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Heifer Mastitis: Subclinical and Clinical Intramammary Gland Infection in 
Prepartum Dairy Heifers 

 
Robert M. Dyer, VMD, PhD 

University of Delaware 
rdyer@udel.edu 

 
 Mastitis in heifers is defined as intramammary bacterial infection (IMI) leading to tempo-
rary or permanent colonization of the mammary secretory tissues with bacteria. Intramammary 
infections can produce clinically visible disease (clinical mastitis) or no outwardly visible signs of 
disease associated with bacterial presence in the mammary tissues (subclinical mastitis). Clinical 
disease is manifest as hot swollen quarters with or without systemic signs of fever, depression and 
toxemia, and elevated SCC. Subclinical disease is detected as elevated SCC in milk from infected 
quarter or elevated composite SCC in milk across all 4 quarters. Prepartum intramammary infec-
tion in heifers may or may not result in loss of the quarter. However, early infections occurring as 
calves or at the time of breeding are certainly capable of producing a sustained reduction in intra-
mammary secretory tissue that reduces lifetime productivity and profitability. Intramammary heif-
er infections can occur as early as 1-9 months of age and have been observed as early as 9 months 
before parturition (Boddie et al., 1985, Fox et al, 1995, 2009). The prevalence of prepartum intra-
mammary infection in heifers varies considerably across farms but is a common event that may 
involve as many as 35% of all yearling heifers (Fox et al., 1995).  

Heifer mastitis differs from adult cow mastitis in several ways. Heifers more frequently 
experience a higher incidence of clinical mastitis within the first few days post-partum compared 
to adult cows. The causal bacteria in heifers differs from those in adult cattle in that minor mastitis 
pathogens such as coagulase negative Staphylococcal agents like Staphylococcus epidermidis typi-
cally invade heifer mammary tissues. In contrast intramammary infections in adult cattle more 
often occur with major mastitis pathogens such as Staphylococcus aureus.   
 Heifers with intramammary infections prepartum most often manifest the infection as a 
subclinical problem marked by elevated somatic cell counts (SCC) pre- and postpartum. Many of 
these prepartum infections are sustained as subclinical mastitis problems with a persistently ele-
vated SCC during the first lactation. Still many other pre-partum infections spontaneously self- 
cure within the first few test dates. These appear as a return of elevated SCC early in lactation to 
near normal amounts later in the first lactation.   A lower percent of the subclinical prepartum in-
fections will eventually progress into clinical mastitis in the first lactation. In all cases first lacta-
tion milk yields are reduced and the risk of premature culling is increased. Most importantly, these 
pools of subclinical, prepartum infections present an enormous biosecurity threat to the lactating 
herd in that they serve as a reservoir of contagious mastitis pathogens for the lactating herd with 
the trends for greater demands for heifer replacement that accompany 30-35% replacement re-
quirements in the commercial herd.    
 

Environmental pathogens and heifer mastitis 



Delaware Dairy Newsletter Page 2 

 Environmental coliforms and the non-agalactae streptococcus, Streptococcus dysagalactiae and Streptococcus uberis con-
tribute substantially to pre- and post-partum intramammary infections in heifers. For example in one report, Streptococcus dysaga-
lactae was the causal agent in 68% of cases of clinical mastitis occurring in heifers within the first 4 days post calving (Pankey et al., 
1996). Streptococcus uberis was second to the coagulase negative staphylococcal organisms in causing 15% of the intramammary 
infections in heifers 27 days prepartum (Parker et al., 2008).  The prevalence of intramammary infections increased 3 fold over the 
pre-calving prevalence within the first 4 days post calving implying a high rate of new intramammary infections occurred with this 
organism at the time of parturition.  

Environmental pathogens are often associated with subclinical intramammary infections in both lactating cows and nonlac-
tating heifers. Prevalence estimates of subclinical intramammary infection in heifers vary quite widely across survey data. Prepartum 
infections range from 2-10% of quarters and post-partum subclinical infections have been reported to range between 4-13%.  In the 
same review, Fox (2009) compiled data showing environmental bacteria accounted for 9-50% of prepartum and 15-55% of post-
partum infections ending in clinical mastitis in heifers. Bacterial agents have been isolated from heifer mammary glands as early as 9 
months prepartum and the number of isolations increased as the heifer approaches parturition. However, the prevalence of these en-
vironmental pathogens has been shown to change over the prepartum period because of spontaneous self-cures or the acquisition of 
different intramammary infections.   

