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HO Soybeans provide many “Opportunities”, 
but it is going to be different for every farm!

- Lower risk of milk fat depression
- Ability to feed more rumen-available unsaturated FA

- More economical source of dietary fat?
- “Homegrown” dietary fat?
- Another option for crop rotation

Key interactions
- Available acreage
- Local source of HO beans
- Competition from crushers (Sets premium)
- Distance to crushers
- Cost of competing protein and fat sources

Key nutrition questions: How much & How to process
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What is oleic acid?

- cis-9 18:1  or “18:1 n-9”

- 55 to 80% of olive oil, which is part of the Mediterranean diet

- ~20% of normal corn and soybean

- Synthesized from 18:0 by Stearoyl Co-A desaturase in the body 
(~65% of 18:0 converted to 18:1 n-9)

- Has emulsifier properties
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Genetically selection to change fatty acid profile of 
plant oils is not new!

Feedstuff (% 
FA)

16:0 18:0 18:1 18:2 18:3 20:1 22:1

Rapeseed 3 1 17 13 6 10 42

Canola 5 2 60 20 9 1.2 0.1

HO Canola 4 2 76 10 2 1.5 0.1

Sunflower 6 4 22 70 0.1 - -

HO Sunflower 3 4 >80 <10 0.1 - -

Safflower 4 3 12 79 0.5 - -

HO Sallflower 4 4 75 14 0.5 - -

- Why?  Food industry looking for better oxidative 
stability and ”fry life”.  Oleic considered “Healthly”
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Multiple approaches have been used to make high 
oleic soybeans

Feedstuff (% 
FA)

16:0 18:0 18:1 18:2 18:3

Conv. Soybean 11 4 23 54 8
High Oleic

Plenish® 6.5 4 75-80 7.5 2.5
Vistive® Gold 2.5 3.5 72 16 3
Soyleic® 6 4 78-84 <10 <3

Ca-PFAD 46 4 40 7.9 -

- HO soybeans have >2x “fry life” of conventional 
soybeans and Americans love the taste of soy oil!

Also, a CRSPR 
version by 
Calyxt®, which is 
not available
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How do I know if my soybeans are ”high-oleic”?

- Source verified and segregated

- Full FA profile by GC
- Slow and expensive!

- NIR Prediction
- Able to distinguish conventional from HO

- Lab and hand-held (CVAS)
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High oleic soybean- Current state
Two sources of seed/genetics commercially 
available
- Plenish by Pioneer (GMO)
- Soyleic by MO Soybean Board (Non-GMO)

General agronomics
- Similar yield and growing number of varieties
- Stacked traits more limited

Current market
- Variable and dynamic premiums at crush plant
- Strong interest in dairy nutrition!
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Good example of short vs long term decision

Short term
- Dynamics in the HO soybean and oil markets may present 

opportunities when supply outpaces demand
- An alternative when other fat markets spike or are not 

available

Long term
- Change crop rotations and strategies to make ”home-grown”
- Better control of costs and risks
- Changes in oil, soybean, and meal markets

- Renewable fuel credits and demand (aviation fuel etc)
- Inc. in soybean crush capacity (+24% in next 3 years)
- Cost of other protein sources
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Fatty acids are an expensive nutrient
Global Soybean Oil Price What is the future?

- More competition 
from biodiesel?

- Overbuilt crush 
capacity?

Index tallow, inedible grease
https://fred.stlouisfed.org/series/WPU06410132
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Long term value of beans vs meal?

-Long-term impacts 
on least-cost 
formulation for 
protein vs. fat in diets 
is unclear

- There have been 
significant changes 
with biofuels and 
crush capacity, and 
more changes are 
coming!
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We will focus our discussion on full fat 
soybeans and expeller pressed soybean meal

Raw 
Soybean

Roasted 
Soybean

Expeller 
Meal

CP 40 40 40.5
NDF 13 13 9
FA 19 19 5-8

RUP 20± 50± 55±
RDP 80± 50± 45±

How can HO soy products reduce “feed cost” to 
improve “IOFC”?

Need to consider as both a protein and fat 
ingredient!
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To correctly value, you need to get a 
good number for total FA

FA EE SD N

NASEM Raw 17.0 20.7 1.7 212
NASEM Roasted 15.4 21.3 1.9 1005

CNCPS Raw - 20.7 - -
CNCPS Roasted 18.8 - -
Rock River - 21.3 - 780
Feedipedia - 22.1 1.3 960

Soyleic - 17.1-20.4 - -
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Fat concentration varies by year and likely 
between full season and double cropped

desaturase enzymes in soybean seeds with elevated grow-

ing temperatures, which are involved in the synthesis of

these fatty acids [208].
Of minor soybean constituents, isoflavones were very

sensitive to growing temperature, and their content in

soybeans declined with higher growing temperatures [207,
209–212]. Lozovaya et al. [210] reported 3.4 mg total

isoflavones/g seed dry weight in soybeans grown at a low

temperature regime (13/23 !C, day/night) and 1.3 mg/g
seed dry weight in soybeans at a high temperature regime

(23/33 !C, day/night). Tsukamoto et al. [212] reported a

13.6–18.2 times decrease in isoflavone content of the seed
when growing temperature increased from 25/10 !C (day/

night) to 38/28 !C (day/night). Content of phytosterols

increased 2 times in soybean oil when soybean growth
temperature increased from 20/10 to 35/25 !C [215].

