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Ruminant Fatty Acid Production with Pastured Livestock 
Session 

Three papers were given at this session to show how pasture-fed cattle milk and meat 
products can have their fatty acid composition impacted by how long they are on pasture 
and the type of pasture that they are on. One of the most significant benefits is the reduc-
tion of the omega-6 to omega-3 ratio. Americans tend to eat a diet with this ratio well 
above the recommended level for cardiovascular healthfulness of 4.0 or less. In the feed-
ing trials they cite, the ratio for pasture-fed/finished meat/milk products is below 4.0. This 
can be readily seen in Figure 1 of the first paper as affected by dairy cattle breed. 
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Improving Milk and Forage Fatty Acids in Pasture-Based Dairies 

Ms. Melissa Bainbridge and Mr. Caleb P. Goossen 

University of Vermont, Burlington 

Introduction 

Consumer awareness of the link between dietary fats and health outcomes has led to 
increased de-mand for food products enriched with bioactive fatty acids (FA). This de-
mand for foods with add-ed nutritional value is re-flected by the 25% in-crease in sales of 
organic whole-milk from 2014 to 2015, in comparison to a <1% increase for low-fat and 
fat-free versions (Maltby, 2016). Milk fat contains more than 400 different FA (Jensen, 
2002), many of which possess bio-activity beyond that of providing nutritional value and 

are termed bioactive FA 
(Kris-Etherton et al., 
2004). Bioactive FA in 
dairy products, such as 
alpha-linolenic acid (ALA; 
18:3 c9, c12, c15 omega-
3), conjugated linoleic 
acids (CLA), and vaccenic 
acid (VA; 18:1 t11), are 
typically present in low 
percentages in milk 
(<5%), but may have 
beneficial effects on hu-
man health (Parodi, 
1997). CLA have been 
shown to have anti-
carcinogenic effects in 

animal models (Moon, 2014), and research suggests VA can reduce tumor growth and 
the risk of cardiovascular diseases (CVD) (Field et al., 2009), while omega-3 (n-3) FA 
have demonstrated protective effects against inflammation (Zhao et al., 2004), neuro-
logical disorders (Pan et al., 2012), and CVD (Fleming and Kris-Etherton, 2014). This is 
supported by several observational studies and diet-intervention trials that asso-ciated 
milk consumption with a lower risk for CVD and type 2 diabetes (Rice et al., 2013; Vatten 
et al., 2013). Increasing the content of bioactive FA in dairy products offers an opportunity 
for dairy producers to increase their income by marketing dairy products with added 
nutritional value (i.e., functional foods). 

  
Strategies to improve the bioactive FA content of milk 
 
There are several factors that affect the FA composition of milk fat, such as breed, lacta-
tion stage, season, and diet. Our research has evaluated the milk FA composition of 
seven Holstein, eight Jerseys, and seven Holstein x Jersey crossbreeds across a lacta-
tion and demonstrated that Holsteins produce milk with higher proportions of bioactive FA 
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when compared to Jerseys and Holstein x Jersey crossbreeds (Figure 1) (Bainbridge et 
al., 2016). Other research has corroborated this observation, showing milk fat from Jersey 
cows has a higher content of saturated FA (SFA) and a lower content of CLA (Kelsey et 
al., 2003). This has been shown to be an effect of the differing mammary enzyme expres-
sion of delta-9 desaturase, which converts VA to CLA, between these two breeds (Kelsey 
et al., 2003). 
 
Diet is the most prominent factor to affect milk FA composition. However, there are sever-
al challenges in increasing the content of bioactive FA in milk through dietary modifica-
tions. In ruminants, dietary FA are first subject to microbial digestion in the rumen, result-
ing in a vastly different profile between dietary FA and FA to be incorporated into milk 
(Pappritz et al., 2011). The FA composition of forages is highly unsaturated, with most of 
forage FA being polyunsaturated FA (PUFA) (Glasser et al., 2013), yet milk fat is com-
prised of predominantly SFA. This is a result of the biohydrogenation mechanisms bac-
teria have developed to mitigate the bacteriostatic effects (kept from reproducing) of 
PUFA in the rumen (Jenkins et al., 2008).  Biohydrogenation is the action of adding hydro-
gens to double bonds, ultimately leading to a saturated FA product, this process is rapid 
and extensive often exceeding a rate of 85% (Jenkins et al., 2008). Yet, incomplete bio-
hydrogenation does allow for accumulation and escape of biohydrogenation intermedi-
ates from the rumen. Thus, biohydrogenation of dietary FA by rumen bacteria is both the 
origin of unique rumen-derived bioactive FA (e.g., VA and CLA) and the cause of the low 
content of PUFA in milk fat. 
 
Nonetheless, a strong positive correlation exists between the content of ALA in animal 
diet and the content of CLA and ALA in milk fat. Organic dairy products have been shown 
to contain higher proportions of bioactive FA (Benbrook et al., 2013; Schwendel et al., 
2015) because organic dairy producers are required to have 30% of their cows’ dry matter 
intake come from pasture for a 120-day grazing season (U.S. Department of Agriculture, 
2010). The attribution of this effect to pasture feeding, and not organic status was recently 
supported by research of Schwendel et al. (2017). 
 
While the inclusion of fresh forage in the diet of dairy cows leads to an improved milk FA 
profile, not all forage species affect the milk FA profile in the same way. Turner et al. ob-
served a higher content of n-3 FA in milk when cows grazed birdsfoot trefoil (Lotus 
corniculatus L.) in comparison to ryegrass (Lolium sp. L.; Turner et al., 2005), and Soder 
et al. demonstrated an increased content of CLA in milk with additional forage species in 
the pasture (3, 6, and 9 species mixtures vs. 2 species mix) (Soder et al., 2006). Bain-
bridge et al. evaluated a summer annual species, pearl millet (Pennisetum glaucum L.), 
which grows rapidly during the hot-summer months when cool-season perennial pastures 
experience less growth (Bainbridge et al., 2017). The contents of CLA and n-3 FA in a 
serving of whole milk (3.25% fat) increased when cows grazed a cool-season pasture 
compared to pearl millet (Figure 2), with no difference in milk production. This observation 
can mainly be attributed to the 2-fold increase in ALA content of cool-season pasture in 
comparison to the pearl millet (12.0 vs. 6.5 mg/g dry matter) (Bainbridge et al., 2017). 
Therefore, strategies to increase the content of bioactive FA in milk fat should be focused 



4 

on improving pastures to contain higher contents of ALA in addition to maximizing grazing 
throughout the pasture season. 
 
Factors affecting forage FA profile 
 
When considering herbage FA profile, ALA is the FA of greatest interest for several rea-
sons. Firstly, ALA is the predominant FA in leaf tissue, and therefore in vegetative forage 
in general. Secondly, ALA content of feed is strongly correlated with ALA and CLA con-
tent of milk (i.e., is a precursor for milk omega-3 FA as well as CLA). And thirdly, ALA is 
highly susceptible to lipolysis and oxidation, therefore it is the individual forage FA that 
has the greatest potential for losses, before forage has even been fed to an animal. 
 
For dairy producers hoping to maximize the ALA available to their cows from forage, there 
are four primary management considerations: I) vegetation stage (maturity), II) season, 
III) wilting time of conserved forage and, IV) nitrogen fertility. 
 
Vegetation stage is the greatest determinant of ALA content in forages because ALA is 
primarily found in chloroplast membranes. As such, young leaf tissue predominant in early 
vegetative stages is relatively rich in ALA, but advancing maturity brings an increase in 
non-leaf components (leaf sheath /petiole, culm, seedhead) and increased fiber content 
and eventually decreased chloroplast content as nitrogen is translocated to seedheads 
(Boufaïed et al., 2003; Glasser et al., 2013; Khan et al., 2012). Increasing regrowth inter-
vals from 20 to 38 days in Lolium species was shown by Dewhurst et al. (2001) to reduce 
ALA content 1.5 - 2.3-fold and total FA content 1.4 - 2-fold. 
 
Forage ALA content has repeatedly been found to be highest in the early spring and 
autumn, with a marked decline in the mid-summer (Dewhurst et al., 2001; Glasser et al., 
2013). The effect of season on forage ALA content is likely a com-bination of vegetation 
stages at different times of the year, and the alteration of chloroplast membrane FA by 
plants in response to 
heat and cold. The 
amount of saturated FA 
relative to unsaturated 
FA in chloroplast 
membranes will 
influence the plasticity of 
the membrane at various 
ambient temperatures. 
Greater levels of unsat-
uration FA (i.e., ALA), 
lend greater flexibility to 
membranes at lower 
temperatures. 
Conversely, increasing 
saturated FA (primarily 
16:0) content and 
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reducing ALA content is necessary to maintain photosynthetic thermo-stability at higher 
temperatures (Falcone et al., 2004; Xu and Siegenthaler, 1997). Because of this seasonal 
variability, it may be desirable from a FA perspective to prioritize the feeding of early and 
later cuts to milking animals, when appropriate. 
 
In conserved forages, increases in wilting time are correlated with decreases in ALA 
content (Glasser et al., 2013; Khan et al., 2012). Lipolytic enzymes are present and active 
in plants as chloroplast membrane lipids are constantly being replaced (Falcone et al., 
2004). Additionally, ALA is oxygenated in response to stressors (such as wounding, i.e., 
harvest) to produce jasmonates (a class of oxidized lipids (oxylipins) that derive from α-
linolenic acids (α-LAs)) and green leaf volatiles (Dar et al., 2015; Sofo et al., 2016; Turner 
et al., 2002; Venkatesan, 2015; Vu et al., 2012). As such, ALA content will decline in 
mowed forage until moisture content is low enough to inhibit enzyme activity, or anaerobic 
conditions prevent further losses. Because anaerobic conditions inhibit the degradative 
enzyme activity, dried hay may have a 31% - 78% decrease in ALA content depending 
upon quality, relative to ensiled forage (Glasser et al., 2013). 
 
Susceptibility to wilting losses of ALA may vary between species and even cultivar (Chow 
et al., 2004) and may be reduced in cultivars with the stay-green trait (Dewhurst et al., 
2002). 
 
Nitrogen fertility is another management decision that can affect the ALA content of for-
ages. Insufficient nitrogen for a forage plant’s needs may lead to decreased leaf tissue 
relative to the entire plant mass, as well as a reduction in the metabolic content of plant 
cells (e.g., chloroplasts) and an increase in the structural content of plant cells (e.g., neu-
tral detergent fiber) (Boufaïed et al., 2003; Elgersma et al., 2005; Glasser et al., 2013). 
 
In summary, the best management practices for desirable forage fatty acid content are 
generally consistent with the pursuit of high quality grazing and conserved ensiled forage, 
namely maximizing access to vegetative stage grazing and putting up conserved feed in 
a timely manner, while ensuring adequate fertility for pasture and haycrop species. 
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Tradeoffs and Interactions between Pasture and Concentrate on Milk Fatty 
Acid Profile 

 
Andre Brito, Ph.D. 

 
Associate Professor, Department of Biological Sciences, Dairy Organic Management, 

University of New Hampshire, Durham, NH  
 
 
(Editor’s Note: This paper is being summarized from the PowerPoint presentation given 
at the 2017 Conference. Some of the narrative is my interpretation of the findings in the 
various slides presented at the Conference.  This paper is a review of the literature on 
pasture feeding effects on fatty acid content of cow’s milk.  I deemed it too important to 
not include it in the Proceedings as it reinforces much of what is said elsewhere in the 
Proceedings. Its format, however, will deviate from the other submitted papers.) 

This paper covers two major subjects: 

• Lipids metabolism in the rumen, and 
• Pasture allowance, supplementation, botanical composition, and tradeoffs 

between milk fatty acids and milk yield. 

In preparing this review paper, the Dr. Brito used the following methodology.  The 
Agricola database (1970-2017) was used to search for research papers.  Key words 
used were “grazing and milk fatty acids in dairy cows”. Approximately 180 hits occurred 
that yielded 20 papers with at least 1 treatment as a pasture-only diet and they used 
pasture allowance, cereal grain concentrate, and pasture botanical composition as 
determining factors among others in how a pasture diet affected fatty acid composition 
in cow’s milk and milk yield. 

Fatty acids profile of cow’s milk is affected by: 

1. Fresh forage and concentrate eaten (Croissant et al., 2007; Coppa et al., 2013) 
2. Differences within and between breed (Soyeurt et al., 2008; Maurice-Van 

Eijndhoven et al., 2011)  
3. Season (Heck et al., 2009) 
4. Climate (Kamleh et al., 2010)  
5. Stage of lactation (Craninx et al., 2008) 
6. Management (Fall et al., 2008) 

The rumen transforms lipids (fats) that come from forages and roughages, concentrates 
(grains and oil seeds), and fat supplements. Forages/roughages fats are glycolipids.  
Grains and oil seed fats are triacylglycerols. Fat supplements are either fatty acids (FA) 
or triacylglycerols or a mix of the two depending on the source. Phospholipids are 
introduced into the rumen by diet or by microbes in the rumen. Below there is a figure that 
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shows how the ingested FA are 
converted into other FA by the 
rumen bacteria. Two major pro-
cesses occur in the rumen to 
transform ingested FA to FA 
useful to the animal and pro-
duce milk fat: hydrolysis and 
biohydrogenation. There are al-
so some fats that do not under-
go any transformation and go 
directly to the lower gastro-
intestinal tract (See bottom of 
the rumen diagram). 

The next figure is a schematic 
of biohydrogenation of lipids in 
the rumen. Two groups of ru-
men bacteria, Group A & Group 
B, are at work. Depending on 
the FA ingested, linoleic acid or 
linolenic acid, these two groups 
convert them into a different 
FA, vaccenic acid(Group A), 
that is in turn converted into 
C18:0 stearic acid, a saturated 
fat (Group B), or trans-15 and 
cis-15 C18:1 Octadecenoic ac-
ids (Group B). These last two 
isomers are not further hydrog-
enated. α-linolenic acid (ALA) 
is the major unsaturated FA in-
gested by the animal grazing 

on pasture. It is present primarily in glycolipids, but also to a lesser extent in 
phospholipids. Group A and B are both needed to hydrogenate it. Group A makes it into 
vaccenic acid, while Group B forms the two Octadecenoic acids. If the animal is given 
supplements, a significant amount of linoleic acid (LA) enters the rumen, primarily as a 
triacylglycerol (TG). Group A rumen bacteria hydrogenate it (Harfoot, 2012). 

