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Targets and procedures for altering ruminant meat and milk lipids
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Beef and dairy products suffer from a negative health image, related to the nature of their lipid
fraction. Rumen lipid metabolism involves the presence of saturated lipids in ruminant tissues.
Lipolysis, fatty acid biohydrogenation and formation of microbial fatty acids in the rumen and
their effects on rumen outflow of fatty acids are discussed. Special emphasis is given to the
formation of transfatty acids and the possibilities of decreasing biohydrogenation. Small
differences in intestinal digestibilities of fatty acids are mentioned, followed by a discussion on
transfer of absorbed fatty acids into milk and adipose tissue lipids. The preferential retention of
polyunsaturated fatty acids as well as the balance between synthesis and incorporation of fatty
acids in tissues is described. Dietary means for the modification of milk fat are listed, with special
emphasis on the possibilities for enrichment in polyunsaturated fatty acids and the presence of
conjugated linoleic acids. A description of the nature and development of fat depots in beef cattle
is followed by a discussion of breed, conformation and feed effects on adipose tissue distribution
and fatty acid composition. Special emphasis is given to the very lean Belgian Blue double-
muscled breed. The review ends with a consideration of the limits to the modification of ruminant
fats, involving considerations of consumer acceptance as well as animal welfare and environ-
mental effects.

Résumé

Les produits laitiers et la viande bovine souffrent d’'une image santé négative, liée a la nature de
leur fraction lipidique. Le métabolisme ruminal des lipides est la cause de la présence de lipides
saturés dans les tissus des ruminants. La lipolyse, la biohydrogénation des acides gras et la
formation d’acides gras microbiens dans le rumen, ainsi que les effets sur le flux d'acides gras a
la sortie du rumen sont discutés. Une attention particuliere est portée a la formation d’acides gras
transet aux possibilités de limiter la biohydrogénation. De faibles différences de digestibilité entre
acides gras sont mentionnées, suivies par une discussion sur le transfert des acides gras absorbés
dans le lait et les tissus adipeux. La rétention préférentielle d’acides gras polyinsaturés et le bilan
entre synthese et incorporation d’acides gras sont décrits. Les moyens nutritionnels de modifier la
matiere grasse du lait sont répertoriés, en particulier en vue d’accroitre la sécrétion d’acides gras
polyinsaturés et d’acide linoléique conjugué. Une description de la nature et du développement
des tissus adipeux chez le bovin a viande est accompagnée d’'une discussion des effets de la race,
de la conformation et de la ration sur la distribution et la composition en acides gras des tissus
adipeux. Le cas de la race blanc bleu belge a forte muscularité et trés maigre est spécialement
analysé. En guise de conclusion, des considérations sur les limites & la modification des lipides des
ruminants font appel aux notions d’acceptabilité par le consommateur, de bien-étre animal et
d’effets sur I'environnement.

Beef and dairy products: Ruminant fats: Polyunsaturated fatty acids:
Belgian Blue double-muscled cattle

Abbreviations: CLA, conjugated linoleic acid; FA, fatty acid; PUFA, polyunsaturated fatty acids.
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For many years, consumers in industrialized countries havewith the protozoal fraction (Harfoot & Hazlewood, 1997).
displayed an aversion to dietary fat (Claus, 1991) and, forNo intermediate production of partial acylglycerols has been
health reasons, nutritional guidelines advocate a decrease idemonstrated, and free FA form the major lipid fraction in
the consumption of (saturated) fat (Gormigtyal 1987). rumen and duodenal lipids, even when high amounts of fat
Nevertheless, total fat intake in western Europe continues toare fed. Lipolytic activity has been shown to be inhibited by
amount to about 40 % of the dietary energy intake, pH values below 6 (Van Nevel & Demeyer, 18p&nd by
equivalent to 130 g/d. Milk and milk products are the major antibiotics such as ionophores (Van Nevel & Demeyer,
sources of fat in the diets, accounting, on average, for aboufl996). From results of incubation of rumen contents with
30 % of the total fat and 40 % of the saturated fat intake infree soyabean oil (Van Nevel & Demeyer, 1896, it can
the UK (Mansbridge & Blake, 1997), Belgium (Demeyer be calculated that on average 67 and 80 % of the linoleic and
etal 199%3) and Germany (Flachowski & Jahreis, 1997). linolenic acids respectively were released from triacyl-
Beef is estimated to contribute only about 5 % of the total fat glycerols, whereas 92 % of the released FA were recovered
intake, but is regarded as a rich source of saturated fat. Milkafter incubation, suggesting some specificity of lipolysis. At
and milk products can be made more nutritionally desirable increasing rates of oil infusion into the rumen, the free FA:
through dairy technology, and can be upgraded by thetriacylglycerol and mono-: diunsaturated octadecenoic acid
incorporation of polyunsaturated fatty acids (PUFA), values in rumen total lipids and free FA respectively suggest
through, for example, directed or random interesterification that lipolytic activity is not limiting the rate of FA biohydro-
without elaidization (Huyghebaeet al 1994). Such tech-  genation in the rumen (Immigf al 1993).
nology, coupled, for example, with fractional crystallization
helps to overcome the seasonal variation in milk fat
properties (Deffense, 1993), but involves additional costs.
W De Greyt (personal communication) estimates that Free FA liberated by lipolysis are adsorbed onto particles,
factory production costs for single-stage milk fat fraction- where they are both hydrogenated and/or incorporated into
ation amount to between 15 and 20 US$ and about 325 Mlhe lipid fraction of the solid-associated bacteria. According
per t milk fat. Furthermore, existing technology has beento Harfoot & Hazlewood (1997), the balance between these
aimed mainly at optimization of functional properties two processes is one of the factors determining the extent of
related to, for example, texture of products, although dairy FA biohydrogenation in the rumen. A range of hydro-
products enriched in PUFA have been listed as ‘functional genating bacteria have been isolated and can be divided into
foods’ (Van Dokkum, 1995). It is clear that the farmer does groups A and B. Group A hydrogenate linoleic and
not profit from the added value of such products, whereasa-linolenic acids mainly to th&ans-11-octadecenoic acid
processing induces an additional burden on fossil energy(trans11-18:1) or vaccenic acid, with smaller amounts of
use. Thus, for both social and ecological reasons, an interother positional and stereo-isomers of the same acid. The
vention by the farmer rather than by the food technologist toinitial step in the biohydrogenation of linoleic acid involves
make beef and milk fat attractive for consumption as healthythe isomerization of theis-9, cis-12-isomer to thecis-9,
food is perhaps indicated. Several (bio)technologies supplytrans-11-isomer, which is followed by a preferential reduc-
the means for such interventions, aimed at target processeion of thecis9 double bond to form thans11-18:1.
involving both digestion and/or tissue metabolism Group A bacteria appear to be incapable of hydrogenating
(Mersmann, 1990). The use of feed additives and growth18:1 acids, in contrast to the members of group B which are
promoters is often involved, clashing with the increasing capable of hydrogenating a wide range of bot and
requirements of consumers and regulation for improvedtransisomers of 18:1 to stearic acid. Theans18:1
qguality of animal production and products. The presentisomers normally comprise about 70 % of rumen 18:1
paper, therefore, will mainly discuss nutritional ways to acids, and it was shown in a continuous culture of rumen
improve the health value of milk and beef fat composition, micro-organisms, using specific i.r. detection techniques,
particularly by increasing PUFA, adjusting time3:n-6 that free FA may contain up to seuesins and sixcis-18: 1
PUFA value and controllingransfatty acids (FA) and acids. Therans11 isomer represented at least 80 % of the
conjugated linoleic acid (CLA) in meat and milk. The totaltrans18:1 acids (Fellneet al 1995).Trans18:1 and
paper summarizes information from other recent reviews conjugated octadecadienoic acids or CLA constituted 13
(Demeyeret al 199%; Doreauet al 1997; Doreau & and 0-5 % of the total FA respectively, whereas the
Chilliard, 199b; Wood & Enser, 1997), but emphasizes conjugated diene isomers were shown to contain 33 % of
data obtained in Belgium, a country characterized by verythe cis-9, trans11 isomer (Fellneet al 1997). Biohydro-
intensive animal production and the use of extremely leangenation only occurs with free FA, but the system is easily
double-muscled cattle. overloaded, especiallyn vitro, with inhibition of the

