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| NTRODUCTI ON

Traditionally Australian sheep neats are produced from pasture, wth
little if any supplementary feeding except in situations such as droughts,
where grains may be fed to supplenment depleted pastures. The strong
"grassy" flavour that pastures tend to inpart to the nmeat are quite
acceptable to Australians, however consunmers in overseas countries such as
Japan, whose consunption of sheep meat is very low, or the uU.s.A where
the lot-feeding of grain diets to sheep is normal, find this "grassy"
flavour or odour unacceptable. Consequently the export of Australian |anmb
to these two countries is |ow In 1986 out of a total [amb production of
316,000 tonnes, only 8,081 and 4,504 tonnes were exported to Japan and the
U.S.A respectively (A.M.L.C. 1986). Clearly there is tremendous potenti al
to increase exports of lanb to these narkets, if a product of suitable
specifications can be econonically produced.

It is the aimof this paper to discuss various factors that affect
sheep meat flavour during production and present a method of manipulating
the flavour of grass fed lanbs by dietary means.

FLAVOUR OF SHEEP MEAT

In common with many other natural products, the flavour and odour of

sheep neats is conplex, conprising nunerous volatile conmponents. For
i nstance Caporaso et al. (1977), have identified 51 components in the
neutral |ipid fraction from ovine adi pose tissue and have suggested 14 of
these are inportant contributors to flavour quality. The situation
becones even nore conpl ex followi ng cooking where the fornation of further
conmpounds can occur. Flament et al. (1976) have identified seven
al kyl pyrazines that were formed by the thernolysis of the water soluble
precursors of flavour in raw neat. It is considered that these

alkylpyrazines may be positive contributers to the roasted |anb flavour,
as they are generally associated with the pleasant odour oOf roasted foods
(Buttery et al. 1977).

Al kyl pyridines have also been isolated from roasted |anb. These
conpounds are formed presumably from the reaction of aldehydes wth
ammoni a or other amno conpounds. Buttery et _al. (1977) has suggested
that their |ess-pleasant odour is the reason for the rejection of |anmb by
SOMe CONnsuners. Simlarly the role of branched chain and unsaturated
fatty acids of eight to ten carbon atonms are thought also to contribute to
the undesirable flavour of cooked nmutton (Wng et al. 1975). |t has been
suggested that these isomeric fatty acids are produced as a result of
propi onate metabolismfromlanbs fed diets rich in barley or other cereals
(Duncan et al. 1974).

DI ET AND FLAVOUR

There is little doubt that diet has a nejor influence on the flavour
of sheep neat. As indicated above, grains such as barley influence the
nmetabolismin the rumen and result in the production of fatty acids that
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produce undesirable odours and flavours in |lamb neat (Wng et _al. 1975.
It is generally accepted that sheep which have been hand-fed cereals and
grain have a blander flavour in their cooked neat. It is neat produced
from pasture that evokes the greatest response, especially from people who
do not usually consune sheep neats (MDonald and Scott 1977). The aroma
and flavour of lamb grazed on lucerne (Medicago sativa) has been descri bed
by Park et al. (1972a) as being "sharp" and "sickly" conpared to that
rai sed on phalaris (Phalaris tuberosa) pasture. Simlarly meat produced
fromlamb grazing winter forage crops such as rape (Brassica napus) have
been described as having a "nauseating" aronma and flavour, or vetch (Vicia
dasycarpa L. cv. Lana) an intense "neaty" flavour, or oats (Avena sativa
cv. Acacia) a "pungent" odour and flavour (Park et al. 1972c). Tropical
| egunes are not w thout problens either. Mea-m |anmbs grazed on
glycine (dycine wightii) have been described as having a characteristic
and obj ectionable odour conpared to aninals grazed on |egunes or native
grass pastures (Park et al. 1972b). Identification of the flavour and
odour components in these comparisons have not been nade, although Park
et al. (1972) has described the oat-fed sheep odour as "mercaptan-like".
All these odour and flavour findings are based on Australian taste panel
conpari sons, presunably conposed of people who are used to or at |[east
familiar with Australian grass-fed |anb. If meat from these trials had
been eval uated by Japanese taste panels the results may have been even
more pronounced.

There is little doubt that pasture contributes greatly to the
flavour and odour of cooked |anmb, however when sheep are taken from
pasture and hand-fed diets based on cereals the flavour of the cooked neat
becomes nmore bland (MDonald and Scott 1977).