Some of the vaccenic acid is also converted into CLA as shown in the figure below. The 
CLA in milk fat results from ruminal microbial biohydrogenation of dietary C18:2 (linoleic 
acid) and desaturation by mammary gland ∆9-desaturase of trans11 C18:1 (vaccenic 
acid), with more than 75% of total CLA in milk fat originating by internal synthesis in the 
cow. CLA isomers have been reported to have a wide range of beneficial effects, such as 
anti-carcinogenic, antiatherogenic, anti-diabetic, and anti-obesity (Bargo et al., 2006).  
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Since milk fat is the richest natural source of CLA, it is worthwhile to try to improve levels 
of CLA in milk with dietary changes to the milk cow’s feed ration.  However, with one 
proviso, we do not strip it out at the milk plant to produce low or no-fat dairy products.  As 
seen in the adjacent figure, the more vaccenic acid that there is in cow’s milk, the more 

CLA pre-sent, in linear fashion. 
Dairy cows tend to produce 
more CLA on pasture than they 
do fed a to-tal mixed ration in 
confinement, or if fed 
supplements on pas-ture. 
Although C18:3, the pre-
dominant FA in pasture forages, 
does not form CLA in the rumen, 
it can form trans-11 C18:1 that 
can be de-saturated in the mam-
mary gland by ∆9-desaturase to 
form CLA (Bargo, 2006). 

The next figure compares 
conventionally-produced milk 

versus organic milk. Conven-tional production is defined as cows in confinement and fed 
a feed ration high in con-centrates.  Organic production requires lactating animals to be 
on pasture (fresh forage is a majority of the feed ration) as conditions permit. It must be 
stated that the distinguish-ing feature of all this is: the lactating animals are fed primarily 
or wholly fresh forage in season.  Higher fat levels may be lost when cows are off-pasture 
unless the fed ration can mimic what occurs on pasture.  

The red arrows in the ad-
jacent figure are pointing out 
where organic milk had sig-
nificantly higher levels than 
did conventional milk. Note 
the extremely low P values at 
those FA with red arrows, P= 
<0.05. Total CLA and CLA9 
(dominant CLA isomer found 
in milk), omega-3 (n-3), ALA, 
EPA, DPA, and the omega-3: 
omega-6 (n-3:n-6) without a 
doubt are much higher in 
organic milk judging by the 
miniscule P values. Vaccenic 
acid (VA) is metabolized into 

CLA9 by mammals, including humans; thus, its importance in being more plentiful in or-
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ganic milk. No significant differences in the con-centration of total n-6 polyunsaturated 
fatty acids (PUFA) and LA (the dominant n-6 FA found in milk) were found between 
organic and conventional milk. However, there were significantly lower concentrations of 
the n-6 PUFA AA (another n-6 FA) in organic milk. This made the omega-6:omega-3 ratio 
much higher in conventional milk than in organic milk, or the inverse ratio omega-
3:omega-6 much higher in organic milk than in conventional (Średnicka-Tober, 2016). 
The n-6:n-3 ratio in the average American diet is believed to be much too high; whereas 
pastured cow’s milk is consistently well below the level set at 4.0 as the limit for best 
health, unless fresh forage intake is lowered excessively with supplemental feed. 

The adjacent figure shows that, 
indeed, the higher the intake of 
vegetative pasture forage is, the 
higher the content of CLA in the 
cow’s milk. The R2 value is low 
as there is a lot of scatter in the 
data plotted on the graph; sev-
eral of which are outside the 
95% confidence level. However, 
there is a definite upward trend 
in CLA content with more pas-
ture forage being consumed. If 
supplements are fed, this can 
decrease the amount of grass 
ingested by 0.6 pound for each 
pound of supplement fed if a 
high pasture allowance is used 
(Bargo, 2002). 

In the adjacent figure, it is seen 
that on pasture there are defin-
ite differences among Holstein 
cows on their ability to respond 
to fresh pasture forage and in-
crease their milk’s content of 
CLA. Total mixed rations (TMR) 
tended to washout any differ-
ence in response by individual 
cows to increased CLA in their 
milk.  Three cows in the grazing 
group had increased CLA con-

centrations in their milk; the other five did not when they only consumed pasture forages. 
This would explain partially why the R2 in the Stockdale et al. study was so low (explained 
only a third of observed variability). Dairy cow genetics play a role in the response to 



13 

grazing fresh grass with increased CLA content in milk. Stanton (1997) reported that the 
variation in milk fat CLA levels among individual cows over two trials was 0.15–1.6 g/100 
g of milk fat. If increased CLA content of milk is desirable and there is an incentive to 
increase it, culling cows with no or little response to a grass-only pasture ration might be 
explored. Stocking some cows on pasture may do little to increase CLA in their milk. 

Pasture allowance is important 
so that lactating cows do not 
have to scrounge for forage in-
take; when they do, milk produc-
tion decreases. The targeted PA 
for the low and high PA treat-
ments were 25 and 40 kg DM/ 
cow per day, respectively. Act-
ual PA for the low and high PA 
treatments averaged 27 and 49 
kg DM/cow per day, respectively 
(P < 0.01). The larger amount of 
pasture offered was provided by 
adjusting the paddock size (102 
vs. 179 m2/cow/day [circled red], 

for low and high PA, respectively), because the pregrazing pasture mass between pasture 
treatments did not differ and averaged 2761 kg of DM/ha (P > 0.05). Cows grazing at a 
low PA had lower average post grazing pasture mass (1013 vs 1575 kg DM/ha; P < 0.01). 
The efficiency of harvesting, defined as pasture consumed/pasture offered, was signifi-
cantly greater at low PA (62 vs. 42%; P < 0.01) (Bargo, 2002). One might consider follow-
ing the lactating cows with another herd type to cleanup unused available forage. 

Although not shown in the above table of averages, pasture quality varied among periods. 
This is why the P values are so low for effects of period for all entries in the table except 
for pasture allowance. Without a doubt the growth period made a big difference in the 
chemical composition of the pasture forage, P = <0.01. Comparing the spring periods 
(periods 1 and 2) and the fall periods (periods 3 and 4), the authors reported in their nar-
rative that pasture had higher DM (26.9 vs. 16.1%), NDF (59.4 vs. 51.9%), and ADF (28.7 
vs. 26.8%), and lower NSC (13.9 vs. 15.5%) and IVDMD (70.7 vs. 72.6%) during the 
spring because spring pasture was grazed at a more advanced stage of maturity due to 
the rapid pasture growth getting ahead of the grazing rotation. These nutrient composition 
values are typical for the type of spring pastures found in the northeast US (Bargo, 2002). 

Effect of pasture allowance was significant for NSC, ADF, and in vitro dry matter digest-
ibility (IVDMD). This is due to the cows having a high enough pasture allowance that they 
could high grade their intake to get a better nutritional plane on at least these three forage 
quality indicators. NSC and IVDMD values were higher and ADF lower making the ingest-
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ed forage more nutritional at the high allowance than the low allowance.  This resulted in 
better milk production as seen in the next figure for Bargo et al. 

As seen in the adjacent figure in-
creasing CLA in milk is not read-
ily achieved by upping the PA for 
cows. Three out of the 5 studies 
saw no significant change in milk 
CLA content by increasing the 
PA. However, going to a higher 
PA did increase milk yield signifi-
cantly in the 4 studies that re-
ported milk yield. The Stanton 
study is an outlier from the other 
4 studies in its low CLA levels.  
Its PA levels are both low as its 
higher allocation only reaches 
the lowest low PA (Wales) of the 

other 4 studies. The cows in the Stanton study varied widely in their production of CLA in 
their milk. This could have skewed the CLA g/100 g of milk fat downward depending on 
where all the cows fell between the highest (1.6 g/100 g) and the lowest (0.15 g/100 g). 
It would appear most of them produced little CLA as they produced only 32-44 percent of 
the CLA the other 4 studies averaged, although the low PA did not help. At its high PA of 
20 kg DM /cow/day, the CLA content was beginning to catch up to the observed results 
of the other 4 studies, 44% of the other 4 studies versus 32% at the low PA of 16 kg DM 
/cow/day. This would indicate that a higher PA most likely would have produced more 
CLA. A study by Lawless et al. (1999) compared 4 breeds’ production of CLA and found 

little variation among them, but 
found wide variations in milk fat 
CLA between individual cows 
within the four breeds ranging 
from 0.48 to 3.56 g/100g milk fat. 
The four breeds were Irish Hol-
stein/Friesians, Dutch Holstein/ 
Friesians, Montbeliardes, and 
Normandes. 

The nearby figure shows what 
happens to pasture intake, milk 
yield, and percent milk fat when 
pasture is replaced with more 
and more grain concentrate. 
Pasture intake per cow fell from 

12.1 kg/d to 9.2 kg/d when concentrate level fed went from 0 to 11 kg/day/cow. Milk 
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production, though, rose from 12.4 kg/d to 21.9 kg/day/cow. However, at 11 kg/day/cow 
concentrate level percent milk fat plummets to 3.25% after holding relatively steady up to 
9 kg/day/cow of concentrate after a statistically insignificant drop at the lowest level of 
concentrate fed, 3 kg/day/cow. In this experiment, it would ap-pear that PA was low 
comparing actual DMI values shown in the previous figure at for the low PA targets set 
by the first four research trials with the 12.1 kg DM/d consumed when on grass-only here. 
Increased milk production was directly related to total DMI (combines pasture and 
concentrate). The cows went from consuming 12.1 kg DM/d on grass-only to 20.2 kg 
DM/d at the highest concentrate level when pasture con-sumption was only 9.2 kg DM/d. 
A higher PA could have produced more milk on grass-only. With the big drop in milk fat 
at 11 kg/d concentrate intake, were the cows undergoing milk fat depression? The 
concentrate made up more than half of their DMI. As reported by Walker et al. in 2001, 
they opined that this reduction in milk fat content was probably due to the effects of sub-
clinical rumen lactic acidosis. Their hypothesis was supported by a trend to lower rumen 
pH for longer periods as supplement intake increased along with a more variable milk 
yield at the highest level of supplement intake (Walker, et al, 2001). 

Feeding fresh pasture alone 
(grass-only) resulted in high 
concentrations (1.0-1.8 g/100 g 
milk fat) of CLA. When the effect 
of level of pasture consumption 
on CLA content was examined, 
a significant positive relation-
ship (r2 = 0.35; P < 0.05) was 
obtained. When grain concen-
trates were used to supplement 
pasture intake, the CLA content 
of milk fat generally declined (P 
<0.05), except where the level 
of concentrate (11 kg DM/d) giv-
en led to a marked reduction in 

total milk fat concentration to 3.25% from ≈ 4.1% at all lower grain concentrate levels 
(Stockdale, 2003). Otherwise, CLA declines as more concentrate or other supplements 
are fed. On a pasture-based farm, the situation where more concentrate DM is fed than 
pasture DM intake is a scenario to avoid for herd health and profitability.  It would have 
been far better to have stopped at 9 kg DM/d of concentrate fed in this particular example 
(See Replacing pasture with a barley/wheat-based concentrate figure on previous page). 
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The adjacent figure is a sum-
mary of the different experiments 
reviewed that looked at CLA 
content in grams per 100 grams 
of milk fat. The first two listed re-
search works were done in the 
US; the rest of the work was 
done in Australia. The top five 
show that with increasing sup-
plementation, CLA decreases. 
With Dalley et al., there actually 
was an increase in CLA with sup-
plementation. This occurred on 
spring pastures that were 64 per-
cent perennial ryegrass and 21 

percent other grasses.  Only 5.4 kg/d of barley-wheat pellets were fed which is much less 
DM than was pasture forage intake (11.2-18.7 kg/cow-day) that went up as forage allow-
ance, (20-70 kg DM/cow-day) increased. The Wales et al. research not only looked at two 
relatively low supplementation levels of 3 and 6 kg/d of barley and steam-flaked corn con-
centrate on perennial ryegrass pasture; they also compared NZ and North American (NA) 
strains of Holstein-Friesians. Differences in milk yield and g. CLA per 100 g. of milk fat 
based on level of concentrate fed were not significant statistically. However, the NA strain 
cows produced significantly more g. CLA per 100 g. of milk fat (P = < 0.05) and milk yield 
(P = 0.08) than their NZ counterparts. This perhaps explains why the two research studies 
done in the US (Bargo and Dhiman) were helped by their cows genetics as well as the 
dietary changes in significantly increased production of CLA and milk. Wales et al. con-
cluded that NA cows fed grass-only resulted in a milk FA composition that would likely be 
most beneficial from a human health perspective; however, this would need to be bal-
anced against other productivity aspects between NZ and NA cows. 

Strom used six different pasture mixtures that were categorized as either a simple or a 
diverse pasture. The three simple mixtures all included white clover (cv. Kopu II) and were 
sown with either a standard diploid perennial ryegrass (RG cv. One50), a diploid high 
sugar ryegrass (HS cv. Abermagic) or with tall fescue (TF cv. Advance). The three diverse 
mixtures included each of the simple mixtures with the addition of either chicory, plantain, 
prairie grass and red clover (RGD), chicory, plantain and big trefoil (HSD), or chicory, 
plantain, prairie grass and alfalfa (TFD). In all six combinations the base grasses were 
infected with either AR1 or MaxP endophyte. AR1 is an 'animal safe' ryegrass endophyte 
that produces only the compound peramine, however the endophyte does not protect the 
plant from insect attack as well as the wild-type endophyte. MaxP (AR542) is an ‘animal 
safe’ tall fescue endophyte that produces loline alkaloids instead of ergovaline that 
causes fescue toxicosis. 
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The adjacent figure displays only the sim-
ple and diverse perennial ryegrass mix-
tures’ composition. The simple ryegrass 
mixtures were dominated by perennial 
ryegrass, the white clover component was 
almost nonexistent. The diverse mixtures 
have a relatively low ryegrass component. 
The high sugar ryegrass diverse mixture 
was 57 percent chicory and 4 percent 
plantain, a high forb content. The standard 
diploid ryegrass diverse mixture was 33 
percent chicory, 5 percent plantain and 20 
percent red clover for a total of 62 percent 

forb content when including white clover. It is interesting to note that there is much less 
standing dead plant material in the diverse mixture swards. The high sugar content of the 
ryegrass seems not to have any effect on animal preference or utilization over the stan-
dard ryegrass. Fully 20 percent of the forage in the grazing zone is left to die and lower 
forage quality at next grazing. 

Although milk yield went down some (not sta-
tistically significant), LA (n-6) and ALA (n-3) 
(highlighted by red box) were both significantly 
higher in the milk of the cows grazing the di-
verse high sugar ryegrass pasture mixture. The 
same holds for LA and ALA content in the milk 
of cows grazing the standard perennial rye-
grass diverse pasture mixture. Note that the 
LA:ALA (omega-6:omega-3) ratio is 1. Pas-
tured cows fed no supplements. 

