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Treating the ketotic dairy cow – 
Does intravenous dextrose improve 
health and production over oral 
propylene glycol alone?
Kathryn Bach, Michael Capel, Sabine Mann, and Jessica McArt

Most dairy cows experience a 
period of energy deficit following 
calving due to increased energy 
demands of lactation coupled with 
decreases in nutrient intake. Inability 
to adapt to this period results in 
metabolic disease such as ketosis. This 
condition is associated with many 
adverse health and production events, 
including increased risks of displaced 
abomasum, metritis, and culling, as 
well as reduced milk production and 
reproductive success; all of which 
are extremely costly to the producer. 
Despite increasing knowledge about 
management and nutritional strategies 
to prevent excessive energy deficit 
postpartum, ketosis continues to be a 
problem on dairy farms. 

Diagnosis of ketosis is simple and 
can be performed cow-side with 
handheld β-hydroxybutyrate (BHB) 
meters designed to test blood. Cows 
with BHB concentrations in blood 
≥1.2 mmol/L are considered ketotic. 
Once identified, it is important 
that these cows are treated to aid 
in recovery. Numerous treatment 
options are available for ketosis, 
including oral drenching with 
propylene glycol (PG), a glucose 
precursor, and administration of 
intravenous dextrose. Unfortunately, 
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no field trials have been conducted 
to show the efficacy of dextrose, 
while there is good evidence that PG 
is beneficial. To provide producers 
and veterinarians evidence-based 
recommendations, our group aimed to 
investigate the impact of intravenous 
dextrose as an adjunct therapy to oral 
PG by looking at ketosis resolution 
following treatment, the incidence of 
subsequent adverse health events, and 
milk production.

We tested Holstein cows in four 
New York herds for ketosis once 
weekly between three and 16 days 
in milk (DIM) using a handheld BHB 
meter. Cows with ketosis were 
randomly assigned to treatment 
with either oral PG alone for three 
days (n = 121) or in combination with 
intravenous dextrose for one day (n 
= 125) or for three days (n = 127). All 
treatments were administered once 
daily for three consecutive days, and 
at the same time of day on each farm. 
Oral PG (300 mL) was administered 
using an oral drenching gun and 
intravenous dextrose (50 percent 
solution, 500 mL) was administered 
in the jugular vein. We recorded the 
number of adverse health events 
that occurred in cows for the first 60 
DIM (sold, died, metritis, displaced 
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abomasum, farm-diagnosed ketosis) 
and daily milk production for the first 
10 weeks of lactation. 

In total, we screened 1,249 cows 
for ketosis with an overall ketosis 
incidence of 30.1 percent and a median 
blood BHB at diagnosis of 1.5 mmol/L 
(Figure 1). Most cows that developed 
ketosis were first diagnosed between 
three to nine DIM (64 percent), 
whereas only 36 percent had their 
first positive test between 10 to 16 
DIM. Overall, 9.4 percent of cows had 
one or more adverse health events 
during the first 60 DIM, with the most 
common adverse event being culling 
or death, followed by metritis, displace 
abomasum, and farm-diagnosed 
ketosis. Our results showed that 
addition of intravenous dextrose for 
either one or three days to oral PG 
did not change recovery from ketosis 
one or two weeks after treatment. 
Regardless of treatment group, 
at one week following treatment, 
approximately 51.1 percent of cows 
had recovered, and at two weeks this 
percentage increased to 58.1 percent. 
In addition, there was no effect of 
treatment group on the risk of adverse 
health events during the first 60 DIM. 
Milk production was not different 
between treatment groups with 
average daily milk production for the 
PG only group of 85.1 ± 1.7 lb/d, the PG 
plus one day of dextrose group of 84.3 
± 1.7 lb/d, and the PG plus three days of 
dextrose group of 84.7 ± 1.7 lb/d.

In summary, our findings in four 
herds suggest that intravenous 
dextrose for one or three days in 
addition to oral PG for treatment 
of early postpartum ketosis did 
not improve recovery, reduce the 
risk of adverse health events, or 
improve average daily milk yield over 
treatment with PG alone. Ketosis 
risk, treatment preferences, and 
occurrence of negative health events 

vary between herds. Therefore, we 
suggest that producers discuss the 
results of this and other studies with 
their veterinarian to determine the 
optimal ketosis treatment plan for each 
individual herd. ❚

Kathryn Bach (kdb23@cornell.edu) 
is a Postdoctoral Associate with the 
Department of Population Medicine and 
Diagnostic Sciences at Cornell University 
College of Veterinary Medicine.

FIGURE 1
Frequency of blood β-hydroxybutyrate (BHB) concentrations at time of enrollment for the three 
treatment groups: oral propylene glycol (PG) alone (red), or in combination with intravenous 
dextrose for one day (blue) or three days (green).
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When dairy cows transition from 
late gestation to early lactation, they 
often enter a state of energy deficit 
as increased energy demands are 
not met by the level of intake. To 
maintain normal body functions and 
milk production during energy deficit, 
cows mobilize fat stores. When fat is 
broken down, non-esterified fatty acids 
(NEFA) are released into the blood, and 
are transported to the liver for energy 
production. However, when NEFA 
are present in the liver in excessive 
amounts, they are instead converted 
to ketone bodies and re-exported 

into circulation. β-hydroxybutyrate 
(BHB) is one of the primary ketone 
bodies produced by the dairy cow and 
considered representative of total body 
ketone status.

Slight increases in blood NEFA and 
BHB are part of the normal adaptation 
to lactation, offering alternative fuel 
sources to the cow for the maintenance 
of milk production. However, 
excessively elevated concentrations 
of NEFA and BHB are associated with 
increased risk for development of other 
negative health disorders, such as 
displaced abomasum and metritis, as 

well as decreased milk production and 
reduced reproductive success.

Ketosis, the excessive elevation 
of blood BHB, not only puts the cow 
at increased risk for developing 
other diseases but is also a burden to 
producers, costing approximately $289 
per case. Several handheld meters allow 
for accurate cowside quantification of 
BHB; however, identifying individual 
cows with ketosis is a laborious task. 
Similarly, the only way to accurately 
quantify blood NEFA is through 
laboratory analysis due to the absence 
of an economical, on-farm test.

Concentrations of blood NEFA 
and BHB are also known to fluctuate 
throughout the day. During the 
overnight hours when intake is generally 
low, NEFA rises. Alternatively, BHB falls 
throughout the night and steadily rises 
following feed delivery. Cells lining the 
rumen can produce BHB from volatile 
fatty acids generated from rumen 
fermentation, explaining the increase 
in BHB following feeding. Because little 
is known about how ketosis affects 
diurnal patterns of BHB and NEFA, we 
conducted a study to analyze the daily 
fluctuations in NEFA and BHB, and if 
they were affected by ketosis.

