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Literature Review  



 

2 

Milk Quality 
 

 Dairy Herd Improvement (DHI) records provide a wealth of mastitis and milk 

quality information for the producer.  The infection status of the individual cow and herd 

infection dynamics are summarized after every test if the herd is enrolled in mastitis 

screening.  Monitoring the dynamics of infection rates, herd somatic cell count (SCC) 

averages, and their trends over time give the producer and advisors the best evaluation of 

the mastitis status of the herd [1].  Currently, 47% of all cows in the United States are 

enrolled in DHI record keeping [2].  In Minnesota, 54% of all cows are enrolled in DHI, 

with 99% percent of those herds involved in some part of the mastitis screening program.  

Bulk milk SCC is available daily or every other day, compared with only monthly 

averages for DHI testing.  However, yield weighted SCC averages from DHI testing have 

proven to be more accurate at detecting the percentage of individual cows with a SCC of 

over 250,000 cells/ mL than bulk milk SCC [3].  Bulk milk SCC is also an 

underestimation of the true SCC status of the herd [4].  The average of all individual cow 

SCC data is the best measure of herd subclinical mastitis [3].  However, a large number 

of herds do not participate in DHI milk recording programs leaving the bulk tank SCC 

parameter as the only means of assessing herd SCC levels.  Furthermore, a low BTSCC 

(bulk tank somatic cell count) imperfectly correlates with low level mammary gland 

inflammation and also with other important milk quality factors such as microbiological 

quality (plate counts, PI counts, Coliform counts) [5, 6].  Food safety and the relative risk 

of antibiotic residue is positively correlated to rising BTSCC [6]. Poor environmental 

housing conditions have also been shown to increase the probability of having antibiotic 



 

3 

resistant mastitis on the farm [7].  It is then preferable to gain insight into a herd’s SCC 

status from DHI records than relying on bulk tank information. 

 Either through regulatory mandate or market access requirement, the European 

Union's 400,000 three-month geometric mean SCC limit and the 100,000 cfu/ml (colony 

forming units) maximum bacteria count are the world's raw milk quality standards.  

However, the quest for raw milk quality goes beyond the minimum quality and safety 

standards.  Fueled by processor requirements to maximize processing efficiency and 

product shelf life, consumer demands for consistent product quality, and concern over 

animal well-being, there will be continued pressure to improve cow comfort, hygiene, 

and health, including udder health. What SCC is low enough and what is practical?  

Barbano et al. [8]  indicated that raw milk with low SCC (<100,000) and bacteria counts 

will be needed to assure adequate dairy product stability and shelf life in the US market 

where grocer consolidation has resulted in longer distribution systems.  Further, that a 

limiting factor in expansion of global markets will depend on raw milk quality at the 

farm.  Schepers et al. [9] found that most all uninfected healthy cows had SCC less than 

100,000.  Although a 200,000 SCC threshold is still considered a better overall threshold 

to distinguish between infected and uninfected populations, some feel that a 100,000 SCC 

threshold may be more appropriate.  Boor et al. [10] in a random sampling of 855 New 

York dairies found a standard plate count average of 11,400 cfu/ml and that 50% of those 

herds were <10,000.  In western countries today where adequate refrigeration is readily 

available on every dairy, total bacterial counts <10,000 cfu/ml are expected.  

 The amount of mastitis in a herd at any one time is a function of the rate of new 
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infections multiplied by the duration of current infections [11].  Investigators in 

Wisconsin demonstrated greater infection rates for groups of herds with higher SCC[12].  

Herds enrolled in DHI mastitis screening programs receive information regarding percent 

of fresh cows and current cows with new infections (FRSHNEWP and CURRNEWP) 

along with percent of fresh cows and current cows with chronic infections (FRSHCHRP 

and CURRCHRP) signaled by two consecutive tests with SCC scores above 200,000 

cells/mL.  New infection rates are a useful tool to describe herd udder health because it is 

related to both clinical mastitis rates and bulk tank somatic cell count [13].  The effect of 

mastitis infection on fresh cows is large, SCC elevated above 400,000 cells/mL at day 

three at the quarter level was significantly related to depressed milk production [14].  For 

first parity cows, an elevated first test SCC score has the greatest negative impact on milk 

production[15].  Chronically infected cows are also a significant pool of herd SCC 

contribution.  Cows that dried off with SCC ≥200,000 cells/mL post calving were 2.7 

times more likely to experience a first case of mastitis than quarters with SCC 

<200,000 cells/mL at both periods [16].  Chronic mastitis is not only difficult to cure, it is 

also economically difficult to justify treatment because of poor cure rates [17]. 

 Season has shown to have different effects on mastitis infection rates depending on 

geographic location and predominant production styles.  In Ireland, the predominance of 

seasonal calving causes the lowest SCC months to be during the summer when most of 

the cows are in midlactation, the period of lowest infection rates [18].  The highest 

months are late fall during the end of lactation.  For year round calving systems, it was 

found in Wisconsin that the highest new infection rates occurred during the summer [12].  
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A study in New York found a seasonal trend for SCC to be the highest in the summer 

months, with more variation found in higher SCC herds [19].  The contribution of month 

to a SCC model developed in the Netherlands was highest in May, July, and August [20]. 

 Numerous studies have shown a correlation between established mastitis control 

practices and SCC [21-26].  The National Mastitis Council's five-point control plan (post-

milking teat dipping, dry cow therapy, pre-milking hygiene, and proper function and 

operation of milking equipment, as well as appropriate treatment of clinical cases), has 

been proven effective in lowering SCC.  Most of these studies were done comparing 

BTSCC of <400,000 with BTSCC >400,000 to 1,000,000.  Today's SCC standards in 

most of the world are more stringent requiring that BTSCC be no greater than 400,000. 

While this does not invalidate these practices as being effective in reaching the lower 

BTSCC levels, it does raise the question of whether there are additional practices 

associated with reaching the lower BTSCC expectations of today.  During the past 20 

years, environmental factors such as freestall and bedding management have also been 

recognized as important factors affecting BTSCC [27].  Barkema et al. [21, 28] 

differentiate management practices between "low" BTSCC (<150,000), "mid" BTSCC 

(150-250,000), and "high" BTSCC (250-400,000).  They found that those management 

practices known to be important for managing "high" BTSCC (>250,000) herds, such as 

post-milking teat dipping, dry cow therapy, milking technique, and antibiotic treatment of 

clinical cases, were also important in differentiating the "mid" and "low" category 

BTSCC herds.  In the "low" (<150,000) category herds, significantly more attention was 

paid to general hygiene (p <0.05) than in the higher BTSCC herds. For example, herds 
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with BTSCC <150,000: 

 had cleaner cows and drinking cups were cleaner 

 were more likely to remove udder hair 

 had cleaner freestalls and cleaned the freestalls more frequently each day 

 used more bedding 

 checked dry cows daily for evidence of clinical mastitis 

 had cleaner calving pens as rated by a standardized hygiene scoring system 

 had cleaner milking parlors as rated by a standardized hygiene scoring system 

 kept milk from fresh cows out of the bulk tank longer 

 were more consistent in the use of post-milking teat dipping and had utilized the 

practice longer than other herds 

 were more consistent in dry cow treating all cows and had been using the practice 

longer than other herds 

 treated clinical cases for a longer duration 

 were more apt to provide nutrient supplementation for springing heifers, and dry 

and lactating cows 

Several other studies have also found similar subtle differences in management detail and 

consistency between low BTSCC herds and higher BTSCC herds [3, 26, 29, 30].  The 

association between best management practices and lower BTSCC have been thoroughly 

studied [13, 16, 31-36].  These findings are not surprising, but they are vindication for 

those who have been emphasizing these points for many years.  

 Management attitude and the application of quality of management practices are 
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not always easy to determine.  Seabrook [37] found in comparing dairies with the exact 

same facilities, feed, genetic base, and environmental circumstance often resulted in 

differing productivity.  The only difference between these herds was the herd manager, 

thus, implicating management as the main cause of productivity difference.  Although 

common sense tells us that those farms that visually appear to be neat and tidy are usually 

at a higher plane of sanitation, this is not entirely accurate.  Tidiness does not always 

coincide with low BTSCC.  There are some untidy farms that succeed in consistently 

producing high quality low BTSCC milk and vice versa.  Bennett found, however, that 

BTSCC level is a dependable predictor not only of milk quality but also of general herd 

management [38].  A survey of Dutch dairy farmers demonstrated that farmers' attitudes 

toward mastitis explained most of the variation in regard to total BTSCC [34].  Not only 

do farmers need the correct technical tools to lower BTSCC, they need to perceive that 

they are in control of the situation and can make a positive impact on their current status 

for any positive change to occur. 

 Whether or not high quality milk is produced depends on whether milk quality 

management practices are consistently and correctly implemented.  The idea that attitude 

is a determining factor in success is nothing new.  There has been some indirect 

implication of an attitude effect on milk quality.  Surveys of US dairies show that, in 

general, large herds have lower BTSCC than small herds [39, 40].  While care must be 

taken not to surmise cause and effect relationships from any observational study, these 

observations hint that there may be a basic attitude difference between management of 

small and large herds.  Grade A milk producers in Wisconsin produced milk with BTSCC 
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92-132,000 lower than Grade B producers [6].  This also suggests that there may be a 

different milk quality mind-set among Grade A producers than Grade B producers.  The 

relative risk of an antibiotic residue increased with increasing BTSCC [6].  There are 

reports correlating sloppy treatment record keeping with increases in antibiotic residue 

[6].  In addition, these same herds with antibiotic residue violations tend to be herds with 

higher BTSCC.  On the other hand, a survey by Sawant et al. showed that large herds 

were more at risk for antibiotic residue violations than smaller herds [41].  Certainly, 

there have been many studies that indirectly implicate management attitude as a factor in 

the production of quality milk.  However, there have been few studies that have 

attempted to directly correlate attitude and behavior with milk quality.  Barkema et al. 