 
Coagulase positive Staphylococcus aureus 

 
 Staphylococcus aureus is a major pathogen of intramammary infections in dairy cattle and is the single most important 
cause of infectious mastitis and long term persistent intramammary infections. Staphylococcus aureus can be a prominent cause of 
clinical mastitis in heifers (Oliver et al., 2005) and in some farms and studies can be the dominant organism associated with prepar-
tum intramammary infections in heifers.  Even though it is less commonly isolated in heifer mastitis, the presence Staphylococcus 
aureus in heifers should be regarded as a major threat to herd biosecurity because infected replacement heifers transmit intramamma-
ry infections to uninfected cattle in the herd. Strains of Staphylococcus aureus found in the mammary gland and streak canals have 
been shown to be genetically identical to those found in extra mammary sites on a farm. Moreover they have been shown to be close-
ly related to isolates associated with Staphylococcus. aureus induced intramammary infection in the lactating herd. This implies one 
or more extra mammary pools of S. aureus are the resource for intramammary infections of heifers. Extra mammary sources could 
include lactating cattle, skin of heifers, cattle and farm personnel, bedding, beds and flies. Transmission to the prepartum heifer’s 
mammary gland however must by definition be something other than the equipment or milking procedures widely recognized as the 
major mode of transmission in lactating cattle.  Indeed, the horn fly has been implicated as an important mode of transmission in that 
large numbers of Staphylococcus aureus have been isolated from the horn flies and fly induced wounds on heifer teat ends (Oliver et 
al., 2005, Gillepsie e al, 2005, Anderson et al., 2012). Moreover, Staphylococcus aureus isolates can colonize horn fly body compo-
nents for as long as 4 days after flies feed on infected teat end scabs. The genotype of Staphylococcus aureus found in the horn fly 
was the same genotype found in post-partum colostrum and milk. This observation supports a role of flies in intramammary trans-
mission of Staphylococcus aureus in heifers. Recently, approximately half the horn fly and 30% of the nostrils, mouths and teat ends 
of heifers yielded Staphylococcus aureus isolates that were genotypically identical to those in the intramammary infections 
(Anderson et al., 2012) . This affirms the concept that heifer intramammary infections can arise from the extra mammary skin, nos-
trils and particularly teat ends in the heifer populations.  In the same study, the genotypes of Staphylococcus aureus isolated from 
milking personnel were not related genotypically to any Staphylococcus aureus isolated from 3-4 day post parturient heifers, lactat-
ing cattle or environmental isolates. This result suggested intramammary infections may also be derived in part from milking person-
nel.   
 

Consequences of Heifer Mastitis 
 

 The status of subclinical intramammary infection has been known to be highly correlated to productivity in lactat-
ing cows and heifers.  In the heifer, subclinical mastitis is associated with losses in production, diminished herd longevity and in-
creased susceptibility to clinical mastitis. All of this occurs even though prepartum subclinical infection does not result in outward 
signs of mastitis other than an elevated somatic cell count (SCC). Indeed, SCC greater than 200,000-250,000 cells/ml, 4-8 days post-
partum is considered evidence of prepartum subclinical heifer mastitis. In fact, some authors working in the field believe use test day 
SCC within the first 100 days in milk reasoning that most intramammary infections in the first 100 DIM originated prior to or at the 
time of parturition. In that regard however, all producers need be aware the SCC in the first few days post-partum is normally high 
and not necessarily indicative of intramammary infections.  A reasonable measure for producers is to regard SCC > 200,000 cells/ml 
during the first 100 DIM as indicative of prepartum intermarry infection.  

