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Milk Fat US Trends

USDA, NASS
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• Milk Production no longer the 
main metric to track growth in 
the U.S. dairy industry

- Components climbed 27% 
from 2011 to 2024

- Milk Production grew 16% 
from 2011 to 2024

- Milk fat and protein pounds 
outpaced milk by 11% during 
that time

• Has improved cheese yield 
from 10.1 to 11.4 lbs of cheese 
from the same 100 lbs of milk 
(2010 vs. 2024)

https://bit.ly/GeigerLinkedIn 
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Sources of Milk Fatty Acids

• De novo synthesis 

ÐC4 to C14

ÐPart of C16

Ø Acetate

Ø B-hydroxybutyrate

• Uptake of preformed fatty 

acids

ÐPart of C16 

ÐAll long chain

Ø Absorbed from digestive tract

Ø Mobilized from body fat
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Increasing Precursor Supply

• Acetate & butyrate

• Palmitic acid

- Driver for initiating TAG synthesis in MG

• Preformed FA (18-carbon FA)

- Digestibility differences important

- Not all 18-carbon FA are the same

- Consider oilseeds and PA/OA supplements 

over SA-enriched supplements

- Impact of specific FA on nutrient 

partitioning and milk fat synthesis

HIGHER 
FAT YIELD
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Increasing Precursor Supply

HIGHER 
FAT YIELD
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Benoit et al. 2024. J. Dairy Sci. 107:10653–10666

• MG lipid synthesis is highly coordinated
- Must make fluid milk fat (triglycerides)

• Interdependence of different sources is key

• MG responds to nutrients not requirements

• To maximize milk fat gains, need to focus on driving all 3 sources
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Fat Supplements1 Oilseeds1

Fatty Acid, 

g/100 g

Mix FA 

prill

C16:0-

enriched 

prill

Ca-salt of 

palm fat
WCS

Conventional 

soybean

High 

C18:1 

soybean

C14:0 2.70 1.60 1.01 0.61 0.60 0.90

C16:0 32.8 89.7 47.7 24.6 10.2 5.80

C18:0 51.4 1.00 3.90 2.00 4.10 3.50

C18:1 (n-9) 5.80 5.90 37.3 14.8 25.2 73.9

C18:2 (n-6) 0.80 1.30 8.25 56.5 48.2 6.10
1Determined by GLC analysis in the Lock Lab.

Fatty Acid Supplements and Oilseeds

• World oil prices are rising and can affect availability and pricing of fat supplements 

o Oilseeds are an area of interest

6

2025 © Board of Trustees of M ichigan State University

• Newer soybean variety with potential 

to increase milk production due to FA 

profile

• Common commercially available 

sources: 

- Plenish by Pioneer (GMO)

- Soyleic by MO Soybean Board 

(Non-GMO)

Oilseeds – Why Use Them?

High C18:1 Soybean

(HOSB)

Soybeans are high in fatty 

acids (~20% FA) and protein 

(~40% CP) and can be grown 

in the US – making them an 

appealing home-grown 

feedstuff
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Soybeans – How Can We Use Them?

• Increased C18:2 increases risk of milk fat depression

(trans-10, cis-12, CLA)

(trans-10, 18:1)

Stearic acid

(C18:0)

Altered 

Fermentation

Vaccenic acid

(trans-11 

C18:1)

Stearic acid

(C18:0)

Linoleic acid

(cis-9, cis-12, 18:2)

Rumenic acid

(cis-9, trans-11, CLA)

Bauman et al. 2011. Annu Rev Nutri. 31:299-319

Biohydrogenation
Soybean Variety

Conventional soybean

HOSB

15 22 55 8

% Saturates %C18:1 % C18:2 % C18:3

12 75 7 3

% Saturates %C18:1 % C18:2 % C18:3
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Soybeans – How Can We Use Them?

HOSB

Prom et al. 2021. J. Dairy Sci. 104:12616-12627

12 75 7 3

% Saturates %C18:1 % C18:2 % C18:3

Typical FA Composition
High Oleic Soybean Oil

• Increasing C18:1 supply to the SI 

improves FA digestibility

Linear effect: P-value = <0.01

Quadratic effect: P-value = 0.12

0 vs. 60 effect: P-value = <0.01
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Soybeans – How Can We Use Them?

