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Effect of feeding systems on omega-3 fatty acids,
conjugated linoleic acid and trans fatty acidsin
Australian beef cuts. potential impact on human health
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The influence of feeding systems on the levels wfcfional lipids and other fatty acid concentragian
Australian beef was examined. Rump, strip loin hladle cuts obtained from grass feeding, short-gnam
feeding (80 days; STGF) and long-term grain feeddibns (150-200 days; LTFL) were used in the @més
study. The typical Australian feedlot ration cansamore than 50% barley and/or sorghum and bathwite
whole cottonseed and protein meals were used dde&TGF and LTFL regimens. Meat cuts from 18lea
for each feeding regimen were trimmed of visibleaiad connective tissue and then minced (300 gbeaf);
replicate samples of 7g were used for fatty acitl) (&halysis. There was a significantly higher levktotal
omega-3 (n-3) and long chain n-3 FA in grass-feef f2 <0.0001) than the grain-fed groups regardless of cu
types. Cuts from STGF beef had significantly redueséls of n-3 FA and conjugated linoleic acid (CLaxd
similar levels of saturated, monounsaturated asdF# compared with grass feeding €0.001). Cuts from
LTFL beef had higher levels of saturated, monowrsétd, n-6 FA an¢rans 18:1 than similar cuts from the
other two groupsK <0.01), indicating that increased length of graéeding was associated with more fat
deposited in the carcass. There was a step-wisease irtrans 18:1 content from grass to STGF to LTGF,
suggesting grain feeding elevatieans FA in beef, probably because of increased intak&8o2n-6. Only
grass-fed beef reached the target of more than 3firnang chain n-3 FA/100 g muscle as recommended b
Food Standard Australia and New Zealand for a fimoble considered a source of omega- 3 fatty acidse
proportions otrans 18:1 and n-6 FA were higheP<0.001) for both grain-fed beef groups than grasskeef.
Data from the present study show that grain feedeyeases functional lipid components (long cinathFA
and CLA) in Australian beef regardless of meat outsile increasing totarans 18:1 and saturated FA levels.
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Introduction systems has resulted in changing levels of funatibpids,
In recent years there has been a greater demarfddds saturated andrans fatty acid content in farm animals.
with increased levels of functional fatty acidsclsuas This, in turn, can alter the carcass componentspanduct
long-chain omega-3 fatty acids and conjugated diicol quality or nutritive value of the meat. Under Aaditin
acids, because of their biological roles in cellor these feeding systems, due to fluctuation in climatic ditions,
reasons, the advisory panel of the World Review dfie quality of pasture varies throughout the year.
Nutrition and Dietetics urged producers to improve the The majority of Australian beef and lamb arasg fed,
lipid profile of foods of animal origin through aptal but during dry seasons may be grain fed. In aalditihere
feeding systems, as animal foods are still a megorce of is increased emphasis in Australia for the feeligtof
lipid for humans. These health professionals st@she cattle and the length of time that animals arergfad in a
importance of increasing the functional lipid compnots feedlot will depend on seasonal conditions andténget
in meat and egg products, while reducing the lewdls market weight required. In recent years therebeen a
saturated anttans fatty acids and cholesterol. shortage of quality pasture and the proportionewflrattie

Higher intakes of long chain omega-3 fattydadin the raised on feedlot rations in Australia has in-ceglaand 35-
diet have been reported to improve the functions dD% of cattle destined for the domestic marketarder
immune, nervous, and cardiovascular systems in hafifa
and the reproductive performance and carcass guliti-  Correspondence address: Andrew Sinclair, School of Exercise
minants>® Similarly, there is an increasing interest in con-and Nutrition Sciences, Deakin University, Burwoddgtoria
jugated linoleic acid (CLA) from ruminant milk andeat 3125, Australia.
because of the potential benefits for human hé&ith. Tel: + 0414 906 341; Fax: + 613 9244 6017
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lot feeding®® This may have lead to changes in functionalremove aqueous impurities. On the following dée t

lipid components and other fatty acids in red nfean
typical beef produced from pasture feeding.