Subclinical mastitis: Because coagulase negative, minor intramammary pathogens cause the majority of heifer mastitis cas-
es, the impact on productivity is often regarded as lower than similar infections with major intramammary pathogens like coagulase 
positive Staphylococcus aureus. Never the less, reductions in milk yields do occur in heifers with minor pathogen infections. The 
reduction in productivity depends upon SCC levels in subclinical mastitis. For example first lactation milk production was 14,200, 
13,300 and 12500 lb. milk in groups of animals with SCC less than 100,000, elevated between 100,000 – 400,000 and increased over 
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400,000 cells/ml respectively in the first test day post-partum (Coffey et al., 1986).  Data from a large study showed heifers with a 
SCC less than 50,000 cells/ml milk on the first test day between 5-14 DIM was 0.5 lb. milk/day and 3.2 lb./day on subsequent test 
days compared to heifers with SCC between 51,000 - 200,000 and greater than 1,000,000 cells/ml milk, respectively (De Vliegher et 
al., 2005). The effect of elevated SCC between 5-14 DIM on subsequent test day milk yields decreased with successive 30 day test 
days across the first lactation. Self-cure of these infections is the most likely reason for the diminished effect of prepartum intra-
mammary infection on post-partum milk yields later in the first lactation. Self-cure is most likely in first lactation heifers because 
prepartum infections stem from minor mastitis pathogens, most of whom do not normally establish persistent intramammary infec-
tions.  As high as 13% of the prepartum infections may be resolved by self-cure post-partum (Parker et al., 2007) The same cannot 
be said for prepartum infections with major pathogens such as Staphylococcus aureus. However, in this study, real reductions in 
milk yields persisted even as late as test dates around 255 DIM.  Interestingly, when elevated SCC are observed in the first test date 
falling in the first  5-14 DIM, the later in that time period the SCC is observed the greater the reduction in milk yields across the first 
lactation. Thus producers can expect greatest reductions in first lactation milk yields to occur in heifers with the highest SCC that 
also fall later in the 5-14 DIM test date.   Altogether, these data indicated elevated SCC very early in lactation from prepartum infec-
tions have enduring negative effects on first lactation milk yields in heifers. The earlier in lactation self-cures are accomplished with 
minor pathogens, the lower the negative impact on first lactation productivity.  

The presence of a prepartum intrammary infection, regardless of causal pathogen, is often but not inevitably associated with 
a 3-4 fold increased risk of post-partum intramammary infection or the onset of clinical mastitis in heifers (Parker et al., 2007). The 
increased risk of post-partum infection can occur across coagulase negative pathogens, environmental pathogens such as Streptococ-
cus uberis or major pathogens like Staphylococcus aureus. Other reports showed prepartum intramammary infections, particularly 
those with minor pathogens, were protective against post-partum infections (Parker et al., 2007). Presumably, the elevated SCC as-
sociated with minor pathogen intramammary infections increases antibacterial defenses and therefore protection in the mammary 
glands (Pankey et al., 1985). The conflicting reports claiming reduced or increased risk of intramammary infection in glands with 
prepartum minor pathogen infections likely reflects the multiplicity of confounding  elements (e.g. environmental, immunologic, 
anatomic and pathologic factors affecting streak canal integrity) impacting intramammary infections.   

Economic losses associated with mastitis are derived from reduced milk yields, treatment costs, discard milk and premature 
culling. Very little work exists estimating costs and the economics of heifer mastitis but the losses associated with mastitis in general 
can serve as a guide for economics of heifer mastitis. De Vliegher et al., (2012) cited work by Huijps et al., (2009) from the Nether-
lands estimating costs for heifer mastitis at approximately $40/heifer/year.  Cost estimates were also distributed across one of the 
three possible outcomes for heifers with elevated SCC (>200,000 cells/ml) early in lactation (DIM 5-14).  Heifer mastitis that self-
cured cost $16; Cost estimates for heifer mastitis that remained subclinical with persistently elevated SCC were$6-7. Subclinical 
heifer mastitis that progressed to clinical mastitis cost $17 per heifer.  These costs seem miniscule compared to the $181 cost esti-
mate of mastitis in parity 2 or greater cows (Huijps et al., 2007) or estimated returns on costs of $200 for antimicrobial prophylactic 
therapy in heifer mastitis (Oliver et al., 2003). Estimated costs stemmed from loss of production, increased culling, milk discard, 
veterinary expenses, medication, and labor. These costs were determined under standard practices and markets of the Netherlands. 
Similar estimates of economic costs of heifer mastitis in the US do not exist but several models have been developed to estimate 
costs of mastitis in lactating cattle. In one of the more robust models, Bar et al., (2008) estimated clinical mastitis costs $71 per cow 
and $179 per clinical case of mastitis. Costs were incurred from milk loss, mortality, and treatment. These cost estimates are con-
sistent with those incurred in lactating cows in the Netherlands as well as other models. These include cost estimates of $83 (Houben 
et al., 1994) and $71 (Ostergaard et al., 2005) for clinical mastitis in lactating cattle. Producers should be aware costs depend upon 
the type of pathogen, individual heifer production abilities or genetic potential, milk prices and heifer replacement costs. In Bar’s 
model (Bar et al., 2008) the costs of mastitis increased with higher milk prices, heifer replacement costs and lower pregnancy rates, 
pregnancy status, and cows with high future income generating capacity.  Higher prevalence of contagious mastitis in heifer replace-
ments can compromise heifer replacement programs and increase losses associated with contagious mastitis in the older lactating 
herd. Moreover, estimates of the cost of mastitis in a replacement heifer program cannot be ascribed solely to the individual heifer 
because controlling mastitis in these animals will directly impact control measures and therefore the incidence, prevalence and eco-
nomics of contagious mastitis in 2nd and greater lactation animals across the herd. The later concept should provide strong incen-
tives for producers to make management decisions orchestrating sound mastitis control measures in replacement heifer programs.  
 

