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Introduction
 The fatty acid (FA) composition and their position in the triacyl-
glycerol structure influence physical and melting properties of milk 
fat. Moreover, both the major and minor FAs of milk fat are nutrition-
ally important [1]. The major FAs in milk fat are palmitic (C16:0), 
stearic (C18:0) and oleic (C18:1) acid [2] and primarily govern the 
nutritional value associated with the lipid component, reflected in 
the food labelling of milk and dairy products. The mono-unsaturated 
C18:1 is generally regarded as a nutritionally desirable FA and the 
saturated C16:0 generally undesirable. However, a larger portion of 
the C16:0 in cow’s milk is esterified at the central carbon, or sn-2 po-
sition of the triacylglycerol structure [3,4] assisting in its absorption, 
compared to vegetable oils often used in infant formula preparations.. 
It is suggested that sn-2 C16:0 is important in infant nutrition and 
development, lowering calcium malabsorption and influencing bone 
density [5]. Milk fat also contains a considerable proportion of unique 
major and minor FAs. There are up to about 16% of short chain sat-
urated (SC-S) FAs with a carbon length of 12 or less [6]. Although 
saturated, these FAs are metabolised by humans differently than the 
longer chain saturated (LC-S) FAs [7], absorbed directly from the in-
testine and oxidised in the liver. The LC-S, on the other hand, is not 
absorbed and instead contributes to adipose tissue formation. On a 
weight basis, SC-S also attributes considerably less energy than the 
long chain FAs and may prevent intestinal infections, particularly in 
children [7]. Some minor FAs may also exhibit physiologically ben-
eficial qualities in the available quantities, such as some biologically 
formed trans FAs. Trans FAs from dairy sources differ from the trans 
FAs created during chemical partial hydrogenation, and historically 
present in margarines and cream style fillings [8]. The beneficial trans 
FAs include conjugated linoleic acid (CLA, cis-9-trans-11-linoleic 
acid), and believed to prevent the development of tumour cells and 
reduce plasma cholesterol level in animal models [9]. Other minor 
FAs include the odd chain FAs C15:0 and C17:0 and their branched 
anteiso(a) and iso(i) isomers which cannot be synthesised in the hu-
man body and are specific to ruminant fat sources. As such, levels 
of these FAs in human adipose tissue and serum are often used as 
biological markers for measuring milk fat consumption [1,10-12]. A 
higher content of C15:0 and C17:0 in human blood serum has been 
associated with a lower risk of a first myocardial infarction [12]. 
Moreover, a study has shown C17:0 to be associated with increased 
insulin sensitivity in overweight subjects with metabolic syndrome, 
and therefore may reduce risks associated with type 2 diabetes [13]. 
Their natural variation in milk fat could lead to compositional differ-
ences, hence differences in blood serum levels from patients eating 
a defined level of milk fat, and therefore influence the interpretation 
of these biological markers. For these reasons the breadth of natural 
variation of these FA markers in milk fat throughout a season would 
be of great interest to the dairy industry, consumers of dairy products 
and health professionals. 

 Milk fat is the most variable component of milk [14]. Consid-
erable variations between and within countries, regions and season 
have been reported [4] with examples from France, Germany and the 

Logan A, et al., J Dairy Res Tech 2019, 2: 011
DOI: 10.24966/DRT-9315/100011

HSOA Journal of 
Dairy Research & Technology

Research Article

Amy Logan1*, Warren Müller2 and Cornelis Versteeg3

1CSIRO Agriculture and Food, 671 Sneydes Road, Werribee, Vic. 3030, 
Australia

2CSIRO Land and Water, GPO Box 1700, Canberra, ACT, 2601, Australia

3NOAH Foods, 8 Victoria Street, Bacchus Marsh, Vic. 3340, Australia

Australian Milk Fat - Seasonal 
and Regional Composition of 
Fatty Acids

Abstract
 Regional and seasonal differences in milk fat composition affect 
the human nutritional properties of milk. Milk from 19 bulk produc-
tion sites across Australia were collected on a monthly basis for 
2-years in 1994-1995 and analysed for Fatty Acid (FA) composition. 
Considerable site and seasonal differences were encountered with 
the analysis revealing clear seasonal variation in the abundance of 
short chain saturated FAs, the minor unsaturated FAs, C16:0, and 
the long chain unsaturated FAs. The magnitude of difference var-
ied with geography, with generally less variation observed in the 
Queensland, New South Wales and South Australian regions. Pos-
itive correlations were measured between the short chain FAs from 
C4 to C14, diminishing with the increased difference in chain length. 
Correlations between saturated and mono-unsaturated FAs of the 
same chain length were mostly positive for C16 and C18 however 
generally not for C10 and C14, indicating fundamental differences in 
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United States. Other studies include those from Australia [15] and 
regions thereof [2,16,17], the Netherlands [18], New Zealand [19,20], 
Poland [21], France [22], England [23], Spain [24], China [25], and 
variations in Conjugated Linoleic Acid (CLA) across Europe [26]. 
In contrast, it was found that the FA composition of retail milk in the 
United States was remarkably consistent across geographic regions 
and seasons [27] likely due to the more consistent year-round farming 
practices employed.Very few of the surveys report compositions with 
monthlyfrequency and cover more than one year or a range of well 
identified diverse geographic and climatic milk production areas. In 
many regions and countries seasonal changes in milk fat composition 
have been observed, which typically have been related to changing 
feed availability and composition and associated supplementary feed-
ing,calving patterns and days in milk [4,19, 21-24,28].

 This study examines trends in the FA composition of milk fat 
collected on a monthly basis for a period of 2-year between 1994 
and 1995. The samples were sourced from 19 bulk processing sites 
located across Australia, in broadly eight geographic regions. Con-
fidentiality restrictions limited the scope for in-depth publications at 
the time of analysis [15], however these restrictions have since been 
lifted, and comprehensive reporting and a more meaningful interpre-
tation of data is possible. This data-set is the first and only survey of 
milk fat collected from sites across all Australia states with signifi-
cant dairy production, and provide an important benchmark for future 
studies. The geographical, climate and farming practices of the partic-
ipating sites were reported in Versteeg et al., [29], which examine the 
milk fat melting properties.

Materials and Methods
Sample sites, collection and preparation

 Nineteen bulk milk collection sites (most of these were also dairy 
product manufacturing factories) from six Australian states and one 
experimental farm were surveyed across a 2-year period (1994-1995). 
The sampling sites, milk collection and preparation protocols are de-
tailed in the preceding paper [29], together with the melting proper-
ties. The analysis reported herein was conducted at the time of sample 
collection.