process by the free acids and accumulatiotrayis18:1

and CLA. Biohydrogenation of linoleic acid in a continuous

Rumen metabolism and digestibility of lipids culture of rumen micro-organisms was shown to be

inhibited by ionophores, with accumulation tons18: 1
and CLA (Fellneet al 1997). However, CLA does not arise
Triacylglycerols, phospholipids and galactosyl lipids in in linolenic acid biohydrogenation (Harfoot & Hazlewood,
ingested forage and concentrate feeds are rapidly hydro-1997). Inhibition of biohydrogenation (5 %) by ionophores
lysed in the rumen by extracellular lipases produced by aand low pH was also found by Van Nevel & Demeyer
small number of bacteria. Some activity could be associated 1996, c), but was less pronounced than inhibition of

Biohydrogenation

Lipolysis
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lipolysis (20 %). The inhibition of lipolysis and/or biohydro- about 12 g newly-synthesized lipid. Since, apart from hydro-
genation by low pH may explain the increased degree ofgenation, all dietary lipid (58 g/kg DM) leaves the rumen

unsaturation in rumen and duodenal lipids (Kobayashl mainly unaltered, it can be estimated that duodenal lipids
1992) and/or in body fat in animals fed on concentrate dietsmay contain up to 17 g bacterial lipids/100 g on such diets.
or treated with monensin. As shown by Gersbal (1985), Similar estimates have been reported previously (Jenkins,

however, other factors in addition to pH, probably related to 1994; Demeyer & Van Nevel, 1995; Mansbridge & Blake,
changes in microbial populations, must be involved with 1997).
concentrate diets. Biohydrogenation of polyunsaturatgd C
and G, FA from fish oil has been shown vivo by Doreau
& Chilliard (1997a) andin vitro by Van Nevekt al (1999).
The latter authors found a slower lipolytic release of 18:1 Compared with rumen digesta, duodenal (Kobayashail
acids from fish oil than from soyabean oil, and a signif- 1992) and abomasal (CJ Van Nevel & DI Demeyer,
icantly lower P<0-05) but nevertheless significant extent unpublished results) digesta are slightly enriched in PUFA,
of hydrogenation for eicosapentanoic (26-3 and doco- a finding possibly related to the sloughing off of entero-
sahexanoic (22 16-3) acids compared with other PUFA. cytes. The duodenal flow of FA is generally higher than FA
intake for diets not supplemented with lipids, but often
lower for fat-supplemented diets. This finding probably
reflects absorption or catabolism by rumen epithelial cells,
It is now clear that both bacteria and protozoa can synthesizeand is apparent from relationships established between duo-
and/or incorporate higher FA, the synthesis possibly includ- denal flow and intake of FA (Wet al 1991; Doreau &
ing, under some conditions, linoleic acid (for review, see Chilliard, 199®). The intercepts of such relationships
Demeyer, 1973; Demeyer & Hoozee, 1984). Incorporation indicate that between 6 and 10 g bacterial FA/kg DM intake
includes linoleic acid being deposited in polar lipids or free are synthesized, a value comparable with 12 g/kg DM intake
FA. When high levels of free FA are available incorporation derived previously. FA degradation by rumen microbes
exceeds synthesis, whereas the opposite obviously occurs im vitro is often minimal (Demeyer & Van Nevel, 1995),
the absence of added lipids (Demegeal 1978; Bauchart  but has been clearly observed in continuous culture
et al 1990). For the animal, bacterial lipids are more (Fellneretal. 1995). With concentrate diets, the extent of
important than protozoal lipids, as protozoa are largely hydrogenation of ¢ PUFA is high; higher for linolenic
retained in the rumen. The bacterial lipids are characterizedacid (50-80 %) than for linoleic (35-60 %) acid and is
by a high proportion of branched-chain and uneven- generally lower for high-concentrate diets than for low-
numbered straight-C-chain FA, synthesized from propionateconcentrate diets, as indicated in the literature (Dozeall
and/or amino acids. 1997). This finding is in line with the suggested specificity
The main lipid fractions are free FA and polar lipids, and of lipolysis, and is obviously related to variations in rumen
the FA composition reflects incorporation of dietary FA, as pH and in microflora, as discussed previously.
well as biohydrogenation and bacterial synthesis (Table 1).
Although considerable variability is apparent from the data
reported, it is clear that a mixture of liquid- and particle-
associated bacteria, when leaving the rumen, containsA striking feature of duodenal lipid composition is its high
between 100 and 200 mg lipid/g DM, its FA containing content oftransisomers, increasing with the completeness
between 5 and 15 mgans-18: 1 isomers/100 mg total FA, of rumen biohydrogenation of added unsaturated oils, this
as well as 2-20mg PUFA/100mg total FA, the higher factor being also determined by the balance between bio-
values being obtained with diets comprising PUFA-rich hydrogenation and outflow of oils (Table 2). Contents of
lipid supplements. This value is not to be ignored; per kg stereo-isomers and positional isomers of 18:1 are reported,
DM intake, a diet of maize silage contains about 4009 but it is clear thatis, trans-conjugated dienoic acids must
organic matter apparently digested in the rumen, equivalentalso be present in duodenal contents. Indeed, Netbé
to the production of about 120 g bacterial DM, representing (1974) have shown that sheep rumen micro-organisms

Rumen outflow of fatty acids

Formation of microbial fatty acids

Biohydrogenation anttansfatty acids

Table 1. Fatty acid (FA) composition (mg/100 mg) of rumen bacterial lipids

Reference... Mansbridge & Blake Weisbjerg et al. O'Kelly & Spiers Hussein et al. Bauchart et al.
(1997) (1992) (1991) (1995) (1990)
Crude fat or total FA 50-90 66-81 98-237 146-163 60-214
(mg/g DM)
SFA
Branched-chain 12.0 5.-3-11-4 11-4-17-6 - 3:0-14-7
Short-chain 73-0 51-8-54-6 61.2-72-2 65-2-67-8 39-8-64-7
trans-lsomers - 4-4-5-1 3.2-18-7* - -
MUFA 4.0 8-4-13-2 - 22-8-25-8 12.5-35-2
PUFA 4.0 1.3-0-8 39 5.6-55 6-3-19-9