Strategies for control and prevention of heifer mastitis  
 

 Management strategies designed to prevent and control heifer mastitis need to target the period prior to and during calving. 
Moreover, defining the nature of the problem is essential to appropriately target resources that underpin prevention and control 
measure. One initial, sound and cost effective approach is to simply examine SCC of all first parity animals and restrict that analysis 
to the first and second test day postpartum.   Any primiparous animal with a SCC > 150,000-200,000 cells could be considered a 
candidate for prepartum intramammary infection. Which SCC threshold one employs to define prepartum intramammary infection is 
debated but SCC > 150,000 cells could be regarded as highly suspect for infection (Santman-Berends et al., 2012). Since Santman-
Berends et al. (2012) observed over half the heifers with high SCC on the first test day reverted  the SCC back normal by the second 
test day, producers should not interpret these animals in the DHIA test day analysis as non-problems. Rather, these animals likely 
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represent a cohort of the subclinical pre-partum mastitis heifers who spontaneously self-cured. The remaining animals who sustain 
an elevated SCC through the 2nd and 3rd test dates more than likely represent another cohort  of prepartum subclinical mastitis heifers 
with persistent intramammary infection.  Collectively, the presence of both groups in the SCC analysis signal a prepartum heifer 
mastitis problem.  The higher the prevalence of these types of SCC profiles in the primiparous animals, the greater the prepartum 
heifer mastitis problem.  
 Characterization of heifer mastitis may require prepartum culture surveillance or surveys to determine the relative contribu-
tions of coagulase negative staphylococcus minor pathogens, and major pathogens like Streptococcus uberis and coagulase positive 
Staphylococcus aureus in a problem. This always raises the question that prepartum sampling removes keratin plugs predisposing the 
teat to ascending intramammary infection. In at least two studies where this contention was directly addressed, prepartum sampling 
did not appear to increase the prevalence of prepartum intramammary infection (Green et al., 2002, Parker et al., 2008). Producer 
concerns about loss of keratin plug could also be alleviated by post sampling application of teat sealants and barrier teat dips.  

 
Reduced heifer and environmental risk factors predisposing to heifer mastitis 

 
 A number of common sense factors have been associated with increased risk of heifer mastitis. Since many environmental 
pathogens cause heifer intramammary infections, dealing with the environmental elements is important. Environmental and heifer 
risk factors associated with increased prevalence of heifer intramammary infections prepartum have recently been associated with 
higher prevalence of heifer mastitis. These are dirty, fecal contaminated beds, overcrowding, poor horn fly control, use of saw dust, 
average herd level SCC > 2000,000 cells/ml milk, heifer contact with the lactating herd prepartum, extensive udder edema prepartum 
in heifers, dirty udders and lengthy teats, teat leakage, lack of udder hair removal and an absence of teat dipping pre-partum (Piepers 
et al., 2011, Waage et al., 2001, Comptin e al., 2007, Fox et al, 2009).  

Factors proposed to contribute substantially to contagious pathogen heifer mastitis are an absence of horn fly control, high 
prevalence of contagious mastitis infection in the lactating herd, heifer exposure to the lactating herd prior to parturition, udder ede-
ma, and loss of streak canal plug.  

Factor thought to predispose heifers to prepartum intramammary infections with environmental pathogens are those allow-
ing buildup of environmental pathogens on teat sphincters.  Accordingly, environmental hygiene, stall hygiene, heifer udder hygiene 
and most importantly calving stall hygiene are all important factors. 