HOSB

de Souza et al. 2019. J. Dairy Sci. 102:9842–9856

Western et al. 2020. J. Dairy Sci. 103:11472-11482

Ratio of C16:0 to C18:1 in FA blend
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Production Level
P values

Treatment = 0.87, Production <0.01

Treatment x Production = 0.05

12 75 7 3

% Saturates %C18:1 % C18:2 % C18:3

Typical FA Composition
High Oleic Soybean Oil

• FA supplements higher in C18:1 

increase milk components in 

higher producing cows
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Soybeans – How Can We Use Them?

HOSB

Abou-Rjeileh et al. 2023. J. Dairy Sci 106:4306–4323

12 75 7 3

% Saturates %C18:1 % C18:2 % C18:3

Typical FA Composition
High Oleic Soybean Oil

• C18:1 supplementation reduces 

lipolytic response and improves 

insulin sensitivity of AT in early 

lactation
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de Souza et al. 2021. J Dairy Sci 104:2910–2923
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ROASTING
• Goal internal temperature: 295-300°F

o Roasters: electric and flame

o Time: varies on roaster type and speed

• Steep for 30 minutes

o Cool after steeping is complete

• Increases undegradable protein and reduces 

anti-nutritional factors

• Whole soybean with ~20% total FA

• Further processing:

o Grinding

o Rolling

o Cracking

EXTRUDING
• Mechanical processing (grinding or crushing) 

at temperatures between 265 – 285°F with 

high pressure

• Increases undegradable protein and reduces 

anti-nutritional factors

• A meal containing ~20% total FA

EXPELLING
• The removal of a portion of the oil after 

extruding via pressing

• 6-8 % total FA
HIGH OLEIC SOYBEAN

(HOSB) HIGH OLEIC EXPELLER MEAL

(HOEM)

Soybean Processing

12
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Exp. 1: HOSB (Roasted & Ground) Dose Response Study

• 24 multiparous cows in a 4 x 4 Latin Square design

o 50.7 ± 4.4 kg/day milk yield

o 122 ± 57 DIM

• Four, 21-d periods with 5 sampling days at the end of each period

Bales and Lock. 2024. J. Dairy Sci. 107:7867–7878

HOSB doses

0%

(0 lb)

8%

(5 lb)

16%

(10 lb)

24%

(15 lb)
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Treatment

Ingredient, % DM 0% 8% 16% 24%

Corn Silage 36.6 36.6 36.6 36.6

Alfalfa Silage 9.82 9.82 9.82 9.82

Ground Corn 18.1 18.1 18.1 18.1

Vitamin and Mineral Mix 4.99 4.99 4.99 4.99

Lactation Mix 4.83 4.83 4.83 4.83

HOSB, Roasted and Ground 0.00 7.99 16.0 24.0

Soybean Meal 18.3 12.3 6.32 0.42

Soyhulls 7.32 5.32 3.33 1.25

Nutrient Composition, % DM

NDF 29.3 28.5 27.6 26.7

Forage NDF 21.3 21.3 21.3 21.3

CP 17.8 17.8 17.8 17.8

Starch 27.0 27.2 27.4 27.6

Total FA 2.57 3.60 4.63 5.66

Bales and Lock. 2024. J. Dairy Sci. 107:7867–7878

Diet and Nutrient Composition
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Bales and Lock. 2024. J. Dairy Sci. 107:7867–7878
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Quadratic: P-value = 0.08
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⇧ 4.1 kg/d

⇧ 3.4 kg/d

Bales and Lock. 2024. J. Dairy Sci. 107:7867–7878
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Bales and Lock. 2024. J. Dairy Sci. 107:7867–7878
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Homegrown Scenario Purchased Scenario (transport + premium)

Economic Feasibility of HOSB in Dairy Rations
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Economic Feasibility of HOSB in Dairy Rations

Nicholson et al. (United Soybean Report, 2024)

19

2025 © Board of Trustees of M ichigan State University

Linear: P-value = <0.001

Quadratic: P-value = 0.06

Cubic: P-value = 0.85

Linear: P-value = <0.001

Quadratic: P-value = <0.01

Cubic: P-value = 0.47

Linear: P-value = <0.001

Quadratic: P-value = 0.01

Cubic: P-value = 0.98

⇧ 399 g/d

⇩ 96 g/d

⇩ 219 g/d

1.55

1.65

1.75

1.85

1.95

200

400

600

800

1000

0% 8% 16% 24%

M
il

k
 F

a
t 

Y
ie

ld
, 

k
g

/d

M
il

k
 F

A
 Y

ie
ld

, 
g

/d

Plenish Inclusion, %DM

de novo M ixed Preform ed M ilk Fat

Milk FA Sources

de novo

Mixed

Preformed

Bales and Lock. 2024. J. Dairy Sci. 107:7867–7878

20



Got (More) Milk? The Latest Research on 

Fueling Dairy Cows with High-Oleic Soybeans

Adam L. Lock

Michigan State University

Balchem

Real Science Lecture Series

June 3, 2025

2025 © Board of Trustees of Michigan State University

2025 © Board of Trustees of M ichigan State University

No HOSB

(CON)

