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Abstract

Context. There is increasing interest in the composition of lipids in beef from pasture-fed Wagyu-cross cattle and
how they compare to beef from traditional beef breeds.

Aim. The present study aimed to investigate the differences in fatty acid and phospholipid content of the ribeye,
striploin and tenderloin obtained from commercially sourced beef.

Hypothesis. We hypothesised that long-chain omega-3 fatty acid and phospholipid concentrations would be higher in
Wagyu beef sourced from pasture-based production systems than in those sourced from grain-finished Wagyu.

Methods. Beef was either derived from commercial cattle exclusively fed pasture (Angus, Wagyu X Angus and
Wagyu X Dairy (Friesian X Jersey); n = 10 per breed) or finished on grain (Angus and Wagyu; n = 10 per breed).

Key results. Phosphatidylcholine was the predominant phospholipid observed in beef surveyed, followed by
phosphatidylethanolamine and sphingomyelin. All classes of phospholipid measured were affected by where the
commercial beef was obtained, with the concentrations of total phospholipids being highest (P < 0.05) in the ribeye,
striploin and tenderloin from pasture-fed beef compared with grain-fed beef. The fatty acid composition also varied
among the commercial cuts; typically total saturated fatty acid and monounsaturated fatty acid concentrations were
highest in beef finished on grain, whereas the concentrations of long-chain omega-3 fatty acids were two-fold higher
(P <0.05) in striploin and tenderloin derived from pasture-fed Wagyu x Dairy cross cattle than in those from grain-fed
cattle. Despite different fatty acid concentrations among the commercial beef breeds surveyed, the calculated
atherogenic index was similar for ribeye and striploin. In contrast, the tenderloin obtained from pasture-fed
Wagyu X Dairy had the lowest (P = 0.017) atherogenic index.

Conclusions. Depending on the cut of meat studied, pasture-fed Wagyu X Angus and Wagyu x Dairy have different
lipid compositions, including lipids that have been associated with both health benefits and risks in human.

Implications. These results show that a serving of meat obtained from non-traditional beef breeds such as pasture-fed
Wagyu x Dairy may contribute significantly to the recommended daily intake of long-chain omega-3 fatty acids.
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phosphatidylcholine, phosphatidylethanolamine, phosphatidylinositol, phosphatidylserine, sphingomyelin.
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Introduction

Meat is a complex food matrix of proteins, lipids, vitamin and
minerals. The role of red meat in the human diet is of interest to
meat producers, consumers and health agencies, including the
World Health Organisation (Bouvard et al. 2015; De Smet and
Vossen 2016). Due to the potential role of meat-derived lipids
on eating experience (Wood et al. 2004) and consumer health
(Smith 2016; Vargas-Bello-Perez and Larrain 2017), the lipid
composition of meat is of increasing interest. The research has
focussed largely on the major lipid species, including saturated
fatty acids (SFA), monounsaturated fatty acids (MUFA) and
polyunsaturated fatty acids (PUFA). However, red meat can
also contain an appreciable quantity of the long-chain omega-3
fatty acids, eicosapentaenoic acid (EPA), docosapentaenoic
acid (DPA), and, to a lesser extent, docosahexaenoic acid
(DHA). One way to assess the nutritive value of beef is to
calculate an atherogenic index (Ulbricht and Southgate 1991;
Nantapo et al. 2014). Typically, the lower the atherogenic
index, the less atherogenic the food, that is, the healthier the
food.

Beyond the fatty acids, there is a complex array of lipid
species, including phospholipids. The phospholipids are
essential as structural elements of biological membranes

and typically comprise a glycerol backbone with a
phosphate head group (Cui and Decker 2016).
Phospholipids ~ identified in red meat include

phosphatidylinositol (PI), phosphatidylethanolamine (PE),
phosphatidylserine (PS), phosphatidylcholine (PC) and
sphingomyelin (SM). Depending on the study, PC tends to
be the dominant phospholipid found in beef, followed by PE,
PI, SM and PS (Larick and Turner 1989; Larick et al. 1989;
Dannenberger et al. 2007; Bermingham et al. 2018).
Phospholipids have both pro- and anti-oxidant roles (Cui
and Decker 2016), and may contribute to the flavour of
meat (Larick et al. 1989; Huang et al. 2010), and there is
increasing interest in their role in human health (Kullenberg
et al. 2012).

While finishing system has a large impact on the lipid
profiles of beef, with pasture-fed beef having greater
concentrations of PUFA, and lower concentrations of
MUFA, the genetic propensity to deposit intramuscular fat
(i.e. marbling; see Gotoh and Joo 2016) can also influence lipid
profiles. Wagyu, or Japanese Black cattle, is a highly marbled
breed of beef cattle that is traditionally raised on grain. In
recent years, New Zealand farmers have begun using Wagyu
genetics in the beef (Angus) or dairy (Friesian x Jersey) herd to
produce offspring with increased genetic potential for marbled
beef production. Typically, this involves full-blood Wagyu
bulls being mated with either Angus or Dairy (Friesian X
Jersey) cows. These Wagyu X cross cattle are exclusively
pasture raised, and current research is investigating the
introgression of Wagyu and dairy genetics for premium
beef production (Industries MoP 2016). However, little is
known about the fatty acid and lipid composition of
pasture-fed Wagyu X Angus and Wagyu X Dairy (Friesian X
Jersey) and how they compare to both traditional beef breeds
such as pasture-fed Angus, and their grain-fed counterparts.
We hypothesised that long-chain omega-3 fatty acids and
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phospholipid content would be higher in Wagyu beef
sourced from pasture-based production systems than from
grain-finished Wagyu and that this would be reflected in its
atherogenic index. Therefore, we undertook a survey of
commercially obtained ribeye, striploin, and tenderloin
sourced from pasture-fed (Angus, Wagyu X Angus and
Wagyu X Dairy (Friesian X Jersey)) and grain-fed (Wagyu
and Angus) beef breeds to understand these differences. This
study is part of a longer-term project that aims to look at the
health impacts of pasture- and grain-finished beef on human
health.

Materials and methods
Sample collection

To minimise the impacts of the finishing system on pasture-fed
beef, commercial Wagyu X Dairy (Friesian X Jersey) cross
(n =10) Wagyu x Angus (n = 10) and Angus steers (n = 10;
Table 1) that were raised as a single group on the same
commercial farm and exclusively fed perennial ryegrass-
based pastures were sourced. The steers were transported as
a single mob and slaughtered at the same abattoir and
butchered into tenderloin, striploin and ribeye. Additionally,
striploin, ribeye and tenderloin of grain-fed Wagyu (n = 10)
and Angus (n = 10) were obtained from commercial abattoirs.
The grain-fed Angus cattle were finished for a minimum of
200 days, whereas the grain-fed Wagyu cattle were finished for
300 days.