Fatty acid analysis

 The FA composition was determined by capillary gas chromatog-
raphy. Fatty acid methyl esters were prepared according to the Ban-
non neutralisation method [30], using 0.95 mL of a 5% solution of 
milk fat in petroleum spirits with 0.05 mL of 2 M methanolic KOH. 
After vigorously shaking and settling for 10 min, 0.5 µL of the top 
layer was injected on a 25 m polyamide fused silica capillary col-
umn (25QC2JBPX70 0.25, Scientific Glass Engineering, Australia) 
using a Varian 3400 Gas Chromatograph (Varian Australia Pty Ltd) 
with split/splitless injector and a Flame Ionisation Detector. Standard 
operating conditions included Helium as a carrier gas and makeup 
gas with a split ratio of 1/44, an injector temperature of 260 °C and a 
detector temperature of 300 °C. After injection, the column was held 
at 175 °C for 5 min, increased to 180 °C at a rate of 5 °Cmin-1, held 
for 5 min and then increased at a rate of 5 °Cmin-1 to 220 °C and held 
at that temperature for 10 min before cooling the column to starting 
conditions for 10 min. Peak areas were determined and calculations 
made with the aid of Varian DAPA StarTM software. Correction factors 
were determined using the Bureau of Community Reference (BCR)  

reference milk fat, CRM 164. The FA concentrations were expressed 
as percentage of the total normalised to 100%. After 9 months into the 
project and analyses of samples the method was slightly improved, 
enabling identification and integration of CLA as a separate peak 
from that point forward into the study.

Statistical methods

 All statistical analyses were conducted using GenStat [31]. Sam-
ples were unavailable from some sites for some months; 12.3% of 
all site by year by month combinations. Statistical analyses of the 
FA composition were generally the same as those used for analys-
ing solid fats, as reported earlier [29]. Box plots were prepared for 
each FA and group of FAs, all pair-wise correlations were calculated 
and their significances tested, non-orthogonal Linear Mixed Model 
(LMM) analyses were performed using residual maximum likelihood 
to provide estimates for each FA at each site of variability within 
months (combined sampling and analytical variability), and Bartlett’s 
tests of homogeneity of variation were performed for each component 
across the 20 sites to determine whether all measurements could be 
combined into a single statistical analysis. As in Versteeg et al., [29], 
the single herd research farm in Ellinbank, East Victoria was excluded 
from most of further analyses because of its atypical characteristics 
and responses.

 Multi-Dimensional Scaling (MDS) analysis was performed with 
the similarity matrix calculated using the ‘city block’ metric, and 
non-metric MDS in 3 dimensions was chosen due to lower stress val-
ues [29]. However, for the FA analyses there were two steps of MDS 
required to reduce the 20 FAs x 19 sites to a meaningful subset of 
cases for presentation. Firstly, for each FA, means for each month 
over the 19 sites were calculated and an MDS performed to identify 
groups of FAs with similar response patterns over time. This resulted 
in the 20 FAs being placed in 7 groups. Secondly, using these 7 groups 
to represent the FA composition, the Aitchison distance between com-
positions [32] was calculated for each pair of sites at each of the 24 
months and a mean distance over the 24 months was calculated. The 
mathematical details of these calculations are given in the supple-
mentary information. An MDS was then performed on the similarity 
matrix of these mean distances to determine groupings of the sites.

Results and Discussion
 This examination demonstrates the effect of season and geographi-
cal region on the FA composition of milk fat, and its relation to the hu-
man nutritional properties. This analysis is preceded by an overview 
of FA composition across all samples, including correlations between 
FAs, and a discussion of the quality of results determined by varia-
tion between duplicate readings.  With consideration to established 
pathways in milk fat synthesis, and the significance of FAs in human 
nutrition, the individual FAs were combined into seven groups.  To 
facilitate interpretation further, the 19 bulk collection sites were also 
grouped, based on similarities in response to seasonal factors.  These 
distinct groupings were used to examine FA composition in relation 
to season and geography across the 2 year study, with a focus on CLA 
and differences in desaturase activity.

Overview of fatty acid composition

 The range in values encountered for individual FAs across all sites 
(excluding site 16), are given in Table 1. Except where specifically  
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mentioned, site 16 was excluded from analysis, as it was a single farm 
collection site which implemented experimental feeding regimes and 
farming protocol, and some extreme values were encountered. The 
values are somewhat different from a 1-year study of 11 Victori-
an bulk milk conducted 20 years earlier between October 1975 to 
September 1976,which found lower mean concentrations of C16:0 
and higher levels for both C18:0 and C18:1 [16]. However, they are 
broadly similar to a 2001 survey of milk from cows grazing on natural 
pastures across15 farms in Northern Spain [24], and a 2008 survey of 
56 milk processing plants in the USA [27]. An examination of FAs in 
60 French butters from 1992 to 1995 showed similar mean values to 
that of this work for major FAs up to C14:0, however higher values for  

C16:0 and lower values for C18:0 and C18:1 [33]. Higher levels of 
C14:0 and C16:0 and lower C18:0 and C18:1 were found by Heck et 
al., [18] in 52 Dutch bulk milk samples collected in 2005 and 2006, 
along with lower levels of C4:0. Moreover, a Swedish survey [34] of 
seven dairies sampled on four occasions across 2001 showed simi-
lar mean values for most FAs except C16:0, which were higher than 
that reported herein, and a 2011 survey of dairy farms across China 
[24] found lower levels of C4:0, higher levels of C16:0 and similar 
levels of other major FAs. Overall, with some notable exceptions, the 
mean values for major FAs in our survey tended to be higher for C4:0, 
C18:0 and C18:1 and lower for C14:0 and C16:0 than found in most 
other surveys (Table 1).

Min Mean Median Max SD CV Range (%)

FA

C4:0 3.63 4.40 4.39 5.24 0.29 6.60 37

C6:0 1.92 2.41 2.41 2.93 0.18 7.44 42

C8:0 1.00 1.35 1.34 1.77 0.13 9.84 57

C10:0 1.97 2.88 2.83 4.06 0.37 12.70 73

C10:1 0.18 0.27 0.27 0.43 0.03 12.31 92

C12:0 1.68 3.17 3.12 4.51 0.40 12.60 89

C14:0 7.61 10.34 10.34 12.02 0.72 6.93 43

C14:1 0.59 0.98 0.98 1.38 0.15 15.79 81

C15:0i+a 0.57 0.87 0.88 1.11 0.09 10.68 61

C15:0 0.76 1.06 1.06 1.32 0.10 9.07 53

C16:0 23.44 27.96 28.04 34.22 1.98 7.07 39

C16:1 1.16 1.51 1.47 2.14 0.20 13.26 65

C17:0a 0.30 0.40 0.40 0.60 0.03 8.52 77

C17:0i 0.38 0.49 0.49 0.60 0.04 8.15 45

C17:0 0.47 0.62 0.62 0.86 0.06 9.37 62

C17:1 0.16 0.31 0.30 0.59 0.06 18.03 142

C18:0 8.43 11.59 11.59 15.23 1.06 9.11 59

C18:1 18.39 23.64 23.59 29.81 1.88 7.94 48

C18:2 0.23 1.46 1.38 2.91 0.40 27.05 184

C18:3 0.00 0.67 0.68 1.04 0.15 22.79 156

CLA 0.55 1.21 1.20 1.90 0.25 20.55 113

Others 0.38 2.45 2.52 5.01 0.62 25.33 189

FA Groupings

SC-S 10.98 14.20 14.09 18.19 1.22 8.59 51

MC-S 9.20 12.27 12.31 14.21 0.85 6.93 41

C16:0 23.44 27.96 28.04 34.22 1.98 7.07 39

C17:0 isomers 1.26 1.51 1.50 1.82 0.10 6.43 37

m-U 2.17 3.06 3.00 4.31 0.36 11.87 70

C18:0 8.43 11.59 11.59 15.23 1.06 9.11 59

LC-U 19.71 25.77 25.70 33.08 2.04 7.91 52

Table 1: Fatty Acid (FA) compositions (g/100 g FA) over the 2-yearsof samples (n=796) from the bulk milk production sites (n=19).