Lastly, integrity of the streak canal sphincter, keratin plug and teat conformation are important barrier issues preventing 
intramammary infection in prepartum heifers.  Teat sealants, teat spray disinfectants and barrier dips may become key elements in 
controlling the prevalence of prepartum heifer mastitis in many herds by supporting barrier functions on the teat end..   

 
Prepartum antimicrobial and teat sealant therapy: 

 
 A number of field trials have been conducted to evaluate the efficacy of prepartum, intramammary antimicrobial therapy on 
the ecology of heifer mastitis. Nearly every trial resulted in reduction but not complete eradication of intrammary infections and post
-partum clinical mastitis in prepartum and primiparous heifers. In a large study involving 13 dairies, 8 of which experienced a heifer 
mastitis problem, 185 and 184 heifers were left untreated or infused with antimicrobials 8-1o weeks prior to projected calving date 
(Sampimon et al., 2009). At the day of calving (day 0), 53% of the quarters from infused heifers were culture negative compared to 
42% of the quarters from untreated heifers. At day 10-14 post-partum 76% of the quarters from infused heifers were culture negative 
compared to 69% of un-infused quarters. Infusion reduced the prevalence of intramammary infections caused by both minor as well 
as mastitis pathogens. As a result, the risk of clinical mastitis in the infused group was reduced nearly two fold across the entire dura-
tion of the first lactation. He reduction was not trivial because the number of clinical cases across all heifers was 40, 44 and 50 at 0-
30, 0-60 and 0-275 DIM. SCC was reduced (16,000 major cells.ml milk per test date) and milk yields were increased (1.98 lbs. milk 
per test date) across all test dates in the first lactation although differences were diminished in late lactation test dates. The positive 
effect on prepartum treatment on post-partum production was attributed to the reduction subclinical mastitis manifest by reduced 
SCC. In another study, primiparous heifers infused with antimicrobials 7 days prepartum produced 1000-1160 lb. more milk in the 
first lactation than control heifers (Oliver at al., 2003). According to the results in this and many other studies, prepartum antimicro-
bial therapy can be expected to have a sustained effect across the entire first lactation. In the trial by Oliver (2003), bacterial patho-
gens were isolated from only 11% of all quarters sampled in the infused heifers compared to 30% of all un-infused heifers. These 
results reflected the lower average SCC across first lactation test dates in infused compared to un-infused heifers. Net economic ben-
efits to producers from the increased productivity of these heifers were $200.64 after costs of therapy and testing for antibiotic resi-
dues. The authors concluded prepartum therapy would be cost effective so long as the increased milk yields were > 84 lb., per heifer/
per lactation.    Collectively, the data all indicate prepartum antimicrobial therapy should be a cost effective approach to reduce the 
production and economic impact of heifer mastitis. Producers however, need to be aware this therapy is an off label use of antimicro-
bials and therefore must be performed with the direct knowledge and guidance of the veterinarian. Meticulous monitoring of milk 
residues would need to become a critical component of any prepartum infusion program.  
 Use of barrier teat dips and teat sealers to prevent heifer mastitis has not been thoroughly evaluated but could be expected to 
help. The objective of the approach should be to avoid ingress of intramammary pathogens into the mammary gland. The approach 



could not be expected to reduce the prevalence of pre-existing intramammary infections prior to sealant application. Indeed, admin-
istration of a sealant prepartum reduced by 84% the prevalence of subclinical intramammary mastitis manifest as elevated SCC day4
-10 postpartum in heifers (Parker et al., 2007). Sealant administration was also associated with a 60% reduction in clinical mastitis in 
post-partum heifers. In a larger study of >1,000 heifers, use of a teat sealant on heifers 39 days prior to calving reduced post-partum 
intramammary gland infections by 66%. Teat sealants had no effect on resolving pre-existing intramammary infections prior to seal-
ant administration consistent with the effect being purely barrier protection against new intramammary infections (Parker et al., 
2008). There may be one unexpected advantage of teat sealants and barrier dips over antimicrobial therapy in pre-partum heifers.  
Assuming pre-partum intramammary infections per se signify loss of keratin plug and open teat canals, sealants and barrier dips re-
establish a physical barrier to steak canal invasions. Antimicrobial therapy, though curative of intramammary infection, provides no 
barrier protection to a steak canal that is otherwise open to another episode of bacterial invasion and thus new intramammary infec-
tion.  