Sample preparation

Pasture-fed beef carcasses were suspended by the Achilles
tendon and chilled for 24 h (internal temperature of <4°C).
Marbling score was established by chiller assessment at
12/13th rib interface on the left side of the carcass by a
trained grader using the Aus—Meat scale, with 9 being the
maximum value (Aus-Meat-Limited 2010). The left side of
each carcass was quartered at the 12/13th rib, and sent chilled
to AgResearch Ruakura (Hamilton, New Zealand). After chill-
aging for between 7 and 9 days postmortem (—1.5°C), each
carcass was processed into ribeye, striploin and tenderloin by a
master butcher, according to the New Zealand Meat
Specifications Guide (BeeftLamb — NewZealand 2010).

Table 1. Liveweight and marble score of New Zealand pasture-fed
Angus, Wagyu X Angus- and Wagyu x Dairy-cross cattle and grain-
fed Angus and Wagyu
Data are reported as means and standard deviations. Marble score was
established by chiller assessment at 12/13th rib interface on the left side of
the carcass by a trained grader, using the Aus-Meat scale, with 9 being the
maximum value. N/A, data not supplied by the abattoir

Parameter Liveweight (kg)  Marble score
Mean s.d.  Mean s.d.
Grain-fed Angus (n = 10) N/A N/A
Pasture-fed Angus (n = 10) 604.1 13 2.3 0.48
Grain-fed Wagyu (n = 10) N/A 6.3 1.13

Pasture-fed Wagyu X Angus (n = 10) 536.3 22 33 0.95
Pasture-fed Wagyu x Dairy (n = 10) 557.2 15 3.7 1.16
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So as to determine fatty acid and phospholipid
concentrations, the meat samples were prepared according
to the methods described by (Bermingham et al. 2018).
Briefly, whole cuts were frozen on the day of butchering.
Each cut was weighed, labelled and chilled at —5°C before
freeze-drying and grinding. Ground samples were stored at
—20°C, before being subsampled for phospholipid and fatty
acid analysis.

Phospholipid concentrations

Lipids were extracted using pressurised liquid extraction
(Dionex ASE 350, Thermo Scientific, Auckland, NZ) as
described previously (Zhou et al. 2010), with some
modifications (Bermingham ez al. 2018). Briefly, 250 mg of
freeze-dried meat was ground with sand (2 g) using a mortar and
pestle. The mixture was transferred to a 20-mL stainless-steel
extraction cell, any void volume in the vial was filled with
sand. Lipids were extracted with CHC1;—CH3;O0H (2:1 v/v) at
60°C. The extraction time was set to 10 min per cycle, and two
extraction cycles were performed. A volume of 5 mL of
0.9% NaCl was added to the lipid extract, and solvent
partitioning was achieved by gentle inversion. After phase
separation, the lower organic phase was recovered and
concentrated under nitrogen gas. Phospholipids were
purified as described previously (Narvaez-Rivas et al.
2011). Phospholipid concentrations were measured by high-
performance liquid chromatography coupled with evaporative
light-scattering ~ detector (HPLC-ELSD) as described
previously (Reis et al. 2013), by using an HPLC-ELSD
(Shimadzu, Kyoto, Japan) instrument equipped with two
LC-10 Advp pumps (SCL 10 Advp gradient system), a
DGU-14 advp module degasser, and a Shimadzu ELSD-LT
II ELSD.

Fatty acid concentrations

Fatty acid concentrations were measured using the method
described previously (Craigie et al. 2017; Bermingham et al.
2018). Briefly, 300 mg of freeze-dried meat, 4 mL of toluene,
0.3 mL of internal standard (C11 triacylglyceride in toluene),
and 4 mL of 5% methanolic sulfuric acid were mixed
thoroughly and incubated at 70°C for 2 h, with mixing
every 30 min during the incubation time. After 25 min of
equilibration at room temperature, 5 mL of saturated NaCl was
added, mixed and then centrifuged at room temperature at
1100g for 2 min, to separate solvent layers. The top layer
containing the fatty acid methyl esters was transferred into
1.5-mL gas chromatography (GC) autosampler vials (Hewlett
Packard, Model 6890). The GC was a GC-2010 plus
(Shimadzu) with a flame ionisation detector. The column
was a Restek RTX 2330 column of 105-m length, 0.25-mm
i.d., and 0.20-um film thickness (Restek Corporation,
Bellefonte, PA, USA). The thermal program had an initial
temperature of 175°C for 17 min, which was increased to
220°C at a rate of 6°C per minute and held for 10 min. The
carrier gas was hydrogen with a linear velocity of 50 cm/s
(3.05 mL/min). The injection volume was 1 pL, with a split
ratio of 80: 1. The injector temperature was 260°C and the
detector temperature was 300°C. The peaks were identified
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and quantified using an internal standard (C11:0) and
theoretical flame ionisation detector response factors. The
equations for generating the response and conversion
factors to quantify individual fatty acids from fatty acid
methyl esters were obtained from American Oil Chemists’
Society (AOCS Celf-96, Ce 1h-05 and Ce 1i-07).

Statistical analyses

Data were analysed for each table cut separately by using a
linear mixed model, using cattle (pasture-fed Angus, pasture-
fed Wagyu X Angus, pasture-fed Wagyu X Dairy, grain-fed
Angus, grain-fed Wagyu) as the fixed effect in GEnstar (2015,
Version 18.1.0.17005, VSN International Ltd, UK). Residual
plots were generated in GENSTAT for all phospholipids and fatty
acid data. Normality was assessed by the Shapiro—Wilk test.
Both these tests indicated that the data were not normally
distributed, and, therefore, all data were transformed using
natural log before statistical analysis. Differences between
multiple means were determined by the Bonferroni least
significant difference test at P < 0.05 in Genstar (2015;
Version 18.1.0.17005). All averages were back-calculated
from log, and are presented on a fresh-weight basis.

Results
Phospholipids

The ribeye (Table 2) and striploin (Table 3) obtained from
pasture-fed Angus, Wagyu x Angus and Wagyu X Dairy had
greater (P <0.05) concentrations of PC than did those from grain-
fed Angus or Wagyu. The PC concentration of tenderloin
obtained from grain-fed Wagyu were lower (P < 0.05) than
those obtained from all pasture-fed beef breeds (Table 4).

In the ribeye, PE was least abundant in grain-fed Wagyu,
and most abundant in the pasture-fed Wagyu X Angus
(P < 0.05; Table 2). Similarly, the PE concentration in
striploin (Table 3) and was lowest in the grain-fed Wagyu
and highest in pasture-fed Wagyu-Angus (P < 0.05). In the
tenderloin (Table 4), the PE concentration was lowest
(P < 0.05) in the grain-fed Wagyu compared with the
pasture-fed beef.