[28] may be one of the first studies that demonstrated a direct and significant BTSCC 

difference between dairy farmers who were categorized by their management style as 

"clean and accurate" (BTSCC <150,000) and those categorized as "quick and dirty" 

(BTSCC 250-400,000).  The association between management style and BTSCC was 

high (p <0.001).  Seventy-three percent of the high BTSCC (250-400,000) herds were 

categorized as "quick and dirty" and 74% of those farms with low BTSCC (<150,000) 

were categorized as "clean and accurate".  The farmers categorized as "clean and 

accurate" were characterized as younger, more education minded, better record keepers, 

and more hygienically meticulous.  The most striking difference between the "clean and 

accurate" farmers and the "quick and dirty" farmers was that the former preferred to work 

precisely while the latter preferred to work quickly. For example, "clean and accurate" 

farmers: 
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 were more likely to use records daily 

 rarely forgot to take milk samples for culture on the clinical cases 

 enjoyed milking more 

 were more likely to believe it is important to work hygienically with clean hands, 

boots, etc. 

 less likely to start milking later than planned 

 kept farmyard, milking parlor, and bulk tank room cleaner as determined by a 

standardized hygiene scoring system 

Deming [42] suggested that attitude is the key component in the quest for "continuous 

improvement" for any process.  He maintained that every process is one of four states: 

Ideal State, Threshold State, Brink of Chaos, and State of Chaos.  A process in the Ideal 

State is a process "in control" and is meeting performance expectation 100% of the time. 

"In control" meaning that the outcome of the process is predictable and, in the case of the 

Ideal State, is meeting performance expectations all the time.  The process in the 

Threshold State is also "in control" but does not meet performance expectations 100% of 

the time.  The Brink of Chaos process is "out of control" because performance outcome is 

not always predictable, but since performance standards are lower, performance 

expectations are still met 100% of the time.  A process in a State of Chaos is "out of 

control".  The performance outcome is always unpredictable and the performance 

standards are not being met. 

 What motivates dairies to produce high quality low BTSCC milk—education, 

incentives, or penalties?  Much of what is known today about mastitis control has been 
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common knowledge for many years.  Frustration with the total lack of interest by dairy 

farmers in applying the NIRD research led Cannon [43] in 1978 to conclude that as long 

as farmers could get paid the same price for tainted milk as higher quality milk, there 

would be little incentive to adopt mastitis control practices.  Recognition that high SCC 

milk reduced cheese yield stimulated the beginning of quality premium incentives in the 

United States.  It is estimated that a quality program offered by a cooperative in the 

Northeast from 1998 to 2005 was able to lower BTSCC by 6% [44].  Wisconsin dairies 

that participated in milk quality teams to reduce BTSCC used pricing premiums as tools 

to show the success of adoption of new methods to manage milk quality [45].   Penalty 

programs have been shown to be a more powerful motivator of change than quality 

premiums [46].  Tangible extrinsic motivators (money, promotions, and awards) will 

work but may be more short-lived and are incentive dependent.  Promotions and awards 

in the form of positive press and recognition from a processing plant are not of enough 

value for farmers to change milk quality programs [46].  Farm profitability along with 

using milk quality incentives to lower SCC were positively linked to managers who 

implemented "continued training" on their farms [30].  Intrinsic motivation, on the other 

hand, are intangible feelings of an internal desire to do things right or to be the best at 

something.  Those driven by intrinsic incentives (i.e., the "clean and accurate" producers) 

will likely continue producing high quality milk regardless of whether quality premiums 

are offered.  This is not surprising.  A Dutch study found that improvement in mastitis 

management is "mainly driven by factors that are internal to the farm and the individual 

farmer" [46].  In the context of quality performance, it should be obvious that the most 
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powerful motivation is intrinsic development of a "milk quality mind-set".  A survey of 

Danish producers identified teamwork and animal welfare as the major products they 

expected veterinarians to provide to their dairy operation [47].  

Transition Cows  
 

 The transition period, commonly defined as the three weeks before and after 

calving, is a period of intense change for the dairy cow.  Challenges to the cow during 

this period include adaptation to a new diet, parturition, hormonal changes, a depressed 

immune system, and the demands of milk synthesis.  During this time period, 80% of the 

total disease events that will occur in a herd will happen.  Investigations into herd record 

systems can give insight into the success of the transition period [48].  Work from the 

University of Wisconsin on the Transition Cow Index has validated that cows that 

experience a problem-free transition will then produce more than their previous lactation 

and be more likely to return to the herd next year [49].  It is therefore beneficial for all 

stakeholders in the success of the dairy farm to monitor the comprehensive circumstances 

of the health and productivity of the transition cow. 

 The most sensitive but non-specific indicator of post calving troubles is a drop in 

milk production [50].  In addition, other non-specific signs of approaching trouble are 

elevated or depressed core body temperature, changes in milk composition, reduction in 

activity and changes in feeding behavior [51, 52].  This altering of normal patterns is not 

specific to the dairy cow and has also been observed in other livestock [53, 54].   

Anything that causes stress and upsets the transition cow’s biological balance predisposes 
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her to post calving disease [55]. 

 Mastery of a successful fresh cow transition program requires an understanding of a 

myriad of circumstances, which when summed together provide sufficient cause to 

eventually manifest as clinical symptoms in early lactation.  A cow that is not pregnant in 

a timely manner will bring a greater risk into the subsequent lactation [56].  For example, 

an over conditioned dry cow, with a body condition over 3.0 will reach  peak of dry 

matter consumption at 15 weeks, 6 weeks after cows with lower body condition scores 

[57].  As a consequence of the depressed dry matter intake, post calving she will have a 

hard time keeping up with the energy demand for lactation and develop ketosis from 

mobilizing her excess adipose tissue [58].  Subsequently, the ketosis driven lack of 

appetite and slowed GI track motility can result in a displaced abomasum from the 

previous metabolic stress and lack of gut fill[59].  In addition,   a negative energy balance 

and the lack of energy to fully fuel the immune system increases risk of  getting udder 

and uterine infections[60-62].  The nutritionally and metabolically ill prepared transition 

cow will have greater difficulty becoming pregnant[63].  In most instances the expense 

and effort of prevention, in this case correcting the over conditioned cow problem, will be 

far less than the expense and effort of diagnosis and treatment of ketosis, displaced 

abomasum or infectious diseases[64]. 

 There have been some studies documenting that transition cow disease is preceded 

by non-specific symptoms 5-10 days prior the onset of specific clinical signs.  Elevated 

core body temperature, reduced activity, drop in milk production, decline in dry matter 

intakes and changes in milk composition like high fat: protein ratios (greater than 1.4) are 
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all signals that need immediate attention [65].  For example, Penn State researchers 

demonstrated, cows that became sick had less milk and/or less activity (steps/hr) several 

days prior to diagnosing the clinical disease [66].  Wisconsin and Canadian researchers 

found that fat: protein ratios on 1
st
 DHIA test >1.4 was associated with high risk of 

subclinical ketosis whereas ratios less than 1 indicated risk of acidosis[58, 67].  Other 

research has found that a drop in milk production, changes in milk electro conductivity or 

cow activity signaled the approach of trouble up to 10 days prior to the appearance of a 

clinical episode [68, 69].  

 Problems affecting the transition cow are numerous as the diagram accompanying 

this review indicates and they are often interactive, usually with several of these factors 

occurring simultaneously (Figure 1).  The most common cause of changes in feeding 

behavior is the overstocking of pens which create excessive competitive pressure for 

essential resources like feed, water and resting space [70].  This is often further 

complicated by stalls that may be too small or uncomfortable[71] and/or compromised by 

poor sanitation because inadequate alley scrapping or bedding changes[72, 73].  Recently 

it has also been observed that too frequent pen moves that disrupt cow social hierarchy 

contribute to fresh cow health problems [74].  Removal of all unnecessary stressors 

makes it possible for most fresh cows to negotiate calving and initiation of lactation 

uneventfully without post calving disease. 

 Prevention of transition cow disease requires vigilant management of many on farm 

management factors found in Table 1.  Table 2 includes costs per disease event as 

calculated by labor and lost production, the disease predisposing causes, and management 
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solutions of potential transition cow problems.  References for both these tables are listed 

in Appendix 1.   

Automated Milking  
 

 Automated milking systems (AMS), also called robotic milking systems are 

increasing in popularity.  The main advantage of the AMS is that it makes physical 

interaction of the farmer and the cow for milking unnecessary, allowing them to spend 

more time in a management and supervisory role on the farm[75].   Increased interaction 

of the cow with the AMS over traditional milking systems provides much more 

information that can be used to better manage the herd[76].  Eight thousand farms in 25 

countries currently use this milking system, mainly due to improved efficiency of labor 

on the farm [77].   

 Some advantages of AMS over traditional dairy management systems are the 

ability of cows to milk and eat concentrate more frequently than traditional housing.  

Increased milking frequency, especially earlier in lactation has been demonstrated to 

increase total yields and lower somatic cell count [78].  Primiparous cows react more 

favorably to more frequent milkings early in lactation with an increased overall milk 

yield of 5.9 kg/day while multiparous cows showed no statistical increase in production 

[79].  Concentrate feeding in the robot can draw the animals to eat and milk 44% more 

frequently when a highly palatable diet of barley and oat pellets is offered inside the 

AMS compared to a less palatable diet of grass pellets[80].  Adjustments to feeding of the 

cow by breed and parity can increase the efficiency of concentrate allotment fed in AMS 

herds [81]. 
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 Milk quality in AMS herds is of special concern because of reliance of the machine 

to correctly clean the teat surfaces for milking and attach the milking unit correctly.  