i = iso
a = anteiso
CLA = conjugated linoleic acid 
SC-S = short chain saturated fatty acids = C4:0 + C6:0 + C8:0 + C10:0 + C12:0
MC-S = medium chain saturated fatty acids = C14:0 + C15:0 i and a + C15:0
C17:0 isomers = C17:0-antiso + C17:0-iso + C17:0   
m-U =minor unsaturated fatty acids = C10:1 + C14:1 + C16:1 + C17:1  
LC-U =long chain unsaturated fatty acids = C18:1 + C18:2 + C18:3
The abundance for CLA available only or the last 16 months of the 2-year survey 
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Correlations between individual fatty acids 

 The complete correlation matrix of all FAs from all samples com-
bined is provided in the supplementary information (Table S1). Fig-
ure 1 shows the correlation between the SC-SFAs (C4:0-C14:0) of all 
samples. SC-S are derived from carbohydrates in the diet, transformed 
to volatile FAs in the rumen, transported to the mammary gland and 
synthesised by a process of chain elongation catalyses by FA synthase 
[35,36]. All were positively correlated to one another (p<0.01) and 
highly correlated between C6:0 to C14:0. The positive correlation be-
tween C4:0 and other FAs rapidly declined with an increase in chain 
length, however remained significant due to the large number of sam-
ples examined in this work (n=834).A similar pattern was evident for 
most individual sites, with significant positive correlations between 
FAs of the range C4:0 to C10:0. This pattern was less evident for 
C12:0, and present for only about half of the sites for C14:0, including 
none of the three Tasmanian sites (5, 6 and 7). The results for site 7 
are shown in Figure 2. Site 13 in northern Victoria was the notable 
exception, where C4:0 was not significantly correlated with any other 
SC-S except for C6:0 (results not shown).Although other factors may 
be involved, it is noted that, on average, this site experienced one of 
the lowest maximum daily temperature and the lowest minimum daily 
temperatures of all sites [29].

Variability between duplicates

 Variability between duplicate readings (collected from two sepa-
rate samples taken sequentially at different times on the same or next 
day) within months was estimated from the separate REML analyses 
performed for each site. The variability was different from site to site, 
highly significant for C4:0 (p<0.003) and even more so (p<0.001) for 
all other FAs (results not shown). The coefficients of variation (CV, 
%) for C16:0 and C18:0 and the FA groupings (derived and discussed 
in the next section) are shown in table 2, representing a combination 
of the duplicate sample and analytical variation. The CV between du-
plicate ‘within month’ readings was 2.8% on average, with the lowest 
value for Long Chain Unsaturated (LC-U) at site 5 in Tasmania and 
C16:0 at site 19 in Western Australia (both 0.8%) and the highest for 
CLA at sites 3 in Queensland and 18 in Western Australia (both 9.7%).
Overall, the duplicate sample variation for all FA’s was the lowest for 
site 5 (1.2%) and highest for site 16 (the experimental farm) in eastern 
Victoria (5.7%). The same sample reproducibility reported by others 
is about 2% [33], indicating a high level of reproducibility in the cur-
rent work as it includes within month sample variation as well.

Grouping of fatty acids

 Using MDS and a number of other considerations we grouped 
the FAs. The MDS of the mean FA compositions showed discernible 
grouping patterns based on changes over the 24 months of the sur-
vey over all sites (Figure 3). When using just two dimensions, stress 
factors were over 0.11, indicating poor ordination (MDS not shown). 
However non-linear three-dimensional scaling gave a stress factor of 
0.054, where values below 0.1 are considered to provide good ordina-
tion [37,38].

 The proximity of FAs to each other within the MDS provides in-
sights to which FAs have similar pathway and/or origins in feed. Most 
clusters were expected, such as the SC-S FAs(C4:0 to C12:0), which 
are produced through a process of de novo synthesis in the mammary 
gland [39] and consequently tightly grouped together in dimension 1 
and 2, with the separation distance only increasing in dimension three 
(Figure 3).

Figure 1: Correlation coefficient between short chain fatty acids (C4:0 – C14:0) for 
all samples and across all sites (n=834).

Figure 3: Non-metric multidimensional scaling of fatty acids for monthly means 
from the 19 bulk milk collection sites (n=401 compositions, stress=0.0546).

Figure 2: Correlation coefficient between short chain fatty acids (C4:0 – C14:0) for 
all samples from site 7 (Tasmania) (n=24).
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 Although C14:0 is also synthesised in the mammary gland, it can 
proceed via different pathways [40] and was quite separate from the 
other SC-S FAs shown in the MDS. This agrees with the poor cor-
relation between C4:0 and C14:0 for several sites, as shown for site 7 
(Figure 2). The odd linear chain FA C15:0 was close to the branched 
FAs C15:0 (i and a) and clustered together with C14:0 as saturated 
medium chain (MC-S) FAs. The C17:0 linear chain was also close 
to the branched C17:0i and C17:0a, yet separate to the MC-S clus-
ter indicating that different factors affect the proportions of C15:0 
and C17:0 branched FAs in Australian milk fat production. Odd and 
branched FAs have been associated with the proportion and source of 
forage in the diet and are a potential diagnostic tool in rumen function 
[41]. However, the MDS using Multivariate Factor Analyses, Mele et 
al. [36] reported somewhat different associations for FAs with specif-
ic factors; for example C4:0, C6:0 and C8:0 contributed significantly 
to their ‘short chain FA factor’ and C8:0, C10:0, C12:0 and C14:0 
contributed to a different ‘de novo FA factor’. Mele et al., [36] also 
reported differing factors for the branched and linear odd chain FAs, 
whereas in our results the saturated branched and linear odd FAs 

grouped together by the number of carbon atoms, i.e. either C15:0 or 
C17:0., regardless of any branching.

 To facilitate the interpretation of the large data set, we grouped the 
FAs reported in this study into seven groups (Table 3) using the MDS 
patterns shown in Figure 3 as the primary guide, and, also taking into 
consideration correlations and established animal physiology and hu-
man nutritional factors [4,7,14,48].

 The box plots in figure 4 present the site variation found within 
each of the selected FA groupings and individual FAs (C16:0, C18:0 
and CLA), across sites.  Site 20 stood out as the most different com-
pared to other sites (lowest extreme and/or median concentration for 
SC-S, MC-S and C16:0, and highest for C18:0 and LC-U), as well as 
site 16 (lowest in C18:0 and LCU, and highest in C16:0). Correlations 
between the concentrations of FA’s and groupings are shown in figure 
5, which shows that C18:0 and the LC-U’s are highly positively cor-
related, but negatively correlated with all other FA’s and groupings, 
which will be discussed further in the section on seasonal and regional 
differences.