Cows on the high sugar ryegrass pasture (HS) 
had a higher daily milk production compared to 
cows on the standard ryegrass pasture (RG). 
These results are similar to other studies where 
diets consisting of high sugar ryegrasses in-
creased milk production. Although different 
studies have not shown unanimity, ryegrasses 
with higher sugar content have been shown to 
increase milk production by improving ruminal 
amino acid utilization for microbial protein syn-
thesis as a result of a better supply of easily 
available carbohydrates, such as water soluble 
carbohydrates (WSC). Although the WSC con-

tent did not differ between the pastures, the HS pasture had a higher organic matter 
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digestibility  (OMD) than the RG and higher protein content (16.21 vs. 13.41%). Yet, when 
including more plant species in the pasture, the RGD treatment resulted in higher milk 
yield compared to the HSD treatment and the same as the HS treatment. This may be 
due to the lower amount of high sugar ryegrass in the pasture as it was supplanted by 
more plant species along with the fact that the RGD pasture had higher crude protein 
content (16.24 vs. 13.67%) and a much higher proportion of red clover (24.20 vs. 0.85% 
of DM). The lower production in cows grazing HSD and RG pastures may also be due to 
the low white clover content in those pastures (Strom).  

 

Two contrasting grazing systems were evaluated by Farruggia et al. from May to Sep-
tember for two years. The treatments were: a continuous grazing system (DIV) managed 
at a relaxed stocking rate (1.0 LU ha−1) [LU = 500 kg body weight] on a very diverse 
specie permanent pasture and a rotational grazing system (PROD) done at a higher 
stocking rate (1.7 LU ha−1) on a former temporary grassland having moderate biodiver-
sity. DIV sought to maximize biodiversity and obtain high sensory and nutritional quality 
cheese, whereas PROD was oriented towards milk production and herbage quality. In 
each system, 12 unsupplemented Montbéliarde cows were used. DIV cows showed a 
higher degree of loss of body condition than the PROD cows over the season. 
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In terms of milk fatty acid pro-
file, the DIV system proved 
most interesting early in the 
grazing season but lost its val-
ue over time as the herbage 
matured (Farruggia et al.). The 
relaxed stocking of the contin-
uously grazed pasture (DIV) 
most likely was the reason for 
the loss of forage quality as the 
pasture season progressed. 
The cows had more forage 

than they could eat early-on during the spring flush of growth and spot grazing would 
have developed. This creates a pattern of closely grazed areas of vegetative forage and 
areas of mature, uneaten grasses and forbs. As forage availability decreases, the over-
grown areas will be eventually, but begrudgingly, grazed. Its forage quality will be subpar. 
Therefore, it is not so much the fault of the plant community but the grazing management 
employed. LA (c-9, c-12 18:2) and ALA were significantly higher in the milk produced by 
the DIV system than by the PROD system, but vaccenic acid (t-11 18:1) and CLA were 
significantly higher in the PROD system than in the DIV system. Again, we see a very low 
omega-6 (LA) to omega-3 (ALA) ratio in the milk, 1.27 for DIV and 1.14 for PROD. 

The continuous grazing system 
(DIV) led to higher milk produc-
tion per cow early in the grazing 
season than the rotational graz-
ing system (22.2 vs. 19.9 kg/d). 
At the beginning of summer 
(week 7), this milk production 
pattern changed following a de-
crease in grass nutritive value in 
the DIV system and the milk pro-
duction by the PROD cows be-
came greater (Farruggia et al.).  
The cow herd that was rotational 
stocked had the highest season-
al milk production 17.7 kg/d ver-

sus 17.0 kg/d for cows that were stocked continuously on the diverse pasture. Forage 
quality is maintained better when pasture is rotationally grazed if allocated forage at each 
grazing requires them to eat all or nearly all the available forage. This works against milk 
production early in the season because their forage intake will be restricted so that milk 
flow is dampened somewhat, as it was in this experiment repeatedly as witnessed by the 
choppy lactation curve. The herd was rotated when mean daily milk production fell below 
a threshold corresponding to 88% of the maximum milk production obtained on the 



20 

paddock. Sward height at pre-grazing was only 8.4 cm too in the second year. The 
continuously grazed pasture cattle had unrestrained intake early in the lactation cycle, but 
later-on forage quality decreased (over mature and standing dead) that dampened intake 
and consequently milk flow. Dead material was lower in PROD herbage mass (HM) than 
in DIV HM (−10 percentage points, p < 0.01), and it increased markedly in DIV HM over 
the 3 periods (+79 and +72% respectively (Farruggia et al.). The lactation curve for the 
continuous grazing is on a steeper decline from week 4 to week 17 than is the lactation 
curve for the rotational pasture cows. At week 17, daily milk production per cow on 
rotational pasture is ≈ 5 kg more than for the cows on continuously grazed pasture. 

 

Coppa et al. as a portion of their research work (experiment 1) looked at how plant diver-
sity in pastures affected milk production and FA composition. In experiment 1, 18 Mont-
béliarde cows were split into 3 groups and grazed pastures of differing plant diversity. 
Cows did not receive any concentrate supplementation (grass-only). Cows grazed during 
day and night by strip grazing using electric fences that were moved forward every two 
days. The 3 different pastures are described in the table above. One pasture supported 
17 plant species, the second pasture listed had 31 species, and the third pasture 50 plant 
species. Grasses dominated the pastures with 17 and 31 plant species with a ground cov-
er over 70%. The highly biodiversified pasture in Experiment 1 had a lower grass ground 
cover of 52%. The legume contribution to the ground cover was low in all 3 pastures. 
Most of the other species listed are forbs of varying utility as forages. Although there is a 
diversity of plant species (species richness), most are of little importance because they 
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contribute so little to the forage biomass. Yet, they do occupy space that could grow an-
other plant species that would benefit the grazing animal and its production more. 

The medium biodiversity pasture 
had the highest milk production 
trailed by the lower biodiversity 
pasture. Both have a strong 
grass component with a 7 per-
cent ground cover of white clo-
ver, and vetch in the medium di-
versity pasture. The higher diver-
sity pasture had only 52% grass 
ground cover and little clover. 
46% of the ground cover was 
assorted forbs. Species richness 
can be high, but populated with 
many low producing unplanned 
plants that may be avoided en-

tirely by the grazing animal. It is clear in this experiment, milk production suffered. Most 
of the intake is coming from cool season grasses and when low in quality (late maturity 
grasses grazed at times), the forbs present are not a substitute. A higher legume com-
ponent (25% by weight) would go a long way to produce more milk. Lesson here is that 
species richness has little to do with improving pasture forage production. The curious 
thing in the figure above is the depression of the FA oleic acid (c-9 18:1), linoleic acid (c-
9, c-12 18:2), and ALA at the medium diversity pasture. Meadow foxtail replaces the per-
ennial ryegrass found in the lower diversity pasture. However, it is nearly as digestible as 
perennial ryegrass so it is unlikely to be the problem. Several other grasses are also pre-
sent in the medium diversity pasture and may make up more of the grass component that 
can be ascertained from the table above. None of the herbs present in the medium 
diversity pasture are harmful except for being not very productive. The higher diversity 
pasture produced milk with the highest levels of oleic acid, linoleic acid, and ALA. The 
omega-6 to omega-3 ratio in the milk again is below 4.0 running from 1.31 at medium 
diversity to 1.51 at the higher diversity pasture. Vaccenic acid (VA) and CLA levels in milk 
trended lower as plant diversity increased, but was not statistically significant. 

Summary  
Three salient findings were found in this review of the literature: 

• Increased pasture allowance improved milk yield, but inconsistent effect on milk CLA. 
• Replacing pasture with concentrate reduced milk CLA, but increased milk yield. 
• Increasing pasture biodiversity (species richness) seems to improve milk oleic, 

linoleic, and ALA consistently, but variable responses on milk VA and CLA. 
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Factors which Impact the Fatty Acid Profile of Ruminant Meat 

James P. S. Neel, Ph.D. 

USDA-ARS Grazinglands Research Laboratory, El Reno, OK 73036 

Abstract: Research pertaining to factors impacting fatty acid (FA) profiles of meat prod-
ucts when ruminant diets are made up of entirely pasture/forage is minimal. Information 
that is available indicates that both management and forage species consumed can have 
an effect on product FA profile. Of the FAs found in ruminant fat, major emphasis is us-
ually given to cis-9, trans-11 conjugated linoleic acid (CLA, also known as rumenic acid), 
linoleic (LA, an omega-6 [n-6] FA), alpha-linolenic (ALA, an omega-3 [n-3] FA), and the 
polyunsaturated FAs (PUFAs) omega-6 to omega-3 ratio. However, the dietary value of 
trans-11 vaccenic acid (TVA) is often overlooked. During the rumen fermentation process, 
TVA is produced and then converted to CLA by the ruminant. When ruminant fat is 
consumed by humans, CLA may have immediate health benefits, but the TVA present in 
the fat can also provide health benefits after being converted to CLA after human inges-
tion. It is generally accepted that the omega-6 to omega-3 ratio should be around 4:1 or 
less in our diet. During forage finishing of livestock, research shows time on pasture im-
pacts the FA profiles of meat. After feeding starch-based energy supplements prior to 
finishing on pasture (Noci et al., 2005), TVA and CLA increased linearly with increasing 
days on pasture. Without starch-based supplements during forage stockering (Fincham 
et al., 2009; Duckett et al., 2014), CLA content stayed constant over time in fatty tissue 
while TVA increased with increased days on pasture. Available research also indicates 
there is no effect due to forage type during pasture-finishing regarding meat TVA, CLA, 
LA contents or PUFA n-6:n-3 (Duckett et al., 2013; Chail et al. 2016). The implications of 
the reviewed research are:1) starch based concentrate supplementation followed by 
pasture-finishing impacts meat fatty acid profile, even when animals grazed pasture alone 
for 118 days post supplementation; 2) producers of pasture finished beef can utilize for-
ages best suited for their farm and management, while still producing a product containing 
a typical pasture finished FA profile; 3) meat trans-11 vaccenic acid content should be 
included in discussions concerning the healthy properties of beef. 

Key words: Beef, Fatty Acid Profile, Pasture Finished, CLA, vaccenic acid 

Introduction 

Research which evaluates various methods for changing the fatty acid profiles of ruminant 
products through livestock diet manipulation is readily available (Griswold et al., 2003; 
Elmore et al., 2004; Lorenzen et al., 2006). However, research pertaining to factors 
impacting fatty acid (FA) profiles of meat products when ruminant diets are made up of 
entirely pasture/forage is minimal. Of the FAs found in ruminant fat, major emphasis is 
usually given to cis-9, trans-11 conjugated linoleic acid (CLA, also known as rumenic 
acid), linoleic (LA, an omega-6), alpha-linolenic (ALA, an omega-3), and the poly-
unsaturated FA (PUFA) omega-6 to omega-3 ratio. This emphasis is due to the potential 
healthful benefits these FAs have when consumed in human diets. The human health 
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benefits of CLA has long been noted by dieticians. However, the dietary value of trans-
11 vaccenic acid (TVA) is often overlooked. During the rumen fermentation process, TVA 
is produced and then converted to CLA by the ruminant. When ruminant fat is consumed 
by humans, CLA may have immediate health benefits, but the TVA present in the fat can 
also provide health benefits after being converted to CLA by the human. This conversion 
occurs at the rate of approximately 20% TVA to CLA. Linoleic and alpha-linolenic fatty 
acids are considered essential to humans. Our bodies cannot produce them on their own, 
but they are required for proper physiological function and human health. The essentiality 
of these FAs gives rise to the importance of the recommended omega-6 to omega-3 
dietary ratio with regard to human health. For proper absorption rates of both essential 
FAs, it is generally accepted that the omega-6 to omega-3 ratio should be around 4:1 or 
less in our diet. However, the typical human diet within the United States contains an 
omega-6 to omega-3 ratio of around 10:1. An imbalance of either FA category (n-6 or n-
3) would result in over absorption of one or the other. The aim of this presentation is to 
provide the available research findings with regard to factors impacting the fatty acid 
profiles of meat produced from ruminants fed solely pasture/forage. 

Effect of time on pasture 

During forage finishing of livestock, research shows that time on pasture impacts the FA 
profiles of meat. In 2005, Noci et al. utilized crossbred Charolais heifers (732 lb. start 
weight) to examine the impact of grass silage plus 6.6 lb./d of a barley-based concentrate 
versus pasture-finishing on primarily ryegrass for variable periods of time. Heifers were 
finished under one of the four following protocols: 1) Fed silage and con-centrate in a 
slatted floor barn for 158 days w/o any pasture; 2) Initial 99 days in the barn and then 59 
days on pasture; 3) Initial 40 days in the barn and then 118 days on pasture; 4) 0 days in 
the barn and 158 days on pasture (100% pasture finished). Across all treatments, ADGs 
and final weights were 2.0 and 1074 lb., respectively. Results pertinent to FAs of interest 
are presented in Table 1. 
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Table 1. Noci, et al., 2005 (JAS 83:1167), fatty acids presented as a % of total FAs. 

 

After feeding a starch-based energy supplement and grass silage for 100% of the time, 
or for increasingly shorter periods of time prior to finishing on pasture, TVA and CLA 
increased linearly (P<0.05) with increasing days on pasture. Additionally, the PUFA n-6 
to n-3 ratio decreased linearly (P=0.054) with increasing days on pasture (not greater that 
2:1 for any treatment). Their work also revealed a cubic increase (P=0.06) in ALA and n-
3 PUFA with increased pasture time. 

In another study, Fincham et al. (2009) looked at the impact of time on finishing diets 
with regard to the FA profile of subcutaneous fat. Both pasture (cool-season mixed: blue-
grass, white clover and fescue) and concentrate-finishing diets were examined. Angus 
crossbred steers were utilized (593 lb. start weight), with cattle being stockered to gain 
either 0.5, 1.0 or 1.5 pounds average daily gain (ADG) during winter. The winter stocker-
ing diets consisted of a timothy hay base, with soybean meal added to provide a 10% 
total crude protein diet. Cattle were then supplemented with soybean hulls as needed to 
produce the ADG desired for each level. Animals received no growth promotants through-
out the study. During the finishing period (mid-April through mid-September), pasture 
cattle had an ADG of 1.9 lb. while the concentrate fed had an ADG of 2.7 lb. Pasture and 
concentrate cattle had final weights of 1045 and 1190 lb., respectively. Results with re-
gard to the changes in fat FA profiles are presented in Table 2. 

