003) observed a 30% reduction of new IMI and a 33%
reduction in clinical mastitis cases between dry off and 60 days in milk (DIM) in quarters treated
with DCT and an internal teat sealant at dry-off.

4.2 Conclusion

North Carolina is nestled in the Southeast; the region noted for the poorest milk quality.
The ability to reduce somatic cell counts (SCC) and improve milk quality depends on the
effective and consistent application of established mastitis control practices. Eroding milk prices
threaten the potential interruption of these mastitis control practices. The objectives of this study
were to assess NC milk quality and prioritize management practices that influence on-farm milk
quality. A total of 21 variables were evaluated in the current study and results revealed some
important herd-management practices associated with BTSCC and BTSPC. Probably the most

useful practice is the implementation of udder cleanliness scoring to monitor udder hygiene.
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Keeping cow’s cleaner will reduce herd BTSCC and BTSPC. This can be accomplished through
stricter attention to housing elements such as bedding material type, bedding availability, and
bedding frequency. Housing type also has a significant impact on BTSCC but changing housing
type is unrealistic and uneconomical in our current industry state. Adoption of tools such as the
Milking Prep Lag Timer app developed at the University of Wisconsin School of Veterinary
Medicine provides producers opportunity to focus more on managing consistency through
monitoring parlor procedures and essential measurements such as prep lag time and pre-dip
contact time. Considering implementation of forestripping and dry wipe into milking procedures
was shown to significantly reduce BTSCC. In addition, type of pre-dip used on farm should be
evaluated as Peroxide based pre-dips had the lowest BTSCC. Lastly farm demographics such as
milking Holsteins, large herd size >600 cows, and 3X milking will provide ample opportunity to
have the lowest BTSCC and SPC in North Carolina based on the results of this study. There is
not one silver bullet for improving milk quality. Therefore, it is important that producers assess
what is their current milk quality situation and what are their milk quality goals. Determining
this will allow producers to evaluate which of these management practices stand to benefit their
operation the most through consistent and effective application. From these findings, relevant
tools and resources will be developed for NC dairy producers to combat poor milk quality and
work to achieve more ambitious milk quality goals through the implementation of these

significant management practices.
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4.3 Tables

Table 4.1. Distribution of monthly average herd BTSCC (cells/mL) during month of
visit of study herds evaluated in North Carolina

BTSCC! N‘;r;‘f;rs of Percent %VTesrégg SEM P=

Low 10 37 132,110 9423 <.0001
Medium 9 33 250,467 12032  <.0001
High 8 30 449381 14289  <.0001

'BTSCC = Bulk Tank Somatic Cell Count; Low = <200,000 cells/mL, Medium =
200,000-350,000 cells/mL, High =>350,000 cells/mL

Table 4.2. Distribution of monthly average herd BTSPC during month of visit of study
herds evaluated in North Carolina

Number of Average

BTSPC! Farms Percent BTSPC SEM P=

Low 15 56 2,651 78.6 <.0001
Medium 9 33 7,951 111.3 <.0001
High 3 11 13,425 146.5 <.0001

'BTSPC=Bulk Tank Standard Plate Count; Low=<5,000, Medium=5,000-10,000,
High=>10,000
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Table 4.3. Herd demographics for NC dairies evaluated in study.

BTSCC! BTSPC?
Farm Demographics
LSMEAN SEM P= LSMEAN SEM P=

Herd Size?

Small (n=10) 404,712 10,658.7 <.0001 8,395 506.5 <.0001

Large (n=8) 265,216 10,192.9  <.0001 6,776 484 .4 <.0001
Breed

Holstein (n=5) 206,893 2,539.2  <.0001 4,947° 106.5 <.0001

Jersey (n=3) 323,456° 7,262.3 <.0001 10,434¢ 304.5 <.0001

Multiple Breeds* (n=10) | 246,479° 2,960.7  <.0001 5,481° 124.2 <.0001
Milking Frequency®

2X (n=6) 282,708 15,013.0 0.002 8,766 618.1 0.0012

3X (n=12) 234,235 4,441.3 0.002 6,677 182.9 0.0012
Average THI®

No Heat Stress (n=10) 244,144 3,628.8  <0.0001 8,293 166.4 <0.0001

Heat Stress (n=17) 291,262 2,832.7  <0.0001 5,046 129.9 <0.0001

'BTSCC=Bulk Tank Somatic Cell Count
BTSPC=Bulk Tank Standard Plate Count

3Herd Size=Small (<600 cows), Big (>600 cows)
*Multiple Breeds=Herds milking more than one breed

SMilking Frequency= 2X (Cows milked twice a day), 3X (Cows milked three times a day)

SAverage THI=Regional monthly average temperature humidity index= no heat stress (THI < 68), or

heat stress (THI > 68)
n=Number of each herd demographic variable represented

#¢ Superscript represents the differences between the means within each herd demographic variable
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Table 4.4. Evaluation of effect of cow variables on BTSCC and BTSPC