16% DM 

roasted, ground 

HOSB
(RST)

16% DM of raw, 

ground

HOSB
(RAW-D)

16% DM raw, 

ground HOSB + 

by-pass protein
(RAW-U)

• 36 multiparous cows in a 4 x 2 Truncated Latin 

Square design

o 45.6 ± 6.2 kg/day milk yield; 110 ± 61 DIM

Two, 35-day periods with 5 sampling days at the end of each period

Bales and Lock. 2024. J. Dairy Sci. 107:10869-10881

Exp. 2: Raw vs. Roasted HOSB
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Treatment

Ingredient, % DM CON RST RAW-D RAW-U

Corn Silage 45.8 45.8 45.8 45.8

Alfalfa Silage 8.2 8.2 8.2 8.2

Ground Corn 11.1 11.1 11.1 11.1

Vitamin and Mineral Mix 2.0 2.0 2.0 2.0

High Cow Lactation Mix 4.1 4.1 4.1 4.1

DCAD 0.4 0.4 0.4 0.4

Roasted HOSB 0.0 16.0 0.0 0.0

Raw HOSB 0.0 0.0 16.0 16.0

Soybean Meal 18.2 6.3 6.3 0.0

Soyhulls 10.2 6.0 6.0 6.0

Heat-treated SBM 0.0 0.0 0.0 6.3

Nutrient Composition, % DM

NDF 29.2 27.4 27.2 27.5

Forage NDF 19.4 19.3 18.9 19.0

CP 24.9 24.9 24.5 24.6

Starch 17.9 17.4 17.5 17.2

Total FA 1.61 4.30 4.36 4.34

Diet and Nutrient Composition

Bales and Lock. 2024. J. Dairy Sci. 107:10869-10881
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Dry Matter Intake
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Bales and Lock. 2024. J. Dairy Sci. 107:10869-10881
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Bales and Lock. 2024. 

J. Dairy Sci. 107:10869-10881
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Bales and Lock. 2024. 

J. Dairy Sci. 107:10869-10881
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Bales and Lock. 2024. 

J. Dairy Sci. 107:10869-10881
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Milk FA Sources
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Bales and Lock. 2024. 

J. Dairy Sci. 107:10869-10881
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Economic 

Feasibility 

of Raw and 

Roasted HOSB

Nicholson et al. (Unpublished Data)
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Sources of Milk Fatty Acids

• De novo synthesis 

ÐC4 to C14

ÐPart of C16

Ø Acetate

Ø B-hydroxybutyrate

• Uptake of preformed fatty acids

ÐPart of C16 

ÐAll long chain

Ø Absorbed from digestive tract

Ø Mobilized from body fat
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Quadratic: P-value = 0.58

Cubic: P-value = 0.29

Bales and Lock. 2024. J. Dairy Sci. 107:7867–7878
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de novo:

Linear: P-value = <0.001

Quadratic: P-value = 0.06

Cubic: P-value = 0.85

Mixed:

Linear: P-value = <0.001

Quadratic: P-value = <0.01

Cubic: P-value = 0.47

Preformed:

Linear: P-value = <0.001

Quadratic: P-value = 0.01

Cubic: P-value = 0.98

⇧ 399 g/d

⇩ 96 g/d

⇩ 219 g/d

1.60

1.65

1.70

1.75

1.80

1.85

1.90

200

400

600

800

1000

0% 8% 16% 24%

M
il

k
 F

a
t 

Y
ie

ld
, 

k
g

/d

M
il

k
 F

A
 Y

ie
ld

, 
g

/d

HOSB Inclusion, %DM

de novo M ixed Preform ed M ilk Fat

Milk FA Sources

With the growing 

popularity of 

feeding HOSB, are 

there nutritional 

strategies can we use 

to mitigate the 

reduction in de novo 

milk FA?