To evaluate the fatty acid nutritive valuebafef pro-
duced from different feeding regimens in Australee
investigated the functional and other importantyfaicid
concentrations in beef cuts of cattle maintainedeun
Australian feeding systems i.e, grass-fed, shortnte
grain-fed (STGF) or long term grain-fed (LTFL) prded
as feedlot rations.

Materials and methods
Animalsand diets
Beef samples for this study were collected frontleat

lower phase containing lipids was evaporated withep
nitrogen gas and fatty acids methyl esters (FAMEhe
total lipids were prepared by the addition of 1mf o
toluene and 3mL of 0.9 M 430, in methanol and heating
the resulting solution at 7G for 2h with shaking at 15
min intervals. Upon cooling, 3mL of petroleum ethed
3mL of distilled water was added. This mixture wfasn
thoroughly mixed and centrifuged for 20min at 10p60.
The fatty acid containing upper phase was sepaiated

screw-capped tube, evaporated to dryness and recon-

stituted with petroleum ether. The fatty acid mé#sters
were separated by capillary gas liquid chromatduyHp
using a 60m x 0.32mm fused silica bonded phasereolu

raised in southern Queensland, and central andarort (BPX70, SGE, Melbourne, Australia). Fatty acids ever
New South Wales (NSW) of Australia. Cattle wereidentified by comparison with standard mixtures of
predominately Hereford and Shorthorn with some Angu FAME (Nu-Chek-Prep, Elysian, MN, USA), and the
cross and all of thBos taurus breed. Cattle were raised results were calculated using response factorsvetéri
under grazing temperate grasses. Some animalsn&ana from chromatographing standards of known compasitio

on grass until slaughter (grass fed), while othezse fed
a feedlot ration for 80 days (short term grain fegy or
150-200 days (long-term grain feeding). Cattle frai
three groups were slaughtered at the same ageati.&8
months of age. The feedlot ration that was fed atile
was a typical Australian typical feedlot ration rfarlated

Statistical Analysis

Data were analyzed using the Minitab Statisticdtviare
(MINITAB release 13.32 for windows, MINITAB INC
2000). Results of individual and total fatty acktween
dietary regimens and cuts were analyzed by ANOVA

with more than 50% of barley and/or sorghum andusing the general linear model procedure. Whewrdess

balanced with whole cotton seed plus protein meattgn
seed meal). The ration, which was offered ad Iitu

3 x 3 factorial design (3 dietary regimens and &f loaits),
there was no significant interactions observedretioee

contained 110-120g crude protein (CP) and 11.5M&me results are presented as means and SEM betweanydiet

bolisable energy (ME) per kg dry matter.

Muscle sample description

regimens. The main effect tested was dietary ireats
in order to understand the influence of feedindesys on
fatty acid concentrations. In each treatment, 18eob

Muscle samples from cattle fed on temperate grase w vations of beef samples were included in the siadis

sourced from northern and central NSW and grain-fecgnalysis.

cattle were from feedlots in southern Queensla@ditle

When significant treatment effects wdee
tected by ANOVA, means were separated using legst s

were slaughtered at 18 months of age in commerciaiificant difference withP<0.05 considered statistically
abattoirs and the samples were collected as rutrip, s significant™

loin and blade cuts for the analysis of fatty acih-
centrations. Upon collection at the abattoir, dafgprox.

Results

300g) were frozen at -20 and sent to the Department of In the present study, only fatty acids of C14 abdve
Food Science, RMIT University, Melbourne, Victoria. were reported, as they are the predominant faitys&n

Within a month of arrival, cuts stored at 220were
trimmed of external fat (subcutaneous fat and cotive
tissues) and the rest (lean meat) was minced inateddi

beef. When analysed as 3 x 3 factorials, nonehef t
individual or total FA concentrations reported skdw
significant interaction (diet x meat cu®>0.05). There-

using a food processor (Sunbeam OSKAR II, Australiafore, treatment effects on FA concentrations of autly

and maintained at -2Q until further analysis for total
fatty acid levels. In each dietary regimens, theeze 3
groups of 6 animals (18 cattle), each group beingfa
separate property, and 3 meat cuts (rump, strip doid
blade) per animal.