Site Region SC-S MC-S C16:0 C17:0 isomers m-U C18:0 LC-U CLA Mean‡

1 Central NSW 2.7 2.6 2.1 2.6 2.5 3.9 3.3 3.4 2.8

2 South East Queensland 2.7 1.6 1.2 2.0 2.7 1.8 1.5 4.0 1.7

3 4.7 3.0 1.6 3.8 3.1 4.4 2.6 9.7 3.0

4 South Australia 4.8 3.3 1.7 2.8 3.7 5.0 3.7 5.2 3.4

5 Tasmania 2.3 1.0 0.9 1.6 1.8 1.8 0.8 1.0 1.2

6 3.2 1.7 1.2 2.0 2.0 2.3 1.9 4.2 2.0

7 2.5 1.9 2.0 1.9 3.0 2.7 3.1 2.9 2.5

8 West Victoria 3.0 1.5 1.3 1.9 4.0 1.7 1.7 2.8 1.9

9 4.3 2.0 1.1 1.9 3.1 2.6 2.0 3.6 2.2

10 4.3 2.0 1.0 2.8 2.5 2.4 2.1 5.2 2.2

11 North Victoria 5.6 3.1 2.2 3.1 3.5 5.6 3.9 8.7 3.8

12 4.1 2.3 1.0 2.2 2.3 2.7 2.5 5.3 2.3

13 2.9 2.0 1.4 3.3 2.7 1.8 2.0 2.4 2.0

14 East Victoria 4.4 2.7 1.4 2.6 3.5 4.1 2.6 4.5 2.8

15 5.0 3.8 4.4 3.8 5.2 4.8 4.6 7.1 4.5

16 7.1 4.5 3.6 6.1 6.0 5.4 8.2 9.1 5.7

17 4.1 1.3 1.5 1.9 2.8 2.1 1.7 2.8 2.1

18 South west WA 4.1 2.2 1.8 2.8 2.4 3.2 3.1 9.7 2.8

19 5.1 2.3 0.8 2.2 2.7 3.1 2.6 4.6 2.5

20 4.9 5.1 2.5 4.3 5.3 4.9 4.1 9.1 4.1

Mean 4.1 2.5 1.7 2.8 3.2 3.3 2.9 5.3 2.8

Table 2: Within month coefficient of variation (%) of concentrations of fatty acids (FAs) C16:0, C18:0, CLA and FA groupings, derived from the within month variance com-
ponents from the linear mixed models.

NSW = New South Wales
WA = Western Australia
SC-S = short chain saturated fatty acids = C4:0 + C6:0 + C8:0 + C10:0 + C12:0
MC-S = medium chain saturated fatty acids = C14:0 + C15:0 i and a + C15:0
C17:0 isomers = C17: 0-antiso + C17:0-iso + C17:0   
m-U =minor unsaturated fatty acids = C10:1 + C14:1 + C16:1 + C17:1  
LC-U =long chain unsaturated fatty acids = C18:1 + C18:2 + C18:3
CLA = conjugated linoleic acid
The abundance for CLA available only or the last 16 months of the 2-year survey
‡ Weighted mean of 8 FAs and FA groups, with weights being the percentages in the composition
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Regional groupings for similarities in fatty acids

 An MDS (Figure 6), based on compositions across the seven ma-
jor FA groups (Table 3),was performed to group sites with similar sea-
sonal patterns. In most cases, sites grouped together according to their 
geographical locations, however in some cases similarities were not-
ed between distant sites. In our previous publication [29], five largely 
regional groupings (A-E) were determined based on the melting prop-
erties. However, the same groupings did not carry over fully to the 
current MDS analysis for FA composition, with greater differences 
observed within some regions, resulting in seven distinct groupings 
instead of five. The groups of western Victoria (group B), northern 
Victoria (group C) and the combination of sites in eastern Victoria 
with Tasmania (group D) remained the same as those determined for 
the melting properties. However the characteristics of the original 
group A, consisting of central New South Wales (site 1), Queensland 
(site 2 and 3) and South Australia (site 4), and that of Group E,  

Group FAs Factors for individual or grouping

 SC-S C4:0, C6:0, C8:0, C10:0, C12:0 Grouped well in MDS (Figure 3) i.e. highly correlated; produced in the mammary gland [14]; metabolised 
differently in human body than longer chain FA [42].

 MC-S C14:0,    C15:0i and a, C15:0
Grouped well in MDS (Figure 3), i.e. highly correlated; The C15:0 isomers are synthesised through bacte-
rial flora in the rumen [43].  C15:0 is a biological marker of dairy fat intake and other ruminal animal fat in 
human nutrition [1,11] as is C14:0 [10] and branched FA’s have anti-carcinogenic activities [44].

Palmitic acid C16:0
Although this fatty acid appeared to be associated with the Minor Unsaturated fatty acids (m-U) in the MDS 
it was kept separately as it is saturated and a Major FA; origin from feed or synthesised in the mammary 
gland, proportion depending on dietary fat intake, stage of lactation, energy balance and stored fat [14]. 

C17:0 isomers C17:0a, C17:0i, C17:0 Grouped well in MDS (Figure 3) i.e. highly correlated; are biomarkers for milk fat and other ruminant 
animal fat in human nutrition [1]; Branched FAs have additional benefits [7].

 m-U C10:1, C14:1, C16:1, C17:1 Broadly associated in MDS in MDS (Figure 3). Relatively low levels of each; all require desaturase activity 
[14,18]; Mono-unsaturated FA’s are generally considered desirable in human nutrition [45-47].

Stearic acid C18:0 Major saturated FA; derived from the adipose tissue and diet [14]; did not group well with other long chain 
FA’s in MDS (Figure 3).

LC-U C18:1, C18:2  C18:3 Grouped well in MDS (Figure 3) i.e. highly correlated; derived from the diet and adipose tissue followed by 
desaturation in the mammary gland, are considered desirable in human nutrition [45-47].

Table 3: Fatty Acid (FA) groupings with rationale used in this study.

Figure 4: Box plots indicating the spread in fatty acid (FA) composition (wt %) for 
each site (1-20, x axis) within the study, for; short chain saturated FAs (SC-S), medi-
um chain saturated FAs (MC-S), C16:0, C17:0 isomers, minor unsaturated FAs (m-U), 
C18:0, long chain unsaturated FAs (LC-U) and Conjugated Acid (CLA). 

Note: The median value is represented by the horizontal line in the middle of the box. 
The lower and upper quartiles are represented by the lower and upper boundaries of 
the box, and the minima and maxima are represented by the most extreme points or the 
ends of the extended lines.

Figure 5: Correlation coefficients between the fatty acid groups; short chain saturated 
FAs (SC-S), medium chain saturated FAs (MC-S), C16:0, C17:0 isomers, minor unsat-
urated FAs (m-U), C18:0 and long chain unsaturated FAs (LC-U) for all samples from 
the 19 bulk milk production sites (n = 794).

http://dx.doi.org/10.24966/DRT-9315/100011


Citation: Logan A, Müller W, Versteeg C (2019) Australian Milk Fat - Seasonal and Regional Composition of Fatty Acids. J Dairy Res Tech 2: 011.