The concentrations of PI were lowest in the ribeye obtained
from grain-fed Wagyu (P < 0.05), but similar across other beef
breeds surveyed (Table 2). In striploin, PE was highest in
pasture-fed Wagyu x Angus (P < 0.05), whereas PI was lowest
in grain-fed Wagyu (P < 0.05; Table 2). In the tenderloin, both
PE and PI were lowest (<0.05) in the grain-fed Wagyu
compared with the pasture-fed cattle breeds (Table 3).

In the ribeye, PS concentrations were highest (P =0.037) in
pasture-fed Angus, Wagyu x Angus and Wagyu x Dairy
(Table 2) beef. In the striploin, PS concentration was
highest (P = 0.001) in Wagyu X Angus and Wagyu X Dairy
(Table 3) beef. The PS concentration of tenderloin
(Table 4) was similar among the different breeds of
commercial beef cuts surveyed.

In the ribeye, SM concentrations were greater (P < 0.05) in
both pasture-fed Wagyu x Angus and Wagyu X Dairy
(Table 1). In the striploin, SM concentrations were greatest
(P < 0.05) in the pasture-feed cattle (Angus, Wagyu X Angus
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Table 2. Phospholipid, total fat and fatty acid composition of ribeye from New Zealand pasture-fed Angus, Wagyu x Angus- and Wagyu x Dairy-
cross cattle and grain-fed Angus and Wagyu
Data are reported as means and associated standard errors of the mean (s.e.m.). PC, phosphatidylcholine; PE, phosphatidylethanolamine; PI,
phosphatidylinositol; PS, phosphatidylserine; SM, sphingomyelin; CLA, conjugated linoleic acid isomers SFA, saturated fatty acids = C12 + C14 +
C16 + C18 + C20; MUFA, monounsaturated fatty acids = C14:1 + C16:1+ C17:1 + C18:1¢9 + C18:1c11+ C22:1 + C24:1; BCFA, branched-chain fatty
acids = isoC14 + isoC15 + Anteiso-C15 + isoC16 + isoC17 + anteiso-C17; PUFA, polyunsaturated fatty acids = conjugated linoleic acid isomers +
C18:2n6 + C18:3n3 + C20:3n3 + C:20:3n6 + C20:4n3 + C20:4n6 + C20:5n3 + C22:5n3 + C22:6n3; 'C20:5 n3 + C22:5 n3 + C22:6 n3. Means followed by
different lowercase letters in the same row are significantly different (at P = 0.05)

Parameter Grain-fed Angus Pasture-fed Angus Grain-fed Wagyu Pasture-fed Wagyu x Pasture-fed Wagyu x Dairy
Angus

Mean s.e.m. Mean s.e.m. Mean s.e.m. Mean s.e.m. Mean s.e.m.  P-value
PC 1507a 64 3573b 281 1845a 118 3373b 214 3690b 292 0.001
PE 470ab 26 1297bc 122 292a 80 1493¢c 100 1159bc 172 0.001
PI 681b 29 925b 95 113a 22 1285b 115 1059b 101 0.001
PS 10a 1 33a 26 13a 2 29a 30 16a 8 0.037
SM 156a 4 908bc 126 253ab 132 1156¢ 334 1125¢ 354 0.001
Total 2818a 110 6839b 535 2917a 237 7762b 583 7328b 712 0.001
phospholipids

325.1a 29.2 122.2b 11 327.4a 294  174.6ac 15.7  156.4bc 14 0.001
C12:0 0.21a 0.03 0.09b 0.01 0.25a 0.03 0.12a 0.01 0.11a 0.01 0.001
Cl14:0 9.35a 1.01 2.95b 0.32 8.3a 0.9 43¢ 0.47 4.02bc 0.44 0.001
Cl4:1 2.96a 0.44 0.56b 0.08 2.83a 0.42 0.86bc 0.13 I.11c 0.16 0.001
C16:0 86.17a 7.86 34.15b 3.12 84.95a 7.75 46.64c 426  39.85bc 3.64 0.001
Clé:1 14.01a 1.86 2.76b 0.37 11.99a 1.59 4.23¢c 0.56 5.02¢ 0.67 0.001
C18:0 36.74a 3.05 21.4b 1.77  34.34ac 2.85 28.19¢ 2.34 21.15b 1.75 0.001
C20:0 0.20a 0.03 0.11b 0.01 0.18ac 0.02 0.13bc 0.02 0.09b 0.01 0.001
isoC14 0.05 0.02 0.07 0.02 0.06 0.02 0.09 0.03 0.03 0.01 0.172
isoC15 0.27ab 0.03 0.25a 0.03 0.39b 0.04 0.32ab 0.03 0.27ab 0.03 0.034
Anteiso-C15 0.35ab 0.04 0.27a 0.03 0.43b 0.05 0.29a 0.03 0.27a 0.03 0.012
isoC16 0.32a 0.03 0.26a 0.03 0.37a 0.04 0.27a 0.03 0.25a 0.02 0.03
isoC17 0.87a 0.08 0.46b 0.04 0.94a 0.08 0.64c 0.06 0.62¢ 0.06 0.001
Anteiso-C17 0.03a 0.01 0.58b 0.18 1.67¢c 0.54 0.8bc 0.26 0.74bc 0.24 0.001
Cl17:1 4.26a 0.46 0.55b 0.06 2.7d 0.29 0.9¢c 0.1 0.92¢ 0.1 0.001
CLA 1.26a 0.18 0.64b 0.09 2.71c 0.39 1.05a 0.15 1.49a 0.21 0.001
Cl18:1 cll 6.43a 0.74 1.01b 0.12 5.41a 0.62 1.62¢ 0.19 1.73¢ 0.2 0.001
C18:1tl1
C18:11t9
C18:1¢9 131.12a 53.76  45.02ab 18.46  137.54a 5639  28.27a 11.59  63.55ab 26.06 0.036
C18:2 n6 2.9a 0.19 1.02b 0.07 4.48c 0.29 1.01b 0.07 1.01b 0.07 0.001
C18:3n3 0.49a 0.05 0.63ab 0.06 0.77bc 0.07 0.94¢ 0.09 0.97¢ 0.09 0.001
C20:2
C20:3 n3
C20:3 n6 0.22a 0.03 0.11b 0.01 0.33¢ 0.04 0.09b 0.01 0.11b 0.01 0.001
C20:4 n6 0.28a 0.02 0.25ab 0.02 0.54c 0.04 0.21b 0.02 0.21b 0.02 0.001
C20:5n3 0.02a 0 0.11b 0.02 0.14b 0.02 0.12b 0.02 0.16b 0.03 0.001
C22:1 0.0la 0 0.0la 0 0.0la 0 0.0la 0 0.0la 0 0.001
C22:5n3 0.18a 0.02 0.21ab 0.02 0.27b 0.02 0.24ab 0.02 0.26b 0.02 0.007
C22:6 n3 0.01 0 0.01 0 0.01 0 0.01 0 0.01 0 0.72
C24:1 0.01a 0 0.01a 0 0.01a 0 0.01a 0 0.01a 0 0.001
Total SFA 132.87a 11.52  58.76b 5.09  128.56a 11.14  79.56¢ 6.9 65.29bc 5.66 0.001
Total MUFA 159.08a 22.68  49.93b 7.12  16l.11a 2297  60.78b 8.66 72.34b 10.31 0.001
Total BCFA 2.12a 0.28 1.84a 0.16 3.84b 0.58 2.36a 0.21 2.15a 0.19 0.001
Total PUFA 5.45¢ 0.33 2.95a 0.15 9.5d 0.6 3.71ab 0.24 4.22bc 0.3 0.001
n-3 PUFA 0.69a 0.05 0.94b 0.07 1.18¢ 0.09 1.32b 0.1 1.36b 0.1 0.001
Long-chain n-3 0.2a 0.03 0.31b 0.01 0.36b 0.04 0.36b 0.01 0.39b 0.01 0.001
PUFA
n-6 PUFA 3.4a 0.19 1.35b 0.07 5.44c 0.3 1.26b 0.07 1.28b 0.07 0.001