Analysis of fatty acid levels
Lipid extractions and fatty acid analyses of meahgles
were carried out in duplicate. Approximately 7gtmms

of minced homogenized sample were extracted with 6A8:1cis-9 compared with cattle fed LTFL.

mL of chloroform-methanol (2:1 v/v) containing 10fng

are discussed in this study. Fatty acid compasitd
diets was not reported as no feed samples werectedl
at the time of feeding. However, from the dietargre-
dients used for feed formulation, the FA componitaf
diets could be closely identified from other repdrpub-
lications*®*’

Dietary treatment had similar effect on thehan-
trations of 18:0, 18:1cis-9, CLA, 18:2n-6 and 183he-
tween cuts (Table 1). Meat samples from cattlediets
and STGF had significantly lower levels of 18:0 and
In alreh

cuts, CLA concentration was approximately 2-folghsar

of butylated hydroxytoluene and 5mg of methyl trico with grass and LTFL than STGF feeding. The con-

sanoate as internal standard (C23:0, Nu-Chek-Flyp,

centration of 18:2n-6 FA was lowest for grass fedirals

sian, MN, USA). Following extraction overnight and and highest for LTFL animals. With grass feeditigre

filtering, and 8mL aliquot of the filtrate was mikevith
2mL of 0.9% NacCl, shaken and left overnight &€ 40

was a two-fold higher level in 18:3n-3 concentmatio
compared with beef from cattle fed STGF drnd-L
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Table 1. Effect of grass, short-term and long-term gra@ding on myristic, palmitic and C18 fatty acid centrations

of rump, strip loin and blade ctts

14:0 16:0 18:0 18:1-cis9 18tdans CLA? 18:2n-6 18:3n-3
Fatty acid concentration (mg/100 g lean meat)
Rump cuts
Grass 74.6 588 361 105G 63.3 31.8 190.4 48.9
Short grain 715 565 347 1096' 139.8 15.¢% 234.2 16.8
Long grain 130.9 1084 508 2193 192.7 25.2° 255.2 21.4
SEM 13.8 95.2 44.2 208 19.7 6.5 20.3 5.1
P value 0.001 0.001 0.001 0.001 0.001 0.05 0.01 10.00
Srip loin cuts
Grass 56.9 508  272.8 836" 40.8 14.3 108.8 32.4
Short grain 40.3 358  231.68 59¢° 94.9 6.8 118.8 10.3
Long grain 103.7 8d9  463.3 1582 172.9 16.° 167.4 14.9
SEM 13.0 97.3 49.4 189 18.9 2.3 12.4 3.2
P value 0.001 0.001 0.001 0.001 0.001 0.01 0.001 010.0
Blade cuts
Grass 43.9 47 257.% 852 47.0: 17.0° 147.1 424
Short grain 39.1 344 2053 708 76.8 9.6 163.3 13.5
Long grain 71.7 691  316.2 1502 111.6 15.6 173.4 15.1
SEM 6.8 57.2 29.8 141 13.1 2.3 14.6 4.0
P value 0.001 0.001 0.002 0.001 0.001 0.01 0.20 10.00

'Results shown as the mean of 18 determinatf@isA, conjugated linoleic acid (cis-&ans-11 18:2). Within treatments, values
followed by the same letter are not significanilfedent (I.s.d. aP = 0.05).