• Page 7 of 17 •

J Dairy Res Tech ISSN: 2688-9315, Open Access Journal
DOI: 10.24966/DRT-9315/100011

Volume 2 • Issue 2 • 100011

consisting of the three Western Australian sites (sites 18-20), were 
broken down further as follows: The New South Wales and South 
Australian sites associated closely and grouped separately (group A1) 
from the two Queensland sites (group A2). For Western Australia, 
sites 18 and 19 (E1) diverge from processing site 20 (E2), which, 
although located more north in the state, obtained its milk supplies 
from areas further south, including Albany [49]. These seven group-
ings were supported by the FA box plots (Figure 4), where site 1 and 
4 showed different patterns from sites 2 and 3, and site 20 proved 
different from site 18 and 19 (and often every other site) for most FA 
groupings.

Regional differences in fatty acids and seasonal changes

 Timelines of the monthly average values of each region for each 
of the FA groupings are shown in figures 7.1-7.7. Additionally, the 
results for CLA are plotted in figure 7.8.

Short Chain Saturated (SC-S)

 For the three Victorian and Tasmanian regions there are clear 
seasonal patterns with the SC-S FAs ranging between about 12.5% 
(March to May) and 16.5% (August to December). Regions differ in 
timing, with levels of SC-S in western Victoria (B) milk rising about a 
month ahead of the other 2 regions in the north (C) and east region of 
Victoria, combined with Tasmania (D). This is consistent with the re-
gional farming data, where western Victoria exhibited the maximum  
milk production in November (approximately one month earlier than 
other regions), and the minimum milk production in April-May (2 
months ahead) [28]. The de-novo synthesis of FAs (C6:0 to C14:0 and 
also part of C16:0) increases the first few months of lactation [14]. 
This typically occurs between July and September in the southern  

parts of Australia where cows are calved on a seasonal basis. Similar 
patterns have been observed in New Zealand where seasonal calv-
ing is also practiced, with higher levels of C10:0 and C12:0 between 
September and December and minimum levels between March and 
June [20]. In contrast, the sites located in all other states moved over 
narrower ranges in SC-S, with less distinct and inconsistent seasonal 
patterns. The sites in Queensland (A2) consistently exhibited low-
er concentrations over nearly all months of the survey compared to 
New South Wales with South Australia (A1). This is consistent with 
the milk production volumes being constant over the year in both 
Queensland and New South Wales, with year-round supplementary 
feeding. In Western Australia greater variation was observed for site 
20 (E2) than the other region in (E1), which had the least variation 
of all regions in the survey. The lowest proportions of the SC-S were 
encountered in Nov/Dec to March, which also coincided with the 
months of the lowest milk production [29]. 

Medium Chain Saturated (MC-S)

 Seasonal variation was observed for MC-S across the three Vic-
torian and Tasmanian regions, but not as clearly defined as SC-S, 
ranging between 11 and 14 %.The lowest levels were found between 
May to August and the highest levels from September to February. 
While these trends were like SC-S, the low and high points were de-
ferred by a few months. The main FA in this group is C14:0, which is 
also like the SC-S FAs derived from de novo synthesis through chain 
elongation.  Although generally highly correlated (Figures 2 and 5), 
the elongation to C14:0 appears to be relatively stronger later in the 
milk production season. North Victoria (C) had the least variation and 
west Victoria (B) the broadest highs, rising about a month ahead of 
east Victoria and Tasmania. Of the site groupings in the other states, 
Queensland (A2) and New South Wales with South Australia (A1) 
had little variation, varying by only around 1% in total concentration 
over the 2 years, with regional group A2 consistently about 1% lower 
than A1. Site 20 (E2) in Western Australia stood out with the low-
est levels of MC-S, typically 2% lower than any other region. Often, 
lower concentrations in site 20 coincided with higher concentrations 
in most of the other regions, which in the case of the Victorian and 
Tasmanian sites may be caused by the opposite in seasonal production 
and/or rainfall patterns and pasture availability [29]. The information 
available for farming practices are insufficiently detailed to provide 
possible explanations for the distinct differences within Western Aus-
tralia.

Palmitic acid (C16:0)

 The clearest seasonal pattern was found in group B (west Victoria) 
with concentrations ranging between ~24% in July and 32% around 
February/March, thus largely opposite to the occurrence of SC-S. 
Most other regions also show a distinct seasonal variation, again the 
exceptions being group A1 (New South Wales and South Australia) 
and A2 (Queensland), which appear to be generally trending down-
wards over the 2 years. A similar downward trend was observed in the 
solid fat contents, particularly at 5 °C [50]. The variation observed in 
north Victoria (group C) and east Victoria with Tasmania (group D) 
was less than in west Victoria (group B). Group C had its highs and 
lows about 2 months later than Group B, whereas Group D moved 
roughly in line with Group B, with the exception that the second 
year’s low occurred about 2 months later in the year.

Figure 6: Non-metric multidimensional scaling of the 19 bulk milk production sites 
derived from similarities calculated as mean distances between compositions over the 
2-year study using the FA groups outlined in Table 3 (n = 401 compositions, stress = 
0.0502).
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 In Western Australia, both groups E1 and E2 displayed a seasonal 
variation in C16:0 content, with E2 usually having lower levels than 
E1. It is noted that the lows in C16:0 in Western Australia (E1 and E2) 
were around the same time (July) as in western Victoria (group B), as 
were the highs in the first year (February/March). However, the highs 
in the second year occurred later in the year, around April, highlight-
ing a between year difference.

 C16:0 is derived both from de novo synthesis in the mammary 
gland and from the diet, the proportions of which may depend on ru-
men pH and the presence or absence of precursors and inhibitors of de 
novo synthesis in the cows feed [51]. When dietary fat intake is low, 
nearly all C16:0 is synthesised de novo in the mammary tissue. How-
ever, de novo synthesis decreases to less than 30% of the total C16:0 
productions when fat intake is high [14].  It was calculated from data 
in 28 papers that C16:0 content of milk was negatively related to the 
level of total and unsaturated FAs absorbed from the diet [52]. For 
regions B, C and D here is a striking resemblance between the C16:0 
content and the graphs for solid fat contents, particularly at 5 °C [50]. 
Similarities in patterns between C16:0 and solid fat contents can also 
be observed for in Western Australia (E).