* Mainly comprising the neutral-lipid fraction. SFA, saturated FA; MUFA, monounsaturated FA; PUFA, polyunsaturated FA.
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Table 2. trans-Octadecenoic acid (trans-18: 1) content of duodenal fatty acids (FA) in relation to oil feeding and biohydrogenation

Reference Dietary treatment trans-18 :1 (mg/100 mg total FA) Biohydrogenation (%)*
Wu et al. (1991) Diet: Alone 4.2 67-3

+ Ca salt palm oil (30 g/kg) 3:3 583

+ Ca salt palm oil (60 g/kg) 25 53-0
Enjalbert et al. (1994) Diet:+ soyabean oil (SO; 57 g/kg) 370 895

+ emulsified SO (57 g/kg) 349 90-9

+ Ca salts SO (67 g/kg) 115 64-3
Kalscheur et al. (1997) Diet: Alone 6-7 711

+ 18: 1 sunflower oil (37 g/kg) 185 79-5

+ 18: 2 sunflower oil (37 g/kg) 20-1 80-1

* Calculated as 100 — 100 (C;5 unsaturated FA in duodenum/C,g unsaturated FA in diet), according to Wu et al. (1991).

producetrans-11-18:1 together witltis-9, trans-11-18: 2 solubilize them in the micellar phase, allowing absorption in
in vitro, and that the concentrations of both compounds the jejunum. FA digestibility can only be measured reliably
reflect a product—precursor relationship when incubatedbetween the duodenum and ileum or faeces. A literature
with oils but not when incubated with free PUFA. survey revealed values ranging between 55 and 92 %.
Surprisingly, the feeding of high-oleate sunflower oil signif- Variability was not explained by the level of FA intake.
icantly increased thgans18:1 content in total duodenal Digestibility does not differ between;£and Gg FA and

FA, althoughtransisomers are not considered intermediates appears to be lower forbgand G, FA. Mean digestibilities

in the hydrogenation of oleic acidi§9-18:1). Thetrans for Ci1g FA are 77, 85, 83 and 76 % for zero, one, two and
11-18:1 isomer makes up at least 80 % oftthas-18:1 three double bonds respectively (Doreau & Chilliard,
isomers in accordance with the hydrogenation pathways1997m). It should be appreciated that values for 18:1
established for rumen bacteria. include the different isomers, whereas the low amounts of

18:3 may result in low accuracy of the estimates.

Techniques for decreasing biohydrogenation
Absorption and incorporation into milk and adipose

A natural protection against hydrogenation is given by the tissue lipids

coat of some oilseeds, but this protection is limited. More-
over, extruding oilseeds does not improve protection. Thus, Transport
fnoi(rqurggrfg rttr;%n pmz c(tjigga(;jfef(sa'eggtﬁflgi gg?ndstchh;dn:g)g?al n;ﬁ)hn'The epithelial cells are the site for esterification into tri-

have been evaluated. The first method to be developed wa cylglycerols and phospholipids, which are transported into

; e : ; e lymph as chylomicrons and VLDL, and further into the
the coating of emulsified oils with formaldehyde-treated ; . :
proteins. This technique is for the moment the most efficient blood where these lipoproteins are found together with LDL

. . -and HDL. LDL, VLDL and chylomicrons contain approx-
method of increasing the amount of PUFA absorbed (Gulati. .
et al 1997). Anothgr form of physical treatment Iea(ds to imately 10-15, 60 and 85mg triacylglycerols/100 g respec-

prilled fats (i.e. dry and coated fat grains protected againstt'vely' Most preformed FA are delivered to the mammary

rumen hydrogenation; Grummer, 1988), but the process hagland by LDL and VLDL. Although HDL account for

not been adapted for use with fats rich in PUFA. Ca salts areapproximately 90 % of blood lipids they consist largely of

. : hospholipids, cholesterol and cholesteryl esters, containing
generally considered as inert fats. Although they do not? . . .
affect microbial metabolism in the rumen, they are hydro- the major proportion of PUFA (Mansbridge & Blake, 1997).

genated even more when FA are unsaturated and rumen p Ipoproteins transport FA maln_ly to the mammary g_land n
is low, both factors increasing Ca salt dissociation (Ferlayfaatlgayniﬁattelliir?]g(ljs mainly to adipose and muscle tissue in
et al 1992; Van Nevel & Demeyer, 1996 The most recent 9 '

technique, which is at the experimental stage, is the use of
fatty acyl amides, which partially resist hydrogenation.
Butylsoyamide may increase the rumen bypass of linoleic
acid (Jenkingt al 1996). Uptake of HDL-FA by the mammary gland is poor, which
may explain the low PUFA content of milk fat. During
passage into these tissues, triacylglycerols are largely or
completely hydrolysed by a lipoprotein lipag&#(3.1.1.34).

FA reaching the duodenum are mainly adsorbed on feedThere is little further modification of preformed FA within
particles, bacteria and perhaps desquamated cells. Th#ese tissues, except for mild to extensive desaturation of
absence of monoacylglycerols in the ruminant duodenum ismedium- and long-chain FA, particularly 18:0, by a
compensated for by the presence of lysolecithins in bile andA9-desaturase. The result is a lower 18:0/18:1 value in
their production from bacterial phospholipids by phospho- these tissues compared with duodenal digesta, a mechanism
lipases. Together with bile salts they desorb the FA andthought to ensure fluidity of tissue and milk. Adipocytes and

Uptake by adipose tissue and by the mammary gland

Digestibility
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mammary gland tissue incorporate chylomicron-derived FA efficiency of milkv. body tissue production. Turnover time
into triacylglycerols, using glycerol formed from glucose. of adipose tissue lipids varies with the level of feeding,
The specificity of FA distribution within the triacylglycerols physical activity and lactation, and may be up to hundreds of
is determined during the esterification of glycerol-3- days. FA are liberated from adipose tissue for transportation
phosphate with two FA, followed by the incorporation of a as albumin-bound non-esterified FA to tissues requiring
third FA into the dephosphorylated 1,2-diacyl-3-phosphate. them for oxidative energy. Complex regulation of lipolytic
Short-chain FA in milk triacylglycerols are, for example, activity occurs by both short- and long-term mechanisms,
esterified specifically at the 3 position. The FA distribution the former involving the action of a hormone-sensitive
in adipose triacylglycerols conforms to the general rules lipase, activated by adrenaline and inhibited by insulin. In
formulated by Brockerhoff (1966) for mammalian depot tri- the mammary glandje novosynthesis is responsible for
acylglycerols, i.e. saturated FA predominantly in the posi- practically all FA up to & (short-chain FA) and for about
tion snl, shorter-chain and unsaturated FA largely in half the medium-chain FA (12:0-16:0). The other half of
positionsn2 and Gg and longer-chain FA in positicsn-3. the medium-chain FA and practically all long-chain FA
The branched-chain FA are mainly found in positoeR, (18:0 and longer) are derived from blood FA originating
whereas th&rans-18: 1 isomers are distributed in a different from the diet or from mobilization of body fat stores (Baer,
manner from theis-isomers §n-2 position) and are mainly  1996). About 30 % of milk fat is derived from acetate and
found in thesn-3 position (Christie, 1981). Phospholipids perhaps 5 % frorfi-hydroxybutyrate (Fredeen, 1996).