POLYUNSATURATI ON AND FLAVOUR

Scott et al.' (1970) denponstrated that the level of linoleic acid
(18:2) could be raised .to over 20% of the total fatty acids in rum nant
mlk fat. This was achi eved by feeding specific quantities of dietary

oils high in 18:2, that were protected from the wusual runnal
hydrogenation by m cro-encapsulation in formal dehyde treated casein.
These suppl ements produced a simlar effect in rumnant adi pose tissue
(Cook et al. 1970). In a review dealing with pol yunsaturated rum nant
products, MDonald and Scott (1977) discussed the production of sheep
containing elevated levels of 18:2 in their adipose tissue and the
properties of the neat. Briefly sheep neat containing 20% 18:2 in the
‘adipose tissue was quite different frompasture fed | amb, having "sweet"
and "oily" characteristics attributed to y-dodec-6-enolactone and
deca-2,4-dienal respectively. The neat was often reported to exhibit the
flavour of chicken or pork due to the elevated |evel of the decadienal
that inmproved the flavour to sonme consuners, especially those who
preferred the flavour of non rumi nant neats (Park et al. 1975). The
presence of the lactone produced |ess desirable effects in the nmeat. The
"sweet" flavour and odour when present was considered npst undesirable.
It is considered that this lactone is the major contributor to an
obj ectionable flavour in ruminant products produced with an elevated 18:2
content (Park et al. 1975; Park et al. 1978; MDonald and Scott 1977).

Park et al. (1976) fed two kinds of protected |ipid supplements made
from sunflower seed and' safflower oil to |anbs. They found that both
suppl ements decreased the conventional cooked |anmb odour and flavour and
increased the "oily" odour attributed to the increased presence of the
decadienal. Only the sunflower seed supplenment inparted a characteristic

"sweet" odour and flavour said to be due to the presence of increased



quantities of the unsaturated |actone. This work suggested that it m ght
be possible to manipulate sheep neat flavours by subtle changes to the
nature of the lipid, although they fed supplenents based on whole

sunfl ower seed and extracted safflower oil. There may be precursors in
the non-oil portion of the seed that contribute to the unsaturated |actone
formation in cooked neat. However, evidence fromtrials with dairy cows

suggests that the precursors of this unsaturated |actone are in the oil
portion of the seed (Urbach and Stark 1978).

FLAVOUR- MODI FI ED SHEEP MEAT

Practical considerations

If acceptable flavour nodifications are to be made to sheep nmeat by
increasing the level of 18:2 in adipose tissue, it is clear that the
"sweet" odour and flavour due to the increased proportion of the
unsaturated | actone must be avoi ded. This need not be a problemin
fl avour-nodi fi ed sheep neat production. It has been found that the
decadi enal responsible for the desirable "oily" flavour and odour
increases rapidly on feeding protected |ipids, whereas the unsaturated
| actone increased nore slowy, in proportion to the 18:2 content in the
adi pose tissue (Park et al. 1975). W have found that if the 18:2 content
is kept bel ow 10%, the odour due to y-dodec-6-enlactone in cooked | anb
meat cannot be detected. This is consistent with the data of Park et al.
(1978) who attenpted to nodify the flavour of mutton by feeding protected
sunfl ower seed supplement.

Lipid source and flavour

The influence of the nature of the lipid on neat flavour has been
investigated in |anbs. Lambs of 30 kg live weight were fed protected
lipid supplenents for four weeks at a rate of 250 g/d/sheep. The basal
ration (1 kg/d/sheep) consisted of maize, sunflower neal (38% cp) and
cotton hull (5:3:2). Supplenents were prepared from sunfl ower kernel,
cotton oil, peanut kernel and rendered beef tallow as |ipid sources and
sunfl ower neal and casein as protein sources by procedures outlined by
Ashes et al. (1979). Al supplenents were produced to contain 30% |ipid
on a dry matter basis (D.M.B.). The |anbs (six/group) were taken from
pasture and fed the supplenments for four weeks, slaughtered and the cooked
meat assessed by an A.M.L.C. (Australian Meat and Livestock Corporation)
taste panel for flavour. The panel was not trained in flavour conparisons
but asked to give an inpression of the neat flavour conpared to control
nmeat produced fromthe basal ration alone. The results are shown in
Table 1.

TasLE 1 The effect of lipid source on |anb flavour

Lipid 18:2 in adipose tissue (%) Flavour description
Sunflower 12.0 Pork-like
Peanut ' 7.0 Slightly nutty, lamb
Cotton 9.7 Bland, lamb
Beef 4.0 Strongly lamb

Meat fromthis trial was also eval uated under supervision of the
A ML.C Dby representatives of eight Japanese neat inporting companies who



were asked to indicate their lanb flavour preference during and after
cooking using traditional Japanese and conventional roasting technques.
They reported (unpublished results) that when conpared to the control neat
t he usual "grassy" cooking odour of Australian lanmb was elim nated. There
was a flavour preference for lanb fed suppl enents produced from cotton or
peanut |ipids, where the flavour of the lanmb was still present, but
without the stronger "grassy" flavours found with pasture fed animals.

This trial indicated that it was possible to vary the flavour of
lamb neat to meet certain narket requirenents. Wiile flavour conponents
were not neasured it is probable that the deca-2,4-dienal |evels of the
meat from sheep fed polyunsaturated |ipid increased, maski ng or
counteracting the strong pasture flavours and cooking odours (Park et al.
1975). However there also nust have been a flavour contribution from each
of the lipid sources transferred to the nmeat to further change the
flavour, as the 18:2 contents of the neats were not greatly different,
except for the lanb fed beef tallow supplenents, the lipid of which
contained only low levels of 18:2. In all neat there was no obvious
presence of the unsaturated lactone.

