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Manipulation of omega-3 fatty acids in lamb meat for health conscious consumers ‘
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INTRODUCTION o p
Meat plays a major role in human diet by contributing quality proteins, essential minerals and trace elements and a range of B vitamins., oy
from its nutritive value, meat has other important characteristics such as colour attractiveness, flavour properties and tenderness whl fis
responsible for the eating quality of meat (Buckley et al., 1995). Lipid composition has been a primary area of consumer concern due 10
between the amount and composition of fat consumed and the development of human diseases, which has led professionals to recomme';douf
people consume diets low in saturated fat, cholesterol and energy (Hargis and Van Elswyk, 1993). As a consequence, health Cone i
consumers have reduced the consumption of fats from animal products, particularly red meat. However, the consumption of o ol
polyunsaturated fatty acids (PUFA) has been found to provide protection against heart disease, rheumatoid arthritis, cancer and SO’“PUP,A
immune diseases in humans. This has led to the recommendation that human diet should also contain an increased level of omega-
(Hargis and Van Elswyk, 1993; Van Oeckel et al., 1996). m’eﬂ“
Only fish, and to a lesser extent meat, contains a sufficient concentration of omega-3 PUFA to be a satisfactory dietary source of thesé “.lllabﬂir)]
However, for many people meat is the only source of PUFA consumption, because fish consumption is often limited by seasonal av&! ot
affordability or has a lower preference to meat. Increasing the omega-3 content of red meat could make a significant contribution w‘om 1
PUFA consumption and provide an excellent alternative food source for those people consuming average amounts of red meat di%:
experiment was undertaken to investigate the potential for increasing omega-3 PUFA in lamb meat and its effect on meat quality throug
isoenergetic amounts of fish meal (FM), canola meal (CM) and soy meal (SM).

MATERIALS AND METHODS ‘
Animals and diet: o
Thirty two 6 mo cross bred wether lambs (mean live weight 32.1kg) were randomly divided into four groups of 8. Lambs were raﬁowiﬂi
assigned to individual pens and housed indoors for seven weeks. After 7 days adaptation, the groups were assigned to one of the fo Cpilf’a
treatments; 1) basal diet (BAS): 80:20 oaten chaff: lucerne chaff fed ad libitum; ii) BAS + isoenergetic amounts of FM (80g DM; 60-65% rv/‘»“
9.0-11 MIME/kg); iii) BAS + CM (84g DM; 40% CP and 9.8 MIME/kg); iv) BAS + SM (75g DM; 44% CP and 10.8 MJME/day)-
freely available. )
Sampling and measurements: e
Daily feed intake and weekly live weight were measured throughout the experiment. At the end of feeding, half the lambs were fasted 0 g al‘;
and slaughtered at a commercial abattoir and the remaining lambs slaughtered one week later. Hot carcass weight (HCW) was meast" o
minutes post mortem (PM) and carcasses chilled overnight. Fat depth at GR site was measured at 24h PM by an independent operat ‘sS"”'""

AUSMEAT procedure. Carcasses were then cut into halves and the right sides retained and the longissimus muscle (includes long! g
thoracis (LT) and longissimus lumborum (LL)) along the midline was dissected out for meat colour, pH and fatty acid measureme“wrav"‘
longissimus muscle was then sliced into chops (1 cm thick), placed on a polystyrene tray, overwrapped with an oxygen permeable Py i f
evaluate the differences in surface colour by treatment. At 24h PM samples of LT were taken for total lipid, fatty acid compositio™ rded d
determination and stored at -70°C until analysed. For surface colour analyses a* (redness), b* (yellowness) and L* (lightness) were reco
24h PM, using a minolta chromameter CR 300 (Minolta Corporation, Japan), calibrated with a white standard plate. (1957};
Muscle LT samples (10g) were individually homogenised and the intramuscular fat (IMF) was extracted by the method of Folch et ?1: swf,ff‘
using a chloroform: methanol mixture (2:1 v/v) containing 0.02% butylated hydroxy Toluene. Phospholipid (PL) and neutral IIP‘d acld'
separated by thin layer chromatography (TLC) on silica gel G plates (200X200X0.25 mm) using petroleum ether/diethyl ether/ac® sy
85:15:2 (v/v/v). Area of gel corresponding to PL were scraped off the plate and the lipid extracted. Fatty acid methyl esters were preP: 'Soﬂo
analysed by gas chromatography using a 50-m X .32-mm BPX70 fused slica capillary column. Fatty acids were identified by comp?
retention times with standard fatty acid methyl ester (FAME) mixtures.

