
7International Dairy Topics  •  Volume 17 Number 1

or unsaturated (low melting point; 
liquid). 

Only five fatty acids are typically 
found in appreciable quantities in 
feed ingredients offered to rumi-
nant animals (Table 1), though 
dietary fatty acids are changed sub-
stantially in the rumen as a conse-
quence of biohydrogenation. In 
particular, ruminal biohydrogena-
tion ensures that fatty acids leaving 
the rumen are predominantly satu-
rated with around one third 
palmitic and two thirds stearic fatty 
acids. Hence, delivery of unsatu-
rated fatty acids post-rumen in 
appreciable quantities requires fatty 
acids to be offered in ‘rumen- 
protected’ form.   

When we consider commercial fat 
supplements, palmitic, stearic and 
oleic are typically the most abun-
dant fatty acids in these fat sources.    

Digestibility 

Digestibility is a key factor influenc-
ing the nutritional value of a fat 
supplement and major differences 
in digestibility between individual 
fatty acids have been identified.  

Using meta-analysis, Boerman et 
al. (2015) reported a reduction in 
total fatty acid digestibility with 
increasing fatty acid flow to the 

duodenum, with digestibility of 
C18:0 demonstrated as the major 
fatty acid contributing to this 
decline (Fig. 2). 

In contrast, digestibility of C16:0 
was relatively constant with 
increasing C16:0 flow to the duode-
num, indicating the importance of 
maintaining a high C16:0 : C18:0 ratio 
if fat supplements are to be effi-
ciently digested and absorbed by 
the animal. Oleic acid is regarded as 
an effective amphiphilic agent, pro-
moting formation of the micellar 
structures essential for digestion of 
fat in ruminants. 

Production and metabolic 
effects 

Recent years have seen consider-
able research effort directed 
toward evaluation of production 
and metabolic responses to dietary 
supplementation with individual 
fatty acids, in particular C16:0, C18:0 
and C18:1.  

Meta-analyses data from studies 
with post-peak dairy cows supple-

mented with ‘high-C16:0’ supple-
ments (>80% C16:0) were reported 
by de Souza et al. (2016) at Michigan 
State University, USA. 

High-C16 products, supplemented 
at an average 1.8% of diet dry  
matter, had no significant effect on 
dry matter intake or milk yield, but 
increased (P<0.01) milk fat from  
3.58-3.81% and milk fat yield from 
1.49-1.59kg/day. When these data 
were subsequently analysed by 
meta-regression, a significant 
(P<0.01) positive linear relationship 
between increasing C16:0 intake and 
milk fat yield was observed.  

The effects of altering the ratio of 
C16:0, C18:0 and C18:1 fatty acids 
were evaluated in further work at 
Michigan State by de Souza et al, 
2017. Mid-lactation dairy cows were 
offered one of four treatments in a 
Latin square design, with fat supple-
ments added at 1.5% of dry matter: 
l Treatment 1: Control: no supple-
mental fat. 
l Treatment 2: High-C16:0 supple-
ment (approximately 80% C16:0). 
l Treatment 3: Blend of C16:0 and 
C18:0 supplement (approximately 
40% each). 
l Treatment 4: Blend of C16:0 (45%) 
and C18:1 (35%; in rumen- 
protected, calcium salt form). 

In line with the meta-analysis 
data, C16:0 maintained, while C18:0 
supplementation reduced (P<0.01) 
total fatty acid digestibility com-
pared to the other treatments 
(Fig. 3). These data also support the 
beneficial effects of C18:1 on total 
fat digestibility, with increasing 
dietary supply of this fatty acid 
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Fig. 1. Structure of palmitic acid (C16:0).

Fig. 2. Relationship between study-adjusted C18:0 intestinal digestibility 
and duodenal flow of C18:0.

Table 1. Major fatty acids found in ruminant diets.