Herds with dirty teats and incomplete teat dip coverage spray by the AMS were more 

likely to have high SCC[82].   In addition to the reliance of the AMS to properly clean 

teat surfaces, this milking system causes more milk leakage from the udder than 

conventional milking.  Missing or incomplete milking was found in association with 

almost 60% of the cows that leaked milk.  Furthermore, Walker et al. theorize that in 

barns that contain an AMS, cows receive constant visual and/or auditory stimulation that 

milking is occurring which could provoke milk let down [83].   A survey of 28 Dutch 

dairy farms found an increase in free fatty acids and total bacterial plate count with no 

decrease in SCC after herds switched to AMS milking, suggesting that this system of 

milking does not improve udder health after herds have changed to this milking 

method[84].   

 Because of the increased data collection available from the AMS, investigations 

into diagnosis of disease and tools for management decisions from AMS data have been 

investigated.  Cows develop individual feeding and drinking patterns that are highly 

consistent.   Most variation in feeding and drinking patterns, between 75% and 95%, can 

be explained by differences between and not within individual cows [85], suggesting that 

changes from an individual’s cow’s normal pattern will be an indication that a change has 

taken place.  Milk color and electroconductivity in a decision tree model performed well 

on some farms, but the success was difficult to duplicate across other herds [86].  

Lameness decreased milk production, visits to the AMS, and increased the need to fetch 
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cows from the pen and direct them into the AMS [87].  Successful detection of both 

estrus and mastitis has been demonstrated using only sensor data from an AMS[88]. 

 The availability of resources in the housing of dairy cows can influence behavior 

and stress experienced by the animal.  AMS systems do not seriously affect the welfare of 

dairy cows compared to parlor milking systems [89].  When cows have less space to feed, 

they display more aggressive behavior and decrease the amount of time they spend eating 

[70].  Primiparious cows adapt faster to AMS milking than multiparous cows when 

measured by first unassisted visit [90]. In  AMS studies where the AMS is operating 

below its designed cow milking capacity , primiparous cows voluntarily milked more 

than 0.6 times a day more than multiparous cows [91].  Social dominance also affects the 

cows’ interaction with the AMS system.  Socially dominant cows spend less time waiting 

to enter the AMS [92].  Under simulated conditions, dominant cows spend 3.5 minutes 

per day waiting to enter the AMS, whereas low ranking cows spend 68.9 minutes waiting 

to enter the AMS [93]. 

 Cow traffic in AMS systems can be controlled by either physical barriers in the pen 

or software manipulation.  Forced traffic compels the cows to walk through the AMS to 

get forage, while free flow traffic does not.  Forced traffic, when compared to free flow 

did not increase milk production, however it did increase daily milkings, while 

decreasing feeding frequency, feeding time, milk protein content and milk fat content 

[94].  Using software restrictions such as a cow factor that only allows a cow to milk after 

80% of her herd mates have been milked reduced waiting time on a crowded day (such as 

cows waiting to go out to pasture or reentering the AMS after a lengthy shutdown) from 
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472.1 minutes to 412.9 minutes [93]. 

 Statistical process control (SPC) has been implemented in many animal production 

situations to help manage the herd or flock.  A recent review demonstrated the success of 

28 different research papers to detect planned and unplanned changes specifically to 

animal production[95].  Specifically in AMS herds, CUSUM charts have been 

implemented to detect lameness in milking robots [96].  In dairy production, monitoring 

feed and water intake [68], along with milk production and electroconductivity [69] have 

been proven successful to diagnose disease and estrus events. 
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Table 1:  Management scores related to transition cows 

 

Table of Management Scores Related to Transition Cows

< 2.75 > 3.5 Energy Balance Feeding consistency [1,2]

Extremes should be avoided Dry period length

Feed intake

Close up dry = 32 lb Appetite Feed Access [3]

10 DIM = 30+ lb Feed Quality

Rumen Health Adequate Fiber [4-6]

Physical effective fiber Correct mixing time [7]

Evidence of sorting

Acidosis > 1 Acidosis Diet formulations [8, 9]

Ketosis > 1.4 sub-clinical ketosis Body condition score

fat mobilization

> 80% Adequate rest time Stall use and comfort [4, 10]

2-3 hours after milking

> 75% Adequate rest time Stall use and comfort [10, 11]

2-3 hours after milking

< 5% score 4&5 Level of herd lameness Stall size, comfort and use [12, 13]

90 % with scores >3 Hoof trimming adequacy

Foot bath use and management

< 2.5 Average Cow cleanliness Frequency of stall grooming, [14, 15]

Level of teat exposure to bedding change, and alley

pathogens scraping

12-14 Hours lying time Theoretical adequacy of time Time away from pen ( milking, [16, 17]

5-6 hrs eating available for required cow Vet care & cow management

0.5 hrs drinking activities  time)

Management Measure Reference

Cow Time Budget

Dry Matter Intake

Cud Chewing

> 50%

Particle Size

8-10% on top screen

Fat : Protein Ratio

Cow Comfort Quotient

Stall Standing Index

Locomotion Score

Hygiene Scoring

Body Condition Score

Scores Accepted Range/Score Biological Measure
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Table 2: Cost, predisposing causes, and management solutions of transition cow 

problems. 

  

Table of Post Calving Disorders

$285 Depressed immune system Reduce stressors including nutritional stress [18]

Difficult calving or twins timely and appropriate calving assistance

Previous case Calving ease sires

Abortion Investigate / remove cause of abortion

$334 High milk production DCAD Diet [19]

High calcium in diet Increase prepartum dietary magnesium

Decrease prepartum dietary calcium

$145 Underfeeding post calving Maximize energy intake [20-22]

Over conditioned dry cows Adequate bunk space

Butyric acid silage Maternity area separate from pre-fresh 

High concentrate levels around calving Chop silage at correct moisture

Correct fiber levels

$340 Excess body condition Ensure rumen fill [21, 24]

Other postpartum disorders Adequate bunk space

Rapid forage particle size change Correct particle size

High competition at feed bunk

$190 Clinical mastitis in previous lactation Clean dry cow environment [25-27]

Increased age of cow Teat sealant/dry treatment

Dirty environment Udder flaming

Dirty udders

$358 Difficult calving Timely and appropriate calving assistance [28, 29]

Insufficient diet adaptation time NRC recommended close up diet transition time

Retained Placenta Sanitary obstetric procedures

Severe DMI drop before calving Palatable rations

Adequate bunk space

$403 Hoof overgrowth Hoof trimming [12, 30, 31]

Excess standing Comfortable stalls and flooring

Rumen acidosis Supplement Biotin

Wet hoof environment Increase scraping frequency

Regular hoof disinfection

variable Negative energy balance Improve heat detection accuracy & efficiency [32-34]

Any post partum diseases Implement estrous synchronization

Difficult calving Improve accuracy & consistency of AI technique

Improve transition feeding to reduce neg energy bal

variable Heavy grain feeding Adequate dietary fiber [35]

Sorting TMR Correct particle size

Rapid diet changes Feed balanced TMR

Low rumination Proper feed bunk management

*[18]

Reference

Reduced Fertility

Acidosis

Milk Fever

Ketosis

Displaced Abomasums

Clinical Mastitis

Metritis

Lameness

Retained Placenta

Disorder Cost/case* Potential Predisposing Causes Management Solution
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Figure 1: Predisposing factors of transition cow disease 
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Study 1.  Somatic cell count and management benchmarks 
in Minnesota dairy herds. 
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Objective 
 

The objective of this study was to benchmark the performance of 4 categories of 

increasing herd average somatic cell count in relation to DHI milk quality and 

management measurements.  In addition, the effect of month on each category was 

investigated to determine the impact of seasonal change on milk quality measurements.  

Finally, the relationship between milk, fat, and protein production and linear somatic cell 

score was also investigated. 
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Materials and methods 

 

Data 

Minnesota DHIA monthly summary herd milk quality records were obtained for 

the years 2008, 2009, and 2010.  DHI production information was recorded by field 

technicians on the farm.  Milk samples were then sent to either the Minnesota DHIA 

Laboratory in Zumbrota, MN or Stearns County DHIA Laboratory in Sauk Centre, MN.  

Fat and protein were measured with Foss MilkoScan (Foss Electric, Hillerod, Denmark) 

with infrared fixed filters or FTIR (Fourier Transform Infrared Technology). SCC levels 

were measured with Fossomatic 5000 (Foss Electric, Hillerod, Denmark).  Completed 

data was sent to the MN LOOP system (Minnesota DHIA, Buffalo, MN) where it was 

merged with field data.  Merged data was then transmitted to Dairy Records Management 

Systems (DRMS) in Raleigh, NC.  Variables available for analysis and their definitions 

are listed in Table 1. 

Data sorting  

Minnesota monthly herd test summaries were obtained from DRMS and were 

sorted to include only herds that tested completely and consistently over the three year 

period (Table 2).  Herd test summaries without SCC, milk, fat, and protein production 

information where removed.  Next, herds with less than 35 total cows were removed.  

The lowest 0.25% of all milk production records were also removed.  Finally, individual 
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herds that had 10 or greater remaining records each year were included in the final data 

set. 

Mastitis Prevalence 

Infection rate was calculated as the number of cows that tested above 200,000 

cells/mL SCC in a given population divided by the total number of cows in that 

population.  Fresh new infection was defined as those cows that had an SCC greater than 

200,000 cells/mL on the first DHI test after calving without testing over 200,000 

cells/mL on dry off. Current new infection was defined as those with SCC less than 

200,000 cells/mL in the previous test, but greater than 200,000 cells/mL in the present 

test.  Chronic infection was defined as cows testing over 200,000cells/mL for two or 

more consecutive testes. 

