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Forages Concentrates Fats

Energy Supply is an Important Reason
Why We Feed Fatty Acids (Fats)

Cool season grass:
1.5 Mcal NEL/kg DM

Corn grain:
2.0 Mcal NEL/kg DM

Vegetable oil:
4.4 Mcal NEL/kg DM

Cows producing 60kg milk/d 
1.8 Mcal NEL/kg of dry matter (DM) 

Caloric vs. Non-Caloric Effects
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Impact of Dietary Fatty Acids on Digestion, 
Metabolism, and Nutrient Use in Lactating Dairy Cows

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

Rumen
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Effects on DMI
FA Digestibility

Use of FA for other puposes

    – Energy and/or glucose sparing

    – Delivery of n-3 + n-6 FA
BH or UFA

Shifts in BH pathways
Effects on microbial populations

Effects of NDF/Starch
Effects on NDF/Starch Kd

Milk
Fat / Lactose

Balance of 18-C + de novo FA
Direct effect of specific FA MFD intermediates

[] milk fat synthesis
[] BW/BCS
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Where Is Supplemental Fat Feeding Today?

ITS COMPLICATED!

A BAG OF FAT IS NOT JUST A BAG OF FAT!

FA profile of a fat supplement is the
first factor in determining the response to it
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How's a Nutritionist to Decide on All of the 
Different By-Pass Products?

Will discuss and answer (hopefully) questions related to:

• Summarize responses to the major categories of fat supplements available

• Challenge concepts on effects of FA feeding on DMI, NDFd, fresh cows

• Highlight importance of FAd to effectiveness of FA supplementation

• Underline importance of oleic acid on FAd and its potential to impact energy 
partitioning

• Present recent data on different blends of FA and impact across different stages of 
lactation and production level
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Saturated free FA 
Supplements

Fatty Acid, 
g/100 g

Ca-salt
PFAD Mix C16:0-

enriched

C14:0 2.0 2.7 1.6

C16:0 51.0 32.8 89.7

C18:0 4.0 51.4 1.0

C18:1 (n-9) 36.0 5.8 5.9

C18:2 (n-6) 7.0 0.8 1.3

3 Major Categories of FA Supplements Available

• None of these FA 
supplements were 
designed with the cow in 
mind!

• All simply took the ’best’ 
by-product for the 
respective manufacturing 
technology
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Saturated free FA 
Supplements

Fatty Acid, 
g/100 g

Ca-salt
PFAD Mix C16:0-

enriched

C14:0 2.0 2.7 1.6

C16:0 51.0 32.8 89.7

C18:0 4.0 51.4 1.0

C18:1 (n-9) 36.0 5.8 5.9

C18:2 (n-6) 7.0 0.8 1.3

3 Major Categories of FA Supplements Available

• C16:0, C18:0, and C18:1 
are important for dairy 
cow metabolism

• Is there an “ideal” ratio 
among C16:0, C18:0, and 
C18:1 to optimize their 
utilization

• Interactions with other 
dietary and animal factors
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Figure 1

•Supplementing fat in general conclusions:

-Reduced DMI

- Increased milk volume

-Reduced milk fat protein and fat percentages

- Increased milk fat yield and did not change milk protein yield

-Therefore increased efficiency

Rabiee et al. 2012. J Dairy Sci. 95:3225–3247

•Different fat sources had markedly different 
effects on production performance
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Effect of FA Supplements on Nutrient Digestibility

Ca-Salts PFAD Mixed FA Prills C16:0-Enriched Prills

Neto, de Souza, & Lock, ADSA Abstracts 2019
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Effect of Fat Supplementation on ttNDFd

Weld and Armentano. 2017 J. Dairy Sci. 100:1766–1779

Slide courtesy of Lou Armentano, University of Wisconsin

Regression model

Least squares means model
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Effect of Altering the FA Profile of Supplemental Fats
on Apparent Total Tract NDF Digestibility
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de Souza et al. 2018. J. Dairy Sci. 101:172–185
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Western et al. 2020. J. Dairy Sci. 103:5131–5142
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y = 0.010x + 38.4
R² = 0.54
P < 0.01
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Effect of C16:0 Intake on ttNDFd

de Souza & Lock (ADSA Abstract, 2016)
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Effect of Altering the FA Profile of Supplemental Fats
on Apparent Total Tract FA Digestibility
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Soyhulls Diet Cottonseed Diet
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de Souza et al. 2018. J. Dairy Sci. 101:172–185

slope = 0.75

slope = 0.64 

slope = 0.55 

slope = 0.81

slope = 0.70 

slope = 0.56 

Effect of Altering the FA Profile of Supplemental Fats
on Apparent Total Tract FA Digestibility
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Effect of Altering the FA Profile of Supplemental Fats
on Apparent Total Tract FA Digestibility