MUFA : PUFA 10.4a 1.52 4.15b 0.61 11.57a 1.69 7.29ac 1.07 5.63bc 0.82 0.001
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Table3. Phospholipid, total fat and fatty acid composition of striploin from New Zealand pasture-fed Angus, Wagyu x Angus- and Wagyu x Dairy-
cross cattle and grain-fed Angus and Wagyu
Data are reported as means and associated standard errors of the mean (s.e.m.). PC, phosphatidylcholine; PE, phosphatidylethanolamine; PI,
phosphatidylinositol; PS, phosphatidylserine; SM, sphingomyelin; CLA, conjugated linoleic acid isomers SFA, saturated fatty acids = C12 + C14 +
C16 + C18 + C20; MUFA, monounsaturated fatty acids = C14:1 + C16:1+ C17:1 + C18:1¢9 + C18:1cl1+ C22:1 + C24:1; BCFA, branched-chain fatty
acids =isoC14 +isoC15 + anteiso-C15 + isoC16 +isoC17 + anteiso-C17; PUFA, polyunsaturated fatty acids = conjugated linoleic acid isomers + C18:2n6
+ Cl18:3n3 + C20:3n3 + C:20:3n6 + C20:4n3 + C20:4n6 + C20:5n3 + C22:5n3 + C22:6n3; 'C20:5 n3 + C22:5 n3 + C22:6 n3. Means followed by different
lowercase letters in the same row are significantly different (at P = 0.05)

Parameter Grain-fed Angus  Pasture-fed Angus  Grain-fed Wagyu  Pasture-fed Wagyu Pasture-fed Wagyu
X Angus x Dairy
Mean s.e.m. Mean s.e.m. Mean s.em.  Mean s.em. Mean s.e.m. P-value

Phospholipids (ng/g fresh weight)

PC 1552a 49 3133b 280  1897a 100 3214b 194 3083b 300 0.001
PE 468a 25 662a 203 229a 45 834b 154 690a 178 0.044
PI 676b 46 535b 191 7la 11 759b 118 547b 110 0.001
PS 10a 1 10a 1 Ila 2 45b 18 23ab 18 0.001
SM 162a 5 590b 150 134a 27 1216b 127 659b 290 0.001
Total 2871a 103 5236b 753 2483a 151 6324b 373 5358b 780  0.001
phospholipids

290.3a 289  159.1b 16.7  290.5a 289  138.6b 145 143.2b 142 0.001

Fatty acids (mg/g fresh weight)

C12:0 0.19ab 0.02  0.15ac 0.01  0.23b 0.02 0.13¢ 0.01  0.13¢ 0.01  0.001
C14:0 8.09a 0.97 4.36b 0.55  7.76a 0.93 3.73b 0.47  3.82b 0.46  0.001
Cl4:1 2.74a 0.46  1.49ab 0.26  2.25ab 0.38 1.28b 0.23  1.52ab 026  0.015
C16:0 77.12a 7.88 40.6b 438  78.74a 8.05 34.4b 3.71  33.57b 343 0.001
Cle:1 13a 8.25 0.07b 0.05  9.48a 6.01 5.31a 3.55  0.37b 0.24  0.001
C18:0 29.69ab 3.07 21.28ac 232 3351b 346  17.16¢ 1.87  15.62¢ 1.61  0.001
C20:0 0.15ab 0.02 0.18a 0.02  0.17a 0.02 0.12b 0.01  0.12b 0.01  0.015
isoC14 0.03 0.01 0.12 0.04 0.07 0.02 0.05 0.02 0.09 0.03  0.063
isoC15 0.26 0.03 0.39 0.04 0.38 0.04 0.3 0.03 0.33 0.03  0.056
Anteiso-C15 0.32 0.03 0.37 0.04 0.42 0.04 0.29 0.03 0.3 0.03  0.087
isoC16 0.29ab 0.03 0.42a 0.05  0.37ab 0.04 0.25b 0.03  0.25b 0.03 0.01
isoC17 0.81 0.08 0.74 0.07 0.87 0.08 0.65 0.06 0.7 0.07  0.238
Anteiso-C17 0.12a 0.05 3.9b 1.76  1.52bc 0.65 0.8¢ 0.36  2.39bc 1.03 0.001
C17:1 4.06a 0.92 0.24b 0.06  2.18a 0.49 1.06¢ 0.25  0.44b 0.1 0.001
CLA 1.24a 0.17 1.29a 0.19 2a 0.28 1.32a 0.19  1.99a 0.28  0.029
Cl18:1 cll 5.95 2.18 6.26 2.42 4.07 1.49 1.92 0.74 4 1.47 0209
C18:1tll
C18:1t9
C18:1 ¢9 118.18a 10493 1.12b 1.05 11891a 105.58 55.34ac 51.97 4.04bc 3.59  0.001
C18:2 n6 2.68a 0.42 0.54b 0.09  4.09a 0.65 1.13¢ 0.19  0.92c 0.14  0.001
C18:3 n3 0.44a 0.04  0.91bc 0.09  0.74c 0.07  0.98bc 0.1 1.13b 0.11  0.001
C20:2
C20:3 n3
C20:3 n6 0.23ab 0.03  0.19ac 0.02  0.32b 0.04 0.14c 0.02  0.19ac 0.02  0.001
C20:4 n6 0.31a 0.02 0.36a 0.03  0.47b 0.03 0.31a 0.02  0.34a 0.02  0.001
C20:5n3 0.05a 0.01  0.13bc 0.03  0.09ac 0.02 0.2b 0.04  0.22b 0.05  0.001
C22:1 0.01 0 0.01 0 0.01 0 0.01 0 0.01 0 0.74
C22:5n3 0.07a 0.02 0.26b 0.06  0.27b 0.06 0.28b 0.06  0.31b 0.07  0.001
C22:6 n3 0.01 0 0.01 0 0.01 0 0.01 0 0.01 0 0.72
C24:1 0.01a 0 0.01a 0 0.01a 0 0.01a 0 0.01a 0 0.001
Total SFA 115.41a 11.48  66.79b 7 121.04a 12.03  55.62b 5.83  53.32b 5.3 0.001
Total MUFA 144.36a 31.12  46.92b 10.66 137.58a 29.66  65.03b 14.78  48.94b 10.55  0.001
Total BCFA 2.24a 0.28 6.36b 1.27  3.62ab 0.4 2.27a 0.2 4.5b 1.09  0.001
Total PUFA 5.1a 0.35 3.94a 0.54  8.21Ib 0.27 451a 0.23  5.3la 0.4 0.001
n-3 PUFA 0.57a 0.06  1.44bc 0.15 1.11c 0.11  1.53bc 0.16  1.76b 0.17  0.001
Long-chain n-3 PUFA 0.1a 0.03 0.39b 0.02  0.34b 0.05 0.49 0.03  0.51b 0.02  0.001
n-6 PUFA 3.17a 0.32 1.17b 0.12  4.99¢ 0.51 1.6b 0.17  1.44b 0.15  0.001