Somatic cell categories 

The 1,780 herds were divided into 4 categories based on arithmetic mean herd 

SCC over the three year collection period. SCC categories where defined as follows: 

1)Low herds (L) with an average less than 200,000 cells/mL SCC (n=325), 2) medium 

low herds (ML) with an average between 200,000 and 300,000 cells/mL SCC (n=547), 3) 

medium high herds (MH) with an average between 300,000 and 400,000 cells/mL SCC 

(n=470), and 4) high herds (H) with an average above 400,000 cells/mL SCC (n=438).   

Statistics 

Statistical calculations were completed using SAS 9.2 (SAS Inst. Inc., Cary, 

N.C.).  Mean and standard errors were calculated with PROC UNIVARIATE .   PROC 

GLM was used to evaluate differences among SCC categories.  Least square means were 
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compared using Tukey’s multiple comparison test with significant differences set at 

P<0.05. 
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Results 
 

Over the study period milk quality improved and infection percentage decreased 

(Table 2).  2008 was the highest for both total herd infection (INFTP) and weighted SCC 

(SCC_TD).  INFTP decreased every year over the study period (Figure 1). 

By SCC category 

The four categories of herd arithmetic mean SCC_TD were successful in 

producing statistically different least square means (LSM) in SCC and production 

measurements (Table 3).  Division of the dataset into four categories based on average 

SCC_TD over the study period resulted in statistically different SCC_TD levels for each 

category.  In addition, SCCS was also different for each category.  As milk quality 

decreased herds produced lower amounts of milk, fat and protein. 

Herd size (COWS_TOT), number of cows tested (COWS_SCC), and percentage 

of herd enrolled in testing (CWSSCCTP) were also different (Table 4).  The ML category 

had the highest herd size (149.48), followed by L (130.20), MH (123.86), and H (97.77).  

The same pattern was observed with the number of cows tested with ML category had the 

highest LSM of tested cows (128.70), followed by L (111.75), MH (106.54), and H 

(83.94).  H and MH categories had the highest percentage of herd enrolled in testing at 

85.86% and 85.72%, respectively.  The ML category at 85.67% was statistically similar 

to MH, with the lowest value of L at 85.47%.  

The amount of new and chronic infections increased with higher SCC categories 

(Table 5).  For fresh cows with new infections (FRSHNEWP) the lowest infection rate 

was 11.46 for the L group, followed with ML at 13.45, MH and H were statistically 
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similar at 15.13 and 15.00, respectively.  Current lactating cows with new infections 

(CURRNEWP) were different in all categories, ranging from 8.02 for the L category to 

14.07 for the H category.  Both fresh and new chronic infections were different in all 

categories.  Fresh chronically infected cows (FRSHCHRP) were lowest for the L group at 

6.15 and highest for the high group at 26.47.  Similarly for chronically infected current 

cows (CURRCHRP) the lowest was the L group with 8.31 and highest for the H group at 

27.79. 

Infections by three categories of days in milk, <30, 30 – 220, and >220, were 

compared by the number of infected cows in that population against number of cows in 

that population along with the number of infected cows against all those tested in the herd 

(Table 6).  For total percentage of cows infected (INFTP), the L group had the lowest 

amount (16.30), followed by increasingly higher amounts for greater SCC groups (ML= 

24.04, MH= 32.35, and H = 41.83).  Increasing infection percentages were seen in all 

categories of days in milk when compared to cows tested in the herd (Figure 2).  

Comparing the number of cows infected within the days in milk group with the number 

cows in that group revealed increasing infections for all days in milk groups as SCC 

category increased.  The group that experienced the highest infection percentage was the 

>220 (INF220NP) group in the H category at 47.83. 

The percentage of the herd in each of the days in milk categories was different for 

all the SCC categories (Table 7).  The L category had the highest percentage of cows 

(8.36) less than 30 days in milk (NO_30SP) and the lowest percentage of cows (35.00) 

greater than 220 days in milk (NO_220SP).  Conversely, the H category had the lowest 
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percentage of cows (7.79) less than 30 days in mill (NO_30SP) and the highest 

percentage of cows (39.98) greater than 220 days in milk(NO_220SP). 

By Month 

Weighted SCC (SCC_TD) and herd infection percentage (INFTP) were both 

affected by month (Table 8).  The highest SCC levels were in July and August for all 

categories with September for L and H (Figure 3).  The H category included the months 

of February and March that were similar to July and August.  INFTP was also highest 

during the summer months (Figure 4).  Like the pattern of SCC_TD, the H group 

possessed months in the winter that were statistically similar to summer months.  

The month of the year had different effects on the type of infection (Table 9).  

Month had no effect on fresh new infections (FRESHNEWP) or fresh chronic infections 

(FRSHSHRP).  Current cow new infections (CURRNEWP) were highest during the 

summer months for the lowest two SCC categories.  In addition to summer MH and H 

included months in the winter similar to summer current cow new infection rates.  

Current cow chronic infections (CURRCHRP) were highest during the summer months 

for the lowest three SCC categories.  In addition to summer H held months in the winter 

similar to summer infection rates.  The lowest infection rates for CURRNEWP and 

CURRCHRP occurred in December. 

Regressions 

Linear somatic cell score had a significant impact on the production of milk, fat, 

and protein.  RHA_MILK decreased 806 kg for every unit increase in SCCS (Figure 5).  

RHA_FAT decreased 24.8 kg for every unit increase in SCCS (Figure 6).  RHA_PRO 
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decreased 21.4 kg for every unit increase in SCCS (Figure 7).  RHA_MILK had the 

strongest relationship to SCCS with an R
2
 of 0.16. 
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Discussion 
 

The SCC measurements in the reduced dataset used for the purposes of this study 

agree with the USDA state averages for the state of Minnesota [97].  Average SCC for 

the dataset was higher than the USDA information by an average of 16,000 SCC/mL.  

The trend of improvement in milk quality observed in the dataset used in this study was 

also found in the USDA information, with 2008 as the highest year for SCC, while 2009 

and 2010 were lower and similar in value.   Number of cows tested was larger for this 

dataset, 108, compared to 95 for the USDA information.  This is due to not including 

herds under 35 total cows in this dataset.  The dataset used in this study will provide 

useful guidelines for benchmarking milk quality of dairy herds in the state of Minnesota. 

Herd size and its association with milk quality were similar to other studies [98].  

Larger herds have lower SCC than small herds for many reasons, including willingness to 

adopt recommended milk quality management practices [45], 3x milking [99], increased 

consistency[100], and increased consistency in management [28].  More research is 

needed to investigate if infection dynamics are affected by the size of the herd. 

The study of new infection rates in Wisconsin found herd infection rate  (INFTP) 

averaged  27.7, whereas this study was 28.7 [12].   Likewise, the data also showed 

increases in fresh cow new infection rates for herds in higher SCC categories.   As herds 

were segregated into groups based on higher SCC levels, increasing levels of infections 

were seen.  The ability of veterinarians and other herd consultants to analyze DHI milk 

quality statistics in comparison to better performing herds will allow for a more precise 

identification of problem areas to correct and monitor into the future. The breakdown the 
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infection dynamics within the herd will give a much better insight than relying on bulk 

tank SCC alone.  Bulk tank SCC has the ability to only diagnose rough trends, giving 

limited udder health management information to the dairy [101]. 

High SCC herds were composed of fewer fresh cows and more cows later in 

lactation.  This can be due in part to quick & dirty imprecise management style that has 

been observed in high SCC herds [28].  In addition, cows experiencing either subclinical 

or clinical mastitis are less likely to become pregnant than their uninfected herd mates 

due to direct physiologic effect of  infection on reproductive performance [102].  Mastitis 

can have  a negative  effect on ovulation , causing 30% of infected cows to delay 

ovulation or not ovulate at all because of decreased estradiol production [103]. 

The pattern of somatic cell count by season was similar to the pattern seen in the 

United States of high SCC scores in the summer months and the lowest scores in 

November and December [40].   Minnesota is located in a continental climate zone 

remarkable for its extremes in temperature, with an especially cold winter averaging -7° 

C in January [104].  For the first time this study demonstrated high SCC and infection 

rates during the later winter months for high SCC herds that were statically similar to 

their summer values.  This has implications to focus milk quality efforts during a time 

traditionally thought to be a time of low risk of infection due to the inhospitable cold 

environment on mastitis causing organisms.  More research is needed to investigate the 

causative agents and teat health characteristics of mastitis during these months, especially 

in high SCC herds. 
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Regression of log transformed somatic cell count on production measures was 

similar to the finding of reduced production in herds.  In this dataset the model that best 

fit the data by highest R
2 
and normality of residuals was linear, which was different than 

the curvilinear model found to be used previously [105].  The previous curvilinear model 

had a higher R
2 

(0.56 vs. 0.16), however it was taken from a smaller and more 

homogeneous herd population 22 years before the beginning of this dataset. 