Composition of isoflavones and phytosterols also changed

with growing temperature [210, 213]. The relationship
between the tocopherol content of soybean seed and plant

growing temperature still remains unclear: Dolde et al. [84]

reported an approximately 4 times decrease in the amount
of tocopherol at 20/10 !C (day/night) temperature com-

pared to 35/25 !C, whereas Almonor et al. [87] reported a

1.5 times increase in the tocopherol content of the seeds
with an increase in the average growing temperature from

15.5 to 27.5 !C. Britz and Kremer [214], on the other hand,
found no change in the total tocopherol content of soybean

seeds, but the relative proportion of a-tocopherol increased

two times at a 28 !C average growing temperature com-

pared to 23 !C. Carrera et al. [207] also reported that
temperate to cooler temperatures (16–20 !C) favored

accumulation of d-tocopherol in the seed, while the con-

centration of a-tocopherol increased with growing
temperature.

Effect of Soil Moisture on Seed Composition

It is well known that water deficit during the seed set period

reduces seed number, whereas water deficit during later
stages of seed development shortens seed filling duration

and thereby reduces soybean size [215, 216]. The rela-

tionship between water stress and soybean seed composi-
tion, however, still remains controversial. Dornbos and

Mullen [217], Kumar et al. [218], and Rotundo and

Westgate [216, 219], reported 2–23 % increased protein
contents, whereas Carrera et al. [220], Specht et al. [221],

Rose [222], and Boydak et al. [223] reported about 3 %

decreased protein contents with soil moisture deficit. Car-
rera et al. [220] attributed differences among the reported

results to the timing and intensity of the drought stress

during seed development. Results of Bellaloui and Men-
gistu [199] suggest that the plant’s response to soil mois-

ture deficit might be dependent on the cultivar; the soybean
cultivar Dwight grown in the mid-south US displayed, on

Fig. 7 Estimated protein
(a) and oil (b) contents of US
grown soybeans in the period
1986–2010. Total number of
surveyed soybean samples was
37,762 with an average of 1,452
samples per year

J Am Oil Chem Soc (2014) 91:363–384 377

123

Oil concentration in US grown beans (37,762 samples with average of 1452 per year).  
Medic et al. (2014) J Am Oil Chem Soc. 91:363-384.

- Higher temperature at seed filling increases oil concentration 
(early vs late planted)
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NASEM applies one digestion coefficient 
for all oilseeds, but  there is potential for 

additional benefit of oleic acid
Class FA Digestibility Coefficient 
Basal Diet 0.73
Oilseeds 0.73
Blended Triglycerides 0.63
Ca-Salts of palm FA 0.76
PA ~85% 0.73
PA or SA >90% 0.31

- Recent work for MSU has shown increases in FA 
digestibility with abomasal infusion of oleic acid.

- Prom et al. 2021 (JDS 104:12616-1627) 
- We have observed increasing oleic acid in FA prills 

increases digestibility (Pierce et al. Unpubished)

Daley et al. 2018 (2021 NASEM) 
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Milk fat and protein yield are the drivers of 
the “income” part of IOFC

($/hd/d @85 lb of 4.0 fat & 3.1 protein)

Harvatine unpublished 
based on USDA NASS 
milk price

- We are going to focus on milk fat today, but remember 
soybeans are have a large impact on MP that is needed 

to maximize milk protein yield

5 year average:
  Fat = $2.48/lb
  Prot =  $2.70/lb
  Other Solids = $0.26/lb

Does not 
include PPD!
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Milk fat has increasing since 2010 and we 
need to meet demands to make milk fat

Harvatine unpublished from USDA NASS
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Decreased by milk fat depression
- Unsaturated fat (18:2)
- Fermentability
- Acidosis
- Feeding strategies and feed Mgmt

Milk fat is responsive to nutrition in 
both directions

Increased by additional substrate
- Acetate from forages
- Dietary Fat
 - Fat level
 - Palmitic acid
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What does the cow need to make milk fat?
~55% taken up from the blood as preformed fatty acids
 85% of this comes directly from absorption of dietary fat

Is there a “requirement” for fatty acids?

- 4 lb of milk fat x 55% Preformed = 2.2 lb

- 2.2 lb / 55% transfer efficiency = 4 lb of dietary fat!

- 4 lb / 55 lb DMI = 7.3% Dietary FA

Don’t try that, but gives idea of metabolic need

18
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Many diets result in 18 carbon transfer 
efficiencies much higher than expected (>60%): 

Does this mean we are not feeding enough?

Journal of Dairy Science Vol. 98 No. 9, 2015

FEEDING REGIMEN AND FATTY ACID RECOVERY IN MILK 6407

RA. The proportion of RA in total milk FA was 
affected by feeding regimen (P < 0.001) and the sum 
of dietary LLA plus ALA contents (P < 0.001); no 
interaction was found between these factors (Table 4) 
and the slopes were similar in magnitude (Figure 2B). 
It was obvious that Grazing was more effective in this 
respect than the other 2 feeding regimens, as it had the 
highest intercept.