Table 2. Fincham, et al., 2009 (JAS 87:3259), fatty acids presented as % of total FAs. 
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During pasture-finishing, fatty tissue CLA content stayed constant over time while TVA 
doubled after 28 days on pasture. Trans-11 vaccenic acid then remained relatively con-
stant during the remaining pasture-finishing process. For concentrate-finished cattle, TVA 
appeared to decrease after 28 days, and then return to approximately pre-finishing period 
level at 84 days. During concentrate-finishing, CLA content decreased steadily through 
day 84. For the pasture-finishing treatment, the PUFA n-6:n-3 remained relatively con-
stant during the finishing period, while concentrate cattle reached a ratio greater than 4 
to 1 after 84 days on feed. 

Duckett et al. (2014), also looked at the effect of time on pasture on beef FA profile. 
Utilizing Angus crossbred steers (593 lb. starting weight) in southern West Virginia, cattle 
were stockered on forage diets, and began pasture-finishing in mid-April (cool-season 
mixed: bluegrass, white clover and fescue). Animals were harvested at one of three dif-
ferent times: 1) after pasture “spring flush” (early- to mid-July); 2) the end of summer (mid-
September); or 3) after the 1st frost (around the 1st of November). Period ADGs were 2.7, 
2.1 and 2.0 respectively, while days on pasture were 89, 146 and 201. Treatment hot 
carcass weights were 438, 472 and 545 lb. respectively. Results with regard to the 
changes in fat FA profiles are presented in Table 3. 

Table 3. Duckett et al., 2014 (JAS 92:4767), fatty acids presented as % of total FAs. 

 

Their work showed a linear decrease in ALA and the PUFA n-6:n-3, and a linear increase 
in TVA, as time on pasture increased. However, the biological significance in all instances 
is questionable. 

Effect of forage species 

Two research studies looked specifically at the impact of forage species utilized during 
pasture-finishing, on meat FA profiles. In 2013, Duckett et al. utilized Angus crossbred 
steers (594 lb. start weight) in southern West Virginia to assess the impact of forage 
species grazed during the final 40 days of pasture finishing. Finishing treatments were: 
1) continued grazing of mixed cool-season pasture (bluegrass, white clover, and fescue); 
2) grazing Alfalfa hayfield regrowth; or 3) grazing of a warm season annual, Pearl Millet. 
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Each grazing treatment was applied during the final 40 days of pasture finishing. Over the 
last 40-day grazing period, ADGs were 2.4, 2.5 and 3.5 lb. for each treatment respectively. 
All cattle were harvested in mid-September and hot carcass weights were 541, 554 and 
574 lb. for treatments 1, 2 and 3, respectively. Results with regard to the changes in fat 
FA profiles are presented in Table 4. 

Table 4. Duckett et al., 2013 (JAS 91:1454), fatty acids presented as % of total FAs. 

 

The only impact of forage species on FA profile was for ALA content, with it being greater 
in alfalfa-finished cattle. The biological significance of the greater ALA level is question-
able. 

Chail et al. (2016) fed steers corn silage and alfalfa hay from fall-weaning through May 
1, and then finished them on 1 of 3 diets for 105 days: 1) Concentrate; 2) 45 days of fes-
cue pasture and then 60 days on meadow brome pasture (grass); or 3) 100% birdsfoot 
trefoil pasture. Cattle were yearlings when finishing treatments began (997 lb. start 
weight), and all were slaughtered at 18 months of age. Final weights were 1418, 1124 
and 1225, and hot carcass weights were 815, 640 and 761 lb. for concentrate, grass pas-
ture and trefoil pasture respectively. Results with regard to the changes in fat FA profiles 
are presented in Table 5. 

Table 5. Chail et al., 2016 (JAS 94:2184) fatty acids presented as mg per g of wet product. 
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Their work shows an increased level of ALA within the trefoil (legume) treatment. This 
agrees with research conducted by Duckett et al. (2013), in that trefoil and alfalfa are both 
legumes and both forages resulted in an increased ALA content. There was no difference 
between forage species regarding the PUFA n-6:n-3. The research also agrees with other 
work presented that shows a lower PUFA n-6:n-3 for forage versus concentrate-finished 
product. 

Summary 

Available research indicates that content of TVA in the fat of pasture-finished animals can 
range from 2-10X that of concentrate-finished. The value of TVA in ruminant fat is often 
overlooked, given the fact that humans can produce CLA from TVA at the approximate 
rate of 1-part CLA from 5-parts of TVA. When feeding starch-based energy supplements 
and silage prior to forage finishing, both meat CLA and TVA increased with increasing 
days of grazing straight pasture. When cattle were fed forage or forage + soyhull diets 
prior to pasture-finishing, TVA content increased, while CLA remained generally steady 
with increased grazing time. During pasture-finishing, the PUFA n-6 to n-3 ratio generally 
decreases with increasing grazing time when concentrate supplementation and silage is 
fed prior to pasture-finishing. The ratio remains relatively steady if animals are stockered 
on forage diets prior to pasture-finishing. Different forage species utilized during pasture- 
finishing had no impact on TVA, CLA, LA concentration or PUFA n-6:n-3. There was a 
legume effect with regard to ALA, in that legume-finished cattle had greater ALA than 
those finished on grass-based pasture. The implications of the reviewed research are: 1) 
starch based concentrate supplementation followed by pasture finishing impacts meat 
fatty acid profile, even when animals grazed pasture alone for 118 days post supplemen-
tation;  2) producers of pasture-finished beef can utilize forages best suited for their farm 
and management, while still producing a product containing a typical pasture-finished FA 
profile; 3) meat trans-11 vaccenic acid content should be included in discussions con-
cerning the healthy properties of beef. 
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Forage Allocation during the Pasture Season to keep 
Yourself, your Forage Plants, and your Livestock Happy - 

Avoiding Train Wrecks in an Uncertain World Session 

In order to maintain high quality forage in front of the pastured livestock, it takes some 
preseason planning and a flexible approach to allocating pasture forage as weather and 
other random events create a need to adjust the grazing plan that was based on past ex-
perience. High quality forage is key to getting the best fatty acid composition possible 
from pastured livestock milk and meat products. Two speakers presented two tools to 
best achieve keeping high quality pasture forage in front of the livestock at a level that 
produces enough forage at all times so as not to restrict livestock intake. The first presen-
tation displays a computer tool to develop a grazing plan based on the farm’s resources 
to produce pasture. Various scenarios can be developed that are appealing to the farmer 
to get them started on the right foot to allocate pasture forage to their livestock for the 
entire grazing season under “normal” conditions that currently exist at the farm. This tool 
can also be used to expand pasture operations, if so desired, by scoping out efforts to 
improve pasture plant composition through reseeding, correcting soil acidity, and improv-
ing soil fertility and grazing management, or converting other land resources to pasture. 
The second presentation is on grazing charts, a method of keeping track of the movement 
of livestock from one pasture paddock to another in a rotational pasture grazing system. 
This records information on how often the livestock are moved from one paddock to an-
other as the forage allowance for the time the livestock are on a particular paddock is 
adjusted so as not to overgraze a paddock and restrict animal intake. As the vagaries of 
the weather and unforeseen management events occur, notes are penciled in to record 
adjustments made in paddock size, livestock numbers, bringing in additional pasture 
paddocks to lengthen the grass recovery period, and other adjustments as needed to 
keep the animals well-fed and having enough forage ahead of them to avoid feeding hay 
or other feedstuffs to keep them fed. If their fresh green forage intake is interrupted, fatty 
acid composition of their meat or milk is likely to change to a less desirable one.  
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goGraze: an innovative web and mobile based tool for grazing planning 
and recordkeeping 

 
Heather Darby, Ph.D., Extension Professor, Department of Plant and Soil Science, 
College of Agriculture and Life Sciences, University of Vermont, Burlington, VT. 

Ms. Lindsey Ruhl, Crop and Soil Coordinator, Department of Plant and Soil Science, 
College of Agriculture and Life Sciences, University of Vermont, Burlington, VT. 
 
Introduction 
 
Thank you for taking the time at this conference to learn about an online tool that can help 
you create a grazing plan, keep records, and monitor the performance of your farm.  
goCrop™ is a nutrient management planning web application; goGraze is a module that 
may be used with or without the nutrient management capabilities of goCrop™. The ori-
gins of goCrop™ stemmed from an increased focus on nutrient management education 
and development when legislation required Vermont’s medium and large farms to have 
nutrient management plans (NMPs). In 2006, Dr. Heather Darby, University of Vermont 
Extension Agronomic and Soils Specialist, created a training course in collaboration with 
staff from the USDA Natural Resource Conservation Service (NRCS) and the Vermont 
Association of Conservation Districts (VACD). The course helped farmers create their 
own NMPs and provided education on managing fertility for high crops yields while pro-
tecting the surrounding environment. The first NMPs were completed with pen, paper, 
and calculators, and later moved to excel spreadsheets. As technology advanced, it be-
came clear that the next step was to offer an NMP tool online. 

In 2011, the goCrop™ web application was released to help farmers more efficiently 
create NMPs and allow for easier recordkeeping. In 2012, a mobile version of goCrop™ 
was developed that allows farmers to enter records on their iOS devices. The ability to 
enter data in real time in the field again improved the efficiency and accuracy of record-
keeping. goCrop™ receives routine updates, adapting to changing reporting require-
ments and user demands. Due to a 2015 water quality bill  the majority of Vermont farmers 
are now required to create NMPs that meet state and federal standards, including the 
NRCS 590 nutrient management standard. Plans require basic farm information and gen-
eral management practices, field information (soil type, soil analysis results, crop rota-
tions, etc.), crop information and fertility recommendations, manure analysis results, 
manure applications records and plans, the nutrient balance for each field, and multiple 
environmental indices (P-Index, Nitrogen Leaching Index, RUSLE2, etc.). 
 
Since many current users of goCrop™ are grass-based dairy farms, there was a need to 
integrate more specific grazing planning and recordkeeping features into goCrop™. 
Darby and her staff have worked with farmers and agricultural service providers to de-
velop goGraze as a grazing module to goCrop™ to meet these needs.  
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About goGraze 
 
goGraze was designed as a module within goCrop™ to help farmers build a grazing plan 
and keep records that may be used to help meet USDA National Organic Program (NOP) 
and NRCS reporting requirements for their grazing incentive programs. Most importantly, 
it provides the farm with a valuable data management program to allow for planning and 
monitoring of grazing systems. When goCrop™ and goGraze are used together, they 
allow for whole farm cropping system management. 
 
The following screen shots are provided to illustrate goGraze and the step-by-step pro-
cess of creating a grazing plan and entering records.  
 
The first step is to provide some key pieces of information, entered under the fields tab. 
Here, you will select all farm fields that are included in the grazing operation. For example, 
the farm will likely have multiple perennial forage fields with pasture, hay, and a 

combination of both. For 
each particular field, the 
farmer or a planner must 
choose the purpose of the 
crop, such as for harvest, 
grazing, and/or as a cover 
crop (Figure 1). In the 
nearby screen shot, an 
annual crop of forage oats 
and peas used for harvest 
and grazing was selected.  
 

Figure 1. Screenshot of the 
Crops Details From with 
goGraze module addition, 
Species Breakdown and 
Species Breakdown 
Percentage. 
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To the right is an example of the harvest and graz-
ing details needed to complete crop information to 
be used to help calculate potential yield of each 
field (Figure 2).  

Figure 2. 
Screenshot of the Crops 
Details From continued, 
showing Harvest Details 

and  Grazing Details. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
With the grazing feature, additional screens appear where the farmer can determine the 
regrowth rates for the pasture crop in that field (Figure 3).  These regrowth rates or rest 
periods begin with defaulted book values typical for the seasonal growth rate for the type 
of pasture forages present in that field.  The user can override these if they have their 
own farm data/information.  
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Figure 3. Screenshot of the Crops Details From with goGraze module addition, 

Pasture Regeneration Rates/Rest Periods. 
 
Once information for all fields to be included in the grazing plan is completed, the next 
step is creating the grazing plan in goGraze.   
 
goGraze Grazing Planning  
 
The grazing plan starts with creating animal groups that will be grazing on the farm.  
Options for animal groups appear in a drop-down menu.  Default values for animal weight 
and daily dry matter intake (DMI) may be overridden with farm-specific information (Figure 
4). 
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Once all animal groups have been created, 
the grazing plan may be created from scratch 
or based on a previous plan. Each plan re-
ceives a unique name (Figure 5). goGraze 
stores multiple plans for one year so you can 
compare plans and choose the one that is 
best for you or update your plan as conditions 
change throughout the grazing season (Fig-
ure 6).  
     
 

 

 

 

 

 

 

 

 

 
 

Figure 4. Screenshot of the New Animal Group Form. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Screenshot of creating a New Grazing Plan Group Form. 
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Figure 6. Screenshot of Grazing Plans page, showing one plan created. 
 
When the grazing plan is opened, it will default to the Grazing Plan Summary page to 
view summary details of the plan and summary land needs for the group.   
 
goGraze can account for a variety of variables for each grazing group.  For example, 
users can identify animal groups that graze together (Figure 7). goGraze also accounts 
for the specifics of each grazing group such as the grazing season, fields that animal 
group will have access to (Figure 8), and the starting and ending heights of forage (Figure 
9). 
 

            

Figure 7. Screenshot of New Group Grazing Plan form. 
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Figure 8. Screenshot of Available Pasture list for each grazing group. 

 

 

 

 

 

 

 

 

 

 

Figure 9. Screenshot of Available Pasture growing details. 
 
To plan the grazing group’s diet, goGraze allows the flexibility to plan for a specific dry 
matter intake (DMI) and modify the percent DMI expected from pasture as well as percent 
DMI from rations. The size of the grazing group, animal weight, and percent daily DMI in 
relation to animal weight may also be modified (Figure 10).   
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goGraze can account for 
changes in diet for higher 
percentage of DMI from 
new pasture availability 
or differences in pasture 
productivity experienced 
throughout the year. Add-
itions or losses of animals 
in the herd may also be 
modified and provides for 
quick DMI adjustments. 
Diets can be developed 
based on pounds of feed 
required per animal or for 
the group as a whole. 
 
 
 
 
 

Figure 10. Screenshot of Planned Diet for specified grazing group. 
 