BTSCC? BTSPC’
Cow Variables!
LSMEAN SEM P= LSMEAN SEM P =
Teat End Score
Low (n=2561) 326,006 9,800.4 0.0750 6,077° 465.8 <.0001
Medium (n=1016) 330,059 10,161.1 0.0750 7,371° 483.0 <.0001
High (n=115) 348,826 13,977.4 0.0750 9,308° 664.3 <.0001
Udder Cleanliness
Clean (n=3364) 266,760° 4,104.7 <.0001 7,181% 195.1 <.0001
Dirty (n=707) 341,229° 5,460.2 <.0001 8,199° 259.5 <.0001
Very Dirty (n=15) 396,902° 28,749.9 <.0001 7,377 1,366.3 <.0001
Locomotion
Normal (n=3270) 228,790 2,132.0 0.2062 5,379% 90.5 <.0001
Moderate (n=820) 232,996 4,257.4 0.2062 6,223° 180.7 <.0001
Severe (n=24) 268,125 24,885.7 0.2062 6,725% 1,056.4 <.0001
Body Condition Score
Thin (n=945) 227,525 4,026.1 0.5685 6,066° 167.8 <.0001
Ideal (n=1914) 232,697 2,829.0 0.5685 5,148 117.9 <.0001
Fat (n=1181) 231,665 3,601.5 0.5685 5,415? 150.1 <.0001

!Cow Variables-Teat End Score: Low=<2, Medium=2-3, High=>3; Udder Cleanliness: Clean=<2,
Dirty=2-3, Very Dirty=>3; Locomotion: Normal=<2, Moderate=2-3, Severe=>3; Body Condition
Score: Thin=<3, Ideal=3, Fat=>3

n=Represents the number of observed responses for each cow variable

2BTSCC=Bulk Tank Somatic Cell Count

SBTSPC=Bulk Tank Standard Plate Count

3 Superscript represents the differences between the means within each cow variable category

83



Table 4.5. Housing Evaluation Factors affecting BTSCC and BTSPC

'BTSCC=Bulk Tank Somatic Cell

2BTSPC=Bulk Tank Standard Plate Count

’Mixed=Lactating cows have access to more than one type of housing
“Other=Herds had access to other bedding materials such as mattress, manure solids, or pasture

BTSCC' BTSPC?
Housing Assessment
LSMEAN SEM pP= LSMEAN SEM P=

Housing Type

Freestall (n=11) 238,794*  12,330.8 <.0001 6,075 574.5 0.4415

Bedded Pack (n=2) 364,334  9,587.6 <.0001 6,879 446.7 0.4415

Mixed?® (n=5) 410,408° 15,742.6 <.0001 6,051 733.4 0.4415
Bedding Material

Recycled Sand (n=5) 182,986*  5,061.5 <.0001 7,194 234.2 0.7403

Fresh Sand (n=4) 279,085  6,618.6  <.0001 5,850 306.2 0.7403

Shavings (n=5) 375,726 13,195.1 <.0001 5,938 610.4 0.7403

Other* (n=4) 252,820° 22,2734 <.0001 14,189 1,030.4  0.7403
Deep Bedded

YES (n=12) 234,640 4,395.0 0.0309 6,558 176.1 <.0001

NO (n=5) 292,995 21,8509 0.0309 14,220 875.5 <.0001
Bedding Conditioners

YES (n=8) 246,890 5,113.4  0.002 7,186 210.1 0.0214

NO (n=10) 217,559 7,995.6  0.002 6,288 328.6 0.0214
New Bedding Frequency

Less than once a Week (n=3) 346,969°  17,409.3 <.0001 7,656° 756.6  <.0001

Once a Week (n=9) 242.273*  12,614.5 <.0001 5,740* 5482  <.0001

More than once a Week (n=5) 392,829° 37,7312 <.0001 7,0352 1,639.7 <.0001

abe Superscript represents the differences between the means within each housing assessment variable
n=Represents the number of observed responses for each housing assessment variable
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Table 4.6. Parlor Variables measured for effect on BTSCC and BTSPC

BTSCC! BTSPC?
Parlor Evaluation
LSMEAN SEM P= LSMEAN SEM pP=

Prep Lag Time

Less than 90 s (n=302) 311,010 7,611.9  <.0001 8,851 445.2 <.0001

>90 s (n=726) 243,841 4,690.2  <.0001 4,017 274.3 <.0001
Pre-Dip Contact Time

Less than 30 s (n=73) 334,766  19,807.9  0.0273 3,905 1,247.0 0.3753

30 s or greater (n=955) 289,243 5,658.1 0.0273 2,755 356.2 0.3753
Pre-Dip Active Ingredient

Chlorine Dioxide (n=5) 338,214  8976.8  <.0001 4,703% 641.4 <.0001

Peroxide (n=8) 256,687  3,214.0  <.0001 11,203° 229.6 <.0001

Iodine (n=5) 336,401°  4,199.3 <.0001 5,601% 300.0 <.0001
Parlor Procedure - Forestrip