We collected blood samples every 
two hours for five consecutive days 
from 28 multiparous Holstein cows 
that were between three and nine 
days in milk. Cows were housed in a 
tiestall facility and offered free-choice 
access to water and a TMR that was 
delivered once a day at 9:00 AM. Blood 
samples were analyzed for BHB and 
NEFA and cows were classified into 
ketosis groups based on their average 
daily BHB concentration. If a cow’s 
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Circadian pattern of blood energy metabolites –  
Timing matters!
Claira Seely, Kathryn Bach, Dave Barbano, and Jessica McArt

FIGURE 1
Concentrations of BHB and NEFA from multiparous Holstein cows classified as ketotic (KET; 
average daily mean BHB ≥1.2 mmol/L for ≥3 study days, red dashed line) or non-ketotic (non-KET; 
average daily mean BHB ≥1.2 mmol/L for ≤2 study days, solid blue line). Black arrows indicate 
time of feed delivery.  
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average daily BHB was ≥1.2 mmol/L for 
≥3 study days, she was assigned to the 
ketosis group (n=13). Alternatively, if 
her average daily BHB was ≥1.2 mmol/L 
for ≤2 study days, she was assigned to 
the non-ketosis group (n=15).

We saw the lowest concentrations 
of BHB just prior to feeding, at 7:00 
AM, with a steady rise following feed 
delivery (Figure 1A). Not surprisingly, 
BHB was higher in the ketosis cows 
than the non-ketosis cows (Figure 
1B). Unlike BHB however, we saw a 
peak in NEFA just prior to feeding, at 
7:00 AM, with concentrations falling 
quickly after feed delivery (Figure 
1C). The ketosis cows had greater 
concentrations of NEFA than the non-
ketosis cows (Figure 1D).

To understand the effect of ketosis 
on the daily fluctuations of BHB and 
NEFA, we calculated the difference 
between the daily maximum and 

minimum concentrations for each 
metabolite by ketosis group. The 
ketosis cows experienced a nearly 
two-fold greater difference between 
daily maximum and minimum BHB 
concentration compared to the 
non-ketosis cows. Interestingly, the 
difference between daily maximum and 
minimum concentrations of NEFA were 
relatively similar for both the ketosis 
and non-ketosis cows.

Our study shows blood NEFA and 
BHB have consistent daily patterns. 
Time relative to feeding should be 
considered when analyzing blood 
for energy metabolites, specifically 
NEFA and BHB, as concentrations 
vary significantly throughout the 
day. Additionally, blood sampling for 
ketosis diagnosis should be performed 
at a consistent time of day to more 
accurately capture the energy status of 
early lactation cows.   ❚

Claira Seely (crs336@cornell.edu) is a 
PhD Student with the Department of 
Population Medicine and Diagnostic 
Sciences at Cornell University College 
of Veterinary Medicine.

Kathryn Bach (kbd23@cornell.edu) 
is a Postdoctoral Associate with the 
Department of Population Medicine 
and Diagnostic Sciences at Cornell 
University College of Veterinary 
Medicine. 

Dave Barbano (dmb37@cornell.edu) is a 
Professor with the Department of Food 
Science at the College of Agriculture 
and Life Sciences, Cornell University. 

Jessica McArt ( jmcart@cornell.edu) 
is an Assistant Professor with the 
Ambulatory and Production Medicine 
Clinic at Cornell University College of 
Veterinary Medicine.

Blood NEFA and BHB have consistent daily patterns. Time relative to feeding should be considered when analyzing blood for energy metabolites, 
specifically NEFA and BHB, as concentrations vary significantly throughout the day. Additionally, blood sampling for ketosis diagnosis should be 
performed at a consistent time of day to more accurately capture the energy status of early lactation cows.
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Producers want the best for each 
calf born on their farm, and feeding 
high-quality colostrum soon after birth 
in adequate amounts is key to raising 
healthy calves. Although this strategy is 
undebatable, commercial dairies utilize 
various colostrum management practices, 
making it difficult to understand which 
practices are most effective.

Our goal when feeding colostrum is to 
provide each calf with essential nutrients, 
hormones, antibodies, and growth factors 
for a healthy and productive life. In 
addition, colostrum is rich in important 
immunological factors for the newborn´s 
immune defense. Failure of transfer of 
passive immunity (FPI), defined as an 
inadequate concentration of antibodies 
(immunoglobulins) in the bloodstream at 
one to seven days of age, is one metric 
used to evaluate a colostrum feeding 
program. Failure of transfer of passive 
immunity comes at a cost due to the 
increased risk for morbidity, mortality, 
reduced rate of gain, increased culling 
rate, and lower future milk production. 
The USDA’s National Animal Health 
Monitoring System reported in 2014 that 
13.5 percent of 1,005 Holstein heifer calves 
from the eastern half of the U.S. had FPI.

Although we have a good 
understanding of the value of delivering 
colostrum to newborn calves, colostrum 
harvest, storage, and feeding practices 
vary widely on dairy farms. Given the 
variability in colostrum management 
practices used on mid- to large-size 
dairies, we currently lack evidence 
to identify best practices. Our group 
surveyed 18 New York Holstein dairy 
farms with average (range) milking 
herd size of 1,409 (540 to 4,150) cows to 
better understand current colostrum 

harvest, storage, and feeding practices. 
A questionnaire was administered in 
person to farmers who were interested in 
sharing data and providing information on 
colostrum harvest procedure, storage, and 
feeding practices.

COLOSTRUM HARVEST
We know increasing the time from 

calving to colostrum harvest has a 
negative association with quality, as 
immunoglobulin G (IgG) concentration 
decreases each hour, and drastically 
declines nine hours after calving. 
Achieving timely colostrum harvest 
may be controlled by labor, equipment, 
and parlor use on farm. The majority of 
commercial farms included in our survey 
harvest colostrum into buckets in the 
parlor (12 farms, 66.7 percent), whereas 
other locations such as the hospital 
parlor (2 farms, 11.1 percent) or maternity 
pen (4 farms, 22.2 percent) are used less 
frequently. Out of 14 farms that harvest 
colostrum in a milking parlor, nine collect 
three times per day and five collect twice 
per day, with harvest time from calving to 
first milking ranging from zero to eight 
and zero to 15 hours, respectively. Out of 
four farms that harvest colostrum in the 
maternity pen, three harvest within two 
hours of calving and one harvests once per 
day, with time from calving to colostrum 
harvest ranging from zero to 24 hours. The 
volume of colostrum harvested from each 
animal can vary between farms and over 
the course of a year. Many surveyed farms 
noted that at some point throughout the 
year it is challenging to keep adequate 
amounts of high quality colostrum 
available for their feeding program even 
though the number of calves born has 
not changed. As a part of our survey, we 

will continue to monitor participating 
farms throughout the year and evaluate 
seasonal patterns of colostrum production 
to identify possible risk factors for this 
variation in colostrum quantity and quality.