 
Conclusion 

 
 Heifer mastitis is in some ways similar but also very different than mastitis in the lactating cow. Intramammary infection 
can occur anytime between 9 months to 24 months of age and results in subclinical, clinical mastitis or complete loss of a quarter. 
All cases are marked by elevated SCC in early first lactation. The causal pathogen list is upwards of 40 bacterial types long but the 
primary problem in most circumstances stems from the set of minor mastitis pathogens. More rarely, the major pathogens are causal 
but when involved can threaten herd biosecurity. Culture and sensitivity is the final diagnostic tool of choice, but careful inspection 
of early test date SCC in DHIA reports can be lead to valuable clinical information. A high prevalence of elevated first test day 
SCCs that persist into late test day SCCs indicate existence of a heifer mastitis problems. A high prevalence of elevated SCC that is 
sustained across most if not all first lactation test days is consistent with major pathogen involvement in the heifer infection.   A high 
prevalence of elevated SCC that appear to resolve as lowered SCC after the first few test dates in the first lactation, suggests minor 
pathogen involvement in the heifer mastitis problem. Pre- and early post-partum culture results should confirm the causality and 
govern management changes designed to orchestrate remediation. Remediation is almost always economically justified given the 
advantage conferred upon first lactation milk yields. More importantly, remediation is critical to herd biosecurity, lower bulk tank 
SCC, milk quality and producer premiums.  Strategies for control and prevention have not been universally established but recent 
field trails and epidemiologic studies suggest best results may emerge from changes in heifer hygiene, heifer environment and hous-
ing, fly control, intramammry therapy and teal dipping programs.   
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Feed Efficiency and Its Impact on Feed Intake 
 

Mike Hutjens, Ph.D. 
University of Illinois 
hutjensm@uiuc.edu 

 
This fact sheet has been developed to support the implementation of the Natural Resources Conservation Service Feed Management 
592 Practice Standard. The Feed Management 592 Practice Standard was adopted by NRCS in 2003 as another tool to assist with 
addressing resource concerns on livestock and poultry operations. Feed management can assist with reducing the import of nutrients 
to the farm and reduce the excretion of nutrients in manure. 
 

Introduction 
 

Feed efficiency (also referred to as dairy efficiency) can be defined as pounds of milk produced per pound of dry matter (DM) con-
sumed. Beef, swine, fish, and poultry industries have used feed efficiency (feed to gain or gain to feed ratio) as a benchmark for prof-
itability. Monitoring feed efficiency or FE in the dairy industry has not been used as a common benchmark for monitoring profitabil-
ity and efficiency of converting nutrients to milk yield. The “new focus” on maximizing efficiency reflects the fact that as cows con-
sume more feed, digestive efficiency decreases because the relationship between net energy-lactation intake and milk production is 
subject to diminishing returns. The “traditional focus” was that as cows consume more feed to support higher milk production, the 
proportion of digested nutrients captured as milk is proportionally higher. 
With lower milk prices, one way to maintain profitability (economics) without sacrificing milk production or herd health is by en-
hancing Feed Efficiency (FE). Table 1 is an example of how improving FE impacts the bottom line. Herd A produced 80 pounds of 
milk when consuming 57 pounds of DMI, resulting in a FE of 1.40. Herd B produced the same amount of milk, but the cows con-
sumed only 50 pounds of dry matter, for a FE of 1.60. Assuming feed costs of $0.07 per pound of dry matter, Herd B has a lower 
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feed cost of $0.49 per cow per day compared to Herd A. In addition, Herd B with the lower feed intake and higher feed efficiency 
will have lower nutrient excretion as manure. This will be important as manure regulations for whole-farm nutrient management are 
enforced by local, state, and national government groups. 
Table 1. Impact on feed costs in two herds with different feed efficiencies.  
 

Optimizing feed intake is the “magic” term; 
not maximizing DM intake (DMI). Higher 
nutrient demand for higher milk production 
led to maximum DMI to meet higher re-
quirements. The more DM the cow eats, the 
more she will milk. This guideline assumes 
two points. 
1.	 Ration digestibility is constant (but 
digestibility actually declines with in-
creased DMI).	
All the nutrients consumed are converted to 
milk production after maintenance needs 
have been met (but this is not always true 
as growth and/or weight gain occurs).	
 

Composition of the diet (forage to grain ratio) and dry matter intake (multiples of maintenance) has marked effects on digestibility 
and subsequent energy values. Diets that do not promote optimal rumen fermentation will result in an over-estimation of energy 
values and will impair health. 
 