Western et al. 2020. J. Dairy Sci. 103:5131–5142

CON vs. FAT PA+SA vs. PA
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Does the Degree of  C16:0 Enrichment in a 
Supplement Affect Digestibility? 
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de Souza et al. (ADSA 2019)Piantoni et al. 2013. J. Dairy Sci. 96:7143–7154

Meta-Analysis of C16:0 vs 80:10 blend studiesC16:0 Supplementation (99% C16:0) study
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Linear effect: P-value = <0.01
Quadratic effect: P-value = 
0.12
0 vs. 60 effect: P-value = <0.01
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Prom et al. (ADSA Abstract, 2018)
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• Polysorbate 80 (Tween80)
• A nonionic surfactant and emulsifier

• Often used in foods and cosmetics

• Polyethoxylated sorbitan + oleic 
acid (Polyoxyethylene (20) sorbitan
monooleate)

Abomasal Infusion of an Exogenous Emulsifier

de Souza et al. 2020.J. Dairy Sci.  103:6167-6177 2020 © Board of Trustees of M ichigan State University

• Profile of FA reaching the duodenum
• Emulsification capacity
• Total FA flow to the duodenum
• Degree of esterification/physical form

Ø Ability of ruminants to absorb SFA much higher than that of non-ruminants
- In most feeding situations C18:0 is the predominant FA available for absorption
- Greatest challenge will be to improve C18:0 absorption and/or limit its effects 

on the absorption of other FA

What Limits/Impacts
FA Digestibility?
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Effect of FA Supplements on DMI and Milk Yields

Ca-Salts PFAD Mixed FA Prills C16:0-Enriched Prills

Neto, de Souza, & Lock, ADSA Abstracts 2019
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Neto, de Souza, & Lock, ADSA Abstracts 2019

Effect of Fat Supplementation on DMI
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Relationship Between C16:0 Intake and Milk Fat Yield

y = 0.25x + 1429
R² = 0.34
P < 0.01

900

1100

1300

1500

1700

1900

0 200 400 600 800 1000

To
ta

l m
ilk

 FA
, g

/d

C16:0 intake, g/d
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Effect of Long-Term C16:0 Supplementation on ECM Yield

de Souza & Lock. 2018. J. Dairy Sci. 101: 3044-3056
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ECM, kg/d 43.4 47.5 0.02

Fat, kg/d 1.41 1.56 0.03

Protein, kg/d 1.31 1.40 0.06

Body Weight, kg 689 698 0.45
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• 80 Cows used in a block design 
• Supplement fed at 1.5% of diet DM for 6 weeks
• Control diet contained 30% NDF, 23% Starch and 2.5% FA 
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Long Term Effects of Commercially-Available C16:0 and 
C16:0 + C18:0 Supplements on Production Responses and BW

Western et al. 2020. J. Dairy Sci. 103:5131–5142
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• 3X3 incomplete Latin Square study with two 5 wk periods
• CON: Control diet (no supplemental fat)
• PA+SA: Control supplemented with 1.5% DM C16:0 and C18:0 FA supplement (33% C16:0; 53% C18:0; 5% C18:1)
• PA: Control supplemented with 1.5% DM C16:0 FA supplement (84% C16:0; 4% C18:0; 9% C18:1)
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Effect of Palmitic, Stearic, and Oleic Acids in Post Peak Cows
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de Souza et al. 2018. J. Dairy Sci. 101:172–185

Ratio of C16:0 to cis-9 C18:1 in FA blend
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P values
Treatment =0.87, Production <0.01

Treatment x Production= 0.05

Ratio of C16:0 to C18:1 in FA blend
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Effect of Palmitic, Stearic, and Oleic Acids in Post Peak Cows
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Effect of Palmitic to Oleic Ratio 
and Production Level on ECM