YES (n=8) 203,710 5,534.0  <.0001 7,447 2293 0.0036

NO (n=10) 283,948 6,669.0  <.0001 6,400 276.3 0.0036
Parlor Procedure — Dry Wipe

YES (n=12) 264,109  12,550.9  0.0002 6,084 554.7 0.8999

NO (n=6) 346,089 17,9284  0.0002 5,962 792.3 0.8999
Udder Hair Management

YES (n=10) 240,880  19,672.0  0.0001 7,274 849.8 0.0304

NO (n=8) 329,857  12,027.2  0.0001 5,118 519.6 0.0304
Teat End Cracking

Less than 20% (n=7) 252,975 8,711.9 0.0335 6,140 433.2 0.8888

Greater than 20% (n=19) 273,441 4,086.6 0.0335 6,073 203.2 0.8888
Teat Sealant Use

Yes (n=12) 209,023 2,182.4  <.0001 5,238 94.9 <.0001

No (n=6) 284,531 3,491.8  <.0001 6,241 151.9 <.0001

3 Superscript represents the differences between the means within each parlor evaluation variable
n=Represents the number of observed responses for each parlor variable
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4.4 Figures
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Figure 2.1: Average test-day somatic cell count from Dairy Herd Improvement herds during
2019 by state. (Norman, 2020; https://queries.uscdcb.com/publish/dhi/current/sccx.html)
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Figure 4.1: Monthly average Bulk Tank Somatic Cell Count (BTSCC) by regional average
Temperature Humidity Index (THI=(average dry bulb temperature (°C) (1 — average relative
humidity) (average dry bulb temperature — 58)). Monthly average THI was classified as No
heat stress (THI < 68) or Heat stress (THI > 68).
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Figure 4.2: Monthly average Bulk Tank Standard Plate Count (BTSPC) by regional average
Temperature Humidity Index (THI=(average dry bulb temperature (°C) (1 — average relative
humidity) (average dry bulb temperature — 58)). Monthly average THI was classified as No heat
stress (THI < 68), or Heat stress (THI > 68).
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Figure 4.3: Monthly average Bulk Tank Somatic Cell Count (BTSCC) by Herd Size and
regional average Temperature Humidity Index (THI=(average dry bulb temperature (°C) (1
— average relative humidity) (average dry bulb temperature — 58)) at the time of farm
evaluation. Average THI was classified as No heat stress (THI < 68), or Heat stress (THI >
68). Herd size was classified as Small (<600 lactating cows) or Large ( > 600 Cows
lactating cows).
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Figure 4.4: Monthly average Bulk Tank Standard Plate Count (BTSPC) by Herd Size and
regional monthly average Temperature Humidity Index (THI=(average dry bulb temperature
(°C) (1 — average relative humidity) (average dry bulb temperature — 58)) at the time of farm
evaluation. Monthly average THI was classified as No heat stress (THI < 68), or Heat stress (THI
> 68). Herd size was classified as Small (<600 lactating cows) or Large (> 600 Cows lactating
COWS).
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Figure 4.5: Monthly average Bulk Tank Standard Plate Count (BTSPC) by Teat End Score
(TES) and regional average Temperature Humidity Index (THI=(average dry bulb
temperature (°C) (1 — average relative humidity) (average dry bulb temperature — 58)) at
the time of farm evaluation. Average THI was classified as No heat stress (THI < 68),), or
Heat stress (THI > 68). Teat End Scores were categorized as Low (TES < 2), Medium (2 >
TES < 3), or High (TES > 3).
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Figure 4.6: Monthly average Bulk Tank Somatic Cell Count (BTSCC) by Udder Cleanliness
Score (UClean) and regional monthly average Temperature Humidity Index (THI=(average dry
bulb temperature (°C) (1 — average relative humidity) (average dry bulb temperature — 58)) at the
time of farm evaluation. Average THI was classified as No heat stress (THI < 68), or Heat stress
(THI > 68). Udder Cleanliness Scores were categorized as Clean (Cleanliness Score < 2), Dirty
(2 > Cleanliness Score < 3), or Very Dirty (Cleanliness Score > 3).
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Figure 4.7: Monthly average Bulk Tank Standard Plate Count (BTSPC) by Udder
Cleanliness Score (UClean) and regional average Temperature Humidity Index
(THI=(average dry bulb temperature (°C) (1 — average relative humidity) (average dry bulb
temperature — 58)) at the time of farm evaluation. Average THI was classified as No heat
stress (THI < 68), or Heat stress (THI > 68). Udder Cleanliness Scores were categorized as
Clean (UClean < 2), Dirty (2 > UClean < 3), or Very Dirty (UClean > 3).
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Figure 4.8: Monthly average Bulk Tank Somatic Cell Count (BTSCC) by Heat Abatement
Practices and regional monthly average Temperature Humidity Index (THI=(average dry bulb
temperature (°C) (1 — average relative humidity) (average dry bulb temperature — 58)) at the time
of farm evaluation. Monthly average THI was classified as No heat stress (THI < 68), or Heat
stress (THI > 68). Heat abatement practices were classified as None, Fans Only, or Fans and
Misters/Soakers.
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Figure 4.9: Monthly average Bulk Tank Standard Plate Count (BTSPC) by Heat Abatement
Practices and regional monthly average Temperature Humidity Index (THI=(average dry bulb
temperature (°C) (1 — average relative humidity) (average dry bulb temperature — 58)) at the time
of farm evaluation. Monthly average THI was classified as No heat stress (THI < 68), or Heat
stress (THI > 68). Heat abatement practices were classified as None, Fans Only, or Fans and
Misters/Soakers.
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Figure 4.10. Effects of bedding material type in lactating cow housing on BTSCC.
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Figure 4.11: Monthly Bulk Tank Somatic Cell Count (BTSCC) by Bedding Type (Fresh Sand,
Recycled Sand, Shavings, Other) and Bedding Frequency (Less than once a week, Once a week,
or More than once a week).
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Figure 4.12: Monthly Bulk Tank Somatic Cell Count (BTSCC) by Pre-Dip Active Ingredient
(Chlorine Dioxide, lodine, or Peroxide) and Herd Size (< 600 cows=Small) or (> 600 cows =
Large).
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Figure 4.13: Monthly Bulk Tank Standard Plate Count (BTSPC) by Pre-Dip Active Ingredient
(Chlorine Dioxide, lodine, or Peroxide) and Herd Size (< 600 cows=Small) or (> 600 cows =
Large).
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Appendix A