Feed efficiency (FE) values in the field can vary from 1.1 to 2.0 (Table 2).		
The following factors will shift FE values. 

 Reducing days in milk can lead to higher FE values as cows direct more nutrients to milk production at the expense of growth 
and weight gain. Cows losing body condition or body reserves will have high FE values as these nutrients can be captured as higher 
milk yield	
 Age or lactation number (first lactation cows) can lead to lower FE values as young cows divert nutrients to growth in mid and 
late lactation. Expect FE values for young cows to be 0.1 to 0.2 units lower than mature cows.	
 Pregnancy requirements reduced FE values as the fetus’ requirements increase during late gestation (this impact will be small).	

 Fresh cows (less than 21 days in milk) may have FE values below 1.2 if cows achieve higher DMI (desirable) relative to milk 
yield. If FE values are over 1.4, cows could be mobilizing excessive body condition (undesirable) which also will be reflected in high 
milk fat test (undesirable).	
 Cows gaining body weight will have lower FE values as nutrients are stored as body condition or fat. This decline in FE must 
occur if cows lose body weight in early lactation. Lower FE values in late lactation can be desirable. Future FE values can be adjust-
ed if average daily gains are available (daily weights).	
 Higher digestible forages will increase FE values as more nutrients are available for productive functions. Dry matter digestibil-
ity (DMD) and NDF digestibility (NDFD) tests will be useful benchmarks that will impact FE.	
 As NDF (neutral detergent fiber) percent in the ration dry matter increased, FE declined from 1.8 to 1.4 based on Journal of 
Dairy Science data from 2002 to 2004. FE values remained constant at 35 percent NDF and above.	
 Stimulating rumen fermentation while stabilizing the rumen environment will improve nutrient and fiber digestibility. Rumen 
acidosis will reduce FE values because digestibility has been reduced.	
 Excessive heat and cold stress and walking distances will reduce FE values as more nutrients are needed for maintenance re-
quirements.	
 Feed additives (such as rumen buffers, ionophores, yeast cultures, and fermentation/digestion aids) and silage inoculants can 
improve FE values by improving digestion and/or nutrient availability.	
 Injecting BST can improve FE values as cows divert more nutrients to milk production.	
 	

Fine Tuning Feed Efficiency 
 

Management factors listed below can be used to evaluate and refine FE values measured on dairy farms. 

 Determining actual feed intake is critical for an accurate FE value. Feed refusals should be removed (subtracted) as this feed has 

Measurement Herd A Herd B 

Milk, lb/d 80 80 

DMI, lb/d 57 50 

Feed efficiency 1.40 1.60 

Milk income @ $20/cwt $16.00 $16.00 

Feed costs @ $.15/lb dry 
matter 

$8.55 $7.50 

Income of over feed costs $7.45 $8.50 

Cost to produce 100 lbs 
milk 

$8.55 $7.50 



not been consumed. If a dairy manager targets four percent feed refusal with 50 pounds of dry matter offered, the correct value to use 
in the calculation is 48 pounds instead of 50 pounds. Weekly dry matter tests should be conducted on the farm to correct for variation 
in dry matter intake due to changes in wet feeds or precipitation.	
Correct for milk components as more nutrients are needed as milk fat and protein content increases. Values reported in this paper are 

based on 3.5 percent fat corrected milk 
(3.5%FCM). The following formulas 
can be used:  

Equation 1: 
3.5% FCM = (0.4324 x lb of milk) + 

(16.216 x lb of milk fat) 
   

Equation 2: 
3.5% fat and protein corrected milk (lb)
=(12.82 x lb fat) + (7.13 x lb protein) + 

(0.323 x lb of milk) 
  
In 476 treatment observations in a data 
set compiled from journal articles by 
Agri-King, the difference between 3.5% 
FCM corrected and uncorrected milk for 
fat ranged from -0.28 to +0.41 units re-
flecting the need to adjust for milk fat. 

 On the Holstein farms, use the 
thumb rule of adding or subtracting one pound of milk for every one-tenth percentage point change above or below 3.5 percent fat 
test. For example, if a herd averages 70 pounds of milk with a 3.9 percent milk fat, the estimated pounds of 3.5% FCM would be 74 
pounds instead of 70 pounds.	
Cows having small body weights (i.e. heifers or Jerseys’s) favor higher feed efficiency due to lower nutrient requirements for 
maintenance. Adjusting for differences in body weight within breed may be a useful correction, i.e. metabolic body size.	
 