Recovery of Total C18 FA, ALA, LLA, or Derivatives  
in Milk Fat in Relation to Dietary FA

The apparent FA recovery (serving as an estimate for 
transfer efficiency) was plotted against the correspond-
ing dietary FA proportions (% of DM). The parameter 
estimates as well as the regression curves are shown 
in Figure 3. All recoveries of total C18 FA, LLA, and 
ALA were different (P < 0.01) from zero. The response 
can be divided into 3 phases consisting of the highest 
declining rate of the curve at a very low intake (and, 
thus, dietary content) of these FA (phase I), a lower 
declining rate at low to moderate intake (phase II), and 
a constant rate at moderate to high intake (phase III).

For total C18 FA, at low dietary content (<1.5% of 
DM) the apparent recovery in milk fat exceeded 100% 
(Figure 3). Regarding the pattern of change described 
above, in phase I, when dietary C18 FA increased from 
0.5 to 0.9% of DM, the total C18 FA apparent recovery 
in milk fat drastically decreased from 3.84 to 1.82 times 
of intake. In phase II, where the dietary proportion of 
C18 FA increased from 1.0 to 1.8% of DM, the apparent 
recovery decreased from 1.58- to 0.90-fold of intake. 
Beyond 1.8% of DM (phase III), the recovery rate 
stayed quite constant, with approximately 81 to 90% 
of total C18 FA ingested by the animal being secreted 
with the milk. The apparent recovery of LLA decreased 
markedly from 54 to 34% when the dietary LLA pro-
portion was increased from of 0.1 to 0.2% of DM. Then, 
the recovery slowly decreased from 23 to 11% as the 
LLA proportion in diet increased from 0.3 to 0.6% of 
DM before reaching a constant at approximately 10% 
with further increasing dietary LLA proportions. For 
ALA, the apparent recovery would exceed 100% at 
very low intake (i.e., at less than 0.01% of DM). From 
our database, where the lowest dietary proportion was 
0.016% of DM, the maximum predicted ALA transfer 
was 92%. Then, it dropped to 52 and 18% when the 
dietary ALA proportion increased to 0.04 and 0.09% 
of DM, respectively. Next, the apparent ALA recovery 
efficiency declined, albeit with a slower rate, from 15 to 
6% as the dietary ALA proportion increased from 0.10 
to 0.20% of DM, respectively. After that, it remained 
constant at about 5%.

Figure 3. Transfer efficiency of total C18 FA (A), linoleic acid (B), 
and α-linolenic acid (C) from feed to milk in relation to their dietary 
proportions (% of DM) in cows subjected to feeding regimens based on 
grazing ("), forage-based diets fed indoors (∆), or concentrate-based 
diets fed indoors ($). The line corresponds to the equation obtained 
from the adjusted apparent transfer efficiency calculated across all 
feeding strategies. Parameter estimates: a = scale parameter; b = rate 
parameter. RMSE = root mean square error.

Khiaosa-ard et al. JDS 2015

- Average TMR at 
CVAS is 2.3% 18 

carbon FA

19

Feeding fat increases preformed FA in milk to a 
point, but decreases de novo FA 

(16:0 differs some from 18 C on this effect)

GLASSER ET AL.2774

Figure 2. Milk C18 yield (g/d) according to the increase in duodenal
C18 flow (g/d; i.e., increase over control treatment for 16 dietary
experiments, or amount infused for 13 infusion experiments). (a) Raw
data, each point corresponds to an experimental treatment, and thin
lines link treatments from the same experiment. White circles repre-
sent low-lipid diets, and black triangles represent unresponsive treat-
ments for which milk C18 yield did not increase with duodenal flow
or with differing milk C18 yields despite similar increases in duodenal
flow. (b) Within-experiment model of responsive treatments (Eq. [1]
in the text) and residuals.

dietary experiments and the experiments of duodenal
lipid infusions (excluding conjugated linoleic acid infu-
sions, see below): for dietary experiments, the increase
was equal to the duodenal flows of the supplemented
diets minus the duodenal flow of the control treatment,
and for infusions, the increase was considered equal to
the amount infused. These data are shown in Figure
2. Based on graphic examination and distribution of
within-experiment differences, we identified 2 condi-

Journal of Dairy Science Vol. 91 No. 7, 2008

tions in which milk C18 yield did not respond to duode-
nal C18 flow. The first condition was observed in treat-
ments with similar duodenal flow (less than 20 g/d of
difference between treatments in a same experiment)
and yet differences in milk C18 yield (greater than 60
g/d), corresponding to vertical lines in Figure 2 (Chris-
tensen et al., 1994; Gaynor et al., 1994; Enjalbert et
al., 1998; Romo et al., 2000). The second condition was
observed in treatments with an increase in duodenal
C18 flow (more than 80 g/d of difference between treat-
ments in a same experiment) and yet almost no increase
(less than 10 g/d) or even a decrease in milk C18 yield,
corresponding to horizontal or decreasing lines in Fig-
ure 2 (Chilliard et al., 1991b; Kalscheur et al., 1997a,b;
Chelikani et al., 2004; Loor et al., 2005b,c). These treat-
ments are indicated by black triangles in Figure 2. For
these treatments, C18 yield was obviously not deter-
mined by C18 availability. These unresponsive treat-
ments were excluded from the global model of the re-
sponse of milk C18 yield to an increase in C18 availabil-
ity (increase in duodenal C18 flow) and considered apart
(see below). Moreover, we excluded diets containing fish
oil (white triangles in Figure 1), because they induced
a large decrease in C18 yield for a given duodenal flow
(Figure 1). The fish oil treatments were thus studied
apart (see fish oil effects paragraph below).