Locomotion Score o

Desaviption:

Stands and walks normally with &
leved back. Malke long confident
strides.

Locomotion Score o

Stands with fiat back, but ssches
when walks. Gait is dightiy
shnormal.

Clinical Descrigtion:

sl
Stands and walks with an arched
back and short strides with e
or mare lege. Slight snking of
dewe-claws in E=b opposite to the
aiffected Fmb may be evident.

Locomotion Score o

==

Description:

Aerched back standing and
wialking. Favering one or more
limtes bt cam 56l bear some
weeight om them. Sinking of the
dew-claws & evident in the limb
opposite 1o the affected Emb.

Locomotion Score o

Clinical Descrigtion:

Descrotipn:

Pronounced arching of back
Reductant to move, with almest
mompiste weght transfer off the
affected Emb.

" Aelagtied from Sgewcher, IL: Hestotles, DLE: Kanewss, 1. 1507, Tharizgeaskogy 4T-10 7E-T107 and contribatizs fram Cask, ME, Uniwerty of Wicamis.
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Appendix B

No Matter How You Look At It... ELANCO

Body Condition Scoring

ANIMAL HEALTH

Is An Important Part of Modern Dairy Management.

In the dairy cow, body condition is an indicator of the amount of
stored rasarves and changes wlﬂ‘nﬁﬂaraﬂsmgmm
lactation. Fresh cows in peak lactation tend to be in a

energy balance and therefore lose condition. Late Im:laﬂun
cows, dry cows and low producers are in a positive enargy balance
and gain condition, There is no one ideal body condition score.
There is a range of desirable scores which ::hangn for individual
cows over the dilerent stages of each lactation

Dairy farmers should regularly evaluate the body condition of their
cows and heifers so they can fine-lune feeding and mnm%;nnm
. Adequate raserves are necessary to maintain

, production and reproductive efficiency. Underconditioned
mmpmm raduced milk production and poor persistency of
lamnhg;ﬂmem conditioned wu: ;:edrodlar%%sed 1o cal:;lng
ditficul fatty liver syndroma, red reproduction
metabolic disorders.
Body condition scoring of cattle is an essential management tool for
the progressive dairy farmer. It can ba mastered with a little training
and good observation skills, using both sight and touch to evaluate
each cow.

BCS=3

BCS=4

BCS=5
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No Matter How You Look At It...
Body Condition Scoring

...Is An Important Part of Modern Dairy Management.

.

J

Lol k|

i Y
‘ 4

BCS=1 BCS=2 BCS=3
Deep cavity around tallhead. Bones of Shallow cavity around lailhead with some Mo cavity around tailhead and fafty lissue
pelvis and shorl ribs sharp and easily felt.  fatty tissue lining it and covering pin easily felt over whole area. Pelvis can be
No fatty tissue in pelvic or loin area. Deep  bones. Pelvis easily felt. Ends of short felt with slight pressure. Thick layer of
dapression in loin. ribs feel rounded and upper surlaces can  fissue covering top of short ribs which can
be felt with slight pressure, Depression still be felt with pressura. Slight
vigible in loin area. dapression in loin area.

Elanco Animal Health

A Division of Eli Lilly and Company
Lilly Corporate Center
Indianapolis, Indiana 46285, U.5.A.

BCS=4 BCS5=5

Folds of fatty tissue are seen around Tailhead is buried in thick fayer of fatty ElANco
tailhead with patches of fat covering pin lissue. Pelvic bones cannol be lelt even ANIMAL HEALTH
bones. Pelvis can be felt with firm with firm pressure. Short ribs covered with

pressure. Short ribs can no longer be fell. thick layer of falty lissue.
No depression in loin area.