Bales and Lock. 2024. J. Dairy Sci. 107:7867–7878

30

2025 © Board of Trustees of M ichigan State University

• 20 multiparous cows

o Avg. 52 kg/d milk yield

o 123 ± 42 DIM

• Four, 14-day feeding periods

Bales et al. 2024. J. Dairy Sci. Supplement 107: 2164

Treatment

Ingredient, % DM
CON NaAc HOSB

NaAc + 

HOSB

Corn Silage 41.8 41.8 41.8 41.9

Alfalfa Silage 9.16 9.16 9.16 9.17

Alfalfa Hay 1.67 1.67 1.67 1.67

Ground Corn 14.8 14.8 14.8 14.9

Lactating Cow Mix 4.16 4.16 4.16 4.17

Vitamin and Mineral Mix 2.08 2.08 2.08 2.09

DCAD 0.48 0.48 0.48 0.48

C16:0 Supplement 1.00 1.00 1.00 1.00

Roasted, Ground HOSB 0.00 0.00 16.0 16.0

Heat-treated SBM 10.8 10.8 0.00 0.00

Soybean Meal 6.00 7.00 4.66 5.34

Soyhulls 8.00 4.00 4.16 0.33

Sodium Acetate 0.00 3.00 0.00 3.00

Exp. 3: HOSB and Acetate
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Milk Yield and Milk Fat
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Bales et al. 2024. J. Dairy Sci. Supplement 107: 2164
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HOSB  <0.001

Acetate <0.001
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Bales et al. 2024. J. Dairy Sci. Supplement 107: 2164
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Milk FA Sources

Bales et al. 2024. J. Dairy Sci. Supplement 107: 2164
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Exp. 4: HOSB and Palmitic Acid

• 20 multiparous cows

o Avg. 46 kg/d milk yield

o 136 ± 18 DIM

• Four, 14-day feeding periods

Bales and Lock. 2025. ADSA Summer Meeting

Treatment

Ingredient, % DM CON PA HOSB
PA + 

HOSB

Corn Silage 43.0 43.0 43.0 43.0

Alfalfa Silage 10.0 10.0 10.0 10.0

Alfalfa Hay 1.8 1.8 1.8 1.8

Ground Corn 12.1 12.1 12.1 12.1

Lactating Cow Mix 3.8 3.8 3.8 3.8

Vitamin and Mineral Mix 2.0 2.0 2.0 2.0

DCAD 0.5 0.5 0.5 0.5

Roasted, Ground HOSB 0.0 0.0 15.5 15.4

Heat-treated SBM 10.7 10.7 0.0 0.0

Soybean Meal 7.0 6.9 5.8 5.7

Soyhulls 9.0 7.8 8.0 4.3

C16:0 Supplement 0.0 1.4 0.0 1.4
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Bales and Lock. 2025. ADSA Summer Meeting
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Bales and Lock. 2025. ADSA Summer Meeting
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Summary of 4 HOSB Studies (Difference from Control)
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roasted, ground HOSB
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Summary of 4 HOSB Studies (Difference from Control)
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Fatty Acid, g/100 g

High C18:1 

soybeans

Expt 1

High C18:1 

soybeans

Expt 2

High C18:1 

soybean

expeller meal

C16:0 5.44 5.00 6.29

C18:0 3.40 3.37 2.68

C18:1 (n-9) 81.0 83.4 78.8

C18:2 (n-6) 3.51 4.78 7.86

C18:3 (n-3) 1.47 1.46 2.23

Total FA (% DM) 20.3 17.5 5.63

1Determined by GLC analysis in the Lock Lab.

HOSB Fatty Acid Content and Profile
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Exp. 5: HOS-Expeller Meal Dose Response Study

• 24 multiparous cows

o Avg. 51 kg/d milk yield

o 107 ± 25 DIM

• Four, 21-day feeding 

periods

Treatment

Ingredient, % DM 0% 6% 12% 18%

Corn Silage 41.7 41.7 41.7 41.7

Alfalfa Silage 10.0 10.0 10.0 10.0

Alfalfa Hay 1.7 1.7 1.7 1.7

Ground Corn 16.0 16.0 16.0 16.0

Lactating Cow Mix 3.3 3.3 3.3 3.3

Vitamin and Mineral Mix 2.0 2.0 2.0 2.0

DCAD 0.5 0.5 0.5 0.5

C16:0 Supplement 1.0 1.0 1.0 1.0

High Oleic Expeller Meal 0.0 6.0 12.0 18.0

Heat-treated SMB 16.5 11.0 5.6 0.0

Soyhulls 7.3 6.8 6.3 5.8

Parales-Girón et al. 2025. ADSA Summer Meeting
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Yields of Milk and Milk Components