Production of flavour-nodified |anb

From a consumer view point, taste and marketing trials conducted in
Japan (A.c. Rich, personal communication) indicated that |anmb containing
six percent 18:2 in their adipose tissue and produced from protected
cotton kernel supplement has a bland flavour with little offensive cooking
odour. . An enpty body weight of 18-22 kg is required with a fat score of
two to three. This corresponds to a final live weight of 35-38 kg.
Little information is available on preferred genotype or age, however a
| arger franmed wether | anb of 10 nonths is preferred. In practice |anbs
from crossbred Border Leicester x Merino ewes to Dorset rans are
acceptable if not ideal. In the future the sheep industry nust look into
suitable breeds that provide the carcass size and degree of fatness
required if Australia is to conmpete in the export of prime lanb to newer
worl d markets.

TABLE 2 Di et conposition for flavour-
modi fied |anbs

Component g/d
Protected cotton seed 250
Cotton hulls 300
Maize 300
Lupin 200
Wheat 150
Lime 15
Sodium chloride 15
Bentonite 20

The 18:2 content in adipose tissue can be achieved by feeding sheep
frompasture of initial |ive weight 28-30 kg, a protected cotton seed
suppl ement at a rate of 250 g/d/sheep for 21 d in a feedlot. [n addition
to the supplement a concentrate ration is fed at the rate of 1 kg/d/
sheep. A typical diet is shown in table 2 where growh rates of
approximately 300 g/d with feed conversion ratios of 4:1 can be obtained
from sheep under normal conditions found in the feedlot.



The physical form of the diet will be inmportant if the production O
flavour nodified lambs is to becone economically viable. Protected lipid
supplements are only noderately pal atable and selection from the diet
should be mnim sed. Pelleting these materials in the past was not
successful (MDonald and Scott 1977). Protected |ipid supplements are
susceptible to damage at el evated tenperatures and pressures, as the
encapsulated |ipid mcrodroplets can be squeezed out of the protein
matrix. This results in reduced lipid protection in the rumen and
consequently |ower 18:2 in the adi pose tissue. However recent trials have
been nore successful, where whole diets have been pelleted through thinner
dies designed to mninmse the heat and pressure generated during
pel leting. Two groups of five animals were fed the same diet as shown in
table 2 as a loose mx or ground and pelleted for 21 4 The nean percent
18:2 of the adipose tissue for the two groups was 5.34 * 2.96 and 4.49 #*
0.76 respectively. The range of values of the group fed the | oose m x
went from 2.19 to 9.31 percent, while the nunber for the group fed the
pellets was nmuch less ranging from 3.64 to 5.50 percent. This trial
indicated that while pelleting reduced the nean 18:2 content of the
adi pose tissue by a non significant amount (P = 0.57), it has reduced the
variation by preventing conponent selection fromthe loose nmx diet. This
reduction is inportant for quality control, as the range of animals
produced with either high 18:2 contents, potentially containing the
undesirabl e "sweet" lactone flavour, or with insufficient 18:2 to increase
t he decadi enal |evel to mask the cooking odour (Park et al. 1975), will be
reduced.

Quality control during production of flavour nmodified lanbs is a
problem as the 18:2 content of adi pose tissue is critical. The lanb is
produced for the quality section of the export narket, consequently there
can be little carcass variation permtted. It is possible that weight
gain in the feedlot may be used as a guide to 18:2 content in adipose
tissue as time constraints in exporting chilled meat virtually elimnate
the use of gas chromatography on | arge nunbers of sanples. The relation-
ship bet ween |iveweight gain and 18:2 content for lanbs fed a diet simlar
to that given in table 2for 21d is represented by the equation:

$18:2 = 0.326 (20.094) |iveweight gain + 4.602 (*0.655)
This relationship was linear (r = 0.373, P < 0.05) and was obtained from
data from 80 lanbs consuming a loose nmixed diet. Weight gain may be even
a nore useful indicator  of 18:2 content of adipose tissue for animals
consum ng pelleted rations where individual variations will be further
reduced.

CONCLUSI ONS

Diet plays a very inportant role in sheep nmeat production. There
are many pasture flavours that are transferred to the neat and many
substances that are produced during the digestive processes or are
contained in the diet that can react during cooking to produce undesirable
flavours and odours. In general neat from sheep fed concentrate diets is
likely to be blander than from pasture fed animals, but there are certain
grains and other conponents that contribute to undesirable flavours in the
nmeat due to specific metabolic effects. The feeding of protected lipid
suppl enents can be used to nodify the flavour of meat from sheep raised on
pasture by masking the strong grassy flavours and odours. Suf ficient
suppl ement nust be fed to |anmbs to produce six percent 18:2 in the adi pose
tissue over a two to three week period. By varying the lipid source a
range of flavours can be produced to meet consumer requirements. Japanese
consuners have a preference for meat with a bland lamb flavour wthout the



usual "grassy" cooking odour found in Australian |anb raised on pasture.
Lanb with these characteristics can be produced from supplenents
manuf actured from cotton seed lipids fed in conjunction with a high
concentrate | ow roughage diet in a feedlot.
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