are formed through reactions between diacylglycerols and

cytidine phosphate components, involving specificity of the

acyltransferases involved. Preferential retention of polyunsaturated fatty acids

Ruminants attempt to specifically retain the small amounts
Synthesisle novo of PUFA that escape hydrogenation by preferentially
incorporating them into plasma cholesteryl esters via the
lecithin-cholesterol acyl transferade 2.3.1.43) pathway.
It is also clear that they selectively incorporate polyenoic
and direct incorporation are regulated and balanced in relaaCIdS into membrane phospholipids. Hoyvever, the ruminant
has probably developed other mechanisms for the prefer-

tion to optimal fluidity of both adipocyte and milk lipids and ¢ 0" etention of PUFA. Vernon & Flint (1988) suggested
membranes. Adipose tissue is the major site of FA Synthes'ﬁimited oxidation of linoleic acid in ruminants, based on the

in ruminants, except during lactation when the mammary finding that malonyl-CoA is much more effective in inhibit-
gland becomes the predominant site. Synthesis of FA up to|ng carnitine acyltransferase when linoleyl-CoA is the
palmitic acid takes place in the cytoplasm from acetyl-CoA g i rate than when palmityl-CoA is the substrate in sheep
and [(-hydroxybutyrate derived from mitochondrial

oxidation. Mitochondria elonaate palmitic acid to longer FA liver, whereas the converse occurs in rat liver. Nevertheless,
up 10 G .whereas microsomges alroe capable of elon gation aSbecause of extensive rumen biohydrogenation, it has been

P 2 X pabl 9 suggested that ruminants can be delicately balanced in
well as desaturation of FA Cig. Ruminants, as all

- . respect of their essential FA status (Aséeal 1995).
mammals, in contrast to plants, are incapable however of the

introduction of double bonds at C-9, counted from the
carboxyl group and the methyl end of the chain (Gurr &
James, 1980). In the mammary gladd,novosynthesis is
limited to short- and medium-chain FA (up to 16:0) that can Milk fat consists predominantly of triacylglycerol
be esterified only into then2 andsn3 positions of the (98 mg/100 mg) with phospholipids and sterols comprising
glycerol backbone, thus the rate of FA synthesis in theless than 1 and 0-5mg/100 mg total lipid respectively. Over
mammary gland is dependent on the simultaneous supply 0600 FA are found esterified in the triacylglycerols. Their
exogenous FA. Fatty acyl-CoA esters inhibit acetyl-CoA composition reflects the nature of dietary lipids, as well as
carboxylase EC 6.4.1.2) in adipose tissue and mammary the effects of rumen FA metabolism and FA synthesis in
gland, and it has been shown with dispersed epithelialintestinal, mammary and adipose tissue. Saturated FA
cells of both bovine and goat mammary glands that FA reaching the mammary gland are further desaturated by
synthesized from acetate £&,¢) were incorporated into  mammary desaturase activity, resulting in a lower
triacylglycerols, depending on the type and amount of 18:0/18:1 value in milk. duodenal digesta, a mechanism
exogenous FA added; palmitic acid stimulated synthesis andused by the ruminant to preserve the fluidity of milk. The
incorporation, whereas stearic and linoleic acids were predominant FA in milk are the short- and medium-chain
inhibitory (Hansen & Knudsen, 1987). saturated FA (mainly 12:0, 14:0 and 16 : 0), accounting for
about 50mg/100mg total FA, and the long-chain FA
: (mainly 18:0 and 18:1) accounting for about 45mg/100
Tumover and the balance between synthesis and mg total FA and including small amounts of PUFA (2—3 mg,
Incorporation 18:2 and 18:3/100 mg total FA). The remainder consists of
As with all living tissues, the amounts of adipocyte lipids branched-chain and uneven-numbered saturated FA derived
are the net result of both synthesis and degradation. Milkfrom bacterial lipids, as well as a series todins- and
lipids, however, are secreted and thus subject to little turn-positional isomers of 18:1 and 18:2. As discussed earlier,
over, this difference explaining the higher energetic the distribution of FA over the three glycerol-C is not

Biosynthesis of adipose and milk lipids uses diet-derived
FA as well as FA synthesizetk novofrom acetate. The
effect of the former is limited, however, @s novosynthesis

Dietary methods for modifying milk fat
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random and triacylglycerols from,g£to Gs4 are present
(Kennelly, 1996; Mansbridge & Blake, 1997).

Such FA composition does not suggest a ‘healthy’ food,
in view of the demonstrated serum LDL-raising properties
of both saturated short- and medium-chain FA (Nicolisi
1997) and oftrans-unsaturated FA (Ip & Marshall, 1996).
Furthermore, milk fat consumption cannot contribute to an (a)
improvement in the PUFA intake and the:n-6 value in
human nutrition, as recommended in a number of dietary
guidelines (Truswell, 1995). The proposal of an ‘ideal’ (b)
nutritional fat by the Wisconsin Milk Marketing Board,
enriched in monounsaturated FA82 %) and low in
saturated FAL8 %; cited, for example, by Baer, 1996), and
the new economical conditions of dairy production, espe-
cially in the EU, have resulted in pressure for a limitation of (c)
the production of milk fat and optimization of its FA
composition.

Indeed, a number of countries outside and inside the EU(d)
value protein higher than fat with respect to milk payments,
in line with the significant worldwide decline in the demand
for milk fat, both as a result of substitution of vegetable
spreads for butter and a consumer preference for milk with a
reduced fat content (Kennelly, 199@Murphy & O’Mara,

1993). In contrast to milk fat content, milk fatty acid

Fat
the

D. Demeyer & M. Doreau

Effect of dietary fat

supplements have been shown to influence more than
reduction in the supply of precursors for fatty acid

synthesis in the mammary gland. The following effects have
' been documented:

an inhibition of FA synthesis through inhibition of
acetyl-CoA carboxylase in both mammary and adipose
tissue (Vernon & Flint, 1988);

an inefficient incorporation of PUFA, and particularly
of the fish oil Gg and G, FA and thetransisomers
derived from rumen biohydrogenation, into the
1-monoacylglycerols required as acceptors for the
newly-synthesized FA (Hansen & Knudsen, 1987);

an inefficient incorporation ofrans v. cis-FA into
small and large triacylglycerols, not mediated at the
level of lipoprotein lipase activity (Gaynet al. 1994);

a specific reduction in insulin-dependent amino acid
non-insulin-dependent glucose and FA uptake by the
mammary gland, due to an induction of insulin resist-
ance by FA, leading to a reduction in milk protein
content (Palmquist & Moser, 1981). This reduction is
brought about to the same extent by lmthandtrans
18:1 isomers (Gaynat al 1996).

composition only shows nutritionally insignificant
differences between cattle breeds (DePet¢ral 1995).
Nutrition, and in particular fat supplementation, may alter
milk fatty acid composition towards that advised in
nutritional guidelines.