• 32 cows in a cross over study with 21 d periods
• Supplements fed at 1.5% DM; blends made using combinations of commercially available C16:0-enriched and Ca-salts palm oil supplements

Western et al. 2020. J. Dairy Sci. (in press)

Ratio of C16:0 to cis-9 C18:1 in FA blend 80:10 60:30
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Effect of Palmitic Acid-Enriched Supplements 
Containing Stearic or Oleic Acid
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Dose Response to Supplemental C16:0

1.50

1.60

1.70

1.80

1.90

0.00 0.75 1.50 2.25

M
ilk

 Fa
t Y

ie
ld

 (k
g/

d)

C16:0 dose, % of ration DM

LO W FAT

HI GH F ATIngredients, % of DM Soyhulls Cottonseed

Alfalfa Haylage 11.8 11.8
Corn silage 27.0 27.0
Wheat Straw 3.1 3.1
Ground Corn 15.5 15.5
Cottonseed 0.0 16.7
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Soybean meal 14.7 14.7
Nutrient Composition, % of DM
NDF 31.8 30.1
CP 15.8 16.6
FA 2.2 3.5
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Cottonseed Diet
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P values
Trt = <0.01, Basal = 0.07

Trt x Basal = 0.44
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Fatty Acid Supplementation to Early Lactation Cows?

• When Should Fat Feeding Begin?
- Ideally, fat probably should be left out of the diet 

immediately postpartum
- Numerous trials have indicated that there was little benefit 

from feeding fat during the first 5 to 7 wk postpartum
- The lack of early lactation response seems to be related to 

depression in feed intake which offsets any advantage that 
may be gained by increasing energy density of the diet

Grummer. 1992. 
Large Dairy Herd 
Management, 2nd Edition

• Should not feed supplemental FA to 
cows in negative energy balance

• Already too much circulating FA

• ~ 2.8 to 5.0% DM inclusion into fresh cow diets of prilled fat, tallow, soybean oil

2020 © Board of Trustees of M ichigan State University

Effect of a C16:0 + C18:0 Supplement in Early Lactation

• Prilled C16:0 and C18:0 
supplement fed during first 6 wk
of lactation (2.3% DM)

• DMI lower in cows supplemented 
with fat during the first 4 wk of 
lactation

• Energy intake and predicted 
energy balance similar between 
diets

• Treatment X time interactions 
around ~ 4 wk

Beam & Butler 1998. J. Dairy Sci. 81:121–131

Control
Fat

Control
Fat

2020 © Board of Trustees of M ichigan State University

Fatty Acid Supplementation to Early Lactation Cows?

NEBAL

SMALL INTESTINE

Fatty Acids

Chylomicron



SUPPLEMENTAL FATTY ACIDS: MUCH MORE THAN JUST FAT AND ENERGY 
Adam L. Lock
Michigan State University

Balchem
Real Science Lecture Series

October 6, 2020

2020 © Board of Trustees of Michigan State University

2020 © Board of Trustees of M ichigan State University

PfNDF x FAT = 0.15

PfNDF x FAT x wk = 0.10
PfNDF = 0.04
PFAT < 0.01

PfNDF x FAT x wk = 0.03
PfNDF < 0.01
PFAT < 0.01

PFAT x wk = 0.15
PfNDF x wk = 0.02

Piantoni et al. 2015. J Dairy Sci. 98:3309–3322; Piantoni et al. 2015. J Dairy Sci. 98:3323–3334

• 2% vs. 0% FA supplement during PP:
- Increased DMI and tended to decrease milk yield, increasing BCS 

• 2% vs. 0% FA supplement during carryover:
- Decreased milk yield and cumulative milk yield, but did not affect 

DMI, increasing BCS

Treatment 
Diets

Common Diet

20%$fNDF$0%$FAT$
20%$fNDF$2%$FAT$
26%$fNDF$0%$FAT$
26%$fNDF$2%$FAT$

Effect of a C16:0 + C18:0 Supplement in Early Lactation

2020 © Board of Trustees of M ichigan State University
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Piantoni et al. 2015. 
J Dairy Sci. 98:3309–3322