Table 2. Effect of grass, short-term and long-term grairiralividual and total longechain polyunsaturated fatty ac
concentrations of rump, strip loin and blade tuts

20:4n-6 22:4n-6 20:5n-3 22:5n-3 22:6n-3 LCn-3FA
Fatty acid concentration (mg/100 g lean meat)
Rump cuts
Grass 104 6.8 390.9 57.4 7.7 104.9
Short grain 873 8.5 23.3 46.9 7.9 78.2
Long grain 100.8’ 12.9 20.9 47.6 6.8 75.3
SEM 7.4 0.83 3.2 4.4 0.97 7.8
P value 0.05 0.001 0.001 0.05 0.464 0.001
Sriploin cuts
Grass 59.% 4.4 24.8 36.5 4.2 65.2
Short grain 378 4.3 11.% 23.6 3.7 38.3
Long grain 58.5 8.3 13.F 31.6 3.7 48.4
SEM 4.3 0.50 1.9 2.6 0.44 4.7
P value 0.001 0.001 0.001 0.001 0.384 0.001
Blade cuts
Grass 78.% 6.3 32.0 53.9 7.7 93.0
Short grain 543 6.7 14.7 36.9 53 56.9°
Long grain 65.8 10.2 12.3 36.7 4.2 52.8
SEM 3.9 0.78 2.3 3.2 0.48 5.4
P value 0.001 0.001 0.001 0.001 0.01 0.001

'Results shown as the mean of 18 determinatfn€n-3FA, long chain n-3 fatty acid (include 20:3n22:5n-3 and 22:6n-3). Within
treatments, values followed by the same lettenatesignificantly different (I.s.d. & = 0.05).

treatments. There was a 2- and 3-fold increase8it-1
trans FA content (combination dfans-9, -10 andrans-
11) in rump and strip loin beef cuts of STGF and~LT
compared with beef from cattle fed grass, withss lero-
nounced but still significant difference in blade.

The arachidonic acid (20:4n-6) level in alebeuts

was significantly lower in the STGF compared withgs

or LTFL treatments but the 22:4n-6 content was &igh

the LTFL group than those cattle fed grass and STGF
(Table 2). Regardless of cuts, grass feeding fatgunitly
increased the levels of 20:5n-3 and 22:5n-3 redativ
STGF and LTFL treatments, but 22:6n-3 was only &igh
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in blade cuts of grass fed animals. Beef cuts fRIMGF
and LTFL treatments had significantly lower levels
total long chain n-3 FA (20:5n-3, 22:5n-3 & 22:6n-3
Table 2) and total n-3 FA (Table 3) than those éudm
grass fed cattle. The level of total n-6 FA waghleist in
the LTFL cattle and lowest with grass feeding fibrcats
(Table 3).

The ratio of n-6/n-3 FA in all cuts was sigeémtly
lower for grass feeding compared with other twoirgra
feeding treatments (Fig. 1), while there were nffedi
rences observed between cuts. Concentrations af sat
rated, monounsaturated and total FA were similah wi
grass and STGF treatments, but these values wegre si
nificantly higher in the LTFL fed cattle (Table 3)The
ratio of 18:1 trang/total fatty acids was significantly
higher for all cuts from LTFL and STGF fed cattlean
those cuts from the grass fed cattle (Fig. 2). amsunt
of CLA in each cut was similar in the grass fed améL
groups, with a lower concentration evident in theGE&
group (Table 1), however when viewed as a ratitotal
fatty acid content, the grass fed cattle had aédrigio-
portion of CLA (P<0.01) than the LTFL or STGF fed
cattle (Fig. 3).

Discussion

Red meat provides significant levels of essentialyp
unsaturated fatty acids (PUFA), protein, vitamingd a
minerals in human diets. However, the type of iiegd
regimens used in beef cattle production can infleethe
level of essential fats in red meat, due to varetiin the
fatty acid composition of diet. Red meat from leattnd
sheep fed grain is often perceived as not healtlg/ td
presence of relatively high levels of fat in meats¢®
particularly saturated fatty acids, a perceptioat tmay
impact on consumer choice. If the saturated FA lban
reduced and replaced with FA of known health beégefi
then it could be expected that consumers would fooke
favorably on animal products.
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Figure1l. Ratio of omega-6 to omega-3 fatty acid content of
beef cuts from cattle fed grass or short-term amdjterm
grain as feedlot rations. There was no significefifiect of
cuts or diet x meat cut interactioR £0.05) observed. There
was a dietary treatment effed® €0.001), where beef frol
grass fed cattle had a markedly lower omega-6/of3agdio
than the other two grain fed groups in all threts.cWithin
meat cuts, values followed by the same letter artesig-
nificantly different P >0.05).
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Figure 2. Percent of 18:1rans to total fat in beef cuts from
cattle fed grass or short-term and long-term gfe@ding. There
was no significant effect of cuts or diet x meat mueraction

(P >0.05) observed. There was a significant dietaggtment
effect P <0.001) observed, where the ratios were lowest; mo-
derate and highest for grass, long-term grain aodt-g¢erm grain
regimens, respectively. Within meat cuts, valudieded by the
same letter are not significantly differer®® X0.05).