Al T80 Photes by Crieg Jonngan
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Appendix C

= .
™ QuUALITY
SHIELD ‘l B D [
oF — IALUE
| —

TEAT CONDITION SCORE

Score Score
CRACKS
0 Teats with cracks are scored
a half point higher.
ie.1.50r3.5
1
2
3

Cracked teat ends have been associated
with incidents of mastitis. Quantification of
cracked teat ends in a herd maybe important

to help improve overall udder health.
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Appendix D

HYGIENE SCORING CARD

SCORE LEGS mm FLANK & UPPER LEG

Devised by N B.Cook University of Wisconsin-Madizon
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Ql

Appendix E
NCMQ - Producer Questionnaire

Farm ID Number:

Q2

Date (yyyymmdd):

Q3

Start Time (military time):

Q4

Interviewer (First name, Last name):

Q5

Number of cows currently Number of calves:
milked:

Number of dry cows: Number birth to weaning:

Number of milkings/ day Number of weaned heifers

Farm Recordkeeping System: Number of weaning to

breeding:

Current SCC Number bred heifers:

Q6

(I Ry I Wy Wy W

Q7
o)
Q

What breeds? Check all that apply

Holstein
Jersey
Ayrshire
Brown Swiss
Guernsey
Other

Are the heifers raised entirely on this operation?
Yes

No
- Heifers leave the farm at (months of age)

- Heifers return to the farm at (months of age)

111




Q8 Does the co-op or processor you sell your milk to offer an incentive for achieving a particular
bulk tank SCC?
O Yes

O No

Q9 Does the co-op or processor you sell your milk to offer an incentive for achieving a particular
bulk tank Bacteria load (e.g. Standard Plate Count, SPC; Preliminary Incubation (PI) Count)?
Q Yes

QO No

Housing
Q10 Which of the following best describes the housing system for your lactating dairy cows?

Winter
(December -
February)

Spring (March - Summer (May - Fall (September -

May) August) November)

Total
Confinement (no a a a a
pasture access)

Mostly
Confinement
with less than

four hours
access to dry lot
or pasture

Partial
confinement
with at least

four hours
access to dry lot
or pasture

Exclusively
pasture
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Q11 Are any of the following special groups of cows housed separately from lactating cows? If

es, indicate the type of housing and bedding (if applicable).... If no, skip

Close-up
dry cows
Lactating Far-off (2-3 Springing Calving Fresh
cows dry cows weeks heifers Pen Cows
prior to
calving)

Free stall a a a a a a
Tie stall a a a (| a a
Bedded 0

pack
Compost
bedded a a a a a a
pack
Pasture w/
portable 0 0 0 0 0 0
shade
access
Pasture
with non-
portable
shade Q Q Q Q Q Q
access
(e.g. trees,
permanent
structure)
Pasture
w/o shade a a a a a a
access
Outdoor 0 0
lot
Other

to Q24

Hospital
or Dump
Pen
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Q12 If'in a tie stall or free stall, what base material is used?

Close-up
dry cows
Lactating Far-off (2-3 Springing Calving Fresh Hospital or
cows dry cows WEELS heifers Pen Cows Dump Pen
prior to
calving)
Concrete (| a a
Rubber 0 0 0 0 0
mat
Rubber
filled (| a (| (| (| a (|
mattress
Water Q Q Q Q Q Q
bed
Deep
bedded
sand, (| a (| (| a a a
sawdust,
or straw
Other (| a (| (| (| a (|

Q13 If bedding material is needed, which of the following is used?

Close-up
dry cows Hospital
Lactating | Far-off (2-3 Springing Calving Fresh P
. or Dump
Cows dry cows weeks heifers Pen Cows Pen
prior to
calving)
Limestone a (| a
Straw
bedding - - - - -
Sand, Q Q Q Q Q Q Q
fresh
Sand, Q Q Q Q Q Q Q
recycled
Sawdust
or wood a (| (| (| a a a
shavings
Straw a (| (| (| a a a
Other a (| a a a (| (|
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Q14 Are ani of the followini irouis of cows housed seiarate from each other?

Yes No

Far off dry cows are housed
separately from close-up dry o o
cows

Fresh cows are housed
separately from @) ©)
hospital/dump cows

Fresh cows are housed
separately from other Q Q
lactating cows?

First lactation cows are
separated from older Q Q
lactating cows

Mastitis treated (e.g. milk
withhold) cows are separated Q Q
from lactating cows?

High SCC (e.g. chronic,
contagious, Staph aureus
mastitis) cows are separated
from lactating cows?

Q15 How often do you flush or scrape standing areas?
QO Automatic system, number of times per day?

QO Manual system, number of times per day

Q16 How often do you manually scrape standing areas in the pen that cannot be done
automatically (e.g. cross-over alleys, in front of waterers, etc.)?

Q17 How often do you flush/scrape the transfer alleys to the milking parlor (excluding holding
pens)?
QO Automatic system, number of times per day?

Q Manual system, number of times per day

Q18 For a stall based system, how often do you rake out stalls and remove cow patties?

Q19 For your primary lactating cow facility, how often is new bedding material added?

115



Q20 Are any conditioners or treatment applied to the bedding?
Q Yes, hydrated lime

QO Yes, aglime
Q Yes, other (write in type below)
QO No

Q21 How often are conditioners or treatments applied?

Q22 Are fans/water systems used in barns?