Table 3 shows data illustrating a 23 % decrease in the
short- and medium-chain FA content with a corresponding
30 % increase in the long-chain FA content as the result of
supplementation with oil seeds. The latter increase mainly
involves oleic acid. These effects are intensified by heat

Table 3. Effect of dietary unsaturated fat addition on milk fat yield and fatty acid (FA) composition (mg/100 g FA)

Murphy et al. (1995)* Chouinard et al. (1997)t

Butantu (1996)% Chilliard et al. (1999)8

P FFS GSB RSB MS+C TSB S+C FO
4:0 25 25 3:3 3-3 3-8 3-8 4.2 37
6:0 1-9 1-6 25 25 2-3 1.7 27 2-3
8:0 1.2 0-9 1-6 1-4 1.3 0-8 1-6 1-4
10:0 2-6 1-8 4.1 3-8 3-6 2:2 39 37
12:0 32 2-0 37 35 3-8 25 4.8 4-8
14:0 111 7-4 10-3 9-8 12-3 9.7 11-8 12-0
14:1 1-9 1.2 0-8 0-7 - - 1-1 1-0
16:0 23-8 19-7 23-8 22-0 35-6 27-9 28-9 27-0
16:1 25 2:2 1.8 1.9 - - 23 25
SMCFA 50-7 39:3 51-9 48-9 62-7 48-6 61-3 58-4
18:0 111 14-2 15-4 15-3 10-8 12-8 7-2 2-3
18:1, trans-11 2-3 36 - - 1-1 12-5
18:1, cis-9 28-5 35-1 20-6 21-9 248 34-8 16-5 5-9
18:2 1-8 4.8 5-3 5-8 1.7 3-8 2:0 1.7
18:3 0-6 0-9 1.2 1.2 - - 0-3 0-2

20:0 — - 04 0-4 - - - -
20:5 - - - - - - 0 0-3
22:6 - - — — — - 0 0-4
LCFA 42-0 55.0 45.2 48-2 37-3 514 27-1 233

Milk fat yield: g/d 539 558 1160 1140 887 977 783 567
g/kg 375 38-1 36-5 34-2 42-0 40-4 354 25-1

SMFCA, short- and medium-chain FA (up to 16: 0); LCFA, long-chain FA (from C,g on); P, pasture; FFS, toasted full-fat soyabeans; GSB, RSB, TSB, ground, roasted
and toasted soyabeans respectively; MS + C, maize silage and concentrate-based diet; S+C, silage and concentrate-based diet; FO, fish oil.

* Cows on P were fed on 3-2kg FFS/d.

T Holstein cows were fed on a mixed ration of silage and maize with GSB or RSB at 175 g/kg DM in the total ration.

¥ Cows were fed on MS+C with or without TSB (65 g/kg DM in the total ration).

§ Also, Y Chilliard, JM Chardigny, J Chabrot, A Ollier, J-L Sebedio & M Doreau (unpublished results). Holstein cows were fed on S+C with or without FO (300 ml).
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treatment of the soyabeans (Chouinard et al. 1997).available suggesting that th@ansFA present in milk and
However, experiments vitro indicated inhibition of bio- beef may not have the same negative characteristics as those
hydrogenation by roasting soyabeans (Restdl 1994). In present in partially-hydrogenated vegetable and fish oils
contrast with soyabean oil, fish oil supply modifies the (Willett et al 1993; Zock & Katan, 1997).
proportion of short- and medium-chain FA to a small extent, The highest levels dfans-18:1 in milk are found with
suggesting that inhibition of FA incorporation and inhibition diets containing fish oil and oils rich in linoleic acid, which
of de novesynthesis are both associated with the decrease imre biohydrogenated in the rumen, and diets containing
fat content. partially-hydrogenated oils which contain differardns
18:1 isomers. Surprisingly, Kalscheet al (1997) have
observed an increasetimns-18: 1 after feeding high-oleic
sunflower oil, and attribute this effect to a sufficient amount
of dietary linoleic acid available for biohydrogenation. The
Until now, the only way to increase the linoleic acid content response ofrans18: 1 content in milk to increasing levels
in milk has been to use oils protected by protein coating of dietary linoleic acid has not been established. It can be
(Kennelly, 1996). Unprotected oils or seeds and Ca salts of hypothesized, however, that combining a high-concentrate
PUFA do not give a linoleic acid content in milk higher than diet with a supply of fish oil or oils rich in linoleic acid may
5mg/100 mg total FA (Doreast al 1997). The positive  enhance the production wéns-18: 1 due to a slower rate of
influence ofn-3 PUFA on cardiovascular diseases (Kinsella hydrogenation in the rumen.
et al 1990) suggests it would be of benefit to increase such Transisomers of 18:1 are considered to have a major
FA in milk. role in the mechanisms for milk fat reduction described
Table 3 also illustrates the low transfer efficiency of earlier, and there is a patent describing their use for the
20:5-3 (9-3 %) and 22163 (16-2 %) into milk-fat triacyl- regulation of milk fat content and milk yield (Erdmanal
glycerols. This finding contrasts with the values of 35-40 % 1995). However, their concentration in milk fat does not
obtained after post-rumen infusion (Hagemeisteral always indicate a reduction in milk fat (Kalscheatr al
1988). A probable explanation relates to the partial, but 1997). Recent work, summarized by Griinatial (1997),
significant, hydrogenation of the fish oil FA, demonstrated suggests that the production in the rumen oftthes10-
recently bothin vivo andin vitro, as mentioned previously. 18:1 isomer and its transfer to milk lipid is specifically
Obviously, further research is needed to clarify the contra- responsible for the reduction in milk fat. The isomer would
diction with negative findings in this respect (Ashsal not be prevalent in thieans-18 : 1 mixture present in partly-
1992), as well as the surprising stimulatory effect of fish oil hydrogenated fats. The occurrence of this isomer would be
on rumen fibre digestion reported by Doreau & Chilliard specifically associated with concentrate feeding, but not
(1997a). As described for linoleic acid, an enrichment of with roughage feeding.
linolenic acid in milk is possible using efficiently protected
linseed, whereas the intake of unprotected linseed generally
does not result in an increase in milk linolenic acid
(Kennelly, 1996). The potent anti-carcinogenic properties of CLA have been
widely shown using experimental animals and in epidemio-
logical studies (Belury, 1995; McGuigt al 1997). Among
human foods, dairy products and beef are especially rich in
An increase in the 18:1 content of milk fat is associated CLA (Kelly & Bauman, 1996). This specificity can be used
with an increase inrans18:1 isomer content, a change to promote ruminant products, or at least limit the decrease
considered of importance in human nutrition (Wolff, 1995). in their consumption. Moreover, compared with milk, dairy
Indeed, human consumptiontodins 18 : 1 isomers has been  products may have a higher content of CLA; processing may
shown to be related to the incidence of CHD (Wilétal involve oxidation with free radical formation, followed by a
1993), and dietary studies with human subjects havereduction, yielding an increased CLA concentration (Lin
revealed their raising and lowering effects on LDL- and et al 1995). Four isomers have been foucid:9 trans11,
HDL-cholesterol respectively (Zock & Katan, 1997). cis-8 trans10, cis-11 trans-13, cis-10 trans-12, the first
Dietary guidelines often stipulate thatansFA intake isomer being quantitatively the most important. The
should not increase (Truswell, 1995). In line with this comparative significance of these isomers for health
situation trans-FA content in margarines has been shown to remains to be established. Abomasal infusion of CLA
have decreased in recent years (Precht & Molkentin, 1997;caused an increase in batls- andtransisomers in milk
Zock & Katan, 1997). Using combined argentation TLC and CLA, showing a digestive origin (Chouinaed al. 199&)).
GC, it was recently established, however, thahs18:1 However, a possible synthesis in the mammary gland from
isomers in milk fat predominantly comprise ttrans11 trans11 by theA9-desaturase has been shown (@&drél
positional isomer, in line with the composition of rumen and 1998).
duodenal contents (Precht & Molkentin, 1995), although the  With winter diets not supplemented with lipids, the CLA
trans-11 isomer represents more than 80 mol/100tnaols content of milk is less than 1 mg/100 mg total FA. Pasture
monoenes in rumen lipids but only 40-60mol/100 mol significantly increases the CLA content. However, the more
transmonoenes in milk fat (Griinariet al 1997). In marked effect is associated with supplementary FA (Table
partially-hydrogenated oils, however, amounts oftthas 4). From these findings it is clear that (1) saturated and
9, -10 and -11 isomers are almost equal. Also, evidence ianonounsaturated FA do not increase CLA; (2) the maximal