COLOSTRUM STORAGE
Two (11.1 percent) surveyed farms 

feed each calf their dam’s colostrum. 
Because not all cows produce adequate 
colostrum and some animals are not 
used as colostrum donors, it becomes 
necessary to store high-quality colostrum. 
Given its high nutritive value and risk 
for contamination, storing colostrum 
at room temperature for an extended 
period promotes bacterial growth and 
risks exposure for the calf. To mitigate 
this, two (11.1 percent) farms use pre-
cooled milking equipment to rapidly 
cool colostrum during harvest. Fourteen 
farms (77.8 percent) fill bags or containers 
first, and then store colostrum in the 
refrigerator (12 farms, 66.7 percent) or 
freezer (8 farms, 44.4 percent). Properly 
harvested colostrum with low bacterial 

RESEARCH

Survey on colostrum management 
practices in New York State
Trent Westhoff, Tom Overton, and Sabine Mann

Colostrum consumption is essential for 
transfer of passive immunity. Feed three to 
four liters of high-quality colostrum within a 
few hours of birth.
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contamination can be stored in the 
refrigerator for up to one week and in the 
freezer for up to six months. Colostrum 
stored beyond a week rapidly declines in 
quality due to increased bacterial growth. 
Producers in our survey stored colostrum 
in the refrigerator for up to 14 days, with an 
average maximum storage time of six days.

COLOSTRUM FEEDING
According to Dr. Sandra Godden, 

a veterinarian and professor at the 
University of Minnesota College of 
Veterinary Medicine, successful colostrum 
feeding can be defined by the Five Q’s: 
Quality, Quickness, Quantity, sQueaky 
clean, and Quantifying transfer of passive 
immunity. We examined each of these 
aspects in our survey:

Quality: While recent work has 
investigated other biologically relevant 
factors in colostrum, the amount of 
antibodies (particularly IgG) is still the 
gold standard to judge colostrum quality 
on farm. Refractometers are an accepted 
and practical on-farm tool to indirectly 
estimate concentration of IgG in colostrum 
and serum total protein in calves to 
determine rate of FPI. Both traditional 
handheld and digital refractometers 
are used on farms and previous studies 
have established cut-off values for Brix 
refractometer measurements that correlate 
well with sufficient IgG concentration in 
colostrum. Based on these data, 22 percent 
is commonly accepted as a minimum 
Brix percent for high-quality colostrum. 
Fourteen (77.7 percent) farms use colostrum 
Brix refractometers and five (27.8 percent) 
use refractometers to measure total 
protein in serum collected from calves 
during the first week of life. Just over 
half (10 farms, 55.6 percent) of farms 
discard colostrum for visual abnormality, 
oversupply, or not meeting farm-specific 
minimum Brix percent. Colostrum Brix 
from all animals was collected on 12 farms. 
Over a nine-day period, median colostrum 
Brix averaged 24.6 percent, with a range of 
21.5 to 26.4 percent.

Quickness: Several researchers 
have shown that delaying the first 
colostrum feeding has significant negative 
consequences on the success of transfer 
of passive immunity, even when high-

quality colostrum is fed. The first feeding 
occurs within two hours on 17 (94.4 
percent) farms and within 12 hours on 
one (5.6 percent) farm in our survey. The 
first feeding of colostrum is most often 
fed via an esophageal feeder (12 farms, 
66.7 percent), while fewer farms use a 
combination of bottle or esophageal 
feeder (4 farms, 22.2 percent), or only use 
a bottle (2 farms, 11.1 percent).

Quantity: Current recommendation is 
to feed three to four liters of high-quality 
colostrum to achieve successful transfer 
of passive immunity, as FPI is correlated 
with lower IgG intakes. Average (range) 
first feeding of colostrum on surveyed 
farms is 3.94 (three to four) quarts and 
3.70 (two to four) quarts for heifer and bull 
calves, respectively. Research has started 
to show benefits, including improved 
intestinal maturation, from extending 
colostrum or transition milk feedings 
beyond the first meal. Fourteen (77.7 
percent) and seven (38.9 percent) farms 
feed heifers and bulls an average (range) 
volume of 2.11 (two to three) quarts of 
colostrum in a second feeding.

sQueaky clean: Cleanliness 
of equipment and proper storage 
of colostrum minimizes bacterial 
contamination and allows farmers to 
manage their inventory. To decrease 
bacterial contamination, including 
infectious disease organisms that can be 
passed to the calf, heating colostrum at 
60°C for 60 minutes is recommended. 
Heat treatment is an effective way to 
lower bacterial concentration while not 
destroying all of the important antibodies 
in colostrum. Although limited work is 
available that investigates the effects of 
heat treatment on immunoglobulins and 
other colostral components, calves fed 
heat-treated colostrum have improved 
efficiency of IgG absorption. Only three 
(16.7 percent) farms in our survey use heat 
treatment of colostrum.

Quantifying transfer of passive 
immunity in calves: We collected blood 
samples from 195 Holstein heifer calves 
(one to seven days old) between November 
2019 and February 2020 once on the 18 
surveyed dairies to determine transfer of 
passive immunity status. Based on their 
serum total protein (STP) estimates by 

refractometer, the calves were placed into 
one of four categories (STP): excellent (≥ 
6.2 g/dL), good (5.8 - 6.1 g/dL), fair (5.1 - 
5.7 g/dL), or poor (< 5.1 g/dL). Transfer of 
passive immunity was considered fair or 
poor in 20.5 percent of calves (16.4 and 
4.1 percent, respectively). Excellent and 
good represented 57.4 and 22.1 percent of 
calves, respectively.

CONCLUSION
Our results show that a successful 

colostrum feeding program and 
adequate transfer of passive immunity 
can be accomplished through various 
management practices. Quantifying 
transfer of passive immunity in calves is 
one measurement that can be used to 
evaluate transfer of passive immunity 
to calves. Based on this metric, dairies 
can work with their trusted advisers to 
improve protocols for colostrum harvest, 
storage, and feeding. ❚

FUNDING ACKNOWLEDGEMENT
The presented results are preliminary 
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The most efficient way to increase 
profitability of dairy operations is to 
control costs while maximizing milk 
production. Recent research has focused 
on improving genetic potential and 
increasing feed efficiency. By contrast, 
data on the most efficient milk harvesting 
process to fully benefit from recent 
accomplishments in animal genetics 
and nutrition is scarce. Specifically, 
there is a lack of information about the 
most efficient technique of premilking 
stimulation (i.e., forestripping). 
Consequently, more and more dairy 
producers reduce or eliminate the time 
spent on forestripping in an attempt to 
increase parlor throughput.

However, optimal premilking 
stimulation is paramount to activate 
the milk-ejection reflex and harvest the 
majority of the udder’s milk volume. 
Improper premilking stimulation is 
associated with decreased milk yield and 
milk flow. Due to an inverse relationship 
between milk flow and vacuum induced 
strain, improper stimulation may 
aggravate the impact of machine milking 
on the teat tissue condition. These 
machine milking-induced teat tissue 
changes have negative health effects for 
the udder and diminish animal well-
being, which besides antimicrobial use in 
food animals, has become a major public 
concern. The effect of forestripping 
on animal well-being and milking 
performance is not clearly established, 
although knowledge about its influence 
on teat tissue condition offers unique 
opportunities to help the industry 
develop milk harvesting techniques that 
result in improved animal well-being, 
udder health, and milk production.