In spite of such perceptions, we have shown that fa
trimmed beef fed as part of a diet low in saturdteds
associated with significant reductions in serum -cho
lesterol in human¥. In recent years, there have been stu-
dies devoted to enhancing the essential n-3 PUF#e0bd

in beef and lamb?'%%%?'and CLA in milk product$’ In
the present study, the main finding was a diet-cedu
change in functional FA such as n-3 FA, Clirgns fatty
acids and ratio of n-6/n-3 FA. The results shotied the
essential lipid components of beef could be alténgthe
feeding system.
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Figure 3. Percent of conjugated linoleic acid to total ifabeef
cuts from cattle fed grass or short-term and l@rgit grain

feeding. There was no effect of cuts or diet x noedtinteraction
(P>0.05) observed. A significant dietary treatmentfeetf
(P <0.001) was observed, where percent CLA to totainfateef
from grass feeding was markedly higher than shesrtvtor long-
term grain feeding. Witin meat cuts, values followed by t
same letter are not significantly differeR>0.05).
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Table 3. Effect of grass, short-term and long-term gri@ieding on total saturated (TSFA), total monounsdéd
(TMUFA), total omega-3 (Tn-3) and total omega-6 @)nfatty acid concentrations and EPA (20:5) plusAX22:6)

of rump, strip loin and blade cdts

TSEA? TMUFA? TFA? Tn-3FA2 Tn-6FA2 EPA+DHA’
Fatty acid concentration (mg/100 g lean meat)
Rump cuts
Grass 1118 1188 2792 154.7 334.2 475
Shortgrain 1068 1218 2736 96.8 353.7° KiWa
Longgrain 1868 2463 4824 96.6' 399.4 27.7
s.e.m. 162.7 237.4 411 11.9 25.6 3.63
P value 0.001 0.001 0.001 0.001 0.04 0.001
Sriploin cuts
Grass 900 93¢ 212¢ 97.8 191.6 28.9
Shortgrain 677 639" 1538 48.6' 173.4 14.9
Longgrain 1568 1729 3614 63.3° 253.8 16.8
s.e.m. 167.8 208.6 383 75 15.7 2.12
P value 0.001 0.001 0.001 0.001 0.001 0.001
Blade cuts

Grass 801 943 2138 135.P 258 39.%
Shortgrain 642 781 1738 70.4 242 20.0
Longgrain 1172 1663 3178 67.8 272 16.8
s.e.m. 98.6 155.8 265 8.9 17.8 2.5
P value 0.001 0.01 0.001 0.001 0.255 0.001

TResults shown as the mean of 18 determinatfdi®FA include 14:0, 16:0, saturated branch FA, 18®0 and 22:0; TMUFA include
14:1, 16:1, 18:1tr-11, 18:1cis-9 and 20:1; Tn-3ude 18:3, 20:5, 22:5 and 22:6; Tn-6 include 1824 and 22:4°EPA, eicosapentaenoic

acid; DHA, docosapentaenoic acid. Within treatmevatues followed by the same letter are not sigaittly different (I.s.d. &P = 0.05).

Dietary fat sources

docosahexaenoic acid (DHA), which are found in Fumi

Lipids from grasses and legumes, which form theomaj nant tissues (cell membranes). These PUFA wenadfou

part of dietary fats in ruminants, are predominagtly-

in all three lean meat cuts of the grass-fed cattte

colipids?® The fatty acid content of grass (eg. perenniakontrast, cattle from the STGF and LTFL groups had

ryegrass) is very low on a dry matter basis (294).8nd
mainly present as esterified fatty acfdDepending on
the species of grass, the FA composition varieh B8-
70% as linolenic acid (18:3n-3) and 10-20% as &l

increased levels of 18:2n-6 in muscles comparedh wit
cuts from animals in the grass-fed gro®p<Q.01).