Statistical analysis:

Data were analysed using the Minitab Statistical Package. General Linear Model (ANOVA) was used to test for significance of treatm
and to calculate least significant difference values between the treatment means at the P< 0.05, P< 0.01 and P< 0.001 levels.

f
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RESULTS B

J
The effect of supplementing the diet with FM, CM and SM on colour, pH, lipid content and fatty acid composition are presented 17 TenwOE
Muscle LT pH determined at 24h PM showed no differences among treatments and ranged from 5.70 to 5.77. Surface colour measur‘?f'?e;eﬂfﬁ?,
displayed longissimus muscle slices at 24h PM had similar a*, b* and L* values for all treatments. There was no significant di 40-0.“
observed for IMF content between BAS and supplemented lambs. When adjusted to initial live weight, lambs fed FM had larger Wﬂ‘! :
HCW than the other treatment groups; HCW was 17.9, 20.1, 18.8 and 18.6 for BAS, FM, CM and SM, respectively. Total saturated 12
(SFA) concentration in the PL of muscle LT was significantly (P< 0.05) higher, and total PUFA concentration tended (P< 0.1) to b w05
SM fed lambs compared with the other treatments. Meat from all lambs had similar concentrations (P> 0.1) of omega-3 PUFA, but gs ol
PUFA was significantly higher (P< 0.06) in SM lambs compared with BAS, FM and CM. However, meat from FM fed 1am ho"’edfd
significantly (P< 0.001) greater ratio of omega-3 to omega-6 than the other treatments. Composition of PL in muscle LT samples ZSM%
two-fold increase (P< 0.01) in docosahexaenoic acid (DHA, C 22:6n-3) for FM treatment compared with all other treatments. FM a‘fo cls'
lambs tended to have greater level of eicosapentaenoic acid (EPA, P< 0.09) in PL of LT samples than the CM and BAS lambs. C18:
C18:2, C18:3 and C20:4 in PL of muscle LT (Table 2) were similar for BAS, FM and CM lambs.

DISCUSSION s Iamgg‘
Feeding isoenergetic amounts of FM, CM and SM did not influence muscle pH in the LT measured at 24h PM compared with BA ¢ 196
values ranged from 5.70 to 5.77 for all treatments and were within the normally accepted range of 5.4-5.8 for domestic stock (W arﬂeal'so ﬂb‘
Powell et al., 1996; Woodford et al., 1996). Measurements of a*, b* and L* values for surface colour of fresh meat (LT) w5 §

el |
influenced by nutrition. Even though the lambs fed FM were larger and leaner, IMF content of LT muscle was not signiﬁcantl){cl1ang 0
treatments, indicating that meat from these carcasses would have been of acceptable eating quality (juiciness, flavour and palatability il
1990). fov)
Supplementary feeding had no significant effect on total SFA in muscle PL of LT with the exception of feeding SM. Lough et al. (19921)5{ )
no differences in the SFA content in longissimus muscle from lambs fed 6% whole canola seed and 4.9% deoiled soy lecithin and ¢2” niﬁct.
soy lecithin diet containing 70% forage and 30% concentrate. The increase in total SFA content with SM feeding was due to 2 slg[gd i
increase (P< 0.05) in stearic acid (C18:0) and a tendency for increased palmitic acid (C16:0) levels in PL, which are the major saturao 0
acid composition of meat. In the present study, the tendency for increased level of linoleic acid (P< 0.09), linolenic acid (P< m’go
arachidonic acid (P< 0.08) with SM feeding only showed a tendency for increased level of PUFA content in PL of LT muscle thal
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Eegf’.‘ems: Lough et al. (1992) found that, feeding lambs with soy lecithin increased (P< 0.01) the proportion of PUFA, but found no change

I ¥ acid concentration in lean tissue when compared to a basal roughage diet or roughage diet containing 6% canola seed or 6% canola seed

Othey 1. SO lecithin. The tendency for increased level of C18 carbon and C20:4 fatty acids in PL of meat from SM fed lambs compared with

Mg, Catments may be due to the effect of PL in SM, which was reported to be important in the emulsification of lipids and may escape the

PUpn and influence the absorption of fatty acids in small intestine (Lough et al., 1992).The reason for the slight increase (P< 0.07) in omega-6
Awith SM feeding compared to that on BAS, FM and CM diets was due to the slight increase in linoleic and arachidonic acid.