A team of investigators from Quality 
Milk Production Services and PRO-DAIRY 
set out to study the possible impact on 
milk production, milk flow, unit-on time, 
and teat condition when the forestripping 

step is omitted. In a randomized trial, 
130 Holstein cows milked three times 
per day were allocated into two groups. 
Premilking udder preparation for 
the treatment group consisted of: (1) 

RESEARCH

Effect of manual forestripping on teat tissue condition 
and milking performance in Holstein dairy cows milked 
three times daily
Matthias Wieland, Rob Lynch, and Daryl Nydam

FIGURE 1
Schematic outline of the treatment and control groups premilking udder preparation regimens.
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FIGURE 2
Study cows were milked in a double-10 parallel milking parlor at the Cornell Teaching Dairy 
Barn. A timer was mounted close to the milking point controller of each milking stall to ensure 
compliance with the preparation lag time.

A team of investigators from Quality Milk Production Services and PRO-DAIRY 
set out to study the possible impact on milk production, 
milk flow, unit-on time, and teat condition when the forestripping 
step is omitted. In a randomized trial, 130 Holstein cows 
milked three times per day were allocated into two groups. Premilking 
udder preparation for the treatment group consisted of: (1)
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predipping with one percent iodine, (2) 
sequential forestripping of three streams 
of milk per quarter, (3) wiping of teats, 
and (4) attachment of the milking unit. 
Premilking udder preparation for the 
control group was identical except that 
the forestripping step was omitted. The 
mean tactile stimulation durations were 
16 seconds and seven seconds for the 
treatment and control group, respectively 
(Figures 1 and 2). The time spent from 
first tactile stimulus (either forestripping 
or wiping of teats) to milking unit 
attachment was kept consistent at 90 
seconds for both groups. After seven 
days, treatments were switched to 
increase the statistical power of the 
study. Data on two-minute milk yield 
(lbs/milking session), unit on time (s/
milking session), time spent in low (< 
2.2 lb/min) milk flow rate (s/milking 

session), and milk yield (lbs/milking 
session) were obtained with electronic 
on-farm milk meters. The occurrence 
or nonoccurrence of machine milking-
induced teat tissue changes were 
assessed by visual and tactile inspection. 
We used generalized linear mixed models 
to study the effect of treatment on the 
outcome variables of interest.

The results for the milking 
characteristics are summarized in 
Figure 3. We found that cows that were 
forestripped had higher two-minute milk 
yield (13.4 versus 12.3 lbs). The effect 
of treatment on milking unit on time 
was modified by parity, such that first-
lactation animals had 15 seconds shorter 
milking unit on time when they received 
forestripping; whereas no meaningful 
differences between treatments were 
observed for cows in second and third 

or greater lactation. There was an 
interaction between treatment and 
milk yield for the outcome variable time 
spent in low milk flow rate such that 
the differences between treatments 
increased with decreasing milk yield. 
For example, time spent in low milk flow 
rate for cows that were forestripped and 
received no forestripping, respectively, 
were 18 and 24 seconds for a milk yield of 
22 lbs; and 13 and 15 seconds for a milk 
yield of 33 lbs. By contrast, differences 
in milk yield were not detected between 
the two treatments. The odds of teat 
tissue changes were lower for cows that 
received forestripping compared with 
those that were not forestripped [odds 
ratio (95 percent confidence interval) 
= 0.31 (0.22-0.42)]. We conclude that 
mere wiping of teats with a cloth towel 
for approximately seven seconds during 
premilking udder preparation does not 
provide sufficient tactile stimulation to 
elicit the cows’ maximum physiological 
milk ejection capacity as compared to 
16 seconds of stimulation that includes 
forestripping. This can aggravate the 
negative effects of mechanical forces on 
the teat tissue during machine milking, 
diminish animal well-being, and possibly 
impact udder health. Despite the lack of 
a positive effect on milk production, we 
therefore recommend a milking routine 
that includes forestripping. ❚

Matthias Wieland, D.V.M., (mjw248@
cornell.edu) is an Extension Associate 
with the Department of Population 
Medicine and Diagnostic Sciences, Cornell 
University College of Veterinary Medicine.

Rob Lynch, D.V.M., (rlynch@cornell.edu) 
is a Dairy Herd Health and Management 
Specialist with Cornell CALS PRO-DAIRY.

Daryl Nydam, D.V.M., (dvn2@cornell.
edu) is Faculty Director for the Atkinson 
Center for Sustainability, Department of 
Population Medicine and Diagnostics, 
Cornell University.

FIGURE 3

Least squares means from general linear mixed models show the effect of two different premilking stimulation 
regimens on milk yield (A), two minute milk yield (B), milking unit-on time (C), and time spent in low milk flow rate (D). 
C: P-values for the effect of treatment between cows of different parity groups derived from Tukey-Kramer’s post hoc 
test. D: Least squares means showing the interaction between treatment and milk yield calculated for the lower (22 
lbs) and upper (33 lbs) quartiles. Error bars represent 95 percent confidence intervals. A P-value ≥ 0.05 suggests that 
differences between groups are likely due to chance.
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Enhancing the fat content of 
lactation diets is a convenient means 
to raise dietary energy-density and 
intake, which in turn helps support 
the heightened energy demands of 
modern high-producing dairy cows. 
Fat-feeding is a useful strategy to limit 
excessive feeding of highly fermentable 
carbohydrates (i.e., high-starch feeds), 
thus reducing the risk of sub-acute 
acidosis and milk fat depression 
(MFD). Although fat feeding can be 
advantageous for the above-mentioned 
reasons, its use in lactation diets is 
constrained by adverse effects on dry 
matter intake at high feeding levels 
(≥7 percent of ration dry matter), 
limits associated with feeding rumen-
degradable unsaturated fat (i.e., oils 
that contribute to MFD), and cost 
of commercial fats. Producers and 
nutritionists need to carefully consider 
the type, composition, and feeding 
level of fat to leverage the advantages 
of this source of dietary energy, while 
maximizing their cost-effectiveness in 
changing market conditions.

While typical diets for cows may 
contain two to four percent crude fat, 
high-energy diets for early lactation 
cows may contain four to seven 
percent crude fat on a dry matter 
basis. However, the use of “crude” fat 
is of limited interest from a nutritional 
perspective. Similar to protein 
nutrition, where the interest is centered 
on amino acid supply, fat nutrition 
ought to be focused on fatty acid (FA) 
supply. We now know that different FA 
can uniquely modulate cow metabolism; 
energy partitioning towards growth or 
lactation, fertility, and health. In this 
context, the so-called FA composition 
of fat supplements and the total mixed 
ration is an important consideration 

when making dietary decisions for fresh 
cow diets.