Future Opportunities 
 

New software programs will be developed to allow the use of on-farm data to produce standardized FE values (similar to manage-
ment level milk or 150 day milk). Using these spreadsheets, managers could enter days in milk, body weight, milk yield, milk fat 
test, milk protein test, changes in body condition score, environmental temperature, walking distances, and lactation number and the 
software will adjust values using research-based equations. When a management change is made, FE will reflect the impact in the 
herd. 
 

Summary 
 

 Feed or dairy or FE reflects the amount of fat-corrected milk yield produced per unit of dry matter consumed with an optimal 
range of 1.4 to 1.9 pounds of milk per pound of dry matter.	
 Days in milk, age, growth, changes in body condition score, walking distances, body weight, forage quality, feed additives, and 
environmental factors will impact feed efficiency values.	
 Dairy managers should monitor changes in feed efficiency as feeding and management changes occur on their farms to evaluate 
the impact of the change.	
 By increasing feed efficiency, less manure and greater milk yield per unit of dry matter consumed will result in an improvement 
in the environment and profitability of the dairy operation.	
 

Selected References 
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Table 2. Benchmarks for feed efficiency comparisons. 

Group Days in milk FE (lb milk/lb DM) 

One group, all cows 150 to 225 1.4 to 1.6 

1st lactation group <90 1.4 to 1.6 

1st lactation group >200 1.2 to 1.4 

2nd + lactation group <90 1.6 to 1.8 

2nd + lactation group >200 1.3 to 1.5 

Fresh cow group <21 1.2 to 1.4 

Problem herds 150 to 200 <1.3 
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The “Three Ration” Dilemma 
 

Limin Kung, Jr., Ph.D. 
University of Delaware 

lksilage@udel.edu 
 
Have you heard about the “three ration dilemma”?  Every cow has theoretically three rations: 1) the ration your nutritionist balanced 
on paper for her, 2) the ration you weigh out and feed to her and 3) the ration that she actually ate.  In the perfect world, all three 
rations should be exactly the same.  The “dilemma” we often have on the farm is that in reality, they could all be different! 
 
With feed costs continuing to escalate, you cannot afford to be either underfeeding or over feeding your cows any specific nutrient.  
Underfeeding affects production and health while overfeeding typically affects your efficiency.  However, overfeeding could also 
affect production and health as well.  For example, feeding excessive protein may affect reproductive efficiency if your cows have 
high MUNs and overfeeding can also result in over conditioned cows prone to more metabolic diseases. 
 
I have listed several things to help make the ration your cows eating closer to the ration your nutritionist balanced for.   
 
1) Take routine samples of your TMR and have it analyzed for its nutritive value.  Make sure that it is close to what your nutritionist 
balanced for.  If it’s not, try to determine why and take corrective action.   
 
2) Routinely check the dry matter of your silages and adjust their amounts as needed.  This is especially true when changing from 
one silo to another.  Depending on the uniformity of your fields, bag silos could result in tremendous variations in silage dry matter. 
 
3) Have your nutritionist check your cows to make sure they are not sorting the TMR.  If they are, determine why and correct the 
problem. 
 
4) Check to make sure your feed scales are in working order. 
 
5) For silages, do not depend on the nutrient analyses of the fresh crop.  Nutrient analyses change over time in the silo. 
 
In order for these practices to be useful you must obtain representative samples of the feeds in question.  Recent work from Ohio 
State University confirms the fact that “ a single sample should not be relied upon to provide an accurate description of the feed”.  
Work with your nutritionist to determine the number of samples that should taken over a period of time.  Samples sent for analyses 
must be representative of what is fed to the cow! 

Links to Some Items of Interest on the Web 
 
Proceedings from the recent 2012 Penn State Nutrition Dairy Conference: 
http://extension.psu.edu/animals/dairy/health/nutrition/workshop/previous-workshops/2012 
 
Proceedings from the recent  2012 Cornell Nutrition Conference: 
http://ansci.cornell.edu/cnconf/2012proceedings/index.html 
 
Proceedings from the 2012 Tristate Nutrition Conference: 
http://tristatedairy.osu.edu/proceedings.htm 

Proceedings from the 2012 Four State Nutrition Conference: 
www.uwex.edu/ces/dairynutrition/.../07juneconfwasabook.pdf  
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