The study objects were met.  Four categories of herd SCC provided insight into 

the infection dynamics that make up the milk quality condition for the herd.  In addition, 

herd size, production, and age of herd by DIM were different across categories.  Season 

had an impact on SCC, total herd infection percentage, and chronically infected cows, but 

not on fresh cow infections.  Finally, milk, fat, and protein production increased when 

linear SCC was lower. 
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Conclusions 
 

Herd average SCC is a good tool for benchmarking herd infection dynamics, 

production, and management.  Herds that averaged below 200,000 SCC had lower 

percent of the total herd and all DIM categories with mammary infections, fewer fresh 

cow infections, fewer current cow infections, a lower percent of herd above 220 DIM, 

had increased production, and were less affected by season.  Individual cow DHI SCC 

monthly herd summary records provide valuable information for identifying the mastitis 

infection situation on a dairy farm. 
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Table 1.  Definition of variables 

 

Variable Description 

COWS_TOT  Number of cows in the herd 

COWS_SCC  Number of cows with SCC results on test day 

COWSFRSH  Number of cows freshened 

FRSHNEWP  Percent of fresh cows with new infections on test day 

CURRNEWP  Percent of current cows with new infections on test day               

FRSHCHRP  Percent of fresh cows with chronic infections 

CURRCHRP  Percent of current cows with chronic infections 

SCCS  Average linear herd SCC score 

SCC_TD  Mean SCC of tested cows weighted by production 

RHA_MILK  Rolling herd average milk in kilograms 

RHA_FAT  Rolling herd average fat in kilograms 

RHA_PRO  Rolling herd average protein in kilograms 

INF  Number of cows with infections on test day 

INF30  Number of cows in < 30 days in milk with infections in test period 

INF30-220  Number of cows in 30- 220 days in milk with infections in test period 

INF>220  Number of cows in > 220 days in milk with infections in test period 

NO_30  Number of tested cows in < 30 days in milk in test period 

NO_30-220  Number of tested cows in 30- 220 days in milk in test period 

NO_>220  Number of tested cows in > 220 days in milk in test period 

CWSFRHP  (COWSFRSH / COWS_SCC)*100 

INFTP  (INF / COWS_SCC)*100 

INF30SP  (INF30 / COWS_SCC)*100 

INF30NP  (INF30 / NO_30)*100 

INF30220SP  (INF30-220 / COWS_SCC)*100 

INF30220NP  (INF30-220 / NO_30-220)*100 

INF220SP  (INF>220 / COWS_SCC)*100 

INF220NP  (INF>220 / NO_>220)*100 

NO_30TP  (NO_30 / COWS_SCC )*100 
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NO_30220SP  (NO_30-220 / COWS_SCC)*100 

NO_220SP  (NO_>220 / COWS_SCC)*100 

CWSSCCSP  (COWS_SCC / COWS_TOT)*100 
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Table 2.  Herd summary tests remaining after each step of data editing 

 

Edit 

        

Tests 

Input data 74204 

SCC information  73805 

RHA milk 72182 

RHA fat or protein 72178 

<35 total cows  65712 

Bottom 0.25% milk production (<6000 kg) 63658 

<10 DHI tests per year 54223 
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Table 3.  Means, least squares means (LSM), and standard error of means (SE) of 

SCC and production 

 

   

SCC categories 

   
Low Medium low Medium high High 

Variable Mean SE LSM SE LSM SE LSM SE LSM  SE 

SCC_TD  310,928 686.02 156,852a 1,127 249,451b 940.63 347,445.28c 989.68 497,185.39d 1,186.33 

SCCS  3.01 0.00 2.28a 0.00 2.78b 0.00 3.23c 0.00 3.73d 0.00 

RHA_MILK  9,853.00 6.33 11,053.74a 13.54 10,235.65b 11.34 9,534.57c 11.93 9,058.10d 14.30 

RHA_FAT  369.80 0.38 390.63a 0.47 380.70b 0.40 358.38c 0.42 346.16d 0.50 

RHA_PRO  302.53 0.18 320.71a 0.40 313.25b 0.33 293.51c 0.35 281.7d 0.42 

 

LS means in the same row with different letters differ (P < 0.05) 

 



 

38 

Table 4.  Means, least squares means (LSM), and standard error of means (SE) of 

herd size and testing percentages. 

 

   

SCC categories 

   

Low Medium low Medium high High 

Variable Mean SE LSM SE LSM SE LSM SE LSM  SE 

COWS_TOT  126.21 0.16 130.20
a
 1.42 149.48

b
 1.19 123.86

c
 1.25 97.77

d
 1.50 

COWS_SCC  108.44 0.53 111.75
a
 1.24 128.70

b
 1.03 106.54

c
 1.09 83.94

d
 1.30 

CWSSCCTP  85.62 0.02 85.47
a
 0.05 85.67

b
 0.04 85.72

bc
 0.05 85.86

c
 0.05 

 

LS means in the same row with different letters differ (P < 0.05). 
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Table 5.  Means, least squares means (LSM), and standard error of means (SE) of 

infection type. 

 

   

SCC categories 

   

Low Medium low Medium high High 

Variable Mean SE LSM SE LSM SE LSM SE LSM  SE 

FRSHNEWP  14.35 0.03 11.46
a
 0.06 13.45

b
 0.05 15.13

c
 0.05 15.00

c
 0.07 

CURRNEWP  11.31 0.02 8.02
a
 0.05 10.43

b
 0.04 12.37

c
 0.04 14.07

d
 0.05 

FRSHCHRP  14.67 0.04 6.15
a
 0.07 11.11

b
 0.06 17.68

c
 0.06 26.47

d
 0.07 

CURRCHRP  17.44 0.04 8.31
a
 0.06 14.01

b
 0.05 20.01

c
 0.05 27.79

d
 0.06 

 

LS means in the same row with different letters differ (P < 0.05) 
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Table 6.  Means, least squares means (LSM), and standard error of means (SE) of 

infections by group 

 

                      

   

SCC categories 

   

Low Medium low Medium high High 

Variable Mean SE LSM SE LSM SE LSM SE LSM  SE 

INFTP  28.72 0.05 16.3
a
 0.08 24.40

b
 0.06 32.35

c
 0.07 41.83

d
 0.08 

INF30SP  2.53 0.01 1.74
a
 0.02 2.23

b
 0.02 2.76

c
 0.02 3.29

d
 0.02 

INF30NP  31.51 0.11 20.68
a
 0.23 27.68

b
 0.18 34.81

c
 0.20 42.38

d
 0.24 

INF30220SP  13.39 0.03 7.72
a
 0.05 11.56

b
 0.04 15.22

c
 0.04 19.33

d
 0.05 

INF30220NP  25.11 0.05 13.72
a
 0.09 21.01

b
 0.07 28.49

c
 0.08 37.18

d
 0.09 

INF220SP  12.80 0.03 6.84
a
 0.06 10.58

b
 0.05 14.36

c
 0.05 19.21

d
 0.06 

INF220NP  33.49 0.06 19.37
a
 0.11 28.72

b
 0.10 37.42

c
 0.10 47.83

d
 0.12 

 

LS means in the same row with different letters differ (P < 0.05) 
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Table 7.  Means, least squares means (LSM), and standard error of means (SE) of 

herd state of lactation composition 

 

                      

   

SCC categories 

   

Low Medium low Medium high High 

Variable Mean SE LSM SE LSM SE LSM SE LSM  SE 

NO_30SP  8.07 0.02 8.36
a
 0.04 8.20

b
 0.04 7.97

c
 0.04 7.79

d
 0.04 

NO_30220SP  54.07 0.04 56.63
a
 0.09 55.17

b
 0.07 53.64

c
 0.08 52.23

d
 0.10 

NO_220SP  37.60 0.04 35.00
a
 0.09 36.62

b
 0.08 38.38

c
 0.08 39.98

d
 0.10 

 

LS means in the same row with different letters differ (P < 0.05) 

 



 

 

Table 8.  Least squares means (LSM) and standard error of means (SE) of type of infection by month 

 
 

 

 

                                                  

 

Month 

 
January Feburary March April May June July August September October November December 

Category LSM SE LSM SE LSM SE LSM  SE LSM  SE LSM  SE LSM  SE LSM  SE LSM  SE LSM  SE LSM  SE LSM  SE 

FRSHNEWP 
                        

      L 11.87a 0.19 11.62a 0.19 11.44a 0.19 11.30a 0.19 11.31a 0.19 11.39a 0.19 11.41a 0.19 11.20a 0.19 11.51a 0.19 11.51a 0.19 11.48a 0.19 11.44a 0.19 

      ML 13.77a 0.18 13.59a 0.18 13.47a 0.18 13.32a 0.18 13.26a 0.18 13.36a 0.18 13.31a 0.19 13.52a 0.19 13.81a 0.18 13.77a 0.18 13.54a 0.16 13.30a 0.16 

      MH 15.39a 0.20 15.29a 0.20 15.32a 0.20 15.24a 0.20 15.21a 0.20 15.22a 0.20 15.10a 0.21 14.83a 0.21 15.21a 0.20 15.21a 0.20 14.95a 0.17 14.87a 0.17 

      H 15.27a 0.25 15.23a 0.25 15.15a 0.25 14.95a 0.25 14.85a 0.25 14.96a 0.26 14.94a 0.26 14.94a 0.26 14.98a 0.26 15.04a 0.25 14.86a 0.22 14.87a 0.22 

CURRNEWP 

                       
      L 7.74c 0.14 7.63c 0.14 7.48c 0.14 7.71c 0.14 7.40c 0.14 7.98c 0.14 9.00a 0.14 9.29a 0.14 8.70ab 0.14 8.06ab 0.14 7.66c 0.12 7.87c 0.12 

      ML 10.58cd 0.12 10.24defg 0.13 9.97efg 0.12 9.84efg 0.12 9.67g 0.13 10.27a 0.13 11.56ab 0.13 11.91a 0.13 11.04bc 0.13 10.53cde 0.13 9.86efg 0.11 10.16defg 0.11 

      MH 12.99ab 0.15 12.17def 0.15 12.09efg 0.15 11.62fg 0.15 11.44g 0.15 12.39cde 0.15 13.46abc 0.16 13.58a 0.16 12.81
bcd 0.16 12.29cdef 0.15 11.87efg 0.13 12.15def 0.13 

      H 14.98ab 0.21 14.27bc 0.21 13.66cd 0.21 13.46cd 0.21 12.90d 0.21 14.08bc 0.22 15.28a 0.22 14.92ab 0.22 14.26cb 0.22 13.70cd 0.21 13.50cd 0.18 14.18bc 0.18 

FRSHCHRP 

                        
      L 6.31a 0.15 6.27a 0.16 6.28a 0.16 6.12a 0.16 6.13a 0.16 5.97a 0.16 6.12a 0.16 6.18a 0.16 6.22a 0.16 6.08a 0.15 6.07a 0.13 6.09a 0.13 