We can’t forget that forages and 
cereal grains provide some FA to the 
cow. These natural fats may contribute 
to two to three percent of ration 
dry matter. The addition of natural-
added fats should then be considered. 
These include oilseeds such as canola, 
cottonseed, or flaxseed; however, 
these sources can be very high in 
unsaturated FA (e.g., oleic [C18:1], 
linoleic [C18:2; an omega-6 FA], and 
linolenic acids [C18:3; an omega-3 
FA], respectively) that may potentially 
compromise fiber digestibility. Whole 
cottonseed is an unsaturated FA 
source but also provides protein 
and neutral detergent fiber. Whole 
soybeans are high in unsaturated fat 
and protein. If storage and handling 

can be managed, rendered animal fats 
are an alternative feed source rich 
in saturated FA. Regardless, farmers 
may be limited to feeding one to two 
percent natural-added fats to limit the 
rumen unsaturated FA load (RUFAL; 
the sum of C18:1, C18:2, and C18:3) and 
shifts in rumen bacteria populations to 
maintain balanced rumen fermentation 
and fiber digestion. To overcome 
this limitation, commercial fats are a 
go-to source. Because they are often 
highly saturated, including palmitic 
and stearic acids (C16:0 and C18:0, 
respectively), they are generally 
accepted as “rumen inert”. These FA are 
commonly palm distillates, which can 
positively impact milk fat secretion and 
fiber digestion. They may contain some 
oleic acid; however, the post-ruminal 
supply of rumen biohydrogenation 

RESEARCH

Fatty acid feeding for fresh cows
Joe McFadden and J. Eduardo Rico

Fat
source

Palmitic 
C16:0

Stearic 
C18:0

Oleic 
C18:1

Linoleic 
C18:2

Linoleic 
C18:3

EPA+ DHA# 
C22:6

Algal 24 1 – – – 15 40

Canola 5 2 61 21 10 – –

Coconut* 9 2 6 2 – – –

Corn 12 2 27 57 1 – –

Cottonseed 25 2 21 52 – – –

Fish 18 5 17 4 1 8 12

Flax 7 4 19 15 54 – –

Palm 45 5 40 8 1 – –

Soybean 11 5 22 54 6 – –

Sunflower 7 3 24 62 1 – –

Tallow 27 24 38 3 – – –

TABLE 1 
Example fatty acid profiles of natural fats and oils

*Although an uncommon feed ingredient, coconut oil is uniquely composed of >80 percent saturated medium-chain 
(C8:0-C14:0) FA.
+Eicosapentaenoic acid
#Docosahexaenoic acid

can be managed, rendered animal fats are an alternative 
feed source rich in saturated FA. Regardless, 
farmers may be limited to feeding one to two 
percent natural-added fats to limit the rumen unsaturated 
FA load (RUFAL; the sum of C18:1, C18:2, 
and C18:3) and shifts in rumen bacteria populations 
to maintain balanced rumen fermentation and 
fiber digestion. To overcome this limitation, commercial 
fats are a go-to source. Because they are 
often highly saturated, including palmitic and stearic 
acids (C16:0 and C18:0, respectively), they are 
generally accepted as “rumen inert”. These FA are 
commonly palm distillates, which can positively impact 
milk fat secretion and fiber digestion. They may 
contain some oleic acid; however, the post-ruminal 
supply of rumen biohydrogenation intermediates 
is less of a concern for MFD. Calcium salts 
of FA (e.g., palm or fish oil) are supplements that 
may increase the post-ruminal delivery of unsaturated 
FA. This can include omega-3 FA like linolenic 
acid and docosahexaenoic acid (C22:6; an omega-3 
FA) for fresh cows.
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intermediates is less of a concern for 
MFD. Calcium salts of FA (e.g., palm 
or fish oil) are supplements that may 
increase the post-ruminal delivery 
of unsaturated FA. This can include 
omega-3 FA like linolenic acid and 
docosahexaenoic acid (C22:6; an 
omega-3 FA) for fresh cows.

Another key consideration for the 
evaluation of fat supplements is FA 
digestibility. Digestibility of FA is a 
measure of the amount of FA that will 
be available to the cow for absorption, 
which constitutes a metric for the 
evaluation of fat supplements. From 
the perspective of fat supplement 
quality, three general factors are often 
considered: physical form, chemical 
form, and FA profile. Physical 
characteristics of the fat product, 
such as prill size, may vary depending 

on the manufacturer, and may be 
important to consider because 
smaller particles are less digestible 
than larger particles. Chemical 
characteristics commonly refer to 
whether the product FA are calcium 
salts, esterified to triglyceride, or 
remain nonesterified. Although 
studies are limited, saturated FA in 
the triglyceride form appear to be 
less digestible than their free FA 
counterparts. The FA profile of the 
supplement also dictates the degree 
of digestibility that can be attained. 
Two general rules are considered: 1) 
unsaturated FA are more digestible 
than saturated FA (e.g., C18:0 is less 
digestible than C18:1), and 2) FA 
digestibility is reduced as the carbon 
chain length increases (i.e., C18:0 
is often less digestible than C16:0). 

Our investigative group at Cornell is 
actively studying dietary approaches 
to enhance saturated FA digestibility. 
Attention has centered on the role of 
phospholipids, a natural emulsifier 
that is found in bile, but available 
as crude or deoiled lecithin or 
lysolecithin.

Once absorbed, FA serve different 
purposes, which are influenced by 
the chemical composition of the 
FA. For example, palmitic acid can 
be preferentially incorporated into 
milk fat, consistent with research 
showing increased milk fat content 
and yield, as well as increased fat-
corrected milk. Palmitic acid feeding 
also enhances energy partitioning 
towards milk production, and away 
from body fat reserves. In fresh 
cows, palmitic acid feeding has 
accelerated body condition loss. At 
Cornell, we hypothesize that palmitic 
acid decreases insulin sensitivity in 
adipose tissue to enhance lipolysis 
and partition glucose towards the 
mammary gland for lactose synthesis. 
In contrast, increased availability of 
monounsaturated oleic acid seems to 
increase the incorporation of FA into 
body fat reserves and less energy is 
diverted towards milk synthesis. These 
findings from Michigan State University 
were supported by recent work that 
oleic acid acts as an insulin sensitizer 
in postpartum bovine fat tissue. The 
current thought is to feed commercial 
fats with some oleic acid in fresh cows. 
Such an approach favors increased FA 
digestibility and maintenance of body 
condition; however, this may be at the 
cost of milk production. Cows fed high 
palmitic acid that maintain high milk 
production, health, and fertility may not 
require a substitution with oleic acid.