Enrichment in linoleic acid and-3 polyunsaturated
fatty acids

Increasing the conjugated linoleic acid content of milk

Transfatty acids
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Table 4. Effect of dietary lipids on concentration of conjugated linoleic acid (CLA) in milk (mg/100 mg total fatty acids)

Reference CLA<0-8 CLA 0-8-1-6 CLA>1-6
Dhiman et al. (1997) Raw and roasted cracked soyabeans Soyabean oil
Linseed ol
Kelly et al. (1997) Peanut oil Sunflower oll
Linseed oil

Chilliard et al. (1999) Fish oil

Chouinard et al. (1998a)  Untreated, roasted and micronized soyabeans Rapeseed Ca salts Soyabean Ca salts
High-oil maize Extruded soyabeans Linseed Ca salts
Tallow Fish oil

Dhiman et al. (1998) Extruded soyabeans
Extruded cottonseeds

Griinari et al. (1998) Sunflower oil

Rapeseed Ca salts

increase in CLA is obtained with free oils rich in linoleic increases fat deposition so that there is a great emphasis on
acid or salts of their FA, and in oils rich in 20:5 and 22:6; the production of entire males, especially in southern and
(3) a lower increase is obtained with oils rich in linolenic western Europe.
acid. A positive relationship betweérans18:1 and CLA Triacylglycerols in intramuscular adipocytes, associated
was found by Liret al (1995) and Jiangt al (1996). This with the epi- and endomysium, determine the ‘marbling’ of
finding is consistent with the highest values found with oils meat, which increases with the age of the animal. Lipid is
rich in linolenic acid and with fish oil, both of which induce also present, as intracellular lipid droplets, in muscle fibres,
large amounts ofrans18:1 FA. This finding may also and at higher concentrations in red muscle than in white
explain why the effect oftrans18:1 is not always muscle. In addition to triacylglycerols in adipocytes and in
positively related to an increase in cardiovascular disease®il droplets, intramuscular lipid also comprises the
(Wolff, 1995). However, it has been hypothesized that membrane phospholipids of the muscle fibres. Whereas
CLA may decrease butterfat content, independently of extraction of the triacylglycerols can be done using non-
the positive relationship withrans-18:1 (Griinari et al polar solvents such as diethyl ether, extraction of total lipids,
1997). including membrane phospholipids, requires the use of more
polar solvents such as chloroform—methanol. Mean values
calculated from data reported by Christie (1981), Larick &
Control of adipose and muscle tissue lipids Turner (1989), Ashest al (1995) and Gandemer (1997)
show that FA in phosphatidyl choline and phosphatidyl
ethanolamine make up 48-%g(0-7) and 25-3sg 2-0)
In ruminants, lipids are mainly accumulated as triacyl- mg/100mg total membrane phospholipid-bound FA
glycerols in adipocytes, located in subcutaneous, inter- andrespectively; 20-30 % in each fraction being recovered as
intramuscular adipose tissue, and abdominal, e.g. perirenaplasmologen analogues. It is claimed that total intra-
and omental fat depots. Total dissectable fat in a beefmuscular lipid content is very important for sensory
carcass varies approximately between 100 and 400 g/kgevaluation of beef, especially of texture and flavour.
about half of which is subcutaneous and intermuscular fat.However, meat preparation and/or cultural differences have
With increasing animal weight, the proportion of subcut- a considerable effect on sensory evaluation, since minimal
aneous fat increases more than that of intermuscular tissuantramuscular fat contents for optimal sensory quality vary
i.e. it has a higher relative (allometric) growth rate. Different between 15 and 30g/kg for Denmark and the US
regions of subcutaneous fat also grow at different rates, andespectively (Wood, 1990). With decreasing total intra-
the rate of increase in intramuscular lipid is less than that inmuscular lipid content, the relative importance of phospho-
dissectable fat (Wood, 1984). Young fat tissue has a highlipids in total lipids increases. Indeed, as adipocyte size is
proportion of water and connective tissue and a low propor-lowered, or less adipocytes are present, amounts of muscle
tion of lipid, contained in small cells. When the animal gets fibore membranes remain relatively constant.
older, fat depots, especially internal depots, increase mainly
through an increase in cell size, with a decrease in the
proportion of water and connective tissue in the tissue and a
colour change from grey to more white. The fat cell
diameter in adult animals may vary between 100 and There are important breed differences in the proportions of
250pm, indicating more than an eightfold difference in body fat in the various depots. Breeds noted for beef produc-
storage capacity (Lawrence & Fowler, 1997). Female tion have a higher value for dissectable :intramuscular fat
animals deposit more fat than males, and castrationthan breeds noted for milk production, as shown in Table 5,

Nature and development of fat depots

Breed and conformation effects on adipose tissue
distribution
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Table 5. Carcass and intramuscular fat content of Holstein, double-muscled (DM) and dual-purpose (M) Belgian Blue (BB) cattle fed on different

diets
Reference Animals and diets Dissectable fat in carcass (g/kg)  Intramuscular fat in longissimus thoracis* (g/kg)
Fiems et al. (1998) DM BB bulls of about 700 kg
High-energy 131 9-3
Low-energy 123 8-6
Minet et al. (1996) Bulls of about 500-550 kg
Holstein 252 46-4
MBB 242 220
DM BB 116 7-5
DM BB bulls of about 600 kg
Control: Alone 134 6-8
+ Milk fat 137 8-8
+ Vegetable fat 149 11.2
Webb et al. (1998) DM BB cows of about 700 kg 126 11.2