C17:0 isomers

 This group of C17:0 odd linear and branched chain FAs is large-
ly derived from rumen bacteria and from de novo synthesis in the 
mammary gland, particularly the linear odd chain FAs as reviewed 
by Vlaeminck et al. [41]. Changes in concentrations of odd and 
branched chain FAs reflect changes in the ruminal flora and poten-
tially synthesis in the mammary gland from propionyl-CoA instead 
of acetyl-CoA. In our results, the odd and branched chain FAs with 
the same number of carbons moves together (Figure 3). This probably 
means that most of the seasonal variations come from changes in the 
abundance of specific ruminal flora [41] and not from de novo syn-
thesis in the mammary glands. The changes in composition of linear 
C15:0 and C17:0 would otherwise be more aligned, and independent 
of their branched isomers. The group of straight and branched C17:0 
FAs (when averaged by regions) moved in a range between about 
1.35 and 1.75 % (Figure 7, C17:0 isomers). Group B (sites in western 
Victoria) showed a clear seasonal pattern with a broad high between 
November and March. Groups C and D (made up of the other Victori-
an and Tasmanian sites) had much less or no clear seasonal variation. 
The broad high in western Victoria likely reflects the varying feed 
quality in the mainly non-irrigated and rain fed pastures and the se-
nescence of pasture in summer [29], whereas less rainfall, higher tem-
peratures and a greater occurrence of irrigation and the supplemen-
tary feeding in northern Victoria led to reduced seasonal variation. 
In contrast, Tasmania experienced cooler summer temperatures and 
eastern Victoria received more rainfall. This provided conditions for 
higher levels of pasture growth over the summer months compared 
to the other Victorian regions [29]. Of the sites in the other states, the 
Western Australian sites (E1 and E2) showed most variation, with at 
times relatively large differences within the state. The Queensland 
sites (sites 2 and 3, group A2) generally had the lowest concentrations 
of the 17:0 odd and branched acids, which is consistent with the high 
use of supplementary feeding [29].

 The C15:0 and C17:0 ruminant specific FAs in human blood se-
rum have been investigated as biomarkers for dairy product consump-
tion in several studies [11,12,53]. Generally, higher dairy product 
consumption was found to be associated with lower blood pressures, 
decreased risk of developing metabolic syndrome and a lower risk of 
a first myocardial infarction [12]. We found levels of C17:0 FAs to 
vary between sites and seasons, and localised studies of human serum 
conducted over a short time frame could lead to miscalculation of up 
to 30% in magnitude when estimating dairy consumption. For ex-
ample, difference evident between region B (December 1994-March 
1995) and region A2 (June to September 1995).

Figure 7.1-7.8: The change in fatty acid (FA) composition over the2-year study for 
each site grouping; (1) short chain saturated FAs (SC-S), (2) medium chain saturat-
ed FAs (MC-S), (3) C16:0, (4) C17:0 isomers, (5) minor unsaturated FAs (m-U), (6) 
C18:0, (7) long chain unsaturated FAs (LC-U) and (8) conjugated acid (CLA).

Note: The average standard errors of means at each month for site groupings A1, A2, 
B, C, D, E1, and the standard errors of means at each month for site 20 (E2), are:  SC-
S: 0.25, 0.45; MC-S: 0.13, 0.39; C16:0: 0.20, 0.47; C17:0 isomers: 0.018, 0.046; m-U: 
0.040, 0.099; C18:0: 0.17, 0.47; LC-U: 0.31, 0.86; CLA: 0.030, 0.067, respectively.

Figure 7.7

Figure 7.8
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Minor Unsaturated (m-U)

 These minor unsaturated FAs (C10:1, C14:1, C16:1 and C17:1) 
were (somewhat loosely) associated in the MDS (Figure 3) and con-
tribute about 0.3%, 1.0%, 1.5% and 0.3 %, to the total FA composi-
tion, respectively (Table 1). The three Victorian and Tasmanian site 
groupings (B, C and D) displayed a clear seasonal pattern with west 
Victoria (group B) having high (Feb-Mar) and low concentrations 
(Jun-Jul) about 2 months ahead of the other site groupings. Of the 
other sites, A1 (New South Wales and South Australia), A2 (Qld) and 
group E1 (Western Australia) also showed some degree of seasonal 
variation. However, the levels for A1 were consistently higher than 
A2, and for E1 higher than E2.  E2 typically had lower concentrations 
at any time than all the other site groups.

Stearic acid (C18:0)

 Of all the regions, B had the most discernible seasonal patterns for 
C18:0 concentrations, with highs in Jun/Jul and lows in Feb/March. 
Limited and inconsistent variation was observed for other regions, 
often with four or five highs and lows throughout the year, usually 
over a narrower range. For Western Australia, E2 was higher than E1 
and all other sites for most of the time. Lowest concentrations were 
typically found for Group A1 milk fat. C18:0 is negatively correlated 
with all FA groupings except for LC-U, which was positively cor-
related (Figure 5). As FA concentrations are presented as a percentage 
of the total, an increase in one component will result in a decrease 
of another and reflects the partitioning of different milk fat synthesis 
pathways. LC-U (discussed in the next section) are high when there 
is a negative energy balance between diet intake and energy outputs, 
typically over the first months after parturition. SC and MC FAs, on 
the other hand, tend to increase when there is a positive energy bal-
ance [14]. The lack of clearly discernible seasonal patterns may be 
expected for the Queensland sites (A2), with relatively stable annual 
milk production. While seasonal differences were evident for all other 
sites, variation was not as great as would be expected based on their 
seasonal production patterns. This is likely due to the availability of 
seasonal feed and supplementation which override the influence of 
seasonal calving on energy balance, hence C18:0 levels. It may also 
be noted that for region B, the seasonal concentrations of C18:0 are 
virtually opposite to the C17:0 FAs, indicating different responses to 
seasons and/or farming practices and associated pathways. Indeed, 
for group B there is a strong negative correlation between the C17:0 
isomers and C18:0 (r=-0.63, p<0.001), compared to a small negative 
correlation for all other sites combined (Figure 5).

Long Chain Unsaturated (LC-U)

 Clear seasonal patterns can be discerned in region B (west Victo-
ria) and region D (Tasmania with east Victoria) and, to a lesser extent, 
E1, which are similar to those for C18:0. However the highs in LC-U 
for region B (June of the first year and May in the second year), were 
consistently earlier (by approximately one month) than the C18:0 
highs. Region D exhibited a second peak about 3 months later in the 
second year of the survey. Site E2 in Western Australia typically had 
the highest concentrations of any individual site and grouping A1 
(NSW with SA) the lowest. These unsaturated FAs are formed from a 
C18:0 precursors through desaturase activity in the mammary gland, 
which will be discussed in some detail later.

CLA

 For some regions (e.g. B and E1) CLA is the most variable FA over 
the season (varying by over 2-fold), indicating large variations in the 
type of feed.  Milk from west Victoria (region B) contained more than 
1.2% CLA for most of the year, with highs over 1.6% around Septem-
ber, and a pronounced low (below 0.8%) during summer (Figure 7), 
when the supply of fresh pasture was low.  Region E1 had a sharp high 
concentration of about 1.8% CLA in August 1995 but otherwise was 
only about half of that and about 30% lower than most other regions 
for about 6 months from November 1994 onwards.  Large variations 
and differences in CLA have been found in many other places, e.g. in 
Germany, France and other parts of the EU [6,20,26].  Typically, CLA 
concentrations are high when much of the feed consists of fresh grass 
instead of large quantities of grains and concentrates [54,55].

Desaturase activity 

 Table 4 gives the correlations between saturated and mono-un-
saturated FAs of the same chain length. Strong positive correlations 
(p<0.01) were found when all samples were taken into consideration 
across all sites, however considerable variation existed between some 
sites and regions. The correlations for C16:0 to C16:1 was strong-
ly positive for all sites except site 5 in Tasmania. Similarly, a posi-
tive correlation between C18:0 and C18:1 was strong for nearly all 
sites, with the notable exception of all three sites forming region C. 
In comparison, only about half the sites exhibited significant positive 
correlations for the shorter chain FAs; C10 and C14. It was noted 
that low and insignificant correlations between C14:0 and C14:1 of-
ten paired with low and insignificant correlations between C10:0 and 
C10:1, particularly in regions C and most of D (predominantly sites 
14, 15 and 17), indicating the same or similar desaturase systems for 
these chain lengths.