Omega-3 FA like C18:3 and C22:6 
are anti-inflammatory compounds 

Continued on page 12

Commercial 
product

Palmitic 
C16:0

Stearic 
C18:0

Oleic 
C18:1

Linoleic 
C18:2

Linoleic 
C18:3

EPA 

C20:5
DHA 

C22:6

BergaFat F100 
Classic

72 7 12 – – – –

BergaFat F100 
HP

99 – – – – – –

EnerG-3+ 59 – 25 – – 3.2 –

EnerG-II+ 50 4 35 8 – – –

Energy 
Booster 100

36 47 6 1 – – –

Energy 
Booster hP

65 12 8 – – – –

Enertia+ 44 5 40 9 – – –

Mega-Flax+ 26 4 26 12 32 – –

Megalac+ 46 4 39 9 – – –

Palmit 80 85 4 8 <3 – – –

Palmit 98 98 – – – – – –

Prequel+ 15 5 25 50 <1 – –

Strata+ 33 15 25 5 2 16 –

TABLE 2 
Example fatty acid profiles of some commercial fats*

*The FA profile of commercial fat supplements can be variable and should be confirmed with individual 
manufacturers. Total fat content also varies.
+Calcium salts of fatty acids. Commonly known as a “rumen bypass” technology, it is based on the observation 
that calcium can form insoluble complexes with FA, thus rendering them “rumen-inert”. This technology provides 
partial protection but can be a means to prevent the negative effects of polyunsaturated FA on bacteria and milk fat 
production.
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The American dairy industry has the 
challenge to supply consumers with 
accessible, affordable, and nutritious 
milk. To meet the growing demand 
for dairy over the last century, the 
industry has made long strides to 
improve the efficiency of growth and 
milk production (i.e., increased body 
weight gain and milk produced per 
unit of feed consumed). Advancements 
in genetic selection, nutrition and 
management have elevated productive 
performance per animal, and reduced 
animal waste, water and land use, 
and carbon footprint per unit of milk. 
However, a daunting threat to dairy 
productivity moving forward is climate 
change. Science has demonstrated that 
our climate has changed over the past 
century. Therefore, it is reasonable to 
expect that our climate will continue 
to change in the future and the dairy 
industry will adapt.

Current scientific consensus is that 
our planet is warming with estimates 
ranging between two and 10°F over 
the course of the next century. In New 
York, average annual temperatures 
have continually increased each 
decade over the past 100 years and are 
projected to increase further by the 
2050s. New York dairy farmers may 
expect the annual number of days over 
90°F to increase three to four-fold 
by 2050. Other top dairy-producing 
states such as California, Wisconsin, 
and Pennsylvania are also likely to 
experience similar temperature 
trends, and dairy cattle in every state 
within the contiguous U.S. will be 
prone to heat stress.

Heat stress in dairy cattle is 
characterized by an increase in body 
temperature that causes a loss in milk 
production or growth (maternal or 
fetal). The heat-stressed cow or calf 

decreases feed intake and physical 
activity, and increases respiration 
rate, sweating, and panting to cope. 
Modern high-producing Holstein 
cows, given their higher metabolic 
heat output, are highly sensitive to 
heat stress. As milk yield continues to 
increase thanks to improvements in 
nutrition, management and genetics, 
the susceptibility of high-producing 
cows to heat stress will rise. Without 
heat abatement, heat stress-related 
milk yield losses (kg/cow/year) 
are estimated to be 139, 293, 729, 
and 1,803 in New York, California, 
Arizona, and Florida, respectively. 
Calves are at a slight advantage to 
manage increases in heat load as 
compared to mature cows because 
of their lower heat production per 
unit of surface area. However, high 
ambient temperatures still adversely 
impact growth performance (i.e., 

Fatty acid feeding for fresh cows, 
 cont’d from page 11
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that likely enhance insulin sensitivity. 
Although data is limited in dairy 
cows, these FA (that escape rumen 
biohydrogenation) likely have strong 
potential to minimize body fat loss, 
enhance hepatic health, prevent 
inflammation, and reduce the incidence 
of postpartum disease. However, we 
should be careful, because cows with a 
high genetic merit for milk production 
innately mobilize body fat to support 
lactation. Dietary approaches that 
enhance endogenous omega-3 FA 

supply should be considered as an 
approach to enhance herd health in 
situations where disease and infertility 
are current challenges to achieve 
high milk production. The McFadden 
lab is studying dietary approaches to 
enhance the post-ruminal delivery of 
omega-3 FA using various forms of 
protection. In addition, our research 
group is considering the possibility 
that omega-3 FA feeding enhances the 
efficacy of rumen-protected methyl 
donors (e.g., methionine or choline) 
to maximize hepatic methylation, 
phosphatidylcholine synthesis, 
and the removal of triglyceride in 
fresh cows. We are considering this 
possibility because the transition cow 
often experiences a decrease in the 
proportion of polyunsaturated FA, 
relative to total FA supply.

In conclusion, dietary fats provide FA 
of varying composition to the fresh cow. 
These FA can vary in dietary amount, 
susceptibility to biohydrogenation, 
digestibility, metabolic utilization, and 
bioactive properties (i.e., not all FA are 
created equal). Future research is likely 
to identify feeding recommendations 
for specific FA or ratios of FA in fresh 
cow diets that optimize health and milk 
production.  ❚

Joseph W. McFadden (McFadden@
cornell.edu) is an Associate Professor 
of Dairy Cattle Biology and Northeast 
Agribusiness and Feed Alliance Faculty 
Fellow at Cornell University.

J. Eduardo Rico ( jer358@cornell.edu) 
is a Postdoctoral Research Associate at 
Cornell University.

Help dairy cows beat the heat:  
Diet matters
Joe McFadden and Ananda Fontoura

Heat stress in dairy cattle is characterized by an increase 
in body temperature that causes a loss in milk 
production or growth (maternal or fetal). The heat-stressed 
cow or calf decreases feed intake and 
physical activity, and increases respiration rate, sweating, 
and panting to cope. Modern high-producing 
Holstein cows, given their higher metabolic 
heat output, are highly sensitive to heat stress. 
As milk yield continues to increase thanks to improvements 
in nutrition, management and genetics, 
the susceptibility of high-producing cows to 
heat stress will rise. Without heat abatement, heat 
stress-related milk yield losses (kg/cow/year) are 
estimated to be 139, 293, 729, and 1,803 in New 
York, California, Arizona, and Florida, respectively. 
Calves are at a slight advantage to manage 
increases in heat load as compared to mature 
cows because of their lower heat production per 
unit of surface area. However, high ambient temperatures 
still adversely impact growth performance 
(i.e.,
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Continued on page 14

lower average daily gain and weaning 
body weight) and increased mortality 
rate. Heat abatement by providing 
shade, fans, sprinklers, and misters 
are approaches to enhance heat 
stress resilience in dairy cattle. 
These practices are common but only 
partially reduce the effects of heat 
stress. They may also demand water 
and perhaps natural fossil fuels to 
operate. Genetic selection for heat 
resilience (i.e., slick hair gene) from 
Senepol cattle enhances resilience, 
but milk production potential may be 
impacted.