      ML 11.27a 0.16 11.35a 0.16 11.27a 0.15 11.16a 0.16 10.99a 0.16 10.98a 0.16 11.16a 0.16 11.21a 0.16 11.15a 0.16 11.01a 0.16 11.02a 0.14 11.91a 0.14 

      MH 17.38a 0.22 17.56a 0.22 17.55a 0.21 17.52a 0.21 17.37a 0.21 17.49a 0.22 17.89a 0.22 18.17a 0.23 17.88a 0.22 17.87a 0.22 17.97a 0.19 17.54a 0.19 

      H 26.03a 0.35 26.36a 0.36 26.56a 0.34 26.46a 0.35 26.38a 0.35 26.41a 0.36 26.56a 0.36 27.22a 0.37 26.81a 0.36 26.72a 0.35 26.20a 0.31 26.22a 0.30 

CURRCHRP 

                       
      L 8.11cd 0.14 8.25cd 0.15 8.27cd 0.14 8.20cd 0.14 8.34bcd 0.14 8.39abcd 0.15 8.72abc 0.15 9.00ab 0.15 9.05a 0.15 8.49abcd 0.15 8.00de 0.12 7.46e 0.12 

      ML 13.27de 0.15 13.91cd 0.15 14.04c 0.14 14.09c 0.15 14.28c 0.15 14.17c 0.15 14.49bc 0.15 15.24a 0.15 15.09a 0.15 14.21c 0.15 13.40d 0.13 12.70e 0.13 

      MH 19.08c 0.20 20.17b 0.20 20.39b 0.19 20.66ab 0.19 20.57ab 0.19 20.28b 0.20 20.58ab 0.20 21.44a 0.20 20.99ab 0.20 20.14b 0.20 18.91a 0.17 18.12d 0.17 

      H 27.11cd 0.32 28.29abc 0.32 28.94ab 0.31 28.54abc 0.32 28.42abc 0.32 27.62bc 0.33 28.00abc 0.33 29.50a 0.33 29.01ab 0.33 27.84bc 0.32 26.17ed 0.28 25.38e 0.28 

                                                  

 

LS means in the same row with different letters differ (P < 0.05) 
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Table 9.  Least squares means (LSM) and standard error of means (SE) of type of infection by month 

 
 

 

                                                  

 

Month 

 

January Feburary March April May June July August September October November December 

Category LSM SE LSM SE LSM SE LSM  SE LSM  SE LSM  SE LSM  SE LSM  SE LSM  SE LSM  SE LSM  SE LSM  SE 

SCC_TD* 

                        
      L 154.7cde 2.22 157.2cd 2.25 151.5cde 2.20 150.1cde 2.22 151.2cde 2.21 160.0bc 2.26 171.1a 2.25 174.7a 2.32 169.9ab 2.24 154.5cde 2.23 147.3e 1.91 148.6e 1.91 

      ML 243.0c 2.47 250.3c 2.50 247.9c 2.44 243.8c 2.48 244.2c 2.48 253.3c 2.51 273.4b 2.56 285.8a 2.60 266.2b 2.51 245.8c 2.49 229.6d 2.15 229.1e 2.15 

      MH 345.8cd 3.43 353.4c 3.46 358.3bc 3.40 344.9cd 3.42 346.3cd 3.42 354.4c 3.48 373.6ab 3.57 383.9a 3.58 357.4bc 3.50 332.4de 3.43 318.1e 2.99 323.6d 2.97 

      H 507.3bc 6.45 520.6ab 6.56 518.9ab 6.36 500.9bc 6.44 484.9cd 6.43 502.9bc 6.61 548.8ab 6.64 548.8a 6.76 521.3ab 6.64 468.2de 6.52 443.9e 5.67 425.3e 5.62 

INFTP 

                        
      L 15.83bc 0.21 15.86bc 0.21 15.74bc 0.21 15.86bc 0.21 15.75bc 0.21 16.35b 0.21 17.71a 0.21 18.25a 0.22 17.72a 0.21 16.50b 0.21 15.83bc 0.18 15.83c 0.18 

      ML 23.83bc 0.19 24.11bc 0.19 23.99bc 0.19 23.90bc 0.19 23.91bc 0.19 24.42b 0.19 26.01a 0.20 27.14a 0.20 26.10a 0.19 24.73b 0.19 23.23bc 0.16 22.80c 0.16 

      MH 32.02c 0.24 32.31c 0.24 32.44c 0.24 32.27c 0.24 32.00c 0.24 32.62c 0.24 34.00ab 0.25 34.96a 0.25 33.77b 0.24 32.41c 0.24 30.75d 0.21 32.02c 0.21 

      H 42.08bc 0.36 42.50bc 0.37 42.55bc 0.36 41.99bc 0.36 41.32c 0.36 41.71bc 0.37 43.23ab 0.37 44.40a 0.38 43.24ab 0.37 41.51c 0.37 39.65d 0.32 39.54d 0.32 

 

*SCC_TD in thousands 

LS means in the same row with different letters differ (P < 0.05) 
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Figure 1.  Mean SCC over three year study period 
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Figure 2.  Contribution to total percent infected by DIM 
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Figure 3.  Mean of SCC by month 
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Figure 4.  Mean of INFTP by month 
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Figure 5.  Relationship of RHA milk to SCCS 

 

  

RHA _MILK  =  12282.4 - 806.856*SCCS 

R
2
= .16 
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Figure 6.  Relationship of RHA fat to SCCS 

 

 

 

RHA_FAT  =  443.807 - 24.7703*SCCS 

R
2
= .09 
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Figure 7.  Relationship of RHA protein to SCCS 

 

 

RHA _PRO  =  367.1 - 21.4181*SCCS 

R
2
= .10 
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Study 2.  Analysis of the transition period with an 
automated milking system 
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Objectives 
 

The objectives of this study are threefold.  The first is to retrospectively analyze herd 

records to determine the success of the transition period based on metrics from a single 

AMS herd .  The second is to document the differences of parity on all AMS metrics 

available in this study around the transition period.  Finally, the third objective is to 

develop a prospective SPC tool to diagnose transition cow problems. 
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Materials and methods 
 

Data 

Data was collected from a single farm in Minnesota from January 2008 to April 

2011.  Data from the AMS was available for the entire collection period.  Health 

information was available from August 2010 to April 2011.  The farm was equipped with 

two Lely A3 Astronaut AMS (Lely Industries NV, Maassluis, the Netherlands) with one 

AMS per pen.  The farm’s herd summary records from Minnesota Dairy Herd 

Improvement Association (DHIA) (Buffalo, MN) are presented in Table 1. 

Experiment 1 

Records were obtained from the farm AMS for January 2008 to December 2010.  

Metrics available are listed in Table 2.  Daily summaries were calculated within the Lely 

system for all variables listed.  The daily summaries were then used to calculate the 

weekly measures of mean, minimum, maximum, range, and standard deviation for all 

variables during the first three weeks of lactation.  Cows that had reached 100 days in 

milk (DIM) were included in the analysis.  The cows were split into two groups based on 

lactation status, primiparous cows (n= 51) and multiparous cows (n=140).  Total milk 

produced by 100 days was calculated from daily records and used as the indication of 

success of the transition period.  Best subsets regression was calculated using Minitab 16 

(Minitab, Inc., State College, PA) with the response as total milk produced by 100 days 

and as predictors, the 50 combinations of weekly summary mean, minimum, maximum, 

range, and standard deviation for all metrics. 

Experiment 2 
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Records were obtained from the farm AMS for January 2008 to April 2011.  

Cows were classified into three categories based on lactation number.  Cows in their first 

lactation were classified as lactation 1, cows in their 2
nd

 lactation were classified as 

lactation 2, and cows with 3 or more lactations were classified as lactation 3.  All metrics 

available in Table 2 were graphed using SAS 9.2 (SAS Institue, Cary, NC) with PROC 

SGPLOT using the LOESS statement with the CLM option to 50 DIM using lactation 

numbers as category.  PROC GLM was used to evaluate differences among lactation 

categories.  Comparisons were made at DIM =1, 7, 14, 21, 28, and 35.  Least squares 

means were compared using Tukey’s multiple comparison test with significant 

differences set at P<0.05. 

Experiment 3 

Records were obtained from the farm’s AMS and herd treatment records for 

August 2010 to April 2011.  Herd treatment records included only health events (n=12) 

that occurred previous to 30 DIM.  Total milk produced by 100 days was calculated for 

all cows (primiparous n=29 and multiparous cows n=51).  The top ten producing 

primiparous and multiparous cows based on total milk produced by 100 days were then 

chosen for further record examination.  Curves were fit based on average value for each 

metric in Table 2 to 30 DIM.  Cows with identified disease events were fit against this 

curve for every metric in Table 2 to obtain daily residuals.  Based on this examination, 

daily milk production was the only metric to produce a consistent result and was chosen 

for further investigation. 
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Residuals from the curve found by fitting the top ten producing individuals for 

both primiparous and multiparous cows were used to develop a self starting CUSUM for 

location.  For further details, please see Hawkins and Owell[106]. Self-starting CUSUM 

charts begin with a mean of 0 and a standard deviation of 1.  To sensitize the charts to 

differences of production in early lactation, a Frequintist Bayasian approach was applied 

as follows:  Ten days of data were simulated using the mean and standard deviation of the 

top producing individuals and used to begin the CUSUM, followed by the residual 

information from the individual cow beginning at the 11
th

 time point. 