MUFA : PUFA 9.57ab 1.56 14.1a 242 9.17ab 1.49 5.85b 1 10.86ab .77 0.015
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Table4. Phospholipid, total fat and fatty acid composition of tenderloin from New Zealand pasture-fed Angus, Wagyu x Angus- and Wagyu x
Dairy-cross cattle and grain-fed Wagyu
Data are reported as means and associated standard errors of the mean (s.e.m.). PC, phosphatidylcholine; PE, phosphatidylethanolamine; PI,
phosphatidylinositol; PS, phosphatidylserine; SM, sphingomyelin; CLA, conjugated linoleic acid isomers SFA, saturated fatty acids = C12 + C14 +
C16 + C18 + C20; MUFA, monounsaturated fatty acids = C14:1 + C16:1+ C17:1 + C18:1¢9 + C18:1c11+ C22:1 + C24:1; BCFA, branched-chain fatty
acids =isoC14 +isoC15 + anteiso-C15 + isoC16 + isoC17 + anteiso-C17; PUFA, polyunsaturated fatty acids = conjugated linoleic acid isomers + C18:2n6
+Cl18:3n3 + C20:3n3 + C:20:3n6 + C20:4n3 + C20:4n6 + C20:5n3 + C22:5n3 + C22:6n3; 'C20:5 n3 + C22:5 n3 + C22:6 n3. Means followed by different
lowercase letters in the same row are significantly different (at P = 0.05)

Pasture-fed Angus Grain-fed Wagyu Pasture-fed Wagyu x Pasture-fed Wagyu x
(n=10) (n=10) Angus (n = 10) Dairy (n = 10)

Parameter Mean s.e.m. Mean s.e.m. Mean s.e.m. Mean s.e.m. P-value

Phospholipids (ng/g fresh weight)
PC 5070a 1012 1778b 355 5716a 1141 4772a 1065 0.001
PE 1081a 275 340b 87 1438a 366 1124a 320 0.002
PI 328a 93 58b 17 434a 123 294a 93 0.000
PS 56 32 18 4 100 57 46 26 0.096
SM 983a 335 177b 60 1329a 453 1000a 381 0.001

Total.PL 7668a 1658 2429b 525 9153a 1979 7340a 1775 0.000

Total fat content 61.5a 6.6 225.7b 243 72.0a 8.2 63.9a 6.9 0.000
(mg/g fresh weight)

Fatty acids (mg/g fresh weight)
C12:0 0.11a 0.01 0.17b 0.01 0.11a 0.01 0.11a 0.01 0.000
Cl14:0 1.21a 0.15 5.68b 0.72 1.44a 0.19 1.18a 0.15 0.000
Cl4:1 0.19a 0.03 2.00b 0.30 0.24a 0.04 0.24a 0.04 0.000
C16:0 15.47a 1.67 59.85b 6.46 17.75a 2.02 14.81a 1.60 0.000
Cle:1 1.13a 0.14 8.31b 1.01 1.37a 0.18 1.48a 0.18 0.000
C18:0 11.73a 1.29 22.33b 2.46 12.93a 1.50 10.28a 1.13 0.000
C20:0 0.04 0.01 0.11 0.04 0.06 0.02 0.03 0.01 0.052
isoC14 0.01a 0.00 0.07b 0.02 0.01b 0.00 0.01b 0.00 0.000
isoC15 0.12a 0.01 0.29¢ 0.02 0.16b 0.01 0.13ab 0.01 0.000
Anteiso-C15 0.16a 0.02 0.31b 0.03 0.16a 0.02 0.14a 0.02 0.000
isoC16 0.13a 0.01 0.28b 0.02 0.13a 0.01 0.12a 0.01 0.000
isoC17 0.29a 0.03 0.68b 0.07 0.30a 0.03 0.30a 0.03 0.000
Anteiso-C17 0.32a 0.03 1.26b 0.14 0.39a 0.04 0.34a 0.04 0.000
Cl17:1 0.32a 0.04 1.83b 0.22 0.41a 0.05 0.42a 0.05 0.000
CLA 0.31a 0.04 2.0lc 0.26 0.45ab 0.06 0.53b 0.07 0.000
Cl18:1 cll 0.62a 0.07 3.78b 0.43 0.78a 0.09 0.74a 0.08 0.000
Cl18:1tl1 1.22a 0.15 4.82b 0.61 1.35a 0.18 1.78a 0.23 0.000
C18:119 0.09a 0.02 0.01b 0.00 0.06a 0.02 0.09a 0.02 0.000
C18:1¢9 21.35a 2.60 94.99b 11.58 27.11a 3.48 24.11a 2.94 0.000
Cl18:2 n6 1.18a 0.07 3.16b 0.20 1.03a 0.07 1.23a 0.08 0.000
C18:3n3 0.56a 0.04 0.56a 0.04 0.69ab 0.05 0.81b 0.06 0.001
C20:2 0.03 0.01 0.02 0.01 0.06 0.03 0.05 0.02 0.106
C20:3n3 0.0la 0.00 0.0la 0.00 0.0la 0.00 0.01a 0.00 0.000
C20:3 n6 0.11a 0.01 0.26b 0.02 0.11a 0.01 0.11a 0.01 0.000
C20:4 n6 0.43a 0.03 0.37ab 0.03 0.31b 0.03 0.31b 0.02 0.020
C20:5n3 0.16a 0.04 0.04b 0.01 0.18a 0.04 0.22a 0.05 0.000
C22:1 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.340
C22:5n3 0.26ab 0.02 0.23b 0.02 0.28ab 0.02 0.32a 0.02 0.014
C22:6 n3 0.01 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.421
C24:1 0.01a 0.00 0.01a 0.00 0.01a 0.00 0.01a 0.00 0.000
Total SFA 28.58a 3.05 88.44b 9.45 32.33a 3.64 26.41a 2.82 0.000
Total MUFA 23.57a 2.86 111.17b 13.47 29.89a 3.82 26.99a 3.27 0.000
Total BCFA 1.05a 0.11 2.83b 0.25 1.10a 0.15 1.0la 0.10 0.000
Total PUFA 3.08a 0.10 6.81b 0.58 3.02a 0.13 3.53a 0.16 0.000
n-3 PUFA 1.03a 0.06 0.82¢ 0.04 1.17a 0.07 1.40b 0.08 0.000
Long-chain n-3 PUFA 0.46b 0.02 0.26a 0.05 0.48b 0.02 0.56b 0.01 0.000
n-6 PUFA 1.74a 0.10 3.86¢ 0.22 1.39b 0.08 1.62ab 0.09 0.000