Fan

Misters Soakers
system
O Parlor d d a
O Housing (| a a
U Holding
Pen g d g

Q23 If yes, fans are turned on based on:
QO Calendar year

QO Visual observation of the cows
Q Temperature
QO Other

Q24 If yes, water systems are turned on based on:
Q Calendar year

Q Visual observation of the cows
QO Temperature
Other

Q25 If cows have access to outside areas, do theE have access to the followini water sources?

Pond

Center Pivot

Stream

Free-standing water after a
storm

©c O 0O 0O
©c O 0 0 O

Other
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Milking

Q26 Who milked the majority of the cows on this operation during the past year?

QO Owner/Operator
QO Family member(s) of owner
QO Hired worker(s) non-family members

Q27 What time of day are your cows milked?

Q28 Are fresh cows milked more frequently?
O Yes

O No

Pre Wipe — cleaning teats of debris prior to predip
d N/A

Q29 Do you use a wet or dry towel to pre wipe teats?

Sponge Water hose

Cloth towel Paper Towel Wet wipe
Single use o o o
Multiple use o o Q
Commercial o o o

Disinfectant

Homemade
disinfectant

O N/A
Q N/A
o o
o o

Pre-Dip — Dipping teats with disinfectant prior to attaching milking unit

U N/A

Q30 What type of pre-dip do you use and how is it applied?

Cf)r'nmerual o o o
Disinfectant
Homemade o o o

disinfectant

Dry Teats — drying teats after cleaning prior to attaching milking unit

U N/A
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Q31 How do dry or clean teats before milking unit is attached?

Cloth Towel ‘ Paper Towel
Single use o o Q
Multiple use N/A O O

Post-dip — disinfectant applied after removal of milking unit
d N/A

Q32 What type of post-dip do you use and how is it applied?

Sprayer
CgmmerC|aI o o o
Disinfectant
Homemade o o o

disinfectant

Q33 Did you stop using a wet post-milking disinfectant product during extremely cold

temperatures?
QO Yes

O No

Q34 Barrier teat dips are used on (check all that apply)

Used on all cows, all of the times

Used on all cows during the winter or adverse weather
Used only on selected cows (e.g. Mastitis)

Used only at dry off

No barrier teat dip used on this farm

Other

00000

Standard operating procedure for milking
Q35 Is there a standard operating procedure developed for milking?
Q Yes

O No

Q36 If yes, is the milking procedure written?
Q Yes

QO No
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Q37 Is the milking procedure available in the parlor?
QO Yes

O No

Q38 Is the milking procedure available in the primary language spoken by the milking
personnel?
O Yes

O No

Equipment and cleaning
Q39 How frequently does the owner/manager observe milking? (If they don't milk themselves)
Never

© 0

When there is a problem

Less than once a month

About once each month

About once each week

About once each day, only one milking time

About once each day, alternating between different milking times

00000

Each milking

Q40 Do milkers wear latex or nitrile gloves during milking cows over the last 12 months?
O Always

QO Sometimes
QO Never

Q41 How are the milking units cleaned between cows (check all that apply)?
They are not

Automatic back flush with disinfectant
Automatic back flush with water
Manually dipping units in bucket
Rinsed with hose if dirty

CO00CO0O0

e

42 Do you use automatic take-offs for your milking units?
Ye

No

© 0

Q43 If automatic take-offs are used, how often are the units set to manual or the unit replaced on
cows after being automatically removed?
Q Often

Q Rarely
QO Never
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Q42 How frequently is the milking deck washed where the cows stand? (RA)
Floors are washed during and between milking groups

Floors are washed only between groups
Floors are washed as needed during milking
Floors are washed after each milking

Floors are not washed between every milking

0000

Q43 How frequently is the milking system/pipeline washed?

Q44 What steps are included in washing the pipeline (check all that apply)?
Rinse

Hot wash/detergent
Acid rinse
Acid rinse combined with sanitizer

U000 0

Sanitizer

Q45 If sanitizing cycle is used, when does it occur?
Q Before every milking

Q After every milking
Q Before and after every milking
Q A separate sanitizing cycle is not run

Q46 How often is milking equipment cleaned and inspected?

Rubber Overall

Pulsators Vaccum control T milking

system
Never o o o o
< 1/year o o o @]
1/year o o @] @]
2/year o o @] @]
4/year o o @] @]
1/month Q Q @) @)
2/month O O Q Q
Each milking o o o Q
other o o o o
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Q47 Are the following milking system checks performed by on-farm personnel or a qualified
technician?

On farm personnel Qualified technican Both
PuIsatF>rs cleaned o o o
and inspected

Vacuum Fontrol / o o o
regulator inspected

System malntenar.\ce o o o
check and evaluation

Cracks and aging in o o o
rubber components

Mastitis
Q48 Who of the following are responsible for diagnosing mastitis? (NAHMS)
U owner

O Milkers
L Manager/Herdsman
Q Other

Q49 How many people treat cases of mastitis on your farm?