Fatty acid Name Category

C16:0 Palmitic acid Saturated 

C18:0 Stearic acid Saturated

C18:1 Oleic acid Unsaturated

C18:2 Linoleic acid Unsaturated

C18:3 Linolenic acid Unsaturated

90 

80 

70 

60 

50
100 200 300 400 500 600 700 800

Duodenal flow of C18:0 (g/day)

St
ud

y 
ad

ju
st

ed
 C

18
:0

 
di

ge
st

ib
ili

ty
 (%

)

Research on individual fatty 
acids, the component parts of 
what we commonly refer to 

as ’fat’, has increased recently and 
with it our understanding of the 
necessity to consider the type of 
‘fat’ supplement we offer dairy 
cows in more detail.   

by Dr Richard Kirkland, 
Global Technical Manager, 

Volac Wilmar Feed Ingredients. 
www.volacwilmar.com 

What is becoming clear is that fat 
supplements cannot simply be con-
sidered as a source of energy, but 
that individual fatty acids can elicit 
markedly different production and 
metabolic responses in dairy cows. 
Hence the mix of fatty acids in a 
particular fat supplement is the key 
factor to consider when evaluating 
which fat product to add to a dairy 
diet. 

The dairy sector has previously 
transitioned from crude protein to 
amino acids and it is now time to 
stop feeding ‘fat’ and start thinking 
about these individual fatty acids. 
Volac Wilmar has recently launched 
a nutritional platform designed to 
provide improved guidelines on the 
use of fatty acids in dairy nutrition. 

What are fatty acids? 

The basic structure of a fatty acid is 
presented in Fig. 1, using the exam-
ple of palmitic acid (C16:0). Fatty 
acids differ in relation to the length 
of the carbon (C) chain (ranging 
from two to over 20 C atoms) and 
the number of hydrogen (H) atoms 
surrounding the C atoms which 
determines whether the fatty acid is 
saturated (high melting point; solid) 

http://www.volacwilmar.com


(supplied in rumen-protected form 
as a calcium salt) resulting in a sig-
nificant (P=0.01) improvement in 
total fatty acid digestibility com-
pared to the other treatments.  

The key production data from this 
original study are presented in  
Table 2.  

All fatty acid supplements had 
beneficial effects on milk yield 
(mean increase 1.9kg/cow/day).  

However, major differences 
between treatments were recorded 
with milk fat production; the high-
C16:0 fatty acid supplement 

increased milk fat components in 
line with data reported in the previ-
ous meta-analysis. 

More novel findings from this 
study are the effects of the C18:1-
containing fatty acid supplement on 
live weight and body condition 
score (BCS), with cows offered this 
supplement recording significant 
(P<0.05) gains in both these parame-
ters compared to the other treat-
ments. Part of these effects may 
relate to increased insulin, an 
antilipolytic hormone, recorded in 
response to supplementation with 
C18:1.  

Lipid mediators 

Effects of fatty acids may also be 
mediated through effects of lipid 
intermediaries such as sphingolipid 
ceramides. Ceramides reduce insulin 
sensitivity (Rico et al., 2015), enhanc-
ing the mobilisation of non-esteri-
fied fatty acids (NEFA) from adipose 
tissue and increased milk produc-
tion. 

Palmitic acid is substrate for de 
novo synthesis of ceramide 
(McFadden, 2017), indicating a link 
between increasing supplementa-
tion of this fatty acid and mecha-
nisms to partition energy toward 
milk production. 

Fatty acid nutrition in 
practice 

These new research data highlight 
the importance of considering ‘fat’ 
supplements on the basis of fatty 
acids, specifically in relation to the 
balance of C16:0 and C18:1. 

Increased C16:0 leads to increased 
partitioning of energy to milk, pri-
marily through increased milk fat 
production, whereas C18:1 fatty 

acids direct energy toward body fat 
reserves.  

This enables us to recommend 
specific adjustments in the C16:0 : 
C18:1 ratio through lactation to 
account for production and body 
condition considerations (Fig. 4).  