* Extracted with chloroform—methanol in Webb et al. (1998); determined by near i.r. reflectance spectroscopy in Fiems et al. (1998); procedure not mentioned in Minet
et al. (1996).

also illustrating the low intramuscular fat content of double- from ruminants, and some of these may be important in
muscled Belgian Blue cattle compared with Holstein cattle. flavour determination of meat and meat products (Christie,
Furthermore, the subcutaneous fat:dissectable fat valuel981). It is generally recognized that beef fat has a more
increases with meat yield. For the same degree of subjectivesaturated nature than pork and poultry fat, because of the
EU carcass fatness classification (e.g. 2; EEC, 1981, 1991)piohydrogenation processes in the rumen (Demeyeal
based to a large extent on visual inspection of the subcut-199%). This statement cannot be generalized, however.
aneous fat cover, the carcass dissectable fat contentThere are, for example, clear indications of specific deposi-
estimated by dissection of a one-rib cut, decreased withtion and/or metabolism (desaturation) of absorbed FA in the
increasing conformation, the EU classification of muscular- various triacylglycerol depots. As in all large animals, inter-
ity (EEC, 1981, 1991), from 200 to 123 g/kg. This finding nal fat depots in mature animals are characterized by high
suggests that the relative importance of subcutaneous tissuproportions of saturated FA. Saturation, characterized by the
in total adipose tissue increases with increasing muscularityl8:0/18:1 value, decreases with decreasing distance from
(G Van de Voorde, S De Smet and DI Demeyer, unpub-the animal's exterior. Effects of temperature differences
lished results). between these sites on desaturase activity are held partly
responsible for this finding. In contrast to pigs, the
concentration of saturated acids in fat depots decreases with
age and body fat content in cattle (Wood, 1984). This find-
Beef lipid composition, as well as that of milk fat, reflects ing seems to be limited to domesticated cattle, however, as
rumen metabolism of dietary lipids. Relative amounts of adipose tissue triacylglycerols of lean African wild
‘unusual’ odd-chain, branched-chain amans-monoenoic ruminants were found to contain higher proportions of
acids of 3-3, 2-7 and 4-2mol/100 mol total FA respectively unsaturated FA, possibly because of dietary differences
have been reported. The multi-branched FA pristanic and(Sinclair & O’Dea, 1990). Effects of breed are illustrated by
phytanic acids are present, whereastthes-18:1 seriesis  the more saturated character of Hereford cow subcutaneous
dominated by thdrans-11 isomer (Christie, 1981). Beef adipose tissue compared with that of Brahman cows
meat and beef tallow display slightly higher relative (Huerta-Leidenzt al 1993). The effect of site is illustrated
proportions oftrans-10- andtrans-11-18:1 (approximately  for double-muscled animals in Table 6.
65 mol/100 mol totatrans-18:1 isomers, which represent The data in Table 6 also illustrate that the triacylglycerol
4-9 6D 0-9) mol/100 mol total FA) compared with butterfat fraction of intramuscular lipids shows a FA composition
(55-60 mol/100 mol totakrans18: 1 isomers), the opposite similar to that of subcutaneous fat. The phospholipid
being found fortrans-13- andtrans-16-isomers. This find-  fraction on the other hand is probably fairly representative
ing would indicate that some subtle differences exist in theof the membrane structure and is characterized by high
metabolic selectivity for individualtrans18:1 acids levels of PUFA, particularly linoleic and arachidonic acids.
between the mammary gland and muscles or adipose tissuln fact, skeletal muscle appears to be a major repository
(Bayard & Wolff, 1996). In earlier work, the same group for these essential FA in ruminants (Christie, 1981).
reported higheitrans-18:1 contents in total FA for beef Concentrations of total FA in thd. longissimus thoracis
tallow (4-6 mol/100 mol) than for meat (1-95mol/100 mol). increased with increasing carcass fat contentO-@1),
Intramuscular trans18:1 was concentrated in triacyl- the increase being limited to the triacylglycerol fraction, a
glycerol-FA (2-53mol/100 mol), and much less in polar finding also illustrating the distinctive nature of the polar
lipid FA (0-76 mol/100 mol; Wolff, 1995). lipid fraction. The concentration of FA in the latter amounts
Saturated and unsaturated aldehydes, possibly derivedo 3-1 mg/g wet tissue, a value similar to those reported by
metabolically from FA, have been detected in adipose tissuelLarick & Turner (1989) and Gandemer (1997). The PUFA

Fatty acid composition
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Table 6. Fatty acid (FA) composition (mg/100 mg FA) of muscle and adipose tissue lipids of double-muscled Belgian Blue cows (Webb et al.

1998)

Intramuscular fat Intermuscular fat
FA PL (3:1)* TAG (8-1)* M. serratus M. transversalis Perirenal fat Subcutaneous fat
14:0 0-25 2.15 2.52 2.17 2.21 2.62
16:0 14-61 27-19 25.98 25-43 23.71 27-41
16:1 2.87 3:35 2-86 1.88 1.44 3-99
18:0 12.58 16-12 18-08 25.74 30-82 12.79
18:1 19-11 43-10 42.17 36-67 34.02 44.80
18:2 23:10 2-44 2-33 2-49 2:41 2:21
18:3 3.57 0-63 0-73 0-79 0-71 0-71
20:4 5.88 0-00 - - - -
Other 18-03 5.02 5.34 4.82 4-69 5-46

*mg FA/g wet tissue; PL, polar lipids; TAG, triacylglycerols.

content in the polar lipids (32:6 mg/100 mg) is similar to decreases in carcass fat content of up to 28 % were
recent values reported for beef (21-5-38-7 mg/100 mg), a®bserved. This finding might be explained by inhibitions of
well as for pork (29-9-38:7mg/100 mg; Demeweral. de novoFA synthesis, as reported with dairy cattle. From
1999). their own results, summarized in Table 7, it is clear that
Because of the low content of total intramuscular lipid, its unsaturated oils provoke effects comparable with those
FA composition is determined to a large extent by that of theobserved in milk fat: a decrease in short- and medium-chain
polar lipid fraction and is similar to that of pork intra- FA content, and an increase in long-chain FA, mainly 18: 1.
muscular lipids, characterized by high and low contents of These effects are less pronounced in intramuscular lipids
PUFA andrans-FA respectively, an important finding from and with heat-treated beandree oils. With free 0il 18:2 is
a nutritional point of view. In summary, dissectable fat of preferentially retained in intramuscular lipids, again reflect-
lean animals is more saturated than that of fat animals,ing the separate metabolic importance of muscle polar
whereas the opposite is true for intramuscular fat. lipids. Heat treatment of soyabeans seems to protect 18:2
from biohydrogenation, as discussed earlier. As with dairy
cattle, evidence is available suggesting that fat supplement-
ation induces effects beyond changes in the proportion of
Unlike milk production, lean beef production is not limited dietary and newly-synthesized FA as substrates for fat
by energy intake. However, fats may be cheaper alternativesynthesis. Van Eenaemst al (1991) have shown, for
in feed formulation, and their use allows modification of example, that fat supplementation increased plasma insulin
beef FA composition, providing other incentives for the levels with a reduction in blood glucose levels.
increasing practice of fat supplementation in beef produc- It is more difficult to justify dietary interventions to
tion. From a literature survey, Clinquaet al (1995) change the FA composition of beef fat than it is for milk fat.
conclude that, in general, fat addition to a finishing diet Indeed, beef dissectable fat is not consumed directly and is
results in improved weight gain at lower intakes associatedused as tallow in food and non-food industries. Furthermore,
with a 5-15 % higher fat content of the carcasses. Atintramuscular FA composition has been shown to display a
incorporation levels higher than 5 %, however, growth may favourable PUFA content in very lean animals (Webhl
be impaired, possibly related to impairments in both diges-1998). The further development of lean animals with low
tion and intake; the authors cite two non-published intramuscular fat content seems to deserve more support
experiments from their laboratory, however, in which than dietary intervention. Management of feeding may also
contribute to a better partitioning of fat deposition. Feeding
animals at low intake levels, followed by re-alimentation,
increases the proportion of subcutaneous lipid, at the
expense of intramuscular lipid (Horniek al. 1998). How-
ever, as it seems that the very low intramuscular lipid levels
of about 10g/kg may impair sensory quality, a higher
content of intramuscular triacylglycerols enriched in PUFA