MUFA : PUFA 3.10a 0.24 7.57b 0.58 3.13a 0.25 3.30a 0.25 0.000
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and Wagyu X Dairy), compared with the grain-fed cattle
(Table 2).

Fatty acids

In the ribeye (Table 1), striploin (Table 2) and tenderloin
(Table 3), the total SFA (C12, C14, C16, C18 and C20) were
highest (P < 0.05) in the grain-fed cattle.

The concentrations of total monounsaturated fatty acids
(Cl4:1, Cl6:1, C17:1, C18:1c9, C18:1cl1, C22:1 and C24:1)
in grain-fed beef (Angus and Wagyu) were higher (P <0.05) than
those in grass-fed beef for ribeye, striploin and tenderloin.

The concentrations of total poly-unsaturated fatty acids
(PUFA; conjugated linoleic acid isomers, C18:2n6, C18:3n3,
C20:3n3, C:20:3n6, C20:4n3, C20:4n6, C20:5n3, C22:5n3
C22:6n3) were affected (P < 0.001) by cattle breed in the
ribeye (Table 1), striploin (Table 2) and tenderloin
(Table 3). Grain-fed Angus and Wagyu had the highest total
PUFA in ribeye (Table 1), striploin (Table 2) and tenderloin
(Table 3), compared with the pasture-fed cattle; this was largely
driven by increased concentrations (P < 0.05) of omega-6 fatty
acids (C18:2n6, C20:3n6, and C20:4n6). The concentrations of
total omega-3 fatty acids (C18:3n3, C20:3n3, C20:4n3,
C20:5n3, C22:5n3 and C22:6n3) were significantly higher
in the pasture-fed cattle, especially the in Wagyu-cross breeds.

Discussion

This survey aimed to understand the differences in fatty
acid and phospholipid profiles in commercially sourced
prime beef. As expected, the pasture-fed beef cattle had
higher concentrations of both long-chain omega-3 fatty
acids and phospholipids than did the grain-finished beef
cattle. As a consequence of these changes, the calculated
atherogenic index of the beef differed between the breeds
and finishing systems surveyed, with lower scores being
observed in grain-fed beef than in pasture-fed beef cuts. It
is important to note that these results are reflective of beef
available to the consumer and are based on commercially
obtained beef cuts. Therefore, genetics, rearing location and
management and finishing duration were not consistent
between the cattle sampled, and any differences observed
can only be attributed in a general manner.

The dominance of PC in the current study is consistent
with previous work in pasture-fed Wagyu X cross cattle
(Bermingham et al. 2018). The PC supplied by a 150-g
serving of red meat studied herein would range from 0.23 g
(ribeye and striploin) to 0.86 g (tenderloin from pasture-fed
Wagyu x Angus). While 3 g/day of a PC-rich (~35% of total
phospholipids) milk-based supplement improved markers
associated with cardiovascular disease in humans (Weiland
et al. 2016), it has been hypothesised that high PC intake could
lead to increased risk of cardiovascular disease (Tang et al.
2013; Heianza et al. 2017; Zeisel and Warrier 2017), via
conversion of PC to trimethylamine-N-oxide (TMAO) by
the intestinal microbiota. To our knowledge, only one study
has linked beef consumption with increased TMAO; however,
in this case, the rodents were fed diets containing 65% of red
meat every day for 14 days (Van Hecke et al. 2016), rather
than the World Health Organisations’ recommendation of no
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more than 500 g cooked red meat per week (~750 g raw) in
three or four servings over a week. The relationship between
meat intake and TMAO is not clear cut as many other foods,
including fatty fish (Landfald ez al. 2017), fruit and vegetables
(Zhang et al. 1999) and dairy foods (Rohrmann et al. 2016)
also increase TMAO. For example, urinary TMAO
concentrations arising from beef consumption (227 g) were
76.5 umol/8 h whereas the consumption of 227 g of fish
increased TMAO to 301.8-5135.3 umol/8 h depending on
the fish species consumed (Zhang et al. 1999). While the
relationship between PC intake and cardiovascular disease risk
is plausible on the basis of rodent studies, this has not been
confirmed in humans. It is, therefore, important to investigate
this relationship between beef consumption and disease risk
more fully.

Phosphatidylethanolamine plays a role in neurological
diseases such as Parkinson’s disease (Patel and Witt 2017)
and may play a role in cardiovascular disease through
lowering plasma cholesterol. In rats, diets containing 2% PE
for 2 weeks reduced plasma cholesterol concentrations
(Imaizumi et al. 1991). PI plays a role in metabolic disease
(Holub 1982; Dinicola et al. 2017) and supplementation of
2.8-5.6 g PI per day increases high-density lipoprotein
(HDL) cholesterol in humans (Burgess et al. 2005); this
level is much higher than the 0.1-0.2 g present in a serve
of 150 g of red meat observed in the current study. PE is the
major phospholipid found in the brain; supplementation with
300 mg of PS (derived from soybeans) improved cognitive
function in elderly humans (Kato-Kataoka et al. 2010; Richter
et al. 2013). Unsurprisingly, PS was the least abundant
phospholipid measured in the cuts in the current study,
comprising <2% of total phospholipid and was not different
among beef sources studied. This is consistent with the results
of previous work on pasture-fed New Zealand Wagyu-cross
cattle (Bermingham et al. 2018). Furthermore, Dannenberger
et al. (2007) were unable to detect PS in the longissimus
muscle of Simmental or Holstein cattle breeds, Larick and
Turner (1989) observed PS at low concentrations (~2.5%
total phospholipids) in the pectoralis muscle of Angus and
Hereford cattle breeds and Larick et al. (1989) observed PS at
~5% of total phospholipids in L. dorsi from Bison, Hereford
and Brahman steers.