 The long chain mono-unsaturated FAs in milk predominantly orig-
inate from saturated FA precursors of the same chain length, converted 
by stearoyl-CoA desaturase or Δ-9-desaturase enzymes in the mam-
mary gland [14,56]. When the concentration of these saturated FA’s 
increases or decreases, there is either more or less substrate available 
for desaturase activity, leading to an expected positive correlation be-
tween the saturated and unsaturated chain length pair. However, no 
significant positive correlation was found between C18:0 and C18:1 
in any of the sites in region C, and between C16:0 and C16:1 for site 5 
in region D. This indicates that the concentrations of these FAs move 
independently for these sites, most likely due to confounding seasonal 
variation in Δ-9-desaturase activities within these geographical areas. 
It also suggests that different enzyme systems are involved for C16:0 
and C18:0.The primary substrates for stearoyl-CoA desaturase are 
stearoyl-CoA and palmitoyl-CoA, however it has also been report-
ed to catalyse the conversion of myristoyl-CoA [14]. Δ-9-Desaturase 
is mainly active on FAs with a carbon chain length of 18 or longer 
[56,57]. Kelsey et al., [58] found that the desaturation indices (de-
fined for a given chain length as the concentration of unsaturated FA 
divided by the sum of unsaturated and saturated FA pair) for cis-9 
C14:1, C16:1 and C18:1 were highly correlated, and in the most part 
significantly affected by breed, parity and Days in Milk (DIM).

 In our results, the mean Δ-9-desaturase indices for C10:1, C14:1, 
C16:1, C17:1 and C18:1 were calculated as 0.086, 0.087, 0.051, 0.33 
and 0.670 respectively, thus low for all FAs with a chain length of 
below C17, and lower for C16:1 than for either C10:1 and C14:1.
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 However there were relative changes between several sites over 
the seasons, as shown in the sites 10 and 12 examples in Figure 8. The 
results show that the C10:1 and C14:1 indices for both sites follow a 
similar pattern, yet quite different from the C16:1 indices and indicat-
ing that different enzyme systems are likely involved. The C10:1 and 
C14:1 indices vary considerably across the milking season for both 
sites, for example the indices are nearly double in February/March 
compared to June for site 10. Site 12 shows a similar pattern, but 
slightly less pronounced than site 10, occurring about 2 months later 
and both are consistent with the trends observed for milk production 
volume data (Figure S1, Supplementary information). Highs in C10:1 
and C14:1 desaturase activity coincided with low milk production for 
both sites, and their activities appear to be related to stage of lactation. 
The C17:1 desaturase indices vary up to about 50% without obvious 
seasonal patterns whereas the C18:1 indices moved over a very nar-
row range of about 10% from 0.65 to 0.71.

 The mammary gland synthesises the saturated short chain FAs 
(C4:0 to C14:0) and about half of the C16:0 found in milk. As C14:0 
synthesis and desaturation is exclusive to the mammary gland, Rut-
lowska et al., [21] used the ratio of C14:1 to C14:0 as a proxy for 
the mammary gland Δ-9-desaturase complex. In their work, seasonal 
variations between the ratios of C14:1 to C14:0 and C16:1 to C16:0 
were found with highs in late spring and summer and lows in the win-
ter months. In contrast, our results show that desaturase indices for 
C10:1 and C14:1 of site 10 is high in late summer and autumn and low 
in early winter (Figure 8). The closer look at these examples clearly 
illustrates the complexity and differences of the desaturase activity in 
relation to carbon chain length and both regional and seasonal differ-
ences.

Site Region n 10:0-10:1 14:0-14:1 16:0-16:1 17:0-17:1 18:0-18:1

1 A1 48 0.74 0.49 0.75 -0.03  0.76

2 A2 45 0.55 0.07  0.62 -0.15  0.49

3 A2 48 0.61 0.40 0.72 0.54 0.53

4 A1 48 0.41 0.49 0.80 -0.17  0.45

5 D 22 0.39  0.67 0.18  -0.18  0.82

6 D 27 0.18  0.29  0.53 0.60 0.68

7 D 24 0.27  0.48  0.67 0.69 0.83

8 B 44 0.23  0.56 0.83 0.71 0.84

9 B 48 0.47 0.50 0.79 0.65 0.82

10 B 47 0.47 0.60 0.82 0.65 0.88

11 C 46 0.10  0.13  0.65 0.05  0.24 

12 C 46 -0.09  0.10  0.70 0.35  0.02 

13 C 45 0.52 0.07  0.41 0.53 0.34 

14 D 42 -0.18  0.32  0.70 0.22  0.37 

15 D 44 0.30  0.37  0.73 0.47 0.67

16 D 39 0.15  0.26  0.77 0.66 0.67

17 D 44 0.27  0.25  0.76 0.68 0.71

18 E1 46 0.83 0.76 0.81 0.58 0.49

19 E1 42 0.65 0.67 0.65 0.67 0.75

20 E2 39 0.63 0.58 0.56 0.42 0.51

All All 834 0.48 0.53 0.73 0.43 0.72

Table 4: Correlation coefficients between the saturated and unsaturated fatty acids of the same chain length. Correlations are significant at the 1% level, unless marked by ().
n = number of samples used in the calculation of correlations.

Note: The critical values for significance at the 1% level for n= 22-27 = 0.53-0.48, and for n= 39-48 = 0.40-0.37. For all sites (n=834) the 1% value is 0.09. 

Figure 8: The Desaturase Index of site 10 in western Victoria and 12 in northern Victo-
ria over the 2-year study for FAs; C10:1, C14:1, C16:1, C17:1 and C18:1.
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 In a review discussing Δ-9-desaturase activity and CLA formation, 
Baumann and Lock [59] conclude that differences in activity between 
breed are minor compared with the effect of diet and variation ob-
served between individual cows. As a herd’s population remains rela-
tively consistent throughout a milking cycle, the seasonal feed quality 
and availability, the nutritional status of the animals, and their stage 
of lactation are believed to be the main cause of differences between 
sites and seasons. The confounding effect of a number of factors make 
it difficult to draw firm conclusions, however it is noted that differ-
ences between timing of the desaturase activities in our study broadly 
agree with the differences in milk production.