Q50 How do you check for clinical mastitis (check all that apply)?
See abnormal milk on filter

Check for abnormal milk once per day or less
Check for abnormal milk every milking

CMT positive

Swollen quarter

Decreased milk yield and sick cow
Veterinarian diagnosis

Other

oooooo0og

o,

51 When would you start IMM antibiotic therapy for clinical mastitis?
Electrical conductivity or any other automatic parameter changed

A few flakes present in milk that disappear after a few strips

A moderate number of flakes still present after 10-15 strips, but no thick or stringy clots in milk
Thick or stringy clots in milk and/or the quarter is red, hot and swollen

Sick cow (dehydrated, lethargic, drop in milk production) with abnormal milk and/or quarter
Wait a few days to see if signs continue

After culturing

Other

CO0O00000O0
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Q52 What products do you use to manage a case of clinical mastitis?

What is the How many days What % cases do
dose given per do you give this you use this
day product product on?

How is the product
Product name P

administered?

Q53 Are any of these additional procedures used for clinical mastitis (check all that apply)?
Strip quarter frequently

Oxytocin

Call veterinarian

Dry off quarter if non-responsive to therapy
Early dry off if non-responsive to therapy
Other

coooop

Q54 How many cases of clinical mastitis were treated over the past month?

Q55 Is this number of treated clinical cases greater or less than most months?
O Greater than

QO Less than
Q About the same
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Q56 Is this number of treated cases based on records or memory?
QO Records

QO Memory

Q57 How do you recognize subclinical mastitis (check all that apply)? (PR)
CMT Positive

Other cowside SCC test

Automatic/Inline testing (e.g. electrical conductivity, individual milk components, SCC)
Monthly DHIA SCC

Don't know what subclinical mastitis is

Never have subclinical mastitis

[ I I N Ny Ny Wy

Don't check for subclinical mastitis

Q58 Do you treat subclinical mastitis?
O Always

QO Sometimes
QO Never
Q59 What traditional

products do you use to manage a case of subclinical mastitis?

What is the How many days What % cases do
dose given per do you give this you use this
day product product on?

How is the product
Product name P

administered?
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Q60 Are any additional procedures used to treat subclinical mastitis (check all that apply)?

O Strip quarter frequently

O Oxytocin

U call veterinarian

U Dry off quarter if non-responsive to therapy

 Early dry off if non-responsive to therapy

U Other

Q61 Do you have written treatment protocols for clinical mastitis?
Q Yes

O No

Q62 Do you keep a record of clinical mastitis cases treated with antibiotics?
Q Yes

O No

Q63 How do you record cases of clinical mastitis treated with antibiotics (check all that apply)?
Cow numbers are recorded on a piece of paper or dry erase board while cows are being treated

Written records on a notepad or calendar by date
Written records are kept for individual cows
Electronic records are kept by calendar date
Electronic records are kept for individual cows
Excel

Other

N/A

ocooopoood

o,

64 What types of information are recorded (check all that apply)?
Date

Cow

Quarter

Severity of signs
Treatment applied
Organism (if cultured)
Other

N/A

oooo0oooo0oo

Milking Reports
Q65 Do you participate in Dairy Herd Improvement Association testing for SCC?
Q Yes (If Yes, ask them to sign a letter of agreement to access their DHI records.)

O No
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Q66 How often do you monitor bulk tank reports?

00000

e

(ON®)

Rarely

If there is an issue

Check about once a month

Check about once a week

Check each delivery

Monitor each delivery using a spreadsheet

67 In the past 12 months, have you made any management changes to deal with mastitis?

Yes
No

Q68 If yes, what was the reason for change?

a
a
Q
a
a

Increased clinical mastitis in the herd
Increased SCC
Bulk tank SCC greater than goal of

Bulk tank SCC greater than 750,000
Other

Q69 What changes were made?
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Q69 Do you discard milk from high SCC cows?
QO VYes, If yes, describe when.

O No

Q70 When selecting sires, which of the following do you include in your genetic selection
decisions?
SCS - Somatic cell score

PL - Productive Life

Semex scoring system - Immunity Plus
Net Merit Index

TPI/JPI or similar index

Other

None of the above

(I IR I Iy I Wy

e,

71 When are the udders typically singed or clipped?
Around calving

At dry off

During the dry period
Spring

Summer

Fall

Winter

Other

oooopooo0oo

e,

72 During the past 12 months, have you vaccinated your cows to control mastitis? (NAHMS)
Ye

No

(ON®)

Q73 Which mastitis vaccine have you used?

# Injections x

Yes or No

Volume

Coliform vaccine
(e.g. )5, J-Vac,
Endovac-Bovi)

Staph. aureus
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Q74 For cows or heifers purchased or raised off-site, which of the following practices have
routinely been used in the past 12 months (check all that apply)?
U Quarantine animals from the herd for 2-3 weeks to observe for disease

L Check SCCin lactating cows
O Culture milk quarters
(1 None of the above

Q75 How are cows dried off (check all that apply):
Set Schedule (so many days prior to calving) How many days before dry off?

Reduce the quality / energy content of feed
Minimum milk production level
Abruptly stopping milking

o000 D

Reducing milk production first

Q76 Milk production was reduced by which of the following methods:
L Skip milkings before complete dry off (e.g. milk once a day)

Reduce the quality / energy content of feed
Restrict access to feed

Restrict access to water

Other

N/A

ooo0opoo

Q77 What percentage of cows received intramammary antibiotics at dry off during the last 12
months?