It is interesting to note that though the LTBtoup
had higher levels of muscle 18:2n-6 in all thredscu

acid (18:2n-6¥>2* Concentrates used as cattle feed con{P<0.05), there was no increase in arachidonic acid

tain less than 5% lipids, except oilseeds, whichtaio
20-50% lipids on a dry matter basis. The lipidssgnt in
cattle feed concentrates are mainly storage tréglges
(90%), but in oil cakes or meals, phospholipids barup

(20:4n-6) levels in muscles. The STGF group hadiced
(P<0.05) arachidonic acid levels in all cuts compartti
cattle fed grass or the LTFL (Table 2) regimen$ors
term grain feeding reduced long chain n-3 FA in ches

to 40%° Cereal grains (barley, maize, sorghum) andwithout changing muscle total n-6 FA content, bl t

cottonseed used in feedlots involved in this stadyrich
in 18:2n-6 and contain little 18:3n-3. On the basfs
ingredients used in this study, it can be stated ¢hattle
fed grass would have received a high proportiorihef

PUFA as 18:3n-3 while the STGF and LTFL groupsmuscles while reducing the n-3 FA content.

would have a high proportion of 18:2n-6 in theietdi

Functional lipid components (n-3 FA and conjugated
linoleic acids) in beef

Lean beef from grass-fed cattle had significantighir
levels of long chain n-3 FA (Table 2) and total &
(Table 3) than the other two groups fed on graigi-re
mens, due to a significant increase in muscle 183
20:5n-3 and 22:5n-3 FA with grass feeding. Totalglo
chain n-3 PUFA levels in beef from grass fed cattéze
similar to the values found in white fi$hWe have pre-

LTFL regimens reducedP&0.001) long chain n-3 FA
while increasing P<0.01) muscle n-6 FA levels. It is
clear that with duration of feeding, animals on thg-L
regimens deposited more n-6 FA mainly 18:2n-6 in
Rumen
bacteria Butyrivibrio fibrisolvens) have the ability to pro-
duce CLA as an intermediate substrate through loiaiy
genation of linoleic acid (18:2n-8}.It is possible that the
main route for CLA ¢is-9, trans-11-C18:2) production in
ruminants originates through the delta-9 desatmatf
vaccenic acid which originates from rumen metalolisf
18:2n-6*

The concentration of CLA in all meat cuts was
lowered by short-term grain feedin®<0.05), but with
long-term grain feeding the CLA levels (mg/100 gate
in all cuts were elevated to levels similar to tf@aind in

viously shown that these long chain n-3 PUFA a® bi grass-fed cattle.

available in humans studié%.As noted in other studi€s,
9,21

some of the dietary ALA escapes hydrogenatiomén t Transfatty acids

rumen and is subsequently metabolized to eicosapeffhe predominanttrans fatty acid found in grass-fed

tanoic acid (EPA), docosapentaenoic acid (DRAY

ruminant animal tissues and milk are CLA and it®fin
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mediate metabolite vaccenitrgns-11 18:1) acid®® It
has been found th&tans-10 18:1 is the majdrans FA in
grain fed beef in US compared with European beefravh

highest values of long chain PUFA, CLA, 1&ans and
total FA compared with strip loin or blade cuts.cAc

ding to recommendations by Food Standards Australia

the majortrans isomer istrans-11 18:1%° The levels of and New Zealand (FSANZ), foods can be labelled as a

18:14ransincreased from grass feeding, through STGF teource of omega- 3 FA if the levels of eicosapardae