From the remaining data, milk C18 yield could be
adjusted, within experiment, from the increase in duo-
denal C18 flow (∆C18duo):

C18milk (g/d) = ∆exp + 345 (±7)

+ 0.46 (±0.08) × ∆C18duo (g/d)

− 0.00038 (±0.00013) × ∆C18duo2

(Nexp = 26, Ntrt = 77, R2 = 0.92,

RMSE = 40.3 g/d). [1]

The intercepts and linear and quadratic coefficients
of the equation did not differ between dietary and infu-
sion experiments. There was a linear within-experi-
ment decrease in DMI with increasing duodenal C18
flow [mean slope −1.7 (±0.5) g of DMI per g of duodenal
C18 increase; P < 0.001], but variations in DMI and
milk C4 to C16 yield, when introduced as covariates in
the Eq. [1] model, were not significant.

To study the determinants of milk C18 yield in the
unresponsive treatments, we plotted all data according
to their milk yields of C18 and C4 to C16 (Figure 3).
Although most experimental treatments exhibited the
well-known negative relationship between milk C18
and C4 to C16 yields, the unresponsive treatments were
aligned along a line (dashed line in Figure 3), indicating
a positive relationship between C18 and C4 to C16

GLASSER ET AL.2776

Figure 4. Milk C18 yield (g/d) according to milk C4 to C16 yield
(g/d) in experiments with a constant duodenal C18 flow and variations
in C4 to C16 yield. Each point corresponds to an experimental treat-
ment, and the thin lines link treatments from the same experiment.
Triangles are experiments involving trans-10, cis-12–18:2 infusions,
circles are other lipid infusions and dietary experiments, black sym-
bols indicate milks rich in C18 (more than 45% of total fatty acids),
and white symbols indicate milks less rich in C18 (<45%). The dashed
line corresponds to Eq. [2] obtained from unresponsive treatments
in Figure 3 (milks highly loaded in C18).

Both the intercept and the slope of this relationship
were significant (P < 0.01). Slopes were inferior to 1,
meaning that C18 yield decreased less than C4 to C16
yield, and there was a (linear) increase in C18 percent-
age in milk FA after a decrease in milk C4 to C16. The
within-experiment slope obtained for a null distance to
the line (0.78, i.e., when the experiment is very close
to the high C18 load line) is close to the slope of the
line itself (0.92, Eq. [2]), obtained from a different set
of data. The slopes did not differ between dietary and
infusion experiments. For the experiments with a low
percentage of C18 in milk FA (<45%, white symbols
in Figure 4), the mean within-experiment slope was
0.30 (±0.09).

Effect of Duodenal Flow of C18 on C4 to C16 Yield

It is well known that lipid supplementation decreases
de novo FA synthesis, particularly through certain ru-
men biohydrogenation isomers (Bauman and Griinari,
2001). There were few publications in the database with
sufficiently detailed profiles of C18 at the duodenum.
Moreover, there was often a high correlation between
the duodenal flows of the various C18 isomers, because
plant oil supplements (which were the most widely used
in the database) induce higher duodenal flows of almost
all C18 isomers (mainly intermediates of rumen biohy-
drogenation of polyunsaturated FA). We compared sev-
eral of these isomers as predictors of a decrease in C4 to

Journal of Dairy Science Vol. 91 No. 7, 2008

Figure 5. Milk C4 to C16 yield (g/d) according to the increase in
duodenal C18 flow (g/d). (a) Raw data, each point corresponds to an
experimental treatment, and thin lines link treatments from the
same experiment. White circles represent low-lipid diets (control
diets), black circles represent lipid-supplemented diets, black trian-
gles represent lipid-supplemented diets with milk saturated in C18,
and triangles represent fish oil diets. (b) Within-experiment adjusted
model (Eq. [4] in the text) and residuals.

C16 yield, but none proved better (based on the RMSE of
the models) than the duodenal flow of total C18 (Figure
5). Within-experiment in dietary and lipid (except
trans-10, cis-12–18:2) infusions, milk yield of C4 to C16
decreased linearly with increasing C18 duodenal flow:

C4 to C16milk (g/d) = ∆exp + 583 (±8)

− 0.26 (±0.03) × ∆C18duo (g/d)

(Nexp = 29, Ntrt = 90, R2 = 0.94, RMSE = 52 g/d). [4]

There was a significant effect of infusions vs. dietary
experiments on the intercept (the intercept value in Eq.
[4] is the overall mean), but not on the slope. There

Glasser et al. 2008 JDS 91:2771-2785

Preformed FA in milk de novo FA in milk

- Mammary gland is “lazy”- why make if I can 
take up from blood?