Sphingomyelin (SM) was less abundant in ribeye, striploin
and tenderloin (ranging 6-20% of total phospholipids).
Dietary SM has been associated with improved health
outcomes (Vesper et al. 1999; Bartke and Hannun 2009).
For example, supplementation with 1 g/day of dietary
SM in humans increased HDL cholesterol (Ramprasath
et al. 2013); however, there is no current nutritional
recommendation for this phospholipid (Vesper et al. 1999).
The SM content of a 150-g serve of pasture-fed beef from the
cattle examined in the current study would range from 0.15 to
0.20 g, suggesting that a 150-g serve of red meat could
significantly contribute to positive health outcomes
associated with SM intake.

Total phospholipid concentrations were similar among
pasture-fed Angus, Wagyu X Angus and Wagyu x Dairy
cattle, and these breeds generally had greater (P < 0.05)
concentrations of total phospholipids than did grain-fed
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cattle. To our knowledge, only two studies have been
conducted to investigate the effects of beef source, of
different breeds fed concentrate or pasture only, on the
phospholipid concentration of beef. While Larick and
Turner (1989) did not see any differences in phospholipid
concentrations in beef from Angus and Hereford x
Angus cattle fed grain or grass+grain, Dannenberger et al.
(2007) observed greater concentrations of SM and
lysophosphatidylcholine in the /longissimus muscle from
pasture-fed Simmental cattle than from concentrate-fed
Simmental; however, there was no effect of finishing
system on the phospholipid concentration of beef from
Holstein cattle.

Overall, the phospholipid concentration of the pasture-fed
Wagyu x Dairy and Wagyu X Angus were higher than
previously reported in work on pasture-fed Wagyu X Dairy
cattle (Bermingham et al. 2018). While the pasture-fed Wagyu
in the current study had an average carcass weight (~292 kg)
similar to that reported previously (291 kg), the marbling
score averaged 3.5/9, compared with 7.5/9 in the previous
study. While the relationship between marbling score and
phospholipid composition has not been studied, to our
knowledge, the intramuscular fat content and fatty acid
composition are affected by marble score in Wagyuy cattle
(Kazala et al. 1999).

Fatty acids

Generally, the fatty acid concentrations reported herein are in
agreement with those reported previously in literature,
indicating a dominance of 16:0, C18:0 and 18:1c9 fatty
acids in the muscle of both Wagyu (Sturdivant et al. 1992;
Xie et al. 1996; Kazala et al. 1999; Mir et al. 2000) and other
(Knight et al. 2003; Purchas et al. 2005; Coleman et al. 2016)
beef breeds. As expected, fatty acid composition differed
among table cuts, in agreement with previous research
(Sturdivant et al. 1992; Kazala et al. 1999; Bermingham
et al. 2018).

Typically, grain-feeding is believed to increase the
concentration of SFA present in beef muscle; however,
several studies have shown that this is not the case (Daley
et al. 2010; Turner et al. 2015; Hwang and Joo 2017).
Saturated fats are typically associated with an increased risk
of cardiovascular disease in humans (de Souza et al. 2015; Ooi
et al. 2015), and even the lower concentrations of SFA
observed in pasture-fed beef are considered in excess of
what is allowable by Australian and New Zealand Food
Standards (28% SFA; FSANZ 2016). However, as
discussed in Bermingham er al. (2018) and by others (Bier
2016), the SFA story is not clear-cut, with SFA in natural
whole foods (e.g. meat, milk) being less atherogenic than that
in manufactured foods (Thorning et al. 2015). The increase in
SFA associated with grain feeding in the current study was
associated with higher C16:0 (palmitic acid) concentrations,
which were about two-fold higher in grain-fed than in the
grass-fed cattle. Palmitic acid (i.e. C16:0) has been linked to
poor cardiovascular health through its links with elevating
cholesterol (Daley et al. 2010; Ebbesson et al. 2015; Agostoni
et al. 2016). In a recent systematic review, increased palmitic
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acid intake, rather than SFA intake, was linked to an increased
risk of myocardial infarction; however, the review
acknowledged that there were many confounding factors
that may weaken these observations (Ismail et al. 2018).
Similarly, the concentrations of C14:0 (myristic acid),
which is another fatty acid linked to elevated cholesterol
concentrations (Daley ef al. 2010; Ebbesson et al. 2015),
were also higher in grain-fed beef than in the pasture-fed
beef in the current study. Stearic acid (C18:0), a cholesterol-
neutral fatty acid (Grundy 1994), was also lower in the pasture-
fed beef in the current study.

Increased concentration of MUFA in grain-fed Angus and
Wagyu is consistent with the results of other studies (Turner
et al. 2015), and was driven largely by an increased (P < 0.05)
concentration of oleic acid (C18:1¢9) in these cattle. Oleic
acid, as recently reviewed (Lopez-Huertas 2010; Sales-
Campos et al. 2013), is associated with improved human
health; however, other studies have indicated that excessive
intakes may decrease life expectancies in humans (Delgado
et al. 2017). While plant-derived oleic acid (e.g. olive oils) is
typically associated with positive health outcomes, high
concentrations of oleic acid in beef burgers have been
observed to increase HDL cholesterol and reduce low-
density lipoprotein (LDL) cholesterol in humans (Gilmore
et al. 2011a).

The health benefits of long-chain omega-3 fatty acids are
well established. EPA and DHA, the long-chain omega-3
found in oily fish, are frequently associated with health
benefits (Ian Givens and Gibbs 2008), but there also is
increasing interest around the benefits of DPA for human
health (Kaur et al. 2011). DPA is a direct elongation
product of EPA (Byelashov et al. 2015), and may play a
vital role in brain health and immunity (reviewed by Kaur et al.
2016). In New Zealand and Australia (Byelashov et al. 2015),
the recommended minimum intake (adequate intake) of long-
chain omega-3 fatty acids (EPA+DHA+DPA) in adult men is
160 mg of (EPA+DHA+DPA)/day and 90 mg of (EPA+DHA
+DPA)/day for adult women (National Health and Medical
Research Council (Aus) and Ministry of Health (NZ)). The
anticipated long-chain omega-3 present in a 150-g (wet
weight) serving of the various table cuts are shown in
Table 5. In all cuts examined, pasture-fed Wagyu X Angus
and Wagyu X Dairy cattle contributed more of the recommend
intakes of long-chain omega-3, compared with pasture-fed
Angus. Similarly, grain-fed Wagyu provided more of the
recommended intake than did grain-fed Angus. Typically,
pasture-fed Wagyu X Dairy provided the largest quantity of
long-chain omega-3 per 150-g serve, providing 30 and 90%
(ribeye), 45 and 120% (striploin) and 45 and 140%
(tenderloin) of the recommended adequate intake for men
and women respectively. This suggests that pasture-fed
Wagyu X Dairy could be a good source of dietary long-
chain omega-3 fatty acids.