Current research indicates that 
the heat-stressed animal experiences 
modifications in gastrointestinal 
health and post-absorptive 
metabolism. As means of improving 
body cooling, animals shunt blood 

supply from intestines towards the 
skin. This weakens the protective 
barrier of intestinal cells, and bacteria 
and endotoxin enter blood circulation. 
This syndrome called “leaky gut” 
causes systemic inflammation and 
induces immune system activation. 
This comes with an energetic cost to 
a lactating dairy cow, as it redirects 
glucose utilization away from 
milk synthesis to support immune 
cells energy to fight the infection. 
Additionally, body fat mass is retained 
and skeletal muscle breakdown 
accelerates. Thus, dietary approaches 
that enhance gut health, protect the 
intestinal barrier, and restore nutrient 
partitioning towards lean mass 
accretion and milk production should 
be considered to enhance heat stress 
resilience in dairy cattle.

WHAT TO FEED HEAT-
STRESSED DAIRY CATTLE?

• Dietary fiber (i.e., NDF) has a 
greater heat increment of production 
associated with acetate formation in 
the rumen as opposed to propionate 
formation from concentrate diets. 
Feeding a higher quality (i.e., lower 
uNDF 240) and easily digestible forage 
is preferred because it lowers the heat 
increment and increases the energy 
value for the cow.

• Increasing the energy density 
of diets is important to consider 
because heat stress lowers feed 
intake. Added natural and commercial 
fats are excellent sources of energy 
with a high efficiency of utilization 
and low heat increment. However, 
feeding less than six percent fat on 
a dry matter basis and ensuring that 
commercial unsaturated fats are 
protected (e.g., calcium salts or mixed 
prills) is important to maximize feed 
intake and fatty acid digestibility, and 
to limit adverse effects on rumen 
biohydrogenation of unsaturated fats 
and milk fat synthesis. More research 
is needed to better understand the 
effects of individual fatty acids in heat-
stressed cattle.

• In addition to supporting milk 
protein synthesis, diets high in 
metabolizable methionine (perhaps 
from rumen-protected methionine 
supplementation) is a potential 
approach to reduce inflammation and 
oxidative stress in lactating dairy cows. 
This is important to consider because 
these conditions occur in heat-
stressed cattle.

• Betaine is a methyl donor and 
osmolyte that may enhance fiber 
digestibility and gut barrier integrity. 
This may translate into improved 
rumen fermentation activity and gains 
in nutrient absorption. These outcomes 

FIGURE 1

Effects of heat stress and dietary organic acid and plant botanical (OA/PB) supplementation on starter intake of 
weaned Holstein calves. Bull and heifer calves were randomly assigned (n=12-13/group) during the first week of life; 
unsupplemented heat stress conditions, OA/PB supplemented heat stress conditions (75 mg/kg of body weight; 
AviPlus R®; Vetagro, Italy) unsupplemented thermo-neutral conditions. BL: baseline starter intake.
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Next-generation whole-farm dairy sustainability 
analysis: The Ruminant Farm Systems Model
Kristan Reed, Victor Cabrera, Ermias Kebreab, Kevin Panke-Buisse, Greg Thoma, Juan Tricarico, and Peter Vadas 

Understanding and awareness of 
how agricultural practices impact 
our environment, natural resource 
use, and climate is growing. Over 
the past decades, dairy farmers have 
made significant advances that have 
substantially increased efficiencies 
of production and have reduced 
environmental impacts per unit of 
milk produced. However, consumers, 
policymakers, and members of 
communities with dairy farms are 
still concerned about the impacts 
and long-term sustainability of dairy 
production, and there are calls for 

further improvement in management and 
industry standards. The dairy industry is 
responding by supporting research and 
development of innovative practices on 
issues like enteric methane emissions, 
adopting practices with known positive 
outcomes like cover-cropping, and 
adhering to nutrient management 
requirements set by state regulators. 
However, the combined impact of 
changes to management practices on key 
metrics like total greenhouse gas (GHG) 
emissions or phosphorus runoff must 
be quantified and tracked to know if 
progress is being made, especially at the 

whole-farm scale. Doing this by physical 
monitoring on thousands of commercial 
dairy farms is far too expensive and time 
consuming to be feasible, so computer 
models become essential tools to provide 
a way to produce credible estimates of 
the desired sustainability metrics. 

Few dairy farm models exist that 
can simulate and evaluate the many 
operations and practices that occur 
on a farm or different farm types, 
such as grazing or confinement-based 
operations. Models that do exist vary 
widely in their approach (i.e., empirical 
versus process-based representation), 

are potential reasons why betaine feeding 
is shown to increase milk production in 
cows during extreme heat.

• Vitamin (i.e., A, C, E) and mineral 
(i.e., magnesium, potassium, selenium, 
sodium, zinc) nutrition is considered 
due to their anti-oxidative capacities, 
which can bolster immunity and health 
of heat-stressed animals. Protected B 
vitamins such as biotin (B8), cobalamin 
(B12), riboflavin (B2), and pantothenic 
acid (B5) support hepatic glucose 
production and endogenous nutrient 
utilization. Dietary rumen-protected 
niacin (vitamin B3) supplementation is 
also a promising approach to enhance 
thermotolerance in cows. The reason 
for increased milk production with 
niacin feeding is likely due to the 
ability of the nutrient to enhance skin 
vascularity and sweating rate.

• For calves, nutritional therapy 
must start in the uterus. Studies 
show that keeping cows cool during 
the dry period is key to enhance fetal 
growth, colostrum quality (i.e., IgG 
concentration), and passive immunity 
transfer. In the pre-weaning phase, 
a common practice is to increase 
milk or milk replacer feeding to 
compensate for reductions in starter 
intake caused by heat stress.

• Post-weaning, dietary organic 
acid and plant botanical (OA/PB) 
supplementation may be beneficial. 
At Cornell University, our research 
team investigated the effects of 
rumen-protected OA/PB (25 percent 
citric acid, 17 percent sorbic acid, 
1.7 percent thymol, and 1 percent 
vanillin; AviPlus R®, Vetagro, Inc.; 75 
mg/kg of body weight/d) in starter 
diets of heat-stressed Holstein bull 
and heifer calves. In pigs, dietary 
OA/PB feeding has intestinal healing 
properties and accelerates growth. In 
our study, post-weaned calves that 
developed heat stress experienced 
decreases in energy intake, average 
daily gain, and hot carcass weight. 

Feed intake (Figure 1), average 
daily gain, and hot carcass weight 
was partially restored when calves 
were fed OA/PB. We are currently 
determining whether OA/PB feeding 
enhanced rumen fermentation and 
maintained a healthy intestinal 
microbiome to support heat stress 
resilience.

Although our ability to accurately 
predict the degree of climate change 
will be tested, heat stress is an 
industry challenge. A combination 
of heat abatement and sound dairy 
nutrition can work in unison to help 
dairy cattle cope with extreme heat 
without compromising health or 
performance.  ❚

Joseph W. McFadden (McFadden@
cornell.edu) is an Associate Professor 
of Dairy Cattle Biology and Northeast 
Agribusiness and Feed Alliance 
Faculty Fellow at Cornell University. 