C : :
m?nsupplememation failed to increase the omega-3 PUFA level of meat, even though the level of C18:1, C18:2 and C18:3 were higher in CM
Signigy and SM. This may have been due to insufficient amounts of CM escaping ruminal reduction and fatty acid saturation to result in a
Com “antincrease in lipid absorption in the small intestine. The reason for increased levels of EPA and DHA in PL of meat from FM fed lambs
deErad d with other treatments was not clear. It may be due to: i) increased levels of these fatty acids in FM which have escaped from ruminal
e 280D; i) lack of specific enzymes to saturate long chain PUFA to other C18 carbon fatty acids in the rumen; iii) or there may be a
Byep lion for the deposition sites by the long chain PUFA present in FM. Further research is needed to investigate the mechanism involved.
tho“gh SM treatment was similar to FM treatment in terms of concentrations of EPA and DHA in PL of their meat, the ratio of

0
megashmfﬂ PUFA in meat was significantly (P< 0.001) higher with FM feeding than with BAS, CM and SM.

(o
Ry CLUSION

Colol:ng FM and SM had beneficial effects on boosting the omega-3 fatty acid profile of muscle phospholipid without affecting the pH and
PR  Of meat measured at 24h post mortem. By judicious selection of supplementary feeds for sheep, higher levels of essential omega-3
Redoq be incorporated in the lamb meat, which can meet the modern requirement for human nutrition. However, further investigation is
lig ... © Study the digestion, absorption and metabolism of long chain PUFA in different oil based ruminant diets and the subsequent effect on

B farre o o eta
4ty aciq composition and sensory characteristics of meat.
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bl ;. .
‘Ot;ﬂlelil: Effect of isoenergetic amounts of fish meal, canola meal and soybean meal supplements fed to growing lambs on pH, surface colour,
Pid content and fatty acid composition of longissimus muscle at 24h post mortem.

e

USey, BAS M CM SM SEM Significance
Sugy,c PH 5.70 5.77 5.74 5.71 0.04 NS
Surfy . COlour L*-value 40.9 41.1 41.0 40.0 0.78 NS
Tscgnctgl"“r a*-value 10.59 10.94 11.08 10.99 O‘Sé NS
0z ontent (%) 4.1 3.5 4.0 4.1 0.

Tog yrA # 146 139 135 195 15.2 *

g,  LAH 150 143 138 194 16.5 0.1
Mgge-3 PUFA# 52 61 47 65 5.3 0.1
tgge § PUFA# 98 82 ) 129 11.4 0.07
s omega-6 0.35 0.43 0.34 0.34 0.01 *okk

Slgniels Were expressed in mg of fatly acids in muscle phospholipid of 100 g meat and means are the average of 6 observations.
Meansca“Ce *P< 0.05, ***P< 0.001, NS = not significant
of pH, surface colour and intramuscular fat content are the average of 8 observations.

Tab,

c%]eal Level of individual fatty acids in phospholipid of longissimus muscle from growing lambs fed isoenergetic amounts of fish meal,
Cal and soybean meal

it

e BAS M ™ SM SEM Probability
Yoo aCiq §3.4 %63 56.7 373 81 NS

Ok 2cid 59.1 51.6 582 87.4 8.0 *

Ling id 110 105 93 156 16.3 0.09

1, Oleic .

ingl,. aCid 61 50 56 77 7.0 0.09
oy acid 13 11 11 15 1.4 0.1

b4 ~0nic acig 25 23 19 36 4.2 0.08

Ui 17 20 14 21 1.8 0.08
s{"K 6.8 12.6 4.9 7.9 9 Aok

Ue - 3
8nj  Werg expressed in mg of fatty acids in muscle phospholipid of 100 g meat.
M Ui p
g ,40Ce *P< (.05, ***P< 0.001, NS = not significant.
the average of six observations.
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