The final step in creating a grazing plan for a particular animal group is defining land base 
required to meet the pasture-
based portion of the diet (Fig-
ure 11). In this section, grazing 
periods within the grazing sea-
son are defined and the DMI 
from pasture is based on input 
that was already recorded in 
the planned diet needs sec-
tion. The total number of acres 
needed is determined by the 
productivity of  fields and DMI 
required for the animal group. 
The user sets the occupation 
period (how often this animal 
group will be moved) and go-
Graze calculates the number 
of paddocks needed and the 
size of each paddock. 
 

Figure 11. Screen shot of Planned Land Needs for specified grazing group. 
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Figure 12. Screenshot of Grazing Details page showing Available Pastures and pasture details. 
 
goGraze then summarizes the information for each grazing group, including length of the 
grazing season, number of days for minimum rest period, available pasture, and yield an-
ticipated for each grazing event (Figure 12). The Planned Diet page includes total DMI 
from pasture for each recorded change in diet (Figure 13). This page also displays any 
changes in herd size, average weight, daily DMI, percent DMI from pasture and ration 
needed to meet feed demands. 
 

 
Figure 13. Screenshot of Grazing Details page continued showing Planned Diet details. 

The Planned Land Needs page shows, by each animal group, each grazing period and 
the DMI required for perennial forage pasture (P) and/or annual forage (A) pasture (Figure 
14).  goGraze calculates number of acres needed for each forage type based on pounds 
of DMI required by the grazing group. Based on the estimated pasture yield, estimated 
paddock rest period, and the user defined occupation period, goGraze calculates the 
number and size of paddocks.  
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Figure 14. Screenshot of Grazing Details page continued showing Planned Land Needs details. 
 
The information entered for each grazing group is summarized in the Grazing Plan 
Summary page (Figure 15). Here, an overview is given of the length of the grazing sea-
son, range of herd size, range of supplemental feed needed, and percent DMI from 
pasture for the grazing season for each animal group. Other grazing information includes 
the range of the period of occupation, paddock sizes, number of paddocks, and acres 
needed for each animal group throughout the season. 
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Figure 15.  Screenshot of Grazing Plan Summary details. 

 
Additional summary information is displayed in the Land Needs section. Here goGraze 
alerts the user if the plan falls short in number of acres needed and identifies which 
months may not have enough land for the planned grazing. Total land needs are summa-
rized to show maximum number available for perennial and annual pasture and maximum 
number required of each. 
 

  
Figure 16. Screenshot of Grazing Plan Land Needs summary. 
 
Land needs are also divided into perennial and annual pasture summaries to show how 
much land each group needs and how many acres are available from which fields each 
month (Figure 17). 
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Figure 17. Screenshot of Grazing Plan 
Land Needs summary details for perennial 
and annual pasture. 
 
 
 
 
Recordkeeping with goGraze 
 
The Grazing Records page dis-
plays the current pasture location 
for each animal group, pounds of 
DMI the animals will receive from 
this pasture, the percent DMI from 
pasture the cows are receiving up 
to this date in the grazing season, 
and percent DMI from pasture for 
the entire year. goGraze manages 
a number of different records: gra-
zing, ration change, event, forage 
test, forage observation, and a de-
tailed weather record. These rec-
ords are displayed in a chart for-
mat, listed in chronological order. 

    Figure 18. Screenshot of available Grazing Records, 
grazing group summary statistics, and record activity log. 
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The Grazing Record accounts for the date and 
time each animal group was grazing (Figure 
19). It may be adjusted to account for grazing 
on full-time pasture, split a.m. pasture/p.m. 
pasture, or annual pasture. The starting for-
age height must be entered for the record to be 
saved; the ending forage height can be up-
dated later. 
 
 
 
 
 
 
 
Figure 19. Screenshot of New Grazing  
Record Form. 
 

To record a ration change, the user chooses the animal group, start date, and recording 
the ration change as total DMI or As-Fed (Figure 20). If total DMI is chosen, the user 
enters the pounds fed on a per animal basis. If As-Fed is chosen, the user enters the feed 
type, percent dry matter, and pounds fed. goGraze calculates the pounds of dry matter 
each animal is fed based on information entered into the plan. 
 
 

 

Figure 20. Screenshot of New Ration 
Change Record Form. 
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The Weather Record page includes 
temperature, cloud cover, and pre-
cipitation. The record may be ap-
plied to multiple fields at one time. 

 

Figure 22. Screenshot of Weather 
Record Form. 

The Forage Test page allows the user to record the nutrient 
content and test results of standing or harvested forage for a 
particular field in a As-Fed/Received or DM basis. 

 

  

 

The Event Record is designed to record other items of 
importance not captured in the other record forms.  
For example, if a fence broke and the cows had access 
to a cool stream on a hot day, recording that event 
may help explain why that animal group had increased 
milk production. 

 

 

Figure 21. Screenshot of Event Record 
Form. 
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The Future of goGraze 
 
Version 1.0 of goGraze offers a modern platform for planning and recordkeeping where  
users may create simple grazing plans and manage records on the web. As of July 2017, 
goGraze is in the beta stage; we have collected and are responding to farmer-tester feed-
back. Future developments of goGraze include a feature that allows the user to develop 
plans with an interactive grazing chart and offering the ability to enter grazing records on 
mobile devices. 
 
goGraze is available for a free 30-day trial and may be added to a current goCrop™ 
account at no cost for a limited time. For more information, visit www.gocrop.com or 
contact cropsoilvt@gmail.com. 
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The Grazing Chart:  A practical management tool to improve decision 
making 

 
                               Mr. Troy Bishopp aka The Grass Whisperer 
 
Bishopp Family Farm, Deansboro, NY & The Upper Susquehanna Coalition, Hamilton 
N.Y. Regional Grazing Specialist  
 
As a veteran grazier, I’m concerned about the phrases, “The 300-year flood, Peak Soil, 
Peak Oil, Climate Change, and The New Normal” frequently heard in the news. Should I 
discount them as just anomalies, or should I be planning on how they will affect my graz-
ing operation? 
 
For me, it boils down to a simple concept; keep the soil covered with perennial, highly di-
verse, biologically active pastures. However, it has taken me 48 years of farming to 
become a true believer and holistic planner in this. It’s rather embarrassing to admit I 
missed this mark as a youth while continually being stumped by a grazing system always 
headed in the path of what Andre Voisin termed; untoward acceleration, where each suc-
cessive grazing period provides less forage and the rest period is shortened until the 
rotation collapses. Grazing Consultant, Jim Gerrish, says grazing too short is the biggest 
problem in pasture production. 
 
With hairline receding and the prospect of a sixth generation farming here, I found the “ah 
ha” moment I needed in 2012 during Hurricane Irene and in the mirror. The forces came 
together after a long dry spell followed in earnest by a 5-inch rain. As I flashed a picture 
of my swollen, muddy stream, I turned the lens to wipe off the rain and I caught my reflec-
tion, this was my fault. 
 
This single event of losing topsoil put me on the path to become a better grazier and in 
turn a better land manager. But I needed a better plan, more measuring and monitoring 
and long-term goals. I am lucky to live in an era with access to knowledge from influential 
grazing notables; Andre Voisin to Newman Turner, Darrell Emmick to Jim Gerrish and 
Allan Savory to Greg Judy to name a few. This has led me to think about grazing in a 
more holistic, management-driven style predicated on a triple bottom line mentality and 
stop blaming the animals for over-grazing. 
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“Create the farm you 
want” is a quote that I like 
in approaching the up-
coming grazing season.  
Like any good game of 
chess, it starts with a tac-
tical plan. I start by plan-
ning (hypothetically) on 
my 12-month grazing 
chart (in pencil) before I 
go into Mother Nature’s 
domain, around specific 
financial, production, en-
vironmental, and family 
goals. I plan in recovery 
periods, certain grazing 
strategies for each field, 
expected dry matter in-

takes, and plan back from major events such as vacations, droughty times, breeding, 
bluebird fledging, frost and stockpiling dates. This futuristic decision-making and con-
stant monitoring allows me to think deeply about what’s ahead and works nicely with my 
experience and gut feelings to make management changes sooner and level out the new 
normals of weather. 
 
Again in 2016, my farm teetered between a D1 and D2 drought (Moderate to severe) on 
the US Drought Monitor scale most of the summer which tested my 26 years of grazing 
experience and thinking skills. Although I must admit to being up for the challenge, at 
times, it was a highly stressful endeavor to manage a newly started organic dairy heifer 
custom grazing business model without much snow or rain. Surprisingly, what saved me 
during this trying time was a 4-dollar grazing planning chart hung on my office door. 
 

I know what you’re thinking; a piece of paper (and 
not money) is credited with getting a farmer through 
the grazing season. Yep, but let me elaborate a bit. 
This change of man-aging through using better 
decision-making tools has been a long time in the 
making.  It has come about at my own expense, 
literally, as I dropped some coin to attend holistic 
management grazing planning workshops and to 
travel around visiting other successful graziers 
throughout the country. I also say expense because 
I have missed so many opportunities to manage 
grass more effectively, but my pride, the lack of 
monitoring, and keeping rec-ords kept me in 
observational mode instead of be-ing a strategic 
grazier. 
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On a trip to Missouri visiting Greg Judy’s farm, the light really clicked on for me. As the 
“microbe mes-siah” was showing me all the exciting things that he was doing on the farm 
and quoting day’s recovery periods and such, I finally asked him to stop yack-ing and 
show me how he makes decisions in graz-ing management. After the shock, he ushered 
me into his office where his wall was covered with 3 years of planned grazing charts like 
a military war room. He knew where he was, where he was going, and where he had been 
all in a cohesive chart com-plete with paddocks, rest periods, weather info, animal dry 
matter calculations and major events identified like vacations, calving, breeding, and 
stockpiling. It is exactly what I needed. At that moment I thought, I have got to get busy 
with this kind of management instead of always chasing grass or worse, losing money. 
 
This led me to Allan Savory’s Holistic Management Handbook with associated grazing 
charts, but like many farmers, I had to tweak the chart to fit my needs and environment.  
At first, I used it mostly as a visual diary of how long I was in a paddock, but after the first 
rotation, curiosity had me planning ahead a week, then a month, then several months – 
all in pencil of course because we all know grazing plans are always in flux. With practice 
and feedback from other farmers who were also trying the tool we refined the chart down 
to its simplest form through a Northeast SARE ‘Professional Development Project’ graz-
ing training grant. After three years of planned grazing management monitoring under my 
belt, the true test first happened amidst the 2012 weather freak show. 
 
Invaluable in this process is that you need to know what you’re managing towards, know 
your paddocks and acreages, know your forage and animal needs, and know your finan-
cial picture. To sum it up, you need a whole farm conservation plan before you can use 
this tool effectively. In my case I also have a nutrient management plan that tells me 
where to focus fertility for improved soil health. The hard part is just starting the process 
and learning that you can indeed erase the pencil marks of future planning as actual will 
probably be somewhat different. 
 
From there I plugged in known forage inventory from all paddocks and what recovery per-
iod that I wanted to achieve given the heifer’s forage demand. I also determined known 
decision points in the margins above the calendar like my daughter’s wedding, speaking 
gigs, concerts, vacations, stockpiling and frost dates, breeding window, conservation pro-
jects, grassland bird fledgling dates, and paddock specific grazing management tech-
niques to name a few. 
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Grazing Chart for the Bishopp Farm, fields above lavender line stockpiled to allow grass to grow ungrazed for grazing later 
in late fall and winter. 
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On the bottom columns are places for monitoring moisture and temperatures which help 
to predict forage growth. How many keep rainfall records for future planning? Since this 
is a living document all aspects that would help a grazier make critical decisions are valu-
able. Most graziers follow a rather cyclical schedule in moving animals through the pad-
docks at first but as paddocks or fields are dropped or added for harvest the dynamics of 
keeping a visual forage inventory is crucial. Your brain may hurt with all the hypothetical 
scenarios you may plan for, but you must keep asking yourself, “What if”? What if it does-
not rain in the next two weeks? When do I supplement? How do I get more rest on the 
paddocks?  When and where do I utilize a sacrifice area? How long do I want to graze 
into winter? Is there money in my account and what is my borrowing power? Do I have a 
destocking strategy? Several other questions may come to mind as well. 
 
For me, this visual chart reduced stress by constantly informing me of conditions on the 
ground to form battle plans weeks ahead of when I needed to speed up or slow down the 
rotation. In 2016, there was a period from June 8th to July 22nd when we had 16 days over 
90 degrees and a ½” of rain. About June 24th I made a big circle on July 30th that said, 
“Decision day” for considering whether to supplement with hay which was still 30 days 
before I ran out of grass. On July 23rd it started to rain and for the next 21 days we got 
over 5 inches of rain (not all at once as in 2012), and I never touched the emergency hay 
fund, but it was planned anyway. 
 
By monitoring for longer recovery periods and maintaining higher residual levels, when 
the rain finally fell, it popped back like springtime. However, I planned for it not to rain and 
was rewarded for my conservative stocking rates. You are a hero when it all works the 
way it is supposed to. 
 
Beef Magazine’s contributing editor, Troy Marshall, noted a good plan helps protect per-
sonal health ‒ physical, relational, mental, and spiritual. He poignantly mentioned, 
“Drought management puts a premium on acting early, being willing to adapt, and being 
creative. The best news is that it will rain again; it is nearly as inevitable as drought.  
Drought management is largely about employing appropriate risk management tech-
niques.” 
 
You’re probably thinking, easier to plan than to implement.  But the impetus for the organic 
farmer is if you run out of grass, you are out of options. We have got to get in the mindset 
that it takes grass to grow grass and stop fearing about wasting a little grass if you want 
top performance for your animals and soil. I do agree that the forage should be trampled, 
harvested or clipped sixty days before the first frost to enable possible extended grazing 
of rested plants. 

My observations over 32 years of grazing on our farm are this; rain now comes down in 
buckets and we need to catch it all for the uncharacteristic dry periods that are happening.  
On our farm, the shorter, always vegetative sward of plant species of yesteryear has given 
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way to a taller, more mature grazing sward with a higher grazing residual (4”) and in turn 
longer rest periods, averaging 45 days for 2016. This has changed my naturalized sward 
into having a more prairie-like composition which have deeper, stronger roots and puts 
more litter on the ground to feed the soil microbes. 

Having stronger, more vibrant plants has also increased our grazeable days by two weeks 
in the spring and two months in the fall. This strategy in conjunction with stockpiling has 
raised our farm’s organic matter from 3.4% to 4.6% over the last three years which has 
essentially drought-proofed the farm while sequestering the big rain and adding resiliency 
to the whole farm system without buying expensive inputs. 