For the self starting CUSUM, mean and variation were updated by calculating a 

running mean and running variation. Upward (S
+
) and downward (S

−
) CUSUM for the 

self-starting mean chart (location CUSUM) are as follows:  

 

where 2 × k is the shift in mean that the location CUSUM is optimized to detect, Un is the 

inverse normal of the Student's t distribution with parameters Fn–2(anTn), where 

 

 

and and Wn are the running mean and standard deviation of the residuals.  For further 

discussion on the use of self starting CUSUMs to analyze milking records, please see 

Lukas et al. [69].  Records (n=80) were charted  and then classified for sensitivity and 

specificity[107].  Sensitivity was the proportion of cows with a disease event whose 

http://www.sciencedirect.com/science?_ob=MathURL&_method=retrieve&_udi=B9887-4Y8FY60-K&_mathId=mml2&_pii=S0022030209713141&_issn=00220302&_acct=C000032378&_version=1&_userid=616288&md5=4ccfde7befdf4ced6b98061d30255878
http://www.sciencedirect.com/science?_ob=MathURL&_method=retrieve&_udi=B9887-4Y8FY60-K&_mathId=mml3&_pii=S0022030209713141&_issn=00220302&_acct=C000032378&_version=1&_userid=616288&md5=0c2cd74087631cbbfaf3039d66e683de
http://www.sciencedirect.com/science?_ob=MathURL&_method=retrieve&_udi=B9887-4Y8FY60-K&_mathId=mml4&_pii=S0022030209713141&_issn=00220302&_acct=C000032378&_version=1&_userid=616288&md5=35778854d379217d84dce6a88724dee9
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CUSUM chart gave an out of control signal.  Specificity was the proportion of cows 

without a disease event whose charts remained in control. 
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Results 
 

Experiment 1 

During week one, the R
2
 for the primiparous model was 0.60 (Table 3) and the 

multiparous model was 0.49 (Table 4).  The models shared functions of milk production 

and rest feed.  In addition, the primiparous model contained a function of daily activity 

and multiparous model had functions of refusals and feed allowed.  During the second 

week, the model fit improved to an R
2
 of 0.77 for primiparous cows (Table 5) and 0.54 

for multiparous cows (Table 6).  During the second week, the models shared functions of 

moving average milk production.  For the second week, the primiparous model also 

contained functions of refusals, failures, rest feed, and daily activity.  The multiparous 

model included lactation number (greater than 2) and milkings.  For the third week, the 

fits improved again with an R
2
 of 0.85 for primiparous cows and 0.75 for multiparous 

cows.  The models both included functions of milk production, moving average milk 

production, and rest feed.  The primiparous model in the third week exclusively had 

functions of 21 day mean milk production, whereas the multiparous model contained 

weight. 

Experiment 2 

Milk production was significantly lower for 1
st
 lactation cows compared to 2

nd
 or 

3
rd

 and greater lactation cows (Table 9).  The 2
nd

 and 3
rd

+ lactation cows were similar in 

milk production at all time points.  The 1
st
 lactation cows have a shallower slope to their 

milk production curve and a lower plateau than the other lactations (Figure 1).  Moving 

average milk production followed the same trend as milk production with 1
st
 lactation 
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cows being lower than all others at all time points and followed a similar curve to milk 

production (Figure 2).  First lactation cows were milked less than 2
nd

 and 3
rd

 and greater 

lactation cows.  Second and 3
rd

 and greater lactation cows peaked in milkings around 

DIM= 14, whereas 1
st
 lactation cows did not show consistency of milkings over the first 

50 DIM (Figure 3).   Lactation number affected refusals differently over time.  The first 

two time points, DIM = 1 and 7, 1
st
 lactation cows had the lowest number of refusals.  

For the first DIM, 2
nd

 lactation cows were significantly higher than 3
rd

 and greater 

lactation cows (Figure 4).  By DIM = 7, 3
rd

 and greater lactation cows were similar to 2
nd

 

lactation.  For the rest of the time period all lactations were similar in refusals (Figure 5).  

First lactation had the lowest feed allowed at all time points (Figure 6).  Rest feed was 

similar for all cows at DIM=1, after it was highest for first lactation cows at all remaining 

time points (Figure 7).  Daily activity was lowest at all time points for 3
rd

 lactation cows 

(Figure 8).  For the DIM= 1, 2
nd

 lactation cows spent the most time ruminating.  At 

DIM= 7 and 14, 1
st
 lactation cows spent the least time ruminating and were similar to 2

nd
 

lactation at DIM=14.  From DIM= 21 onward, rumination times were equal (Figure 9).  

Weight was different for all three lactation categories (Figure 10). 

 

Experiment 3 

Milk production was affected by disease events (Figure 11).  The self starting 

CUSUM chart combined with 10 days of simulated data was successful in detecting 

disease events with sensitivity of 83% and specificity of 89%. The charting scheme was 

successful for cows that started below the mean of the curve such as a cow treated for 
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metritis (Figure 12) and a cow treated for LDA that fell below average later in lactation 

(Figure 13).  
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Discussion 
 

Experiment 1 

Significant predictors changed by week and parity.  Transition cows experience a 

period of acute social and physiological stress when entering lactation [108].  They are 

introduced to a new social environment and the adaptation to the new facility takes time 

[109].   Investigators have documented the changes in transition cow behavior in freestall 

housing.  These animals show differences in feeding, drinking, and cow activity after 

calving[110].  As cows enter the lactation, they steadily increase meal frequency and 

duration in loose housing.  Information gathered from walking activity and milk yield 

were successful in detecting diseases of the transition cow [111].  The models found in 

this paper should serve as a useful guide for the important metrics to monitor in an AMS 

system to investigate the success of transition cows.  The standard deviation function of 

many metrics was chosen as a significant predictor in some of the models, indicating the 

importance of change during this time period to the success of the cow.  For metrics that 

undergo a large change in the beginning of lactation such a milk production, small 

variation during the first weeks may indicate a health or management obstacle after 

calving. 

Experiment 2 
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Parity of the cow explained many of the differences in production, consumption 

of concentrate feed, behavior, activity, and animal weight early in lactation.  Social 

pressure caused by dominant and submissive  behavior can affect the way cows use the 

robot [93].  It has been shown that  behavior is increased due to social rank in AMS 

systems and the differences were amplified when feeding access is restricted [112].  

Social dominance of cows increases with age [113].  It is then not surprising that our 

research demonstrates that under a fully stocked AMS system, primiparous cows were at 

a disadvantage when utilizing the limited resource of the AMS stall, which resulted in 

fewer milkings and more rest feed for those animals.  It is important to consider the 

impact of operating the AMS at full capacity instead of under populated circumstances as 

in the case of many AMS experiments.  Grouping strategies for farms with multiple AMS 

pens should be investigated to better utilize the potential of primiparous cows to respond 

to more frequent milkings earlier in lactation.  The average milk production peak ratio 

(primiparous:multiparous) of herds in Minnesota with the same milk production level as 

the investigated herd was 0.90 [114].  When compared to the investigated herd peak ratio 

of 0.68, it is obvious that the primiparous cows in this herd were at a disadvantage 

compared to cows in traditional milking systems.  More research needs to be done to 

investigate whether this low peak ratio is a problem common to high producing herds 

with full capacity AMS. 

Experiment 3 

Monitoring of milk production at the beginning of lactation was successful in 

detecting diseases of the transition cow in an AMS.  Due to the small number of cows in 
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this dataset, other metrics were not able to be analyzed.  The CUSUM method has 

successfully utilized by other researchers on process originating from the cows on a dairy 

farm.  Changes in dry matter intake and water consumption [68], along with milk yield 

and electroconductivity [69] have been monitored with CUSUM charts.  The success of 

this small subset of records shows the potential of monitoring processes in real time 

based on averages and variation from a specific herd.  Cows experience the greatest 

change of milk production during early lactation.  Self starting CUSUM charts are of 

reduced sensitivity when dealing with a process that begins with a large amount of 

variation [106].  Use of prior information based on successful production and age cohorts 

to begin the charting scheme helps to improve sensitivity by making the cows with 

consistently low and slowly decreasing production easier to pick up.  With the amount of 

computing power available on the modern dairy farm, management alarms do not need to 

be set by data generated on other farms in experimental conditions.  Set points for alarms 

should be based on means and variations that commonly occur in the herd itself.  Further 

refinement of this model requires a much larger sample size and the ability to clinically 

diagnose disease to evaluate the true sensitivity specificity of the monitoring scheme, 

along with the time of CUSUM signaling to the development of clinical symptoms. 
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Conclusions 
 

This preliminary study successfully demonstrated that significant predictors of the 

success of the transition period were different by parity and week for the first three weeks 

after calving.  Parity influences the cow’s interaction with the AMS during the beginning 

of lactation.  Primiparous cows had fewer milkings, refusals, and more rest feed putting 

them at a disadvantage to optimize production in the herd investigated.  A self starting 

CUSUM scheme with prior cohort-based milk production data was successful in 

signaling for cows that were diagnosed on farm with a disease in the transition period. 
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Table 1.  Herd summary information from DHIA records  

 

    

Cows 

    Average 124 

   Range 112-131 

   Annual turnover
1
 26% 

Production 

    RHA Milk
2
 12,750 

   RHA Fat
2
 451 

   RHA Protein
2
 389 

   Peak ratio
3
 0.68 

Milk quality 

    Raw SCC 
4
 207,000 

   SCC LS
5
 2.6 

   % New 

Infections
6
 11 

  
1
 % of cow that left the herd for any reason 

2 
Rolling herd average

 
in Kg 

3 
1

st
 lactation peak / others 

4
 in SCC per mL 

5
 linear SCC 

6 
tested over 200,000 cells/mL with previous test under that level 

 

  



 

65 

Table 2.  Definitions of herd metrics available for analysis 

 

Milk production Daily milk production in Kg 

Moving avg milk production 7 day rolling average production in Kg 

Milkings Total successful daily attachments 

Refusals Visits to AMS above quota 

Failures Unsuccessful milking attempt 

Feed allowed Daily allotment of concentrate in Kg 

Rest feed Amount of unconsumed daily allotment of concentrate 

Lactation number Lactation number of cow 

Daily activity Activity measured by collar mounted sensor 

Daily rumination minutes Time spent chewing measured by collar mounted sensor 

Weight Average daily cow weight 
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Table 3:  Week 1 predictors of primiparious transition cow success 