• Increasing HOS-

expeller meal 

inclusion increased 

milk yield but did not 

have a large impact 

on milk components

• The more oil 

removed from HOSB 

the less unique the 

ingredient being fed

P-Values:

Milk; L <0.01

ECM; L 0.02

Milk Fat; C 0.04

Milk Protein; NS
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Ingredient, % DM Control (SAT) HOSB

Corn Silage 43.3 43.3

Alfalfa Silage 11.6 11.6

Ground Corn 15.0 15.0

Min-Vit Mix 2.00 2.00

Protein Mix 7.17 7.17

DCAD Supplement 0.33 0.33

Soybean Meal 5.00 5.50

Soyhulls 6.17 6.00

High Oleic Soybeans, roasted and ground 0.00 8.33

Palmitic Acid-Enriched Supplement 0.00 0.67

Stearic Acid-Enriched Supplement 2.00 0.00

Heat-Treated Soybean Meal 7.33 0.00

Nutrient Composition, % DM

Forage NDF 21.3 21.3

CP 16.6 16.7

RUP (% of CP) 46.6 45.5

Starch 28.3 28.4

Total FA 4.47 4.34

FA Composition, % FA Control (SAT) HOSB

C16:0 23.5 23.8

C18:0 24.3 2.94

C18:1 13.4 36.8

Total 18-C FA 70.6 73.3

Seelenbinder et al. 2025. ADSA Summer Meeting

Exp. 6: Not All 18-Carbon FA are the Same:
Example Comparing HOSB vs. Stearic Acid-Enriched Supplement

C18:0

cis-9 C18:1
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Exp. 6: Not All 18-Carbon FA are the Same:
Example Comparing HOSB vs. Stearic Acid-Enriched Supplement
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DMI 0.8 kg/d ↓ for HOSB IOFC: ↑ $1.57/hd/d for HOSBBW Change: no change w/ SAT; ↑ 0.79 kg/d HOSB
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High Oleic Soybeans – High Oleic Oil

Primiparous Multiparous
SEM

P values

Variable CON HO oil CON HO oil TRT Par TRTxPar

DMI, kg/d 24.5 24.6 30.5 30.2 0.33 0.81 0.01 0.47

Milk Yield kg/d

Milk Yield 26.6 29 40.7 40.2 0.56 0.34 0.01 0.67

ECM 31.5 31.6 42.2 42.8 1.44 0.58 0.01 0.67

Milk Composition

Fat, kg/d 1.12 1.15 1.51 1.55 0.05 0.20 0.01 0.73

Fat, % 3.86 4.05 3.82 3.95 0.20 0.07 0.41 0.46

Protein kg/d 0.95 0.94 1.23 1.26 0.02 0.66 0.01 0.47

Protein % 3.24 3.31 3.12 3.19 0.04 0.10 0.01 0.94

BCS 2.97 2.98 2.79 3.03 0.05 0.01 0.2 0.03

Fat depth, mm 4.97 5.34 4.79 5.29 0.20 0.03 0.54 0.75
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Future Work

• Transition and early lactation 

periods

• Effects across different levels of 

production

• Can we increase de novo FA yields

• Dietary protein strategies

• Long-term impacts on least-cost 

formulation for protein vs. fat in 

diets

• Continue dialog with industry
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HIGH OLEIC SOYBEAN INCLUSION

Increasing inclusion 

of roasted and 

ground HOSB  can 

increase yields of 

milk and milk 

components

Heat-treatment of 

HOSB is an 

important 

consideration for 

improving milk 

production 

responses

Overall Take-Home Messages

Inclusion of roasted 

and ground HOSB 

can increase milk 

fat even further 

along with other 

dietary ingredients 

that provide milk fat 

precursors 
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High Oleic Soybeans - Potential Benefits

• Homegrown FA and protein source

• Good results achieved with 8 to 16% DM

• Roasting adds value

• Can drive milk fat (and milk yield)

• Source of oleic acid

• Can replace other fat sources that provide 18-carbon 

FA (Ca-salts and mixed SFA prills)

• Potentially more economical source of 18-carbon FA

• Additive effect with palmitic acid 

• Additive effect with good rumen/fiber digestibility

• Ability to feed more rumen-
available unsaturated FA

• Dynamics in the HOSB and oil 
markets may present 
opportunities when supply 
outpaces demand

• Another option for crop rotation

• Good replacement for 
conventional beans/lower MFD 
risk

• Careful to avoid over-
conditioning cows – manage 
feeding level and other nutrients
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Adam L. Lock
allock@msu.edu

https://bit.ly/LockLipidLab
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