Ananda Fontoura (abf63@cornell.
edu) is a Foundation for Food and 
Agriculture Research Vetagro 
Doctoral Fellow at Cornell University.

further improvement in management and industry standards. 
The dairy industry is responding by supporting 
research and development of innovative practices 
on issues like enteric methane emissions, adopting 
practices with known positive outcomes like cover-cropping, 
and adhering to nutrient management 
requirements set by state regulators. However, 
the combined impact of changes to management 
practices on key metrics like total greenhouse 
gas (GHG) emissions or phosphorus runoff 
must be quantified and tracked to know if progress 
is being made, especially at the whole-farm scale. 
Doing this by physical monitoring on thousands 
of commercial dairy farms is far too expensive 
and time consuming to be feasible, so computer 
models become essential tools to provide a 
way to produce credible estimates of the desired sustainability 
metrics.
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SYSTEM BALANCE

ANIMAL
MANURE

SOIL + CROPS

STORAGE

ENERGY

WEATHER FARM & SOIL

SCALED USAGE ANALYSIS

ENVIRONMENTAL 
IMPACT

ECONOMICS

Initial 
Variables

Summarize

PROCESSES 
• Ration Formation
• Herd Dynamics
• Production

PROCESSES 
• Water Cycle
• Erosion
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resource use, GHG emissions, and costs of production 
based on biophysical modules
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the types and number of sustainability 
metrics estimated, and the number of 
management practices represented as 
was reported in a symposium review 
“Modeling greenhouse gas emissions 
from dairy farms” in the Journal of 
Dairy Science in 2017. In our review of 
existing models, we found that they 
were also difficult to adapt to represent 
advances in management and science. 
For example, most existing models 
have rigid herd and ration formulation 
structures that prevent the user from 
representing changes in reproduction, 
diet formulation, or feed efficiency. 
To overcome these limitations, we 
are building a next-generation dairy 
systems simulation model that has the 
flexibility to represent the diversity of 
management practices on U.S. dairies 
and is adaptable to our continually 
growing knowledge of dairy systems. 
Our Ruminant Farm Systems (RuFaS) 
model published in 2019 in Animal 
Frontiers combines knowledge of 
management, soils, crops, animal 
nutrition and husbandry, and weather 
to predict farm productivity, nutrient 
cycling and loss, energy and water use, 
GHG emissions, and production costs. 
By predicting both production and 
environmental impact under diverse 
management and climate conditions, 
RuFaS provides a platform to assess 
whole system impacts of management 
strategies and new technologies under 
current and future climate conditions. 

The core of RuFaS uses four 
biophysical modules that simulate inputs, 
transformations, losses, and outputs of 
nutrients (N,P,K), carbon, and water in 
the main parts of a dairy farm: animal 
and housing, manure, crop and soil, and 
feed storage. System balance modules 
summarize management and nutrient 
information to provide estimates of farm 
economics, environmental impact, and 
energy balances. The modular structure 
of RuFaS is designed to increase model 
flexibility and adaptability so that new 
modules can be provided as simulation 
options or to replace or modernize 
outdated parts of the model with minimal 
impact on the rest of the model – like 
putting in a new alternator when the old 
one starts to fail or putting on your snow 
tires for winter; it’s a small change that 
doesn’t require much work but can make 
a big difference in performance.

Other important structures in RuFaS 
increase its flexibility to simulate a wide 
variety of management practices. For 
example, the animal module simulates 
individual animals rather than groups of 
animals represented by an average value. 
This lets RuFaS simulate any possible 
herd or grouping structure and allows 
us to estimate potential efficiency gains 
of management practices like nutritional 
grouping. Similarly, the crop and soil 
module can simulate any number of fields 
with different soil and crop rotations, if 
desired. This built in flexibility provides 
the option to increase the amount of 

detail provided to more closely represent 
the management strategy or farm 
environment. 

We are rapidly developing RuFaS 
as a team of animal scientists, 
agronomists, soil scientists, 
microbiologists, engineers, and 
computer programmers at Cornell, 
University of Wisconsin-Madison, 
University of Arkansas, UC Davis, 
and the USDA Agricultural Research 
Service. We aim to have version one 
published in the Fall of 2021. RuFaS 
will be an open-source model that will 
allow scientists to simulate whole-farm 
environmental and economic impacts 
of  new technology and management 
practices to help answer the pressing 
questions of many customers and 
stakeholders about the sustainability of 
dairy production. ❚

Kristan Reed (kfr3@cornell.edu) is 
an Assistant Professor at Cornell 
University. 

Victor Cabrera (vcabrera@wisc.edu) is a 
Professor at University of Wisconsin,
Madison.

 Ermias Kebreab (ekebreab@ucdavis.
edu) is Professor at University of 
California, Davis.

 Kevin Panke-Buisse (kevin.panke-
buisse@usda.gov) is a Research 
Microbiologist at US Dairy Forage 
Research Center, USDA-ARS.

 Greg Thoma (gthoma@uark.edu) is a 
Professor at University of Arkansas.

 Juan Tricarico (Juan.Tricarico@dairy.
org) is a Vice President of Sustainability 
Research at US Center for Dairy 
Innovation. 

Peter Vadas (peter.vadas@usda.gov) is a 
National Program Leader for Land and 
Air at USDA-ARS.
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Initial Variables 

PROCESSES: Ration 
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Herd 
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Summarize resource use, GHG emissions, and 
costs of production based on biophysical 
modules 

PROCESSES: GHG 
Emissions, 
C Sequestration, 
Air 
Quality, Water 
Use and 
Quality

We are rapidly developing RuFaS as a team of animal 
scientists, agronomists, soil scientists, microbiologists, 
engineers, and computer programmers 
at Cornell, University of Wisconsin-Madison, 
University of Arkansas, UC Davis, 
and the USDA Agricultural Research Service. 
We aim to have version one published in 
the Fall of 2021. RuFaS will be an open-source 
model that will allow scientists to simulate 
whole-farm environmental and economic 
impacts of  new technology and management 
practices to help answer the pressing 
questions of many customers and stakeholders 
about the sustainability of dairy production. 
❚ 
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Experience the difference teamwork can make.

It's time to pull together for greater 
feed efficiency.

UNLIKE YEAST-ONLY PRODUCTS or DFMs, Dairyman’s 
Edge” PRO contains four key ingredients 
- live yeast, yeast culture, live bacterial 
cultures, and exogenous enzymes — that 
work as a team to support rumen health and efficiency. 
The result is maintained milk production 
and components, even with variable feed 
quality and other stressors. Get more bang from 
your feed buck with Dairyman’s Edge PRO!

Contact your Papillon Agricultural Company representative 
today or call (800) 888-5688.

Learn more at papillon-ag.com
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