 

Predictor  Coefficient  P-Value  

Constant  629.4 0.13 

Milk production mean 110.6 0.00 

Rest feed max -1425.9 0.09 

Daily activity max 1.9 0.25 
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Table 4: Week 1 predictors of multiparous transition cow success 

 

 

Predictor  Coefficient  P-Value  

Constant  3499.2 0.00 

Milk production max 64.2 0.00 

Refusals mean  367.1 0.00 

Refusals SD  431.4 0.00 

Feed allowed max  -516.4 0.00 

Rest feed SD  28656.9 0.04 

Rest feed max  -10780.7 0.04 
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Table 5:  Week 2 predictors of primiparious transition cow success 

 

Predictor  Coefficient  P-Value  

Constant  1081.3 0.04 

Moving avg milk production max  -262.8 0.00 

Moving avg milk production max  351.8 0.00 

Refusals mean 412.6 0.02 

Refusals max  -183.4 0.04 

Failures max  1455.5 0.01 

Failures S.Dev  -3939.6 0.01 

Rest feed min  743.5 0.17 

Daily activity mean  -9.71 0.01 

Daily activity max  6.8 0.09 

Daily rumination minutes S.Dev  2.9 0.01 
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Table 6: Week 2 predictors of multiparous transition cow success 

 

Predictor  Coefficient  P-Value  

Constant  1408 0.00 

Lactation number  66.7 0.18 

Moving avg milk production min  -551.8 0.00 

Moving avg milk production max  623.1 0.00 

Moving avg milk production S.Dev  -1380.3 0.01 

Milkings S.Dev  229.1 0.09 
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Table 7:  Week 3 predictors of primiparious transition cow success 

 

Predictor  Coefficient  P-Value  

Constant  -678.1 0.00 

21 d milk production mean  132.8 0.07 

Milk production min  8.4 0.00 

Moving avg milk production mean  -210.3 0.00 

Moving avg milk production max  200.1 0.02 

Rest feed mean  342.1 0.07 
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Table 8: Week 3 predictors of multiparous transition cow success 

 

Predictor  Coefficient  P-Value  

Constant  356.8 0.29 

Milk production max  63.6 0.00 

Milk production S.Dev  -42.6 0.00 

Moving avg milk production  mean  -96.8 0.02 

Moving avg milk production max  113.6 0.04 

Rest feed mean  -1213.6 0.14 

Rest feed max   1331.8 0.20 

Rest feed S.Dev -2140.5 0.15 

Weight min  0.4 0.05 
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Table 9: Weekly differences of AMS metrics by parity 

 

 

Lactation 1 Lactation 2 Lactation 3+ 

  LMS SEM LSM SEM LSM SEM 

Milk Production 

         DIM = 1 14.31
b
 0.81 22.64

a
 0.89 21.33

a
 0.63 

   DIM = 7 25.44
b
 0.83 37.84

a
 0.91 38.76

a
 0.67 

   DIM = 14 29.61
b
 0.85 42.96

a
 0.95 43.01

a
 0.68 

   DIM = 21 32.23
b
 1.01 45.49

a
 1.12 45.06

a
 0.82 

   DIM = 28 33.05
b
 1.05 48.08

a
 1.17 45.63

a
 0.86 

   DIM = 35 34.82
b
 1.08 49.52

a
 1.16 47.63

a
 0.87 

       Moving avg milk 

production 

         DIM = 1 14.26
b
 0.67 19.98

a
 0.70 19.67

a
 0.53 

   DIM = 7 22.59
b
 0.83 34.33

a
 0.83 34.53

a
 0.60 

   DIM = 14 27.13
b
 0.76 40.59

a
 0.84 40.05

a
 0.61 

   DIM = 21 30.23
b
 0.84 42.86

a
 0.93 43.34

a
 0.68 

   DIM = 28 32.36
b
 0.87 45.80

a
 0.96 45.03

a
 0.71 

   DIM = 35 33.15
b
 0.94 46.07

a
 1.02 45.83

a
 0.76 

       Milkings 

         DIM = 1 1.83
b
 0.08 2.35

a
 0.80 2.16

a
 0.06 

   DIM = 7 2.01
b
 0.10 2.96

a
 0.11 3.06

a
 0.08 

   DIM = 14 2.37
b
 0.11 3.29

a
 0.12 3.10

a
 0.09 

   DIM = 21 2.23
b
 0.10 2.95

a
 0.11 2.99

a
 0.08 

   DIM = 28 2.44
b
 0.10 3.05

a
 0.11 2.95

a
 0.08 

   DIM = 35 2.37
b
 0.10 2.96

a
 0.11 2.97

a
 0.08 

       Refusals 

         DIM = 1 0.02
c
 0.09 0.63

a
 0.90 0.36

b
 0.07 

   DIM = 7 0.21
b
 0.10 0.61

ab
 0.13 0.86

a
 0.10 

   DIM = 14 0.37
a
 0.15 0.44

a
 0.17 0.83

a
 0.12 

   DIM = 21 0.47
a
 0.15 0.64

a
 0.16 0.75

a
 0.12 

   DIM = 28 0.38
a
 0.12 0.28

a
 0.14 0.60

a
 0.10 

   DIM = 35 0.34
a
 0.12 0.37

a
 0.12 0.64

a
 0.09 

       Feed Allowed 
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   DIM = 1 1.44
b
 0.07 1.81

a
 0.08 1.89

a
 0.06 

   DIM = 7 2.64
b
 0.04 2.72

ab
 0.04 2.77

a
 0.03 

   DIM = 14 3.13
b
 0.03 3.28

a
 0.04 3.34

a
 0.03 

   DIM = 21 3.57
c
 0.03 3.80

b
 0.04 3.93

a
 0.03 

   DIM = 28 4.04
b
 0.02 4.43

a
 0.03 4.50

a
 0.02 

   DIM = 35 4.01
b
 0.05 4.47

a
 0.06 4.50

a
 0.04 

       Rest Feed 

         DIM = 1 0.03
a
 0.02 0.02

a
 0.02 0.06

a
 0.02 

   DIM = 7 0.14
a
 0.02 0.00

b
 0.02 0.01

b
 0.02 

   DIM = 14 0.24
a
 0.03 0.02

b
 0.03 0.02

b
 0.02 

   DIM = 21 0.37
a
 0.04 0.03

b
 0.04 0.09

a
 0.03 

   DIM = 28 0.49
a
 0.05 0.13

b
 0.06 .17

b
 0.04 

   DIM = 35 0.50
a
 0.06 0.15

b
 0.06 .18

b
 0.05 

       Daily activity 

         DIM = 1 231.92
a
 9.11 243.63

a
 9.60 199.09

b
 7.17 

   DIM = 7 258.34
a
 6.29 274.62

a
 6.91 250.41

b
 5.04 

   DIM = 14 278.57
ab

 6.14 288.51
a
 6.88 267.97

b
 4.96 

   DIM = 21 283.65
a
 6.76 291.91

a
 7.51 269.76

b
 5.48 

   DIM = 28 292.65
a
 6.87 302.33

a
 7.59 272.93

b
 5.61 

   DIM = 35 296.91
ab

 6.27 304.04
a
 6.08 281.22

b
 5.06 

       Daily rumination minutes 

         DIM = 1 343.34
b
 18.05 439.47

a
 19.03 364.52

b
 14.22 

   DIM = 7 491.59
b
 15.36 553.50

a
 16.87 566.72

a
 12.71 

   DIM = 14 506.90
b
 15.57 529.81

ab
 17.43 567.34

a
 12.57 

   DIM = 21 491.96
a
 15.99 488.09

a
 17.77 524.68

a
 12.97 

   DIM = 28 477.87
a
 15.71 490.85

a
 17.35 522.09

a
 12.83 

   DIM = 35 494.56
a
 15.75 505.88

a
 17.10 530.35

a
 13.83 

       Weight 

         DIM = 1 562.50
c
 8.37 623.30

b
 8.82 673.40

a
 6.60 

   DIM = 7 522.96
c
 7.07 607.88

b
 7.77 654.83

a
 5.67 

   DIM = 14 535.09
c
 7.07 593.18

b
 7.91 638.25

a
 5.71 

   DIM = 21 531.55
c
 6.81 585.95

b
 7.56 628.47

a
 5.52 

   DIM = 28 527.42
c
 7.32 586.77

b
 8.09 626.92

a
 5.98 
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   DIM = 35 529.03
c
 7.34 588.49

b
 7.97 629.24

a
 5.92 

 

Means in the same row with different letters differ (P < 0.05). 
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Figure 1.  Milk production to 50 DIM 
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Figure 2. Moving average milk production to 50 DIM 

 

 

  



 

77 

Figure 3.  Milkings to 50 DIM 
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Figure 4.  Refusals to 50 DIM 
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Figure 5.  Failures to 50 DIM 
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Figure 6.  Feed allowed to 50 DIM 
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Figure 7. Rest feed to 50 DIM 
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Figure 8.  Daily activity to 50 DIM 
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Figure 9.  Daily rumination minutes to 50 DIM 
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Figure 10.  Cow weight to 50 DIM 
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Figure 11.  Disease events on changes of milk production from fitted curve by DIM 
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Figure 11.  Example CUSUM of cow with Metritis at DIM = 4.  Simulated prior 

information ends at time point 10 and milk production information begins at time 

point 11. 

 

 

 
  



 

87 

Figure 12.  Example CUSUM of cow with LDA at DIM = 22.  Simulated prior 

information ends at time point 10 and milk production information begins at time 

point 11. 
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