Effects of fat feeding

Table 7. Percentage change in fatty acid (FA) composition of peri-

renal and intramuscular (longissimus thoracis) fat by dietary addition

of soyabean oil (33g/kg) or heat-treated soyabeans (150 g/kg)
(Clinquart et al. 1995)

Soyabean oil Heat-treated soyabeans through dietary means may be a goal to pursue further. Also
FA Perirenal  Intramuscular ~ Perirenal  Intramuscular in the intramuscular lipid of very lean animals, an improve-
ment in then-3:n-6 PUFA value may be suggested. In
SMCFA —21-2 -10-8 —3-8 -1-5 contrast to milk, sheep muscle intramuscular lipids
122 +;212 122 Iﬁf—, ;gi specifically retainech-3 PUFA (20:5n-3 and 22:6n-3),
: ' ’ ’ ' added to the diet as a rumen-inert fish oil preparation (Ashes
18:2 -8-7 +7-1 +4.5 +3-8 .
et al 1992). Then-3:n-6 value was increased from a control
SMCEA, short- and medium-chain FA. value of 0-20 to 0-54. Such changes are observed mainly, or
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only, in the phospholipid fraction, whereas little or m8 elicits a series of metabolic effects in the animal when
PUFA are retained in the triacylglycerols, in contrast to pigs infused intravenously (Armstrong & Spears, 1988).
(Wood & Enser, 1997). Chain elongation occurs since Consumer and governmental aversion is even greater
dietary linseed oil also increases 201-8 in intramuscular against the use of production modifiers active at the animal
total lipids and phospholipids (Vatansewtral. 1998). On tissue level, although reduction of short- and medium-chain
the other hand, it has been clearly shown that linseed oilFA and increases in long-chain FA in milk fat have been
supplementation increases 18:3 in adipose tissues achieved in cows treated with bovine somatotropin (Baer,
(Clinquartet al 1991). In more detailed work, Ashesal 1996). Direct interference with mammary tissue metabolism
(1995) discuss the specific substitution of 20:5 for 20:4 in through genetic manipulation has been suggested for
the phosphatidyl inositol of membrane phospholipids. They reduction of acetyl-CoA carboxylase, the enzyme regulating
refer to the associated changes to be expected in the natue novosynthesis of fat (Chalupet al 1996). A detailed
and effects of phosphatidyl inositol-derived secondary proposal for the development of a recombinant bovine
messenger molecules. In a more general approach, thesstearoyl-CoA desaturaseC 1.14.99.5) for use in selection
effects include possible changes in gene expression (Jum@and/or treatment of milk subsequent to its removal from the
et al. 1996) and immune reactions (Miles & Calder, 1998), cow is available (McFadden & Trumble, 1997). Again,
mediated through altered prostaglandins and leukotrienesconsumer acceptance of such technologies is questionable.
when muscle membrane PUFA are modified. As discussedThe limitation on the use of tallows in the UK because of the
for milk production, such considerations, also related to ani- risk of transmission of factors linked to bovine spongiform
mal welfare, should be taken into account when evaluatingencephalopathy is perhaps the best example of the care that
methods for dietary manipulation of muscle lipids. They should be taken when proposing dietary or other inter-
should be of similar importance to considerations of the ventions. In an excellent paper that should inspire animal
greater susceptibility to oxidation and flavour defects of production as a whole, Fredeen (1996) states that modifi-
PUFA-enriched meat and meat products (Gandemer, 1997)cation of milk composition via nutrition should not be
Similar considerations should indeed apply for further approached simply from the point of view of economic
selection and breeding of double-muscled cattle (Demeyeradvantage. Environmental, welfare and moral consider-

et al 199%). ations should also be considered, analogous to a general
The use of tissue active growth promoters as well asquality concept for animal production (Demeyer, 1997). For
direct immunological depression of body fat (Flett al example, dietary supplements should also be evaluated for

1994) will not be discussed here. Indeed, regulatory and/orenvironmental effects related to, for example, methano-
consumer attitudes do not (yet) allow such technologies.genesis (Donget al 1997), whereas the role of pasture
Also, they may adversely affect sensory meat quality (Fiemsconcentrate feeding in providing more acceptable
et al 1990). unsaturation of milk fat (Murphgt al 1995) and improve-
Finally, it should be realized that, as was observed for ment of PUFA-derived flavour compounds in dairy products
milk production, simple feeding practices may go a long (Urbach, 1990) should perhaps receive more attention,
way towards optimizing beef FA composition. From data related also to the need for extensification. Finally, the
presented by Wood & Enser (1997)3:n-6 values for greater susceptibility to oxidation and flavour defects of
PUFA in intramuscular lipids of 0-12 to 0-77 can be calcu- dairy products enriched in PUFA should be considered
lated for concentrate- and grass-fed cattle respectively. ThigDoreau & Chilliard, 1996, Doreauet al 1997).
finding suggests that the higher level of 18-38normally
found in meat compared with milk is due to a more efficient
incorporation into intramuscular lipids than into milk lipids
rather than to the concentrate feeding of fattening animals.The authors thank D. Baeyens, J. Chabrot, A. Christophe,
The difference, however, was partly due to a lower 18:2 W. De Greyt, S. De Smet, R. De Schrijver, L. Fiems, V.
meat content for the concentrate-fed animals (Eesat Fievez, J.L. Hornick, L. Istasse, E. Teller, J. Van Camp and
1998) C. Van Nevel for help with the literature search, inter-
pretation of data and preparation of the manuscript. Part of
the work reported by D. D. was supported by the IWONL,
Ministry of Agriculture, Brussels.
Processing of feed for fat protection may not be acceptable
to consumers or governments, as illustrated by the refusal to
accept formaldehyde treatment, in spite of extensive experi- References
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