I’ve been monitoring Brix levels of plants and the cows that eat them and continue to see 
higher energy levels in more mature swards later in the day especially in young blossoms 
and leaf tips. To garner more of this production, I move animals 1/3 of an acre in the 
morning and 2/3 in the afternoon. The difference can be 7 brix in the early morning and 
double that by 3pm. Capturing this free energy just takes moving a fence.  I’m also hearing 
many farmers having good success spraying raw milk on pastures to raise the energy. 
 
Grazing for energy and not towards Jerry Brunetti’s “funny proteins” has been a learning 
curve, but also good for the wallet as it takes less expensive grain and balage to even out 
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the animal’s diet and production. At the same time, it allows the plant roots to rest and 
add mass in the soil which stimulates soil life and increases water-holding capacity. 
 
Probably the most often overlooked questions of grazing management in the new normal 
are: What are you managing towards and why? Without tangible sustainable goals, you 
may fall prey to buying prescriptions that fix problems but do not address root causes. 
 
In my humble opinion, making money from grazing is absolutely about keeping the soil 
surface covered with diverse swards and soil life collecting solar energy while sequester-
ing moisture and carbon. One only must remember 2016 to see this is a great strategy 
for the future. 
 
How do you get it done? Create farm family goals that incorporate the triple bottom line, 
plan out in detail how to make these goals happen, question everything, measure and 
monitor progress often, join a mentoring team, record your results, and most of all have 
fun honing your grazier’s eye because the world needs more pasture-based systems. 
 

 
 
 
In the final analysis, simple grazing management decision-making tools and using your 
noggin may be more valuable than increasing outside inputs to solve the weak links in 
yours and my grazing operation. If you are a visual learner like me, a 4-dollar piece of 
paper might be just the ticket to get through another weather event. Remember to stay 
focused on the things you have some control over. Focusing on the things you have no 
control over is a waste of time and energy.  
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For more information on the grazing chart and its planning process, visit Onpasture.com 
or contact Troy Bishopp, aka ‘The Grass Whisperer’ at the Madison Co. SWCD (315) 
824-9849. 
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Evening Session - Producer Showcase 

 
The Northeast Pasture Consortium Conference annually holds this session to showcase 
pasture-based farms of note from the hosting state. This year we picked two farms that 
grass feed their cattle from start to finish to get the unique fatty acid composition that 
comes from pasture raised beef and dairy products. Hedgeapple Farm is a beef farm that 
grass feeds and finishes weaned cattle that they get from neighboring cow-calf opera-
tions. They sell the meat produced as grass-fed and -finished at their farm store. Clear 
Spring Creamery is a grass-only fed dairy cow operation that has an on-farm milk pro-
cessing plant. They sell their milk products at local farmers markets in the Baltimore-
Washington DC area and at the farm. Both farms have found a good niche market for 
their farm products being close to a metropolitan area that have many consumers with 
better than average disposable income and willing to purchase a perceived more healthful 
meat and dairy product. They have a high interest in whether fatty acid composition differ-
ences between pasture-raised and confinement-raised ruminant meat and milk products 
are real and truly beneficial health-wise. These farmers are not selling commodities; they 
are selling value-added meat and milk products with the intent of increasing farm income. 
 
 

  



57 

Genetics for Producing Grass-Fed Beef 

 
Scott M. Barao, Ph.D. 

 
Executive Director, The Jorgensen Family Foundation/Hedgeapple Farm, Buckeystown, 

MD 
 
The demand for and acceptance of grass-fed and -finished beef has increased rapidly in 
the last 5 to 8 years due in part to increased public (consumer) awareness of how and 
where their food is produced. As our food systems have become increasingly globalized, 
consumers are asking more and more questions about the source of, and production 
practices behind, the food they purchase and feed their families. Grass-fed beef is viewed 
as a valuable source of specific nutrients beneficial to human health. In addition, grass-
fed beef is perceived to be a more “local” product, raised in a way that is more environ-
mentally and animal friendly. As a result, a growing segment of consumers see greater 
value in the product and are willing to expend more of their food dollars toward the pur-
chase of the product. 

Producers considering a venture into the grass-fed beef production and marketing system 
are well advised to first assess the local and regional demand for the product and seek 
out viable marketing opportunities with real opportunity for sustained profitability before 
ever getting started. In addition, the specific infrastructure needs such as those for slaugh-
ter, processing, packaging and labeling must be in place prior to investing in what is truly 
a niche production and marketing system. 

Once a producer has determined that either a change in production or a new grass-fed 
and -finishing start-up system makes sense, he/she must realize that the production of 
high-quality, consistent, profitable and sustainable grass-fed beef requires a long-term 
focus and careful attention to detail across several key beef management areas. Atten-
tion must be directed first toward the establishment, maintenance and grazing manage-
ment of a year-round and high-quality pasture and forage nutrition system. Next, produc-
ers must choose the genetic base, the breed or breeds of cattle, best matched to both the 
pasture/forage system in place as well as the production environment of the operation, 
and then further, the specific animal type within the breed or breeds of choice. Producers 
must understand that regardless of breed choice, significant variation in type (mature size, 
structure, body composition etc.) will exist across bloodlines within a breed. Subsequent 
selection and breeding decisions must account for this variation if any degree of animal 
and carcass uniformity is to be achieved, ultimately resulting in a beef product that will be 
consistently consumer acceptable. The purpose of this paper is to examine specific as-
pects of beef cattle genetics and type related to the production of grass-fed beef in the 
mid-Atlantic region. 

Overall, when considering genetic and type selection of beef cows for a year-round, 
pasture-based production system emphasis must be placed on cow efficiency. Many 
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factors can affect production efficiency in the cow herd such as cow size, milking ability, 
and reproductive performance. Efficiency may best be defined as the optimum use of re-
sources toward a sustainable level of production. Most often, within the cow-calf segment, 
production efficiency is expressed as the total pounds of calf weaned per pound of female 
exposed to a bull. This measure combines both the reproductive performance of the cow 
herd and the growth characteristics of the calves relative to the total weight of cows in the 
breeding herd. Fortunately, research indicates the genetic variation for maintenance en-
ergy requirement of beef cows is moderate to high, meaning that opportunities do exist 
to select for more biologically efficient cows. 

Cow Size 

In a grass-fed production system, pasture/forage establishment, maintenance and man-
agement is one of the largest fixed costs. It is vitally important to match cow type to the 
forage supply to achieve maximum efficiency in harvesting the forage and converting it to 
a saleable product. Intuitively, we would select for moderate sized cows with high repro-
ductive rates in a short breeding season (45-60 days) producing a high percentage of 
maternal body weight as weaned calf on a grazing/hay system with no additional nutrient 
inputs. This cow will carry a smaller frame (3 to 4.5), deeper body, and higher capacity 
with a moderate milk yield. She will maintain sufficient body condition to achieve superior 
reproductive performance while consuming only available pasture and hay within the 
environment (system) she is raised. 
 
Researchers from Wisconsin have shown that smaller cows can wean more pounds of 
calf per pound of feed consumed than can larger cows (Davis et al., 1983a). The same 
research group in a different study found that feeding larger cows a higher-energy diet 
did not increase enough the number and total weight of calves weaned to offset the higher 
level of energy intake (Davis et al., 1983b). In other words, supplying larger cows with 
more energy did not increase their production efficiency. 
 
More specifically, cow selection must focus on keeping the energy requirements for main-
tenance as low as possible across the cow herd. Over the yearly production cycle, the 
daily maintenance requirement of the animal is most influenced by mature cow size fol-
lowed by level of milk production. As cow size and milk production potential increases 
due to genetic selection decisions, cows in a grazing-based production system where nu-
trient availability may fluctuate throughout the year, will lose weight until their body weight 
(condition) matches the feed availability. Both reproductive efficiency and milk production 
may suffer as a result. 
 
There is evidence however that certain genetic difference does exist in the ability of cows 
to adjust their metabolic activity to changes in nutrient intake. This may account for the 
observed ability of certain animals to maintain their body condition and production effi-
ciency over a production year while others of similar size and composition cannot. Selec-
tive pressure toward these more efficient cattle, either systematically or through the 
costlier resultant reproductive failure, will improve the overall uniformity and efficiency of 
the cow herd. Also, multi-generation selection within a total pasture/forage system will 
result in significant progress toward retaining replacement females carrying both the 
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longevity and genetic traits needed to reduce overall cow herd maintenance costs and 
improve system profitability. 
 
Milk Production 
 
In addition to cow size, cow maintenance requirements are impacted by level of milk pro-
duction. Higher milk production potential (genetically) requires more metabolic machinery 
with a higher demand for both energy and protein.  But, the expression of the added gen-
etics for higher milk production will be limited by the availability of nutrients to support the 
higher milk potential. When nutrient supply fluctuates or is limited, milk production and 
cow body condition will decrease and subsequent calf performance will suffer as well.  
Thus, when the capability of selected genetic traits is not matched to the available resour-
ces, expected expression of those traits will be limited. 
 
Milk yield is also related to pre-weaning calf growth so increased milk yield often is con-
sidered an advantage in a cow-calf operation. But milk production requires high levels of 
energy input by the cow, and, if feed resources are limited, milk production can have a 
negative effect on the overall efficiency of the beef production system. 
 
When calculated for cows of equal body weight, the maintenance requirement for lower-
milking cows compared with higher-milking cows is approximately 0.8 pounds less total 
digestible nutrients (TDN; an estimate of energy intake by the animal) per day during 
gestation (6.4 vs. 7.2 pounds TDN) and 0.9 pounds less TDN per day during lactation 
(8.3 vs. 9.2 pounds TDN). When considered across a production cycle so that energy use 
for gestation and lactation are both included in the estimates of energy requirements, the 
differences are even larger. When production efficiency is estimated as weight of calf 
weaned per unit of energy intake, lower-milking cows are more efficient producers to 
weaning and the calves retain this efficiency advantage through the finishing period. This 
efficiency advantage to weaning appears to remain throughout the lifetime production of 
the lower-milking cows. 
 
Reproductive Performance 
 
Reproductive performance is the single most influential factor determining profitability of 
a cow-calf operation. Improving reproductive performance can influence profitability inde-
pendent of other measures. The energy status (feed supply, nutrition) of the cow has a 
significant effect on reproduction and reproductive performance is of paramount impor-
tance to the production efficiency of the cow herd. 
 
Research strongly indicates a physiological priority of energy use by the beef cow as 
shown in the table below. Hence, the energy required to initiate estrous cycling after calv-
ing is only available if the requirements for all the previously listed functions (including 
lactation) have been fulfilled. Therefore, it is important that adequate energy (pasture 
/forage) is available and matched to the cow such that there is adequate energy left to 
support cycling and rebreeding. 
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Table 1. Priority of energy use by the cow 

1. Basal metabolism 
2. Grazing and other physical activities 
3. Growth 
4. Supporting basic energy reserves 
5. Maintaining an existing pregnancy 
6. Milk production 
7. Adding to energy reserves 
8. Estrous cycling and initiating pregnancy 
9. Storing excess energy 

Source: Short et al. 1990 

Scientists at the Meat Animal Research Center also evaluated the combined effects of 
body size, genetic differences in milking ability, and reproductive performance on beef 
cow efficiency (Ferrell & Jenkins, 1985a). Their research clearly demonstrates that at re-
stricted levels of energy intake, such as can be expected periodically within a pasture/ 
forage-based system, smaller cows with lower levels of milk production are more efficient 
than larger, higher-milking cows (Ferrell & Jenkins, 1984a). 
 
Carcass Characteristics 

It is best to start the selection and breeding process in the carcass area by first describing 
the desired carcass characteristics necessary to produce a consistent consumer accept-
able eating experience. The holy grail of system sustainability and long-term profitability 
is customer acceptance and ultimately repeat buying experiences. Many first-time cus-
tomers may be attracted to the product for any of the number of reasons mentioned at 
the outset in this paper, but only an acceptable eating experience will bring them back.  
Even the demographic that buys this product will carefully assess the perceived value of 
their shopping experience with both product price and eating performance influencing 
their future shopping decisions. 
 
A desirable market weight range should be a major consideration when decisions are 
made regarding breed and within breed type, size and composition selection. Extremes 
in carcass characteristics, especially ribeye area and intramuscular fat, must be avoided. 
Ribeye size will ultimately impact the way a carcass is cut for retail sale with very large 
ribeyes (more than 11.5 square inches) needing to be cut thinner than smaller ribeyes to 
achieve a consumer acceptable serving size. The demographic purchasing grass-fed 
beef is not generally looking for 16+ ounce steaks. If your goal is to brag about weight 
gain or ribeye size or lean tissue growth, you have chosen the wrong cattle and the wrong 
system to produce them. 
 
Carcass composition is affected by sex, age, genotype, level of nutrition and daily weight 
gain. Early maturing cattle fed to gain at least 1.9 pounds per day (weaning to finish) with 
moderate ribeye and intramuscular fat projections are generally recommended to produce 
acceptable carcasses within an age range of 18-22 months. It is also important to under-
stand that as days on grass increases, the goal should be to deposit intramuscular fat 
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without expecting significant increase in ribeye area. In other words, the objective be-
comes increasing the overall carcass quality while achieving an acceptable ribeye size 
as genetically selected (Highlighted in carcass EPD chart below). 
 
Much data exists on differences in genetic potential for growth rate, mature size, maternal 
traits and lean-to-fat ratio across several biological types of cattle. Breed associations 
have used these differences to compile relatively accurate projections of future perform-
ance in the growth, maternal and carcass areas. In addition, some breeds now present 
economic index values for traits such as cow energy value, weaned calf value and feedlot 
value. The larger the breed and hence the larger the database of information and selec-
tion tools, the higher the probability of success in the selection and breeding for specific 
growth, maternal and carcass targets, even in the grass-based production system. Pro-
ducers should take advantage of all opportunities, including breed-specific database tools 
that allow sorting by specific traits of interest, to evaluate and select prospective herd 
sires. 
 
For example, the American Angus Association publishes data on growth, maternal, car-
cass and economic traits and allows sorting across the spectrum of data to help producers 
quickly focus in on traits of interest. A simple sort on Cow Energy Value ($EN) (High-
lighted in maternal EPD chart), a trait that assesses differences in cow energy require-
ments as an expected dollar savings difference in daughters of individual sires and con-
siders both lactation energy requirements and the energy costs associated with different 
mature cow size, will yield a great starting point in the search for sires that will produce 
moderate frame, easy fleshing and moderate milk producing daughters. The search can 
be refined by sorting further on traits such as maternal mature weight and/or maternal 
height, yearling height (Highlighted below), or milk. Finally, consideration can be given to 
the carcass trait Expected Progeny Difference (EPD) data and the sorting process will be 
further refined. Clearly, this is a simplistic example meant only to highlight the selection 
power available through a breed specific database, but it does serve to bring focus on 
traits of interest and refine the breeding and selection decision process to a more man-
ageable task. Data, such as accuracy or reliability of the specific EPD presented, the 
number of herds in which a sire has been used and the number of daughters in production 
from a given sire, must also be considered in the context of the breeding and selection 
decision (American Angus Association, 2017). 
 