Conclusion
 Regional and seasonal differences in milk fat composition will 
affect the human nutritional properties of milk, and should be consid-
ered when consumption measures for dairy-based products are based 
on the abundance of such FAs. For example, the results show that 
CLA can vary by more than a factor of two, and levels of the C17:0 
isomers often used by blood serum measurements to estimate dairy 
product consumption, varied up to 30% depending on the source and 
season. Overall, considerable differences in FA compositions were 
found between regions or site groupings across the milking season. 
Based on their seasonal behaviour patterns groupings of FAs were 
evident, and largely in line with the literature of established animal 
physiology and the associated source of FAs in milk. However, there 
were some notable exceptions; for example, C14:0 did not respond in 
line with the other SC-SFAs from de novo synthesis.  Also, the odd 
chain and branched chain FAs C15:0 and C17:0 grouped with the FAs 
of same carbon number but not with each other as may be expected 
from changing ruminal activities. These differences indicate potential 
points for further investigation into the mechanisms involved. Large 
seasonal variation occurred for the short chain FAs, C16:0, CLA and 
the minor and LC-U FAs in Victoria and Tasmania. To a lesser extent, 
seasonal variation was also noted for C18:0 and the C17:0 isomers. 
Consistently lower saturated and unsaturated C18 FAs were measured 
in milk from New South Wales and South Australia, and higher C18 
FAs in one site in Western Australia. The results show that animal 
nutrition effects override the influence of seasonal lactation and that 
desaturase activities varied by FA, region and season. The activities 
for C10:1 and C14:1desaturase were most variable but remained syn-
chronised, indicating that the same enzyme system was involved for 
both, yet different from C16:1 and C18:1 which also differed from 
each other. This disagrees with what has been reported in the litera-
ture. As expected, there was a high correlation between the abundance 
of C18:0 and C18:1 for all sites except for Northern Victoria.

 The number of dairy farms across Australia has reduced consider-
ably over past decades (21,994 in 1979-80 to 5,789 in 2017), leading 
to more intensive and larger scale operations. Although there is now 
a greater reliance upon supplemental feeding along with pasture and 
total mixed rations [60], changes to farming practices across Australia 
are limited in several regions, for example, in parts of Queensland, 
New South Wales and Eastern Victoria. This means that the data col-
lected in this expansive1994-95 Australia-wide survey still has great 
relevance to the Australian dairy industry and provide an important 
reference point for future studies. Furthermore, the large and bene-
ficial difference in FA composition of some sites, such as site 20 in 
Western Australia for unsaturated FAs or the abundance of CLA in 
several sites, provide clues for future achievable large scale interven-
tions.  
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 Calculation of Distance Matrix for Multi-Dimensional Scaling of 
Sites based on Distances between Compositions.

 The multidimensional scaling of the 19 sites was based on the fatty 
acid composition over 7 fatty acid groups for the 24 months of the 
study. For many sites, compositional data were not available for all 
of the 24 months, so for any pair of months, differences between two 
sites could only be based on months when compositions were deter-
mined on both the sites.

Let

Pijk= Percentage component for fatty acid group i at site j in month k,

Where i=1…7,  j=1…19,  k=1…24
Note that for each site/month combination, either all 7 Pijk values were 
known and add to 100, or all 7 were missing (no milk samples taken).

Supplementary File

C4:0 C6:0 C8:0 C10:0 C10:1 C12:0 C14:0 C14:1 C15:0i+a C15:0 C16:0

C4:0

C6:0 0.821

C8:0 0.636 0.943

C10:0 0.470 0.852 0.970

C10:1 0.150 0.470 0.470 0.471

C12:0 0.349 0.774 0.916 0.967 0.513

C14:0 0.230 0.651 0.696 0.725 0.769 0.782

C14:1 -0.286 -0.036 -0.045 -0.010 0.708 0.108 0.526

C15:0i and a -0.108 0.127 0.132 0.163 0.588 0.230 0.614 0.596

C15:0 -0.226 0.116 0.181 0.268 0.604 0.379 0.697 0.672 0.772

C16:0 -0.298 -0.208 -0.298 -0.279 0.410 -0.199 0.329 0.686 0.418 0.486

C16:1 -0.373 -0.355 -0.418 -0.411 0.246 -0.350 -0.035 0.589 0.037 0.156 0.714

C17:0 a -0.099 -0.150 -0.150 -0.140 -0.141 -0.177 -0.143 -0.046 0.136 0.063 0.032

C17:0 i -0.174 -0.028 0.037 0.083 0.083 0.070 0.157 0.182 0.316 0.312 0.135

C17:0 -0.152 -0.253 -0.352 -0.359 -0.069 -0.341 0.008 0.180 0.224 0.314 0.516

C17:1 -0.273 -0.261 -0.302 -0.307 -0.003 -0.309 -0.109 0.242 0.005 0.123 0.387

C18:0 0.070 -0.270 -0.297 -0.344 -0.701 -0.433 -0.678 -0.728 -0.394 -0.632 -0.641

C18:1 -0.128 -0.451 -0.437 -0.460 -0.712 -0.526 -0.868 -0.609 -0.597 -0.717 -0.599

C18:2 -0.051 -0.256 -0.264 -0.257 -0.432 -0.309 -0.481 -0.392 -0.360 -0.391 -0.115

C18:3 0.122 0.390 0.498 0.504 0.194 0.440 0.263 -0.103 -0.020 0.133 -0.326

C20:1 -0.261 -0.376 -0.397 -0.381 -0.135 -0.295 -0.220 0.157 -0.055 0.059 0.081

Others 0.025 0.081 0.145 0.169 -0.004 0.165 0.030 -0.114 -0.100 0.015 -0.280

C16:1 C17:0a C17:0i C17:0 C17:1 C18:0 C18:1 C18:2 C18:3 C20:1

C17:0 a 0.087

C17:0 i 0.119 0.521

C17:0 0.328 0.152 0.288

C17:1 0.648 0.252 0.181 0.405

C18:0 -0.552 0.032 -0.224 -0.139 -0.227

C18:1 -0.143 0.076 -0.213 -0.242 0.028 0.712

C18:2 -0.078 0.127 0.055 -0.105 -0.139 0.218 0.376

C18:3 -0.178 -0.079 0.018 -0.157 0.165 -0.060 -0.077 -0.336

C20:1 0.099 0.110 0.106 0.168 -0.008 0.030 -0.017 -0.021 -0.326

Others -0.218 -0.107 0.118 -0.090 -0.270 0.001 -0.148 -0.091 0.148 0.141

Table S1: Correlation Matrix, all samples from the 19 bulk milk production sites over 24 months (n=794).

Note: The critical values for significance at the 1% level for n= 22-27 = 0.53-0.48, and for n= 39-48 = 0.40-0.37. For all sites (n=834) the 1% value is 0.09. 

Figure S1: Milk flows of Site 10 in region B and site 12 in region C relative to January 
1994.
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 Firstly we calculate the geometric mean Gjk over the 7 fatty acid 
groups of the components for each site at each month 

  Gjk= 

For all pairs of sites s and t, we calculate for each month k the distanc-
es between compositions using formula (1) of Aitchison et al. [31].

  

 Note that for some (s,t,k) combinations, compositional data were 
not obtained for either site s or site t in month k, so dstk  was not able 
to be calculated.

 Let  = the number of months where compositional data were avail-
able for both site s and site t.

  

Then the distance between sites s and t,  is

 Where the summation is over all dstk values that were able to be 
calculated.

 From these distances a 19 x 19 symmetric distance matrix M was 
formed, where Dst is the value in the sth row and tth column (and tth row 
and sth column). The non-metric 3-dimensional multi-dimensional 
scaling was performed on this matrix M.
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