GLASSER ET AL.2776

Figure 4. Milk C18 yield (g/d) according to milk C4 to C16 yield
(g/d) in experiments with a constant duodenal C18 flow and variations
in C4 to C16 yield. Each point corresponds to an experimental treat-
ment, and the thin lines link treatments from the same experiment.
Triangles are experiments involving trans-10, cis-12–18:2 infusions,
circles are other lipid infusions and dietary experiments, black sym-
bols indicate milks rich in C18 (more than 45% of total fatty acids),
and white symbols indicate milks less rich in C18 (<45%). The dashed
line corresponds to Eq. [2] obtained from unresponsive treatments
in Figure 3 (milks highly loaded in C18).

Both the intercept and the slope of this relationship
were significant (P < 0.01). Slopes were inferior to 1,
meaning that C18 yield decreased less than C4 to C16
yield, and there was a (linear) increase in C18 percent-
age in milk FA after a decrease in milk C4 to C16. The
within-experiment slope obtained for a null distance to
the line (0.78, i.e., when the experiment is very close
to the high C18 load line) is close to the slope of the
line itself (0.92, Eq. [2]), obtained from a different set
of data. The slopes did not differ between dietary and
infusion experiments. For the experiments with a low
percentage of C18 in milk FA (<45%, white symbols
in Figure 4), the mean within-experiment slope was
0.30 (±0.09).

Effect of Duodenal Flow of C18 on C4 to C16 Yield

It is well known that lipid supplementation decreases
de novo FA synthesis, particularly through certain ru-
men biohydrogenation isomers (Bauman and Griinari,
2001). There were few publications in the database with
sufficiently detailed profiles of C18 at the duodenum.
Moreover, there was often a high correlation between
the duodenal flows of the various C18 isomers, because
plant oil supplements (which were the most widely used
in the database) induce higher duodenal flows of almost
all C18 isomers (mainly intermediates of rumen biohy-
drogenation of polyunsaturated FA). We compared sev-
eral of these isomers as predictors of a decrease in C4 to

Journal of Dairy Science Vol. 91 No. 7, 2008

Figure 5. Milk C4 to C16 yield (g/d) according to the increase in
duodenal C18 flow (g/d). (a) Raw data, each point corresponds to an
experimental treatment, and thin lines link treatments from the
same experiment. White circles represent low-lipid diets (control
diets), black circles represent lipid-supplemented diets, black trian-
gles represent lipid-supplemented diets with milk saturated in C18,
and triangles represent fish oil diets. (b) Within-experiment adjusted
model (Eq. [4] in the text) and residuals.

C16 yield, but none proved better (based on the RMSE of
the models) than the duodenal flow of total C18 (Figure
5). Within-experiment in dietary and lipid (except
trans-10, cis-12–18:2) infusions, milk yield of C4 to C16
decreased linearly with increasing C18 duodenal flow:

C4 to C16milk (g/d) = ∆exp + 583 (±8)

− 0.26 (±0.03) × ∆C18duo (g/d)

(Nexp = 29, Ntrt = 90, R2 = 0.94, RMSE = 52 g/d). [4]

There was a significant effect of infusions vs. dietary
experiments on the intercept (the intercept value in Eq.
[4] is the overall mean), but not on the slope. There
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How does the cow use preformed FA? 
Often dietary de novo fatty acids are decreased 

and milk fat yield does not change
Total Milk fat

Preformedde novo

Dietary Fat Concentration

%
 M

ilk
 F

at
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However, if de novo synthesis hits its maximum 
capacity we will then lose milk fat yield with 

low fat diets
Total Milk fat

Dietary Fat Concentration

%
 M

ilk
 F

at

Preformedde novo
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I think we need to consider all the 
sources of FA in the diet
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Soybeans!
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How much rumen available unsaturated 
FA can we feed depends on:

1. The fat
• FA profile (18:2 vs 18:1 & 18:3 vs 16:0 & 18:0)
• Rate of release of the FA in the rumen

2.  Rumen environment that changed microbes
• Fermentable CHO level and rate
• rumen pH
• Many other factors

3.  Your risk aversion for MFD!

24
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linoleic acid
(cis-9, cis-12 C18:2)

rumenic 
(cis-9, trans-11 CLA)

linoleic acid
(cis-9, cis-12 C18:2)

acid
(cis-9, trans-11 CLA)

(trans -11 C18:1

stearic acid (C18:0)

“Diet induced Milk Fat Depression” occurs 
when rumen metabolism of unsaturated fatty 

acids is altered

Griinari and Bauman, 1999

vaccenic acid 
)

stearic acid (C )

Alternate CLA isomers 

trans- C       isomers

stearic acid (C18:0 )

Altered 
pathways

18:1

trans-10, cis-12 CLA

trans-10 C18:1

C18:1 n-9
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1. Modify microbial population

2. Are substrate for biohydrogenation
- 18:2 pathways results in the bioactive 

intermediates

What is important?
1. Amount of 18:1, 18:2, and 18:3
 
2. Rate of availability in the rumen
 - Cottonseed vs DDGS

How do unsaturated FA contribute to MFD?