LTFL in the present study. acid (20:5n-3) plus docosahexaenoic acid (22:6n-3)
Human dietary studies have shown that higheels exceed 30 mg/100g food. Based on this standaig, on

of dietarytrans fatty acids, mainltrans-9 and -10 18:1
isomers, elevate serum LDL-cholesterol while desiren
serum HDL-cholesterol levef. Trans fatty acids also
increase serum lipoprotein (a) and triglycerideelsvand

grass fed animals reached this level. The leveR)@n-3
and 22:6n-3 ranged from 15-48mg/100 g lean meaftsacr
all cuts. Beef and lamb can contain high leveldafosa-
pentaenoic acid (22:5n-3), which FSANZ do not cdesi

these are considered risk factors for heart disBaseas a long chain n-3 FA from a labelling point oéwi
However, others have reported that CLA has a poterithe concentration of 22:5n-3 ranged from 24 to 58 m
effect of reducing diseases such as heart diseade al00 g lean muscle with the higheft €0.01) values for
cancer in animal®3?In mammals (human and animals), grass feeding regimens (37-58 mg/100g lean musctle)
CLA can be produced endogenously from vaccenic aciadll three cuts. Including 22:5n-3, the total larttain n-3
(trans-11 18:1), whereas thrans-10 andtrans9 18:1 FA ranged from 38 to 105mg/100g of lean meat, with
isomers cannot be bioconverted to Ct?An the present grass feeding having the highest values (69-10500g/1
study, meat from the STGF and LTGF cattle did reoteh  muscle) in all three meat cuts. Results indichét grass-
an increased CLA content (Fig. 3) although thesmals  fed lean beef can be accredited as ‘a source’dPIFA
deposited more 18:ttans FA (Fig. 2) in all three cuts. for those who do not consume fish, because theFA-3

The chromatography technique used in this studyndid
separate the 18ttans 11 (vaccenic acid) and 18tfans
10 isomers, therefore the levels of CLA contributad

content is similar to that provided by some whig >

There has been little research on the biologichlevaf
docosapentaenoic acid (22:5n-3) due to the ditfycaf

vaccenic acid endogenously with the STGF and LTFLobtaining sufficient pure material to conduct fegpstu-

diets cannot be explained using the present data.

Major fatty acids and ratio of n-6/n-3 FA content in beef

dies. However, there is reason to believe thatRhiss an
important long chain n-3 PUFR.
Flavor and tenderness are major aspects of quea

With maturity, the animals from the LTFL group depo lity that support beef/lamb marketing, and can fotu+
sited higher P<0.01) levels of muscle fat than with STGF enced by the animal feeding systems, principalfgugh

or grass feeding. This was clear in all three ard
involved increased levels of saturated (14:0, 1&n@
18:0), monounsaturated (mainly oleic acidis(9-18:1)
and n-6 polyunsaturated fatty acids. It is possithiat
elongase and delta-9 desaturase activity withincieas
was higher in the LTFL cattle than other groupstaswn

by increased leveld?€0.01) of stearic and oleic acid in

the effects on the amounts and type of fat in teatii**
It has been reported that the intensity of flavmréases
with increased levels of 18:3n-3 in lamb and beEtir-
ther investigation is needed to examine the effecfla-
vour and aroma of beef with increased levels of 186,
as in LTFL as this may influence the meat flavour.

In conclusionpasture fed cattle had significantly high-

their meat, which was similar to results reportegd b er levels of long chain n-3 and total n-3 fattydscin all

others®*3®

Many human dietary studies have reported higtter
intakes of n-3 FA, CLA and 18ittans 11 have potential
to protect cells from diseases such as caficéreart

three primal meat cuts (rump, striploin, blade)ntlsaort-
term or long-term grain fed animals. Long-term grai
feeding significantly increased muscle total, satied,
monounsaturated, n-6 and 1&c&ns fatty acids contents,

diseas¥ and arthritis® Following these observations, relative to the other two groups. Beef from shertt
animal feeding regimens have been changed to isereagrain feeding had similar levels of saturated, mono
the levels of health beneficial fats in ruminantnaa unsaturated, n-6 FA and significantly lower levaeidong
products, mainly meat and milk. As evaluated bg th chain n-3 FA and CLA contents compared with beeimfr
ratio of n-6/n-3 and 18:irans FA/total fat in all three grass feeding. There was an increase in musclé- 18:
cuts in the present study, the grass-fed regimetkadly  trans FA in the STGF group and further increased in the
reduced P<0.001) the ratio of n-6/n3 in lean beef com-LTFL group, suggesting that length of grain feediag