O 0%

O 100%

Q < 100%, Write in the percentage treated below

Q78 What percentage of cows received intramammary teat sealants at dry off during the last 12
months?

O 0%

O 100%

Q < 100%, Write in the percentage treated below

Q79 What percentage of cows received external teat sealants at dry off during the last 12
months?

O 0%

O 100%

Q < 100%, Write in the percentage treated below
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Q80 If selective use of intramamary antibiotics, internal teat sealants, or external teat sealants
was done (e.g. <100%), how were cows selected?

IMM Antibiotics Internal Teat Sealant External Teat Sealant
High SCC a (| (|
H|s’.co.ry of mast'ltls 0 0 0
(clinical/chronic)
Milk production d a a
During adverse 0 0 0
weather only
During one or more 0 0 0
seasons

Q81 Do you use alcohol pads before administering dry-cow IMM antibiotics? (NAHMS)
O Yes

O No

Q82 Of all cows treated during the past 12 months with dry-cow IMM antibiotics, which of the
following products were used? (NAHMS)

O Spectramast DC (ceftiofur hyrochloride)

U Cefa-Dri/Tomorrow (cephapirin benzathine)

[ Boviclox, Dry-Clox, Dry-Clox Intramammary Infusion; Orbenin-DC (cloxacillin benzathine)
O Gallimycin-Dry (erythromycin)

L Biodry (novobiocin)

L Hanford's/US Vet Go Dry (penicillin G procaine)

U Quartermaster Dry Cow Treatment (penicillin G procaine/dihydrostreptomycin)

L Albadry Plus Suspension (penicillin G procaine/novobiocin)

U Other

Q nN/A

Q83 Were any IMM antibiotics administered to dairy heifers during the past 12 months?
(NAHMS)

Q VYes

O No

Q84 If yes, what percentage of heifers were treated?
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Q85 Were milk cultures performed on any of the following during the last 12 months?
AHMS

Individual cows a a
Bulk tank milk a a
String samples (samples
representing a group/pen of a a
cows)

Q86 During the past 12 months, what types of cows were typically selected for milk culturing?
AHMS

Fresh cows (I a

All clinical mastitis cases (I a

Chronic clinical mastitis cases a a
Clinical mastitis cases that

did not respond to treatment - -

High somatic cell count cows a a

Other a a

Q87 Durini the iast 12 months, were ani of the milk cultures ierformed bi: i iAHMSi
Farm personnel, done on 0 0

farm

A state or university
diagnostic lab

A commercial lab

A private veterinary lab
(veterinary clinic)

Q88 How many samples were cultured over the past month?
Q89 Was the number of samples cultured the past month similar to other months of the year?

QO Yes
QO No
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Nutrition
Q90 Which of the following management practices do you regularly use for your transition cows
- close up and fresh cows?

o000

A specific close up ration is fed

A calcium gel is given near calving

Check for sub-clinical ketosis using cow-side or other tests
Temperature check post calving

Monitoring technology data (activity, rumination, etc.)
Other

Q91 What type of ration do you feed to your lactating herd?

o
o)
O
o
)

Q92 How many times a day are cows fed and at what time?

Total mixed ration

Grazing

Grazing with supplementation
Component feeding

Other

Q93 How many times a day do you push up feed?

Q94 Do you feed for refusal?

Qo
o

Yes
No

Q95 If grazing, do you graze rotationally or continuously?

)
O

Rotationally
Continously

Q96 If rotationally grazing, how many hours/days/time between rotations from pasture to
pasture?

Q97 What is your stock rate per acre?
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Q98 Do you use feed additives to manage SCC?

Q Yes, What products?

O No

Q99 Do you have regularly scheduled visits from your veterinarian?

QO Yes, How often ( # times/year)?

QO No

Training

Q100 Were personnel trained in the following procedures during the

past 12 months?

Milking
Mastitis
detection

Intramammary
infusion

Manager/herdsperson

Q
Q

Q

Person providing training

Other
employee

Q

Q

Q

Veterinarian

Q
Q

Q

University/extension

a
a

Q

Industry
personnel

Q
Q

Q101 During the past 12 months, how frequently were milkers trained?

U Trained new personnel

O Regularly scheduled training during the year
U When there was a problem

O Other

Q102 Which of the following milker training methods were used during the past 12 months?
* Yes No

‘ Video/web based training

‘ Discussion/lecture

On the job training

d
d
d

a
a
a

Q103 How many meetings regarding milk quality have you attended in the past 12 months?

Q104 How many meetings regarding milk quality have your employees attended in the past 12

months?
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Q105 What would you like to see or do at the next milk quality or extension meeting?

Q106 What is your position on the farm?
QO Owner (solely or jointly)

QO Manager
Q Non-family business
Q Other

Q107 Time finished (military time)

*This section is to be filled out by the person conducting the survey*
Q108 Producer data quality
O Good to excellent

O 0K
QO Poor

Q109 Comments regarding this questionnaire or operation:
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