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Introduction
Various feeding and production systems exist for Australian cattle and these 
are necessary to meet the consumer demand for beef. Currently verification 
of production systems is solely based on audits which are costly and time 
consuming. The development of a scientific method for verifying production 
systems is required to reduce costs. A proposed system is to assess the 
fatty acid composition of subcutaneous fat as an indicator of the changes 
in diets. The fatty acid composition of subcutaneous fat has been examined 
previously, but not to compare production systems. While subcutaneous fat 
is a low value portion that is trimmed from the carcase, it provides valuable 
information on the diet of the animal and a study was undertaken to test this 
hypothesis for cattle from two different finishing systems.
Methods
In this investigation 300 beef carcases were sampled: 150 grass-fed and 
150 grain-fed animals. With the grain-fed cattle from a Southern Australian 
feedlot and grass-fed from seasonal pastures in Southern Australia. All diets 
were verified through supply chain methods and directly with the produc-
ers of sampled carcases. A 30g sample of subcutaneous fat was excised 
from the brisket and frozen at -20°C for transport and then were stored at 
-80°C until they were freeze dried, and homogenised using a Foss Knife-
Tech® grinder for 15s. Analysis of fatty acids in the subcutaneous fat were 
completed using a one-step extraction method [1].  Extraction of fatty ac-
ids was achieved by using 10mL of chloroform/methanol mixture (2:1v/v) 
added to the sample, shaken and centrifuged. Once extracted, an aliquot of 
80–100 µl was evaporated to dryness under nitrogen gas. Once evaporated, 
the mixture was methylated using 2mL of methanol/toluene mixture (4:1v/v) 
containing C13:0 (4µg/mL) and C19:0 (4µg/mL) as internal standards, 200μL 
of acetyl chloride and 5mL of a 6% potassium carbonate solution. The fatty 
acids were then identified from 80µL of FAME using an Agilent 6890N gas 
chromatograph equipped with a SGE BPX70 analytical column.
Statistical analysis was completed using linear mixed effects models, deriv-
ing predicted means and standard errors and calculating least significant 
differences between means (at the P = 0.05)for the fatty acids measured 
from the carcases of each feed type. To account for any batch effects, day of 
measurement was included as a random effect, with cattle feed type also as 
a fixed effect. All statistical analyses were completed in R Core Software us-

ing the ‘emmeans’ package and prospectr package.
Results
As highlighted in Table 1, carcases from grain-fed cattle had significantly 
higher saturated fatty acid  (SFA) concentrations (11.1g/100g) compared to 
grass-fed cattle (8.3g/100g).
Although, the concentration of total monounsaturated fatty acids (MUFA) 
in the subcutaneous fat in this study did not differ between carcases from 
grass and grain finishing systems, individual fatty acids including C15:1n-5, 
C16:1n-7t, C17:1n-7, C18:1n-7t, C18:1n-9t, C20:1n-9, C20:1n-15 and C24:1n-9 
showed significant variation. The omega-6 to omega-3 ratio was found to be 
significantly lower in grass fed cattle than in grain fed.
Conclusion
There has been extensive research conducted on the effect of diet on the 
intramuscular fatty acid composition of beef [3]. The  total MUFA  in the 
subcutaneous fat in this study did not differ between  finishing systems, 
which disagrees with previous research that has shown consistent differ-
ences in MUFA [2].
Given that finishing cattle on grain for both long and short periods can cause 
a reduction in the total omega-3 concentration [3] and an increase in ome-
ga-6 fatty acids within intramuscular fat, it is unsurprising that the omega-6 
to omega-3 ratio was found to be significantly different in the subcutane-
ous fat from cattle finished in grass and grain fed production systems. This 
difference in composition of fatty acids is due to cereal grains being rich in 
C18:2n-6, with cattle feed concentrates containing very little lipids and those 
lipids being storage triglycerides. Conversely most grasses are made up of 
55-70% C18:3n-3 [3].
The fatty acid composition of subcutaneous fat is able to be used to deter-
mine a difference between grain fed and grass fed production systems and 
can be used to determine production system and thus verify beef production 
systems. Further research aimed at collecting samples from cattle across 
various levels of grain feeding and supplementation will improve the knowl-
edge and potential use in the industry as a random auditing system of beef 
products.
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Table 1. Subcutaneous fatty acid composition from 150 grass- fed and 
150 grain-fed beef carcases Least square means (LSM) and standard 
errors (s.e.) of the subcutaneous fatty acid (FA) composition from 
carcases of 150 grass-fed and 150 grain-fed beef cattle.
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