26
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The ability of 18:2 to cause MFD is 
higher than 18:1

Corn Low FA 18:2 18:1 Palm Ca-
PFAD

SEM

Milk, kg 45.1 40.7 43.8 44.8 44.6 42.3 1.43
Fat, kg 1.55 1.41 1.31 1.44 1.51 1.44 0.07
Fat, % 3.53 3.54 3.03 3.29 3.44 3.46 0.10

trans-10 18:1 0.61 0.50 1.54 1.11 0.86 0.63 0.22

Stoffel et al. 2015 (JDS 98:431-442)

Corn diet = 1.8% total FA and low FA = 1.2% FA.  Oils 
added at 1.7% of diet.

27

Dorea and Armentano (2017) using meta-
regression found 18:2 to be ~2x impact of 
18:1 on milk fat yield

Milk Fat = 

 1178 + 
  –34 x Diet 18:1 + 
   –75 x Diet 18:2 +
    –25 x diet 18:3
      
     Anim. Prod. Sci. 57:2224-2236

28



15

P value
Trt <0.01
Level <0.01
Trt x level <0.05
SE 0.232.5

3.0

3.5

4.0

High Low

M
ilk

 fa
t, 

%
Control PA Ca-salts

2

Con vs. PA , 1= P<0.05; 1†=P<0.1
PA vs Cal-salts, 2= P<0.05; 2†=P<0.1

Milk fat 
concentration

0.0

0.5

1.0

1.5

2.0

2.5

High Low

tr
an

s-
10

 C
18

:1
, %

 FA

Control PA Ca-salts2Alternative Pathway
trans-10 C18:1

P value
Trt <0.001
Level <0.001
Trt x level <0.001
SE 0.18

92 lbs 64 lbs

Rico et al. 2014

We have the most experience with 18:1 from 
feeding Ca-PFAD, which can cause MFD

29

How much unsaturated fat is too much?  It 
depends!  Example of interaction with particle size

0% oil 2% Corn Oil
Short Long Short Long SEM

Fat
% 3.62a 3.62a 2.27c 3.02b 0.23
lb 2.60a 2.79a 1.54b 2.02b 0.22

<16C 27.8a 28.4a 19.4c 22.7b 0.58
16C 25.2a 24.7b 21.0c 21.1c 0.46
>16C 47.1c 47.0c 59.6a 56.2b 0.68
trans-10 C18:1 0.67bc 0.56c 5.32a 16.1b 0.39

Ruminating, min/d 401bc 542a 400c 465b 37

Ramirez Ramirez et al. 2016 JDS 99:392-398
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Increasing processing of soybeans 
will increase risk for MFD

Mohamed et al. 1998. JDS 71:2677-2688

• Grinding oilseeds increases the rate of 
releases the FA in the rumen

CON Oil Whole Roasted SEM

Milk, kg 26.2 26.8 25.7 26.9 0.56

Fat, % 3.53 2.75 3.59 3.59 0.09

31

Impact of soybean meal grind size when 
feeding 18% of diet DM

Dhiman et al. 1997

-----------Roasted-----------
Raw W/H H/Q Q/< Grd SEM P

Milk Fat, 
kg 1.22 1.31 1.27 1.17 1.20 0.04 0.09

TT CP 
Dig, % 57.1b 60.8ab 61.7a 61.8a 63.2a 1.2 0.03

SB passed in feces
% feces 
DM 6.13a 3.10b 3.34b 2.27c 1.06c 6 0.001
% intake 12.0a 6.9b 7.8b 4.2bc 2.4c 1.3 0.006

32



17

1.13 1.1 0.86

3.76 3.64 3.95

0

2

4

6

A B C

FA in seeds, % FA 
consumed in WCS

Prim Mult

1.1 1.26 1.31

4.47 4.09 4.34

0

2

4

6

A B C

Seeds passed, % seeds 
consumed 

Prim Mult

We similarly saw a small percent of 
whole cottonseed pass undigested in 

manure

3.4% 6.8% 9.9% 3.4% 6.8% 9.9%

T = 0.94
P <0.01 T = 0.89

P < 0.01

Pierce et 
al.

Pierce et al. JDS 2023
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Another example, grinding may not 
increase digestibility beyond cracking

Tice et al. 1993

CON Whole Crk Grnd SE Lin Quad
MY, kg 16.0 19.4 18.9 18.3 0.7 0.18 0.57
Fat, % 3.19 3.25 2.93 2.98 0.17 0.22 0.32

N Dig, %
SI 66.3 67.3 69.9 70.1 1.6 0.08 0.25
TT 72.5 62.6 67.5 67.5 1.4 0.11 0.23

FA Dig, %
SI 70.7 57.5 56.9 59.1 5.1 0.88 0.61
TT 73.0 60.5 60.2 61.4 3.7 0.74 0.53

2.65 mm 0.63 mmMean PS

34
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What data is there on feeding HO soybeans 
and expeller meal?