Fed from 1 to 29 DIM
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Weiss & Pinos-Rodríguez. 2009. 
J Dairy Sci. 92:6144–6155

Fed from 21 to 126 DIM

• Inconsistent response to fat supplementation in early lactation may be 
associated with the the time at which fat supplementation starts

Effect of a C16:0 + C18:0 Supplement in Early Lactation

2020 © Board of Trustees of M ichigan State University

Effect of Supplemental C16:0 on ECM and BW
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de Souza & Lock. 2019. J. Dairy Sci. 102:260-273
de Souza et al. 2019. J. Dairy Sci. 102:274-287 2020 © Board of Trustees of M ichigan State University

Effect of Supplemental C16:0 on Energy Intake and Balance
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• 56 multiparous cows in a randomized block design
- Block design assigned by parity, 305ME, and BCS

• 4 treatments fed from 1-24 DIM
- Con = Non-FA supplemented diet
- 80:10 = 80% C16:0 + 10% C18:1
- 70:20 = 70% C16:0 + 20% C18:1
- 60:30 = 60% C16:0 + 30% C18:1

• FA supplement blends utilized a C16:0-enriched prill [83% C16:0, 11% cis-9 C18:1] 
and a Ca-salt of palm FA [46% C16:0, 39% C18:1]

• Common diet for carryover period from 25-60 DIM
- No FA supplemented in feed

FA supplemented at 1.5% DM of diet

Effect of Altering the Palmitic to Oleic Acid Ratio
of Supplemental Fats to Fresh Cows

de Souza, Prom, & Lock (ADSA 2018) 2020 © Board of Trustees of M ichigan State University
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• CON: Control diet (no supplemental fat)

• FA supplement blends fed at 1.5% DM
• Supplemental fat blends fed from calving for first 3 wk of lactation

P values
CON vs. FAT  = 0.19

Linear = 0.14
Quadratic= 0.94

P values
CON vs. FAT  = 0.01

Linear = 0.41
Quadratic= 0.71

P values
CON vs. FAT  = 0.71

Linear = 0.10
Quadratic= 0.69

Effect of Altering the Palmitic to Oleic Acid Ratio
of Supplemental Fats to Fresh Cows

de Souza, Prom, & Lock (ADSA 2018)
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• CON: Control diet (no supplemental fat)

• FA supplement blends fed at 1.5% DM
• Supplemental fat blends fed from calving for first 3 wk of lactation

Effect of Altering the Palmitic to Oleic Acid Ratio
of Supplemental Fats to Fresh Cows
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Effect of timing of a calcium salt supplement containing palmitic 
and oleic acids on production responses of early lactation dairy cows
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Pineda, de Souza, & Lock (ADSA 2020)
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• Oleic acid (60 g/d) 
abomasally infused 4x/d

• Infusions from 1 to 15 DIM

• Adipose tissue (flank) 
sampled d –14, 6, and 12

• Glucose tolerance test d 15

Abomasal Infusion of Oleic Acid in Fresh Cows

2020 © Board of Trustees of M ichigan State University

Lipolytic Response
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Abomasal Infusion of Oleic Acid in Fresh Cows
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• Results suggest that oleic acid supplementation immediately postpartum may reduce 
lipolytic responses and improves insulin sensitivity of AT in early lactation dairy cows     

Contreras & Lock Labs, unpublished

Insulin Sensitivity
(Adipose Explants)

2020 © Board of Trustees of M ichigan State University

Abomasal Infusion of Oleic Acid in Fresh Cows

Contreras & Lock Labs, unpublished 2020 © Board of Trustees of M ichigan State University

Caloric vs. Non-Caloric Effects of Fatty Acids

• Effect of specific fatty acids:
- Yield of milk and milk 

components
- Maintenance of body condition
- Nutrient digestion
- Nutrient partitioning
- Reproduction
- Health
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Questions to Ask?

Ø These will determine impact on nutrient 
digestibility, production performance, 
and nutrient partitioning

• FA profile of the product?
• Total FA content of product?
• What form are the FA in?

• What are my goals for feeding it?
• Which FA do I need to meet these goals?
• Economics of the marginal return

• Consistency/quality of product
• Supporting data

2020 © Board of Trustees of M ichigan State University
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