Below are several bulls along with their most recent American Angus EPD data. In my 
opinion, they represent a sampling of the phenotype (size, type, and structure) of cattle 
that would produce offspring to fit a grass-based production system across a variety of 
production environments. In addition, they carry the genetic EPD data that supports the 
phenotype goal of moderate size, moderate milk, deep bodied, easy fleshing and ener-
getically efficient cattle best matched to a total pasture/forage production system across 
the mid-Atlantic region. 
 
In summary, the sustainable and profitable production of high quality grass-fed and -fin-
ished beef is inextricably linked to the genetics of both the cow herd and the resultant 
feeder calves. Many tools and much data exists to help beef producers select and breed 
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cattle that will thrive in a pasture/forage-based system when emphasis is placed on a 
breed or breed type, both phenotypically and genetically, that consistently produces cattle 
that are moderate in frame, growth, milk and carcass traits and are thick and deep-bodied 
in their conformation. These are not the cattle that stand high in the show ring, but they 
are the cattle that standout in the meat case and will have your customers coming back 
for more. 
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Acc – accuracy: An accuracy of close to 1.0 indicates higher reliability; BW – birth 
weight, CW – carcass weight, MW, mature daughter weight, WW – weaning weight, and 
YW – yearling weight; CED - calving ease direct, CEM - calving ease maternal; $EN - 
differences in cow energy requirements as an expected dollar savings difference in 
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daughters of sires; Carc Grp/ Pg and Usnd Grp/Pg - the number of contemporary 
groups and number of carcass and ultrasound progeny included in the analysis; Fat - 
external fat thickness at the 12th rib; MH – mature daughter height, YH – yearling 
height; Marb – marbling; Milk - part of a calf's weaning weight attributed to milk and 
mothering ability of its dam; MkD - number of daughters that have progeny weaning 
weight records, MkH - number of herds from which daughters are reported; RE – ribeye 
area in square inches; SC – scrotal circumference measured in centimeters. (From 
American Angus Association website: https://www.angus.org/Nce/Definitions.aspx) 
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The purpose of this paper is to share some of our experiences at Hedgeapple Farm in 
our 12 years of producing and marketing grass-fed and finished beef in a completely ver-
tically-integrated farming system. This discussion is not meant to discourage other pro-
ducers from niche or value-added marketing. The variables in any farm business enter-
prise are so endless that we cannot conclusively pronounce what will or will not work for 
others. Times change, farming systems and resources differ, and undoubtedly some of 
the early production and marketing realities we faced may be different for other producers 
getting started in niche or direct marketing today. 

 
 Background Information  
 
Our original goal was to produce and direct-market beef products from cattle grown in a 
way that was profitable and both fiscally and environmentally sustainable, that optimized 
the use of on-farm resources (pasture/hay/facilities), and that modeled environmental 
stewardship and conservation practices that would reduce our overall impact on the sur-
rounding ecosystem and ultimately, the Chesapeake Bay. To achieve these goals, we 
chose to breed and raise purebred Angus cattle that would spend their entire lives on 
permanent, improved pasture, never in a feedlot/drylot being fed grain, while producing a 
unique and high quality, grass-fed and grass-finished beef product grown without added 
hormones, implants, or sub-therapeutic antibiotics. We would endeavor to maintain intri-
cate production records on every animal bred, born, harvested, processed, and marketed 
including individual carcass data on all cattle processed. In addition, we would monitor 
and record all on-farm production of forage, both grazed and harvested for winter feed. 
We are required to farm under an extensive nutrient management plan that accounts for 
all nutrient flows on and off our farm on a yearly basis. Finally, we would keep accurate 
and detailed financial records for both the production side of the operation and the mar-
keting side and constantly monitor the fiscal health of the entire farm system.  
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Our Marketing Plan  
 
In 2006 we transitioned from selling sides and quarters of grass-fed beef to the direct 
retail marketing of grass-fed and finished beef by the cut and by the pound through a 
newly constructed on-farm retail market. Our market success would be in part tied to the 
effectiveness with which we could personally market our beef and generate consumer 
enthusiasm through our on-farm retail outlet, housed in an attractive and historic log cabin 
in the front of the farm and along a busy highway. We were sure that customers would 
love to meet and visit with the folks that actually raise, care for, and sell the food they eat. 
This turned out to be a valid assumption which continues to work itself out in reality each 
day our market is open. In addition, we discovered that most consumers have very little 
knowledge of the different beef cuts, where they come from, the taste and tenderness 
attributes they carry, or even how to correctly select and prepare the different cuts of beef. 
It was quickly apparent to us that we would have to excel in customer service, spending 
whatever time was needed to educate the customer, provide cooking and recipe infor-
mation and help them feel confident that they could have an exceptional eating experi-
ence, “just like grandma used to make”. This investment of time and customer care proved 
to be in our overall best interest both in terms of marketing value-added beef cuts and in 
achieving higher average retail prices for our beef. Today, we continue to offer a unique, 
wholesome, healthy, consistently delicious, and environmentally sustainable product to 
the local consumer generally within a 75-mile radius of our farm. We support our market-
ing efforts with exceptional customer care and service and we have enjoyed the fruit of 
that labor through significant word-of-mouth sales growth.  
 
 

 
Hedgeapple Farm Log Cabin Retail Store 
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Challenges We Faced  
 
Our expected on-farm market volume (120-150 head per year) was originally planned to 
be matched to our ability to produce all of the cattle on our existing farm acreage of 380 
owned acres and 120 rented hay acres. This quickly turned out to be unrealistic, and an 
additional supply of feeder calves was secured through cooperative agreements with sev-
eral local cattle producers who agreed to use our genetic base, our bulls and our manage-
ment protocols. We in turn agreed to purchase weaned calves at, or slightly above, pre-
vailing local market prices and provide management expertise and assistance as needed. 
This arrangement has worked well in terms of securing a supply of the right type of cattle 
that we need to put into our grass-finishing program and ensure a consistent flow of har-
vest-ready cattle year-round. But this outsourcing of supply has also constrained our 
ability to control the front-end cost of producing feeder cattle which in some years drives 
up our overall farm cost of production and reduces our retail margins on the beef we sell.  
 
Further, our cost of processing is very high and our choice in processing plants is very 
limited. There are fewer and fewer processors available for small to mid-size producers 
to access in an economically viable way. Our volume is too low to negotiate processing 
of our product at a more competitive rate, and the lack of adequate competition in the 
beef processing industry either locally or regionally forces us to accept prevailing rates 
and sometimes difficult schedules. One of the costliest aspects of the processing situation 
is ensuring consistent, attractive packaging that offers clear, crisp, clean labeling, cryovac 
packaging, and flash freezing to extend the freezer life of the product. This factor is espe-
cially important in the ground beef packaging so that the customer can see the product 
they are purchasing, assess the leanness and color, and to ensure consistent package 
weights that match most recipes.  
 
Some Thoughts about Success  
 
We believe that the fundamentals of profitability and hence system sustainability de-
pends on several key elements including:  
 
First, qualified management, capable of collecting and utilizing detailed records of all 
aspects of the production and marketing system, is essential for the farm business to 
succeed. For example, in many cases farmers may know how to produce, but not neces-
sarily market, high-quality products to extract the maximum value of those products from 
the consumer. Profitability and sustainability are the result of building and properly man-
aging a total system across all aspects of planning, implementation, production, and mar-
keting. Farm management must be willing to quickly and strategically adapt and change 
as conditions warrant.  
 
Second, the planning, implementation, and ongoing management of a year-round forage 
and grazing system capable of providing all the nutrition necessary to consistently pro-
duce a high-quality beef product is a monumental challenge. This fact has proven to be 
a significant obstacle in fostering the development of similar production systems on other 
farms around our region. The knowledge and experience base of an individual farmer 
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must include at least: animal selection, breeding and genetics, nutritional management, 
animal health, grazing system and forage management, nutrient flow across the farming 
system, carcass quality and processing and all aspects of product marketing. 
 
For example, the goal of forage management at Hedgeapple Farm is to keep a daily sup-
ply of high-quality pasture and forages in front of the feeders to achieve a rate of gain at, 
or slightly above, 2.0 pounds per day from birth to one year of age and from 1.8 to 2.2 
pounds per day from yearling age until harvest at 22-24 months of age. Our growing and 
finishing pastures consist primarily of pure stands of alfalfa which are interseeded with 
orchardgrass in the third year of production to maintain stand density as the alfalfa stand 
begins to thin out. We are also experimenting with a mixture of alfalfa and a blend of high-
sugar ryegrasses in our finishing pastures to increase available dietary energy for the 
older and heavier cattle. 
 

 
Hedgeapple Farm Angus feeders on lush, high-quality pasture. 

 
Finally, a small to mid-sized farm business may be able to break the paradigm of large-
scale production and achieve profitability on lower volume, but in so doing must practice 
honest accounting for all costs and must reach a volume that covers these costs. Cost-
effective operations are necessary to realistically price the retail product and reach the 
volume needed to be profitable. An adequate supply of cattle and finished beef is critical 
to establish a reliable market flow and also to work toward cost-efficient processing. Un-
less a producer can guarantee a significant supply of harvest-ready cattle on a regular 
basis, cost effective processing may be impossible to find. Further, customer interest in 
your product will be significantly undermined if you market only seasonally, or if you are 
constantly out of stock on the products the customer wants or needs.  
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Some Practical Advice from Our Experience  
 
1.) Don’t automatically believe everything you read and hear about marketing projects, 
sales volume, product quality, or profitability. Any new business makes understand-able 
attempts to project confidence in its enterprise, but saying it, doesn’t make it so. In addi-
tion, the Ag and local media and some food system reformers have a desperate need for 
attention-getting success stories and role models. There are many operations that are not 
truly profitable, but are nonetheless presented as successful models in production and 
marketing. This representation is unrealistic and potentially harmful, as it adds to decep-
tive and misleading myths contributing to the “local niche marketing as salvation for 
all farmers” movement. This may influence other producers to enter similar projects at 
great personal risk. Producers who hear about these projects need to be extremely skep-
tical and find out the real details before accepting the stories at face value. Also, especially 
in direct marketing enterprises, it is important to ask if the producer/marketer is honestly 
accounting for all true costs.  
 
2.) Understand up-front that managing your own food production and marketing system 
is risky. Consistently producing a high-quality product and getting that product into the 
hands of the consumer today safely, legally, and at a competitive price that will result in 
true net profit is a complicated and high-risk task. The idea of exorbitant profits earned 
easily by simply offering a run-of-the-mill but locally produced product is a myth. 
In reality, profits are generated with relatively small margins per unit in capital-intensive, 
highly technical operations. Survival as a small to mid-sized niche marketer is a huge 
challenge.  
 
3.) Farmer-run businesses often fail to honestly account for the farmer’s own time contri-
bution to the business. A sustainable business must account for time across all aspects 
of the business such as planning meetings, product and label development, recordkeep-
ing, advertising, packaging, and all aspects of the actual marketing process. In addition, 
time spent servicing customers must be accounted for as it can be very time-consuming. 
For example, Hedgeapple Farm currently charges $312.00 to labor and management per 
head. With feed costs, processing costs, and retail outlet and marketing costs added in, 
we must retail our meat well above $8.00/pound across all cuts to recover expenses and 
make a reasonable rate of return.  
 
Working for “free” or failing to realistically account for all invested time leads to unrealistic, 
unsustainable business practices that are labor-intensive and inefficient. A realistic op-
portunity cost of your time invested in production, marketing, etc., must be accounted for, 
not only to determine the accurate cost of doing business, but also to be sure you present 
an honest accounting for administrative and other labor costs. Your mission must be to 
make the business truly sustainable, which at the end of the day, means truly profitable.  
 
4.) You will likely encounter “marketing experts” who will claim that price and conven-
ience are not important to the new socially conscious/local/informed consumer demo-
graphic but our experience does not bear this out. The economic and time pressures our 
customers face are generally just the same as for other consumers. People are strapped 
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for time, so convenience matters a lot. As a result, be cautious about creating a marketing 
system which depends on people going far out of their way to get your product. This 
reduces your market potential and will eventually weary your customers to the point of 
abandoning your product.  
 
Our customers tend to be well-educated, but not necessarily overly affluent. They 
can pay something extra for food that they perceive to have a specific added value as 
they define it, such as locally produced, raised in a specific way, etc., but also appear to 
be fiscally responsible and definitely have a measurable degree of price sensitivity. Our 
customers tend also to lack overall knowledge in the selection and correct preparation of 
beef cuts. Providing a high level of informed customer service toward the selection and 
preparation of the cuts you sell will reap dividends in the form of enjoyable eating experi-
ences and loyal customers who will share their positive experience in multiple ways, build-
ing a larger customer base for your operation. Marketing efforts which ignore price, cus-
tomer service, and convenience issues are doomed as they reflect a lack of understand-
ing of the economic and time/schedule realities individuals and families face every single 
day.  
 
5.) Many farmers have been led to believe that local restaurants and chefs are the answer 
to making “real money”. This could not be further from the truth. The food service indus-
try including hotels, restaurants, and institutions is extremely competitive, and cost-con-
scious. There is a small, but possibly growing, segment of sustainable-minded chefs who 
desire to promote “locally grown” on their menus. However, these same chefs are faced 
with the economic realities of operating a consistently profitable eating establishment in 
a fiercely competitive environment.  
 
For example, most restaurants we have worked with generally operate under the “30% 
Rule”. What this means is that the chef/operator will not pay more than 30% of the menu 
price for the center-of-the-plate protein. So, if a restaurant has a 16-ounce New York Strip 
Steak on their menu for $20, they seek to pay no more than $6.00 for that item. Can you 
produce a 16-ounce New York Strip steak for under $6.00/pound or at a large enough 
margin to be profitable selling in that environment? We sure cannot. In addition, chefs are 
demanding and may not order on a consistent or predictable basis. Working with local 
restaurants requires a willingness to provide an adequate volume of specific specialty 
cuts, generally the higher-end cuts, which are easily sold in other ways at greater profit. 
The promise of “we will note you on our menu and that will drive customers to your 
farm” is a pipe dream at best.   
 