The atherogenic index is often used to assess the nutritional
value of foods (Ulbricht and Southgate 1991; Nantapo et al.
2014). It is calculated using a ratio between SFA (C12:0,
C14:0 and C16:0) and the sum of MUFA and PUFA. In the
tenderloin (Table 6), the Wagyu X Dairy had the lowest
atherogenic index (P < 0.05), compared with the tenderloin
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Table S.
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Long-chain omega-3 fatty acid content of ribeye, striploin, and tenderloin of New Zealand pasture-fed

Angus, Wagyu X Angus- and Wagyu x Dairy-cross cattle and grain-fed Angus and Wagyu and proportion of the
recommended adequate intake (AI) per 150-g serve
Al adequate intake: it is recommend that adult men consume 160 mg of (EPA+DHA+DPA)/day for adult men and 90 mg
of (EPA+DHA+DPA)/day for adult women (https://www.nrv.gov.au/nutrients/fats-total-fat-fatty-acids [Verified 9
September 2020]); DHA, docosahexaenoic acid; DPA, docosapentaenoic acid; EPA, eicosapentaenoic acid

Cut Breed EPA+DHA+DPA % Al
(mg per 150-g
(raw) serve) Men Women
Ribeye Grain-fed Angus (n = 10) 30.2 18.9 50.4
Pasture-fed Angus (n = 10) 46.5 29.1 77.5
Grain-fed Wagyu (n = 10) 54.0 33.8 90.0
Pasture-fed Wagyu x Angus (n = 10) 54.5 34.1 90.8
Pasture-fed Wagyu x Dairy (n = 10) 58.5 36.6 97.5
Striploin Grain-fed Angus (n = 10) 13.5 8.4 22.5
Pasture-fed Angus (n = 10) 58.5 36.6 97.5
Grain-fed Wagyu (n = 10) 51.0 31.9 85.0
Pasture-fed Wagyu x Angus (n = 10) 73.5 45.9 122.5
Pasture-fed Wagyu x Dairy (n = 10) 76.5 47.8 127.5
Tenderloin Grain-fed Angus (n = 10)
Pasture-fed Angus (n = 10) 69.0 43.1 115.0
Grain-fed Wagyu (n = 10) 39.0 24.4 65.0
Pasture-fed Wagyu x Angus (n = 10) 71.4 44.6 119.1
Pasture-fed Wagyu x Dairy (n = 10) 84.0 52.5 140.0

Table 6. Atherogenic index of ribeye, striploin, tenderloin and of New Zealand pasture-fed Angus, Wagyu x Angus- and Wagyu x Dairy-cross cattle
and grain-fed Angus and Wagyu ] ]
Data are reported as means and associated standard errors of the mean (s.e.m.). Atherogenic index = [C12:0+4 x CL4:0+C16) (Ulbricht and Southgate 1991;

EMUFA+ 3 PUFA|

Nantapo et al. 2014). Means followed by different lowercase letters in the same row are significantly different (at 2 = 0.05)

Parameter Grain-fed Angus Pasture-fed Angus Grain-fed Wagyu Pasture-fed Wagyu x Pasture-fed Wagyu x P-value
(n=10) (n=10) (n=10) Angus (n = 10) Dairy (n = 10)
Mean s.e.m. Mean s.e.m. Mean s.e.m. Mean s.e.m. Mean s.e.m.
Ribeye 0.75 0.03 0.87 0.03 0.69 0.02 0.97 0.44 0.73 0.02 0.077
Striploin 0.73 0.03 1.07 0.72 0.75 0.03 0.71 0.02 0.86 0.44 0.221
Tenderloin 0.76b 0.03 0.70ab 0.04 0.72ab 0.02 0.64a 0.01 0.017

of the other beef breeds surveyed, whereas the atherogenic
indexes calculated for ribeye (P = 0.077) and striploin
(P = 0.221) were similar among the beef breeds surveyed.
Previous studies have investigated differences in the calculated
atherogenic index between pasture- and grain-finished cattle.
For example, Hwang and Joo (2017) compared the atherogenic
index of striploin between grain- and pasture-finished marbled
(Hanwoo) and traditional beef breeds. They observed that
grain-fed marbled beef had the lowest atherogenic index,
whereas grass-fed traditional beef had the highest
atherogenic index. This was most likely due to the
increased MUFA concentration of grain-fed beef in Hwang
and Joo (2017).

To our knowledge, only three studies have addressed the
impacts of beef obtained from feeding grain and concentrate or
pasture on human health, focussing on the impacts of oleic
acid, total MUFA concentration or n-3 PUFA. Diets high in
oleic acid (using fat and lean trim from Angus beef finished on
grain; Gilmore ef al. 20115) or MUFA (from traditional beef

and Wagyu; Adams et al. 2010) increased HDL cholesterol
concentrations compared with a low oleic acid- or high-SFA
burger (using fat and lean trims obtained from beef finished on
pasture) respectively. In contrast, while beef diets high in
long-chain omega-3 increased plasma concentrations of
long-chain omega-3 fatty acids, there was no effect on
plasma cholesterol concentrations (McAfee et al. 2011).
These studies suggest that beef obtained finished on
different diets and/or from different breeds have the
potential to influence human health outcomes.

Conclusions

Overall, our results suggest that, depending on the cut of meat
surveyed, pasture-fed Wagyu X Angus and Wagyu X Dairy
have a different lipid composition, including for those lipids
that have been associated with both health benefits and risks in
humans. The concentrations of phospholipids were higher in
the ribeye, striploin and tenderloin obtained from pasture-fed
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beef than in those obtained from grain-fed beef. Furthermore,
the concentrations of long-chain omega-3 fatty acids in
striploin and tenderloin were two-fold higher in cuts
derived from pasture-fed Wagyu X Dairy-cross cattle than
in those derived from grain-fed cattle. However, while the
calculated atherogenic index was similar among the beef cattle
breeds surveyed, clinical studies are needed to test whether
altered lipid composition due to feed and breed could have an
effect on markers of disease risk.
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