Early lactation cows have a pre-
disposed genetic drive to produce 
milk, achieved at the expense of 
body fat loss. In this respect, adding 
further C16:0 to the diet is likely to 
exacerbate this natural homeorhetic 
partitioning of nutrients away from 
body reserves to milk, with the con-
sequent risk of metabolic diseases.  

In contrast, the insulin-stimulating 
effects of C18:1 indicate that this 
fatty acid is particularly desirable in 
early lactation to increase partition-
ing to body fat stores and reduce 
extent of body condition loss. 
Improvements in total fat digestibil-
ity observed with C18:1 will provide 
an additional energy boost from the 
basal ration and realise an improve-
ment in egg quality and early 
embryo development to improve 
fertility (Aardema et al., 2011).  

Transitioning from ‘fat’ to 
fatty acids 

Volac Wilmar has leveraged its cur-
rent knowledge and that arising 
from these new data to launch a 
nutritional platform to improve the 
understanding and rationing of the 
primary fatty acids in dairy diets 
(Table 3). 

However, the majority of diet for-
mulation systems pay little atten-
tion to detailed fatty acid nutrition, 
representing a challenge to nutri-
tionists to implement the findings 
at a practical on-farm level.  

Similarly, it raises the bar for 
developers of nutrition models to 
devise more-detailed systems to 
account for the fatty acid balance 
of basal diets and specific ‘fat’ sup-
plements. n 
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Table 2. Production data for cows offered different fatty acid 
supplements.

Fig. 3. Digestibility of total fatty acids (FA) with different fatty acid  
supplementation. Different letters above the bars indicate significant 
differences between the treatments (P=0.01).

Treatment
Significance

1 2 3 4

Milk yield (kg/d) 44.6b 46.9a 46.3a 46.5a P=0.01

Milk fat (%) 3.62ab 3.69a 3.60ab 3.53b P=0.01

Milk fat yield (kg/d) 1.60b 1.70a 1.64b 1.64b P<0.05

Liveweight gain (kg/d) 0.82b 0.84b 0.70b 1.05a P<0.05

BCS change 0.07b 0.07b 0.04b 0.11a P<0.05

Plasma insulin (mg/l) 0.84b 0.85b 0.87b 0.94a P=0.01

Table 3. Below, a summary of the key effects and supplementation periods for fatty acids.

Fig. 4. Potential changes to C16:0 : C18:1 ratio through lactation for  
optimal performance.  n Early: Low ratio to balance partition of  
nutrients between milk and body reserves.  n Mid: High ratio to  
partition nutrients towards production of milk and milk fat.   
n Late: Consider continued fat supplementation (high ratio) to prevent 
cows becoming too fat.
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Fatty acid Primary effects Key period for supplementation

C16:0
Induces insulin resistance to increase partitioning of 
nutrients to milk to improve milk fat production.

Most beneficial in mid to late lactation to 
partition nutrients to milk production.

C18:0
Digestibility decreases with increasing intake of C18:0. 
If present in supplement, aim for higher ratio of C16:0 : 
C18:0.

High levels pass to the duodenum from basal 
diets. No specific supplementation 
requirements.

C18:1

Improves digestibility of total diet fat and increases 
insulin to increase partition of nutrients to improve 
body condition. Also promotes egg and early embryo 
development to improve fertility.

Most beneficial in early lactation to partition 
nutrients to body fat stores, and to improve 
fertility.

C18:2  
(omega-6)

Induces parturition, though high levels can reduce 
fertility through stimulation of prostaglandin (PGF2α) 
production. 

Common fatty acid in many feed ingredients; 
generally little C18:2 needed for 
supplementation.

C18.3 
(omega-3)

Reduces prostaglandin (PGF2α) to maintain the corpus 
luteum on the ovary and production of progesterone 
to improve embryo survival and fertility.

Often low in dairy diets, especially those  
containing low levels of green forage. Most 
beneficial in early lactation to support embryo 
survival and development.