35

Lopes et al. (2017)  observed increased milk 
fat percent with HO expeller and roasted 

soybeans compared to conv. expeller 

Milk,
lb

Milk composition

Fat,
%

Fat,
lb

t10 18:1,
% FA

Conv. Expeller 93.9 3.55 3.37 0.48

HO Expeller 92.4 3.74 3.52 0.42

HO RWSB 92.0 3.76 3.52 0.40

P (C vs HO Exp) NS <0.01 NS <0.01

P (C vs RWSB) NS <0.01 NS <0.01

36



19

Weld et al. (2018) first compared Conv. vs 
HO whole soybeans on an equal fat basis in 

primiparous and multiparous cows

Milk,
lb

Milk composition

Fat,
%

Fat,
lb

t10 18:1,
% FA

Primiparous Cows

Conv. WSB 89.1 4.13 3.63 0.30

HO WSB 84.5 4.08 3.48 0.23

Multiparous Cows

Conv WSB 99.2 3.84 3.74 0.38

HO WSB 99.0 4.07 4.05 0.3

P (Conv vs HO) NS NS NS NS

37

Weld et al. (2018) also compared a low-fat 
control to Conv and HO soybeans either as ground 

or whole beans
Milk,

lb
Fat,
%

Fat,
lb

Low Fat 105.6 3.25 3.39

Ground Raw Soybeans

Conv 107.4 3.09 3.28

HO 103.8 3.50 3.61

Whole Raw Soybean

Conv 106.7 3.40 3.61

HO 103.0 3.53 3.59

P (HO) <0.01 NS NS

P (HO Grd) NS <0.01 0.01

P (HO WSB) NS NS NS
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Increasing roasted soybeans from 5 to 10% 
increased milk fat at PSU

Treatment Means1
Conv. 

Soybean
High 18:1 
Soybean P-Values2

Item 5% 10% 5% 10% SEM Type Level
Type* 
Level

Milk, kg/d 43.8 43.7 43.4 44.8 1.28 0.69 0.28 0.18
Milk Fat

% 3.28 3.46 3.42 3.66 0.12 <0.05 0.01 0.69
g/d 1393 1464 1461 1574 108 0.08 0.01 0.55

Milk Fatty acids, % FA
>16C5 37.4 41.5 37.8 41.5 0.70 0.42 <0.001 0.57

t10 C18:1 0.79 0.89 0.62 0.63 0.13 0.01 0.96 0.67
OBCFA 3.88 3.37 4.13* 3.66* 0.09 <0.001 <0.001 0.76

But, we have not been successful in titrating this 
effect with soybeans or cottonseed

39

Increasing roasted HO soybeans tended to 
linearly increase milk fat in multiparous cows.

High	Oleic	Soybean P-Values

0% 5% 10% 15% SEM TxP L Q
Milk
Fat,	% 4.02 4.02 4.06 4.16 0.29 0.97 0.17 0.47
Prim. 4.07 4.08 4.15 4.24 0.11 0.44 0.75
Multi. 3.97 3.96 3.96 4.09 0.11 0.24 0.48

Fat,	kg 1.62 1.63 1.67 1.71 0.16 0.19 0.10 0.80
Prim. 1.44 1.47 1.56 1.46 0.06 0.60 0.29
Multi. 1.80 1.79 1.79 1.96 0.06 0.07 0.16

Prim.	=	primiparous;	Multi.	=	multiparous;	Trt	=	treatment;	TxP	=	the	interaction	effect	of	
treatment	and	parity	
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Increasing roasted HO soybeans linearly 
decreased de novo FA (<16C) and 

quadratically increased preformed FA (>16 C)
High	Oleic	Soybean P-Values

0% 5% 10% 15% SEM TxP L Q

∑<16	C 271 254 249 238 17.8 0.66 <0.001 0.52

∑	>16	C 328 363 383 404 29.6 0.13 <0.001 0.36

Trans-10,	
C18:1 0.43 0.44 0.45 0.46 0.05 0.26 0.06 0.70

Prim.	=	primiparous;	Multi.	=	multiparous;	Trt	=	treatment;	TxP	=	the	interaction	effect	of	
treatment	and	parity	
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L = 0.01
T = 0.01

L = 0.02
T = 0.01

There was a linear decrease in NDF and FA 
digestibility, especially after 5% HO 
soybeans

Khonkaeng et 
al.

Harvatine Lab, unpublished
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Dry matter and NDF digestibility were 
also decreased by increasing cottonseed

62.4
60.7

58.4 58.5

63.4 62.4
61.1

58.5

50

55

60

65

70

A B C D

Dry Matter Digestibility, %

      Prim       Mult

34.6

27.8 26.5
22.9

36.1
33.3

29.8
27.1

15
20
25
30
35
40

A B C D

NDF Digestibility, %

      Prim       Mult

P = 0.15
LT <0.01
LP <0.01
LM <0.01

P = 0.04
LT <0.01
LP <0.01
LM <0.01

3.4% 6.8% 9.9%0% 3.4% 6.8% 9.9%0%

Pierce et 
al.