Finally, you will be hard-pressed to find any markets/chefs willing to accept only a season-
al supply of your products. The real costs for producing “off-season” grass-fed and -finish-
ed beef are extremely high and generally unprofitable for producers unless adequate 
high-quality, stored forage can be produced on-farm in a cost-effective manner. Most 
small to mid-sized producers are incapable of this if the true cost is understood.  
 
6.) Defining the product that you wish to produce and communicating its attributes is 
essential. Your product must have unique features that truly differentiate it from others. 
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This may be simply a proven claim of quality or may be tied to a specific breed or type of 
animal. Or, it may be related to the way it is raised or cared for or even a different way of 
producing the product that results in unique features. In any event, this differentiation 
must be carefully approached, answering two key questions:  
 
• How does your specific system or production choice affect your cost of production and 
long-term profit potential?  
 
• What marketing benefits do you gain by your system or production choice?  
 
Our main differentiation was based on a very specific production model, grass-finishing, 
which requires a very high-quality supply of forage year-round. Early on, it became appar-
ent that most consumers did not understand or appreciate the difference between the 
claims of “grass-fed” and “grass-fed and -finished”. The term “finished” was confusing to 
customers who generally assumed that “grass-fed” was the same as “no grain fed”. In 
fact, we learned that most of our customers understood very little about livestock produc-
tion in general and often made false assumptions about animal health, animal care, and 
environmental impact.  
 
7.) Transparency, honesty, and openness are vital to your success. Consumers need and 
want you to explain your technical production model in a simple and straightforward way. 
They want to understand the benefits of purchasing your specific product, such as improv-
ed nutritional value, better taste and tenderness, greater food safety and traceability, hu-
mane animal care, respect for the environment and surrounding ecosystems, improving 
the local farm economy, and/or the subsequent maintenance of desirable undeveloped 
“open space”.  
 
As we set out to differentiate our product, we focused on the terms “natural, local, grass-
fed and finished, Angus beef, raised without hormone implants or antibiotics”. We learned 
quickly that our target customers needed to understand that most cattle are grain-finished, 
are raised using available technology such as growth promoting hormone implants, and 
do not spend their entire lives on pasture. Further, they needed to understand the nutri-
tional differences between grass-finished beef and grain-finished beef, even if that grain-
finished beef was fed on pasture/grass at some point in its growing cycle. And, they need-
ed to understand how those differences related to human health and well-being. We also 
constantly reinforce to our customers that our overarching goal is to produce safe, deli-
cious, and nutritious beef as we balance environmental stewardship, social responsibility, 
and economic viability across our farming system. This, in a nutshell, describes our mar-
ket niche.  
 
So, we return to where we started, considering the question: Niche Marketing of Value-
Added Beef in a Profitable and Sustainable Way. Is it possible? The short answer is, “It 
depends.” It depends on your level of expectation in terms of your return to your labor 
and management. It depends on how much marketable product that you can produce 
cost-effectively within your farming system (such as feeder calves). It depends on the lev-
el of management that you put into the overall production efficiency of the system. This 
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would include such factors as the type and intensity of the rotational grazing system, the 
number of animal units managed per acre, the availability of on-farm feed for the nongraz-
ing months, and the cost of supplemental feed to achieve desired production goals. It 
depends on what it costs you to get a live animal fully harvested, processed, cut, wrapped, 
and labeled as legally marketable meat. It depends on what it costs you to transport and 
store your market-ready meat. It depends on your market outlets, and how, where, and 
how frequently you sell your meat. It depends on the margin between your true, total cost 
of production and your realized return on the products that you sell. It depends on your 
willingness to invest the time and resources to build and position your “brand” into a niche 
that is measurably different from what others produce and your ability to use that niche to 
extract the maximum value out of every animal you sell. Finally, it depends on the weath-
er, the wants and the desires of an often-fickle consumer, your ability to win and keep 
customers, and to consistently align your production and marketing business plan with 
your available resources and control the variables inherent in all agricultural enterprises.  
 
Is it possible? Yes. Is it easy? What do you think? 
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How to do Everything Wrong and get it Right 

 
Mr. Mark Seibert 

  
Co-Owner and Operator, Clear Spring Creamery, Clear Spring, MD 

 
Clear Spring Creamery, located in Washington County, has been the family farm for over 
one hundred years. My wife, Clare, and I took over the operation of the farm in 2007 to 
begin a dairy. The creamery was launched in the Spring of 2008. Our goal is to manage 
our farm with a system that protects the soil and water and is an asset to the community 
where we live, while providing us a livable income. Since 2009, the creamery is our sole 
source of income. 

 
Farm operations consist of 40 milk cows, 10 breeding heifers, 10 heifer calves, 100 acres 
of pasture/hayland on the farm, 30 acres of off-farm hayland, and formerly was certified 
organic farmland, animals, and creamery. 
 
Dairy management practices are a departure from more conventional dairy farms. We do 
grazing-based feeding rather than confinement feeding. No genetically modified feeds 
are fed to the dairy livestock. (Editor’s note: Nearly all field corn and soybeans produced 
in the US today are genetically modified.) Seasonal milk production is done so that all the 
cows freshen in a narrow time frame in March/April and are dried off by Christmas. The 
herd produces no milk during January and February. Most dairy farms milk cows year 
around. Once a day milking is done on our farm whereas with most other dairy farms, the 
milk cows are milked twice a day and a few farms three times daily. Dairy cows are 
outwintered and summered on pasture. Most dairy farms, unless they organic dairies, 
house their dairy cows year around. Our herd has low milk production but is of very high 
quality. Most conventional dairies strive to produce the most milk possible and are not as 
concerned about components such as milk fat and protein levels. 
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Figure 1: Creamery buildings, Refrigerated Trucks, & Milking Parlor 

Creamery operations process all the milk produced on the farm. While our dairy herd is 
dry in January and February, we buy milk from a neighboring farm to keep the creamery 
running and making product to sell. It is all retailed as Grade A dairy products. Farmers 
Markets are the primary sales vehicle. Products produced and sold are: Creamline milk, 
chocolate milk, skim milk, drinkable yogurts, cream, butter, custom-made cheese, and 
eggs. The creamery vats where the milk is pasteurized are filled by two means: 

• Direct fill - During milking 
• From bulk tank -  If skimming or using stored milk. 

 
The vat pasteurizers used are two sizes, 35 gallons and 50 gallons. A small automated 
packager bottles all the milk and yogurt once they are processed. We use plastic contain-
ers because glass is too cumbersome and requires mechanical washing. 
 
There are many regulatory requirements to adhere to in operating a Grade A creamery.  
They are: 

• Grade A Pasteurized Milk Ordinance (PMO) compliance 
• Milk quality- Somatic cell count (SCC) limit, bacteria limits 
• Labeling 
• Storage of raw milk 
• Identity testing of skim and cream, and  
• Antibiotic testing for every batch. 

 
Retail sales are done by the following means: 

• Farmers markets 
• 5 per week 
• Washington DC beltway locations 
• Use premium pricing 
• Produce a quality product 
• Production system that meets customer expectations. 
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Figure 2: Sales Booth at Farmers Market 

There are several marketing challenges in selling your own branded dairy products.  
They are: 

• Balancing production with demand 
• Refrigeration  
• Finding markets to support product 
• Equipment volume limitation 
• Differentiation of your product/education of customers of its merits over the 

competition 
• Labor for sales crew/truck driving to sales destinations. 

 

 
Figure 3: Solar Panels & Grazing Cows 
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Another unique thing about Clear Spring Creamery compared to most farms is that we 
have a solar electricity system. The solar panels were installed in 2011. It is a twenty-one 
kilowatt system that serves the dairy farm and the creamery. It generates 75% of our 
electricity needs. This enterprise produces income and input savings. It reduced our elec-
tric bill. It is depreciable property reducing taxable income. It also is a hedge against future 
energy cost increases. For every 1000 kilowatt-hours produced by a certified solar sys-
tem, one solar renewable energy certificate or solar renewable energy credit (SRECs) is 
awarded, these credits can be sold to public utilities. Cost of solar systems is beginning 
to decrease making them more affordable for small operations.   
 

 
Figure 4: Seasonal Calving - Cow nursing calf in March 

A little more detail about seasonal dairying/calving, we Spring calve in March and April 
producing 40 calves in 8 weeks. In our calf management system, all pairs nurse colos-
trum. Our heifer calves are nursed by their mothers for 5 to 6 months. Nearly all con-
ventional dairies take the heifer calves off their mothers shortly after birth. Their calves 
are fed milk replacer until they are old enough to eat forages and other feedstuffs. Early 
bull calves are sold at one week as is usual for most dairy farms, but later bull calves 
nurse on their mothers until they weigh 300-400 pounds.  Weaning rings are used to wean 
calves off their mothers. No supplemental feed is fed to the calves, just mother’s milk and 
grass. At milking time, the calves after 1 or 2 days after birth wait outside the milk parlor 
while the cows are milked. They sometimes wander during this time away from the moth-
ers. Bedding or hay is placed on the ground in the waiting area when the ground is damp 
or snowy from a late winter storm. Is nursing good for all dairies? There are some draw-
backs. Most prominent are: 

• Milk consumption of up to 30 pounds/calf/day, 
• Calf distracts cows, and 
• Increases movement difficulty between milk parlor and pasture paddocks. 

 
However, nursing calves at the mother’s side works for us. These are the benefits: 

• Milk production balancer for creamery, 
• Calves grow well and are very healthy, and   
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• No labor for calves. 
 
To seasonal calve requires seasonal breeding. Three bulls are placed with the cows on 
May 25th. After ten days, one bull is placed with the yearling heifers. We get 90-95% 
successful breeding in 8 weeks. We use milk pregnancy testing. The test works by de-
tecting Pregnancy Associated Glycoproteins (PAGs), present only in a pregnant animal. 
The test is 98% accurate. Each sample costs between $6.00 and $8.00. 
 

 
Figure 5: Clare doing the morning milking. 

To follow-up on once a day milking, we milk them in the morning. With 40 head and 8 
milking units, it takes just an hour to milk the cows post-calving season.  It is a one-person 
job. The milk flows directly to the pasteurizer. Is once a day milking for everyone? Here 
are the pros and cons and a depends: 

• Reduces milk yield 20-40% 
• Milk quality? 
• Less walking for cows 
• Less labor 
• Less electricity 
• Higher fat and protein components. 

 
Dairy cow movement between milking parlor and pasture paddocks is done by using per-
manent and temporary cattle lanes. Water is in every pasture paddock to cut down on 
trips to a water trough back at the farmstead or other more remote locations. 
 
Pasture management at our farm began with the seeding of the cropland in 2007 to an 
orchardgrass/clover mixture. Some tall fescue is invading the pastures as it existed on 
the farm when we took over the operation. Palatability of forage species is a concern as 
orchardgrass tends to head out early and becomes less desirable at that stage. Tall fes-
cue is usually shunned by dairy cows due to its alkaloid content and tough leaf tissue.  
Riparian areas along streams are buffered from cattle activity. Summer heat manage-
ment requires providing portable shade. 
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We allocate approximately 1.5 ac of pasture to 
our herd of 40 cows per 24 hours. We subdivide 
our pastures using poly- or aluminum wire fen-
cing placed on fiberglass or plastic posts. We 
use both permanent and temporary waterers in 
our pastures. We allow a 30-day+ regrowth per-
iod post-grazing to ensure good forage avail-
ability when they return to graze a paddock 
again. Five to 6 grazings/paddock occur on ave-
rage during a grazing season. 
 
We have observed forage species density and 
composition change as the orchardgrass stand 
thins out and tall fescue gains ground.   
 
 
 
 
 
 
 

There are several options to address this problem.  They are: 
• Overseeding with turbo-tilling (rolling spike harrow following tandem disk 

coulters implement that provides shallow tillage and retains residue cover) 
• No-till interseeding 
• Annual planting and total renovation 
• Fallow summer seeding 
• Seeding sod species to replace bunch grasses, orchardgrass and tall 

fescue. 
 

Sudangrass is used as a summer 
annual forage to provide grazing for-
age during the summer when cool 
season grass growth is slow to mini-
mal. It is also useful to prepare the 
field for seeding to a perennial for-
age crop next year and eradicating 
tall fescue from the field. It is planted 
in June and provides grazable for-
age through the months of July, Au-
gust, and September. Ordinarily, it 
requires 31 days from planting to be 
ready for grazing the first time. If suf-
ficient stubble height is left for re-

Figure 6: Paddock of lush grass surrounded by 
two- strand electric fence 

Figure 7: Dairy cows grazing sudangrass 
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growth to initiate, 3 grazings can be achieved on average. 
 
Winter annuals can then be planted after last grazing of the sudangrass. We use triticale 
and cereal rye. We may try crimson clover, a winter annual legume, as a companion for-
age. The winter annuals are planted in September or October and grow and overwinter 
before they are grazed in early spring. They can be grazed twice during April and May 
before reseeding to a summer annual or a perennial grass mixture. 
 
Hay is harvested from sudangrass and orchardgrass hayfields. Sudangrass is cut twice.  
Orchardgrass is harvested two to three times depending on rainfall patterns during the 
growing season in unpastured hayfields. It is made into round bale balage that is plastic 
wrapped and stored outside. The hay is fed on the ground in winter or in bunks. 
 
We started winter grazing off the farm in 2016 
on a fescue farm. Tall fescue can be stock-
piled for winter grazing as it retains its nutritive 
value better than most other forage grasses 
into winter. This is much cheaper than feeding 
a lot of hay. The cows are also not lactating 
now so the fescue is adequate nutritionally. It 
also reduces damage on our pastures from 
winter cattle traffic on wet soils. We winter 
graze by dividing up the pasture into pad-
docks with polywire fencing that are grazed 
for 2 to 3 days before moving the herd to 
another paddock. We figure it takes one acre 
of winter pasture for the 40-cow dairy herd. In 
the winter of 2017, no hay was fed from 12/25/16 thru 2/25/17. 
 
Our egg business is handled by our son, Paul. Our 200-hen egg laying flock is on pasture.  
Egg-laying rate is good at 70-75%. Electric netting is used to keep the hens from straying 
off and keeping ground predators away from the hens. Free range eggs are easy to sell. 
 
In closing, the keys to a successful small farming system are: 

• Harmony between production system and target consumer, 
• Resiliency in times of stress (drought, low sales, poor economy), 
• Forget about commodity production (milk, grain, eggs etc.) income too volatile, 
• Ignore wholesale requests for value-added products, 
• Price product based on production costs plus profit, and 
• Know labor needs and work smart. 

 
 
  

Figure 8: Dry dairy cows on stockpiled tall fescue 