pared with the other two groups. This was sintitathat
found in meat from lamB$ and cattl®® supplemented
with n-3 FA rich diets for a short period beforaigihter.
The significant increaseP€0.01) in n-6/n-3 content of
meat with short- and long-term grain feeding (Higwas
due to a substantial decrease in muscle 18:3n-3cand
chain n-3 FA content and to an increase in mus8te 1
n-6 content.

Health implications and marketing aspects
Among the three meat cuts investigated, rump had th

probably a factor for increasddans fatty acids in meat
due to an increased intake of dietary linoleic athié pre-
cursor of rumen generatéchns 18:1 FA. All meat cuts
from all three feeding regimens had more than 3€otej
long chain n-3 fatty acids per 100g lean meat, wli
highest amounts found in rump cuts. Data obtafnmuh
this study demonstrate that dietary ingredientéeefilot
rations for beef cattle would need to be adjusteeldvate
the levels of functional lipids (n-3 PUFA and CLi)red
meat. Hence, from a nutritional point of view, tleift
from pasture fed to grain feeding should be disaged.
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ERIRRIRAAM LA W Fr omega-3fiafiiig, LHEIHERANRA AR & &R
.k NSRAR R AT RERI R

AL T 25 B R GO0 R NE 2 A b DhREPE RE S AN Al IR 7 IR & == s« AHIF 9K F I
JEREDIEI, WEDIEIN, R D)E A E NBOR SR, A ETE (80 K, STGF) FHK I
EE LA YECEMAZE (150-200 K ; LTFL) i AT A= i . 78 gy R WA 35 ikt
R/ B s R I LE B ek 509, STGE A LTEL A3 lcok) vh K22 50 /8% iy % UL 4l ok 5 2% 1
kAT . A BB —FR k7 AT 18 Sk EI A, SR TT WL IR NG 05 F0 45 4 4 21
Ja VI (300g AR , U Tg VEAPATIERE S BT IR R « 58RI 2 1) 2 TR AS 7 2 MR el
KA A I omega-3 (n=3) JRITTR) FIHKAE n-3 MR M & & 23 m T HFE4 R
(/40.0001) . STGF VIEI4 W -S4 mFEAIVIE A4 WAL, n-3 NRITRRAISLYEr iR (CLA) /K
VR B, TMIBAIENIR, BEAMWFARIIRE, n-6 MRS HAHLL(X0.001) . LTFL [H1]
A5 HAB PR ARG X EZR DB AT, SR D) B AR R TR, PR AN g 1y
2, n—6 NEMFERAINZL 18:1 MR (P <0.01) W& EHEE, IXEAWIEZEN ) L R4 05 b
DIRRAHOS, KA irzEm 1], MARRG DT UIRR R 2 . BRI R 2] STGF, F21 LTGF, i
18:1 JIRWilR & s At iy, IX R WA R4 = 2 I R I D R 7% &, IXBF & T4
18:2n-6 JRWIMR I I, =ikl R 248 A b U SO 2 0 4 ALK 8 n-3 i
O 5 R as VR RSP AT 7 22 B bR vEHERE (B 100g 2 KRB IR & =48 i 30mg AR
e, IXANFRUEE— T LA A 2 omega—3 JRITTR VR RIARE . PRI M1 F7 (1K) 4 1A
18:1 5 n—6 JNEMIRRIY LLG LL B ZR= I 24 Al Ry (X0, 001) o ASHIFFTAF H 1) S50 B0 d 28 B 4
YT AR T REME AR 4> (KBE n-3 IRITIR AT CLA) W& &, midem i 18: 1 A A fis
TR 1) 25 o

FEEE: IR, WA omega 3 (n=3) IRWATR. WXARWTE . ThEetE e,