Pierce et al. JDS 2023
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We also compared HO expeller meal to conventional 
soybean meal and did not see a response with diets 
with low or moderate risk for MFD

Treatment

SEM

P value

Item CON HO Treatment Phase T*Ph

Milk Yield, lb/d 108.2 110.2 4.91 0.12 0.11 0.64

Low-risk phase 107.6 108.9 4.98 0.44

Moderate-risk phase 108.9 111.3 4.96 0.12

Fat, % 3.42 3.48 0.11 0.50 0.01 0.76
Low-risk phase 3.70 3.73 0.14 0.83
Moderate-risk phase 3.14 3.22 0.11 0.28

Fat, lb/d 3.68 3.77 0.20 0.29 0.01 0.65
Low-risk phase 3.97 4.01 0.22 0.74
Moderate-risk phase 3.42 3.55 0.20 0.24

Burtnett et al. Unpublished

44



23

Overall, what do high oleic 
soybean get us?

- Armentano and Harvatine review of data in 2022 
concluded 65 g/d with ~5% feeding rate

- This agrees with Dorea and Armentano (2017) that each 
1% of dietary C18:2 switched for C18:1 will result in a 44 g 
increase in milk fat.  

- A 1% substitution of C18:2 for C18:1 equates to 
substitution of conventional for high oleic soybeans at 
5% of the diet (2.75 lb/d).

45

IOFC estimated to be 15 to 20 
cents/hd/d in recent economic analysis

Journal of Dairy Science Vol. TBC No. TBC, TBC

a practice such as HOS feeding. For a farm with 2,000 
cows, the increase in farm income from feeding HOS as 
we have assumed is more than $130,000 per year based 
on the mean values of MILFC during 2014 to 2020 
(Table 3). During periods of high butterfat price, this 
increase in farm income would be larger. The amount 
of soybeans required for the farm and the acres that 
would need to be planted also increase linearly with 
the number of cows, but provide a benchmark for the 

amount of farm storage and changes to the cropping 
pattern that would be required for own production.

The previous economic analysis and discussion of 
practical considerations suggest that there would be 
economic incentives for HOS use in dairy rations and 
considerable interest in exploring their use among 
dairy producers. With currently available information, 
it is difficult to estimate the potential US market size 
for HOS and how it might evolve over time given the 
multiple factors that will influence it. Factors favoring 

Nicholson et al.: Economic Analysis of High-Oleic Soybeans

Figure 1. Distribution of Values of Differences in Milk Income Less Feed Cost with Substitution of 5% High-Oleic Soybeans, January 2014 
to September 2020, Assumed Fat Increase of 40 g cow−1 day−1, 45g cow−1 day−1 and 50 g cow−1 day−1

Table 2. Characteristics of Impact on Milk Income Less Feed Costs ($ cow−1 day−1) of Substitution of 5% 
High-Oleic Soybeans for Conventional Soybeans in Dairy Cow Rations for Different Assumptions About the 
Impact on Milkfat Yield

Metric

Fat increase from high-oleic soybeans:

40g cow−1 day−1 45g cow−1 day−1 50g cow−1 day−1

Mean impact 0.1379 0.1583 0.1787
Minimum impact 0.0490 0.0583 0.0676
Maximum impact 0.2133 0.2432 0.2730
Standard Deviation 0.0340 0.0382 0.0425
Coefficient of Variation 0.2464 0.2414 0.2376

NOTE: All values are in $ cow−1 day−1, based on assumed response to replacement of 5% of DMI with whole 
HOS, 1.4 kg HOS cow−1 day−1. Minimum and Maximum impacts are estimated based on variation butterfat 
value and feed costs using monthly data from January 2014 to September 2020.

Nicolson et al. 2024 JDS
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Oleic acid may also have an impact on physiology 
when absorbed

Abou-Rjeileh et al. 2023 abomasally infused 50 
g/d for the first 14 d of lactation
- Decreased plasma NEFA and ketones

- Inhibited decrease in adipocyte size at 14 d

- Increased insulin and decreased glucose 

clearance during a glucose tolerance test

- Increased insulin-stimulated lipolysis in explants

- Increased number of mitochondria in adipocytes
JDS 106:4306-4323
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Other common questions?
Should I still feed a dry fat supplement?
- Lock lab found little interaction of 10% cottonseed 
and PA supplements
How much oleic escapes the rumen?
- Probably not much based on the small increase in 
milk fat 18:2 with conventional soybeans
What is ”recommended feeding rate”?
- Depends on goal.  Careful to least cost based both 
on FA and protein/AA balancing
Can I feed them raw?
- Trypsin inhibitor likely broken down in rumen
- Careful because urease activity will degrade urea
- Don’t store ground long- FA rancidity issues

48
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• Home-grown fatty acids!

• Reduces risk of rumen-available unsaturated FA
– Allows higher feeding rates of soybean

• Rumen escape oleic may increase digestion of other 
fatty acids

• Moderate to high feeding rates depend on approach 
taken
– Maximize amount of fat
– RDP/RUP and amino acid balancing

 

In summary, HO soybeans are a 
great opportunity for many dairies!
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Thank You!
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