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SUMMARY

Conjugated linoleic acids (CLA) belong to the family of recently discovered 
anti-cancer factors found in milk fat. In order to exert a significant protection 
against the development of cancer, intake of CLA should be increased, which 
can be accomplished with the consumption of food products with enhanced 
CLA level. The increase of CLA content in milk fat can be obtained through 
feeding by modification of the biological hydrogenation processes in the 
rumen. The factors which exert an effect on the amount of CLA formed 
in conjunction with feeding are the amount and composition of the oil 
supplementation, the stage of the fat in the diet (e.g. free fat addition or fat 
within seeds), the structure of the fat-carrier, the fiber content and energy 
level of feed and the feeding regimen. While assembling diets the above factors 
should be applied in such a manner that paralell with the increase of CLA 
content of milk fat possible negative effects due to emerged oil consumption 
e.g. milk fat depression, decrease of the digestibility of nutrients and that of 
feed intake would be minimized.
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INTRODUCTION
Milk fat recently was considered unamously to be 
harmful for human health due to its high saturated 
fatty acid content. Nowadays results of new researches 
pointed out that it contains components which 
may exert positive effects on health. Conjugated 
linoleic acids (CLA) have been shown to inhibit the 
development of skin and stomach cancer in mice 
(Pariza and Hargraves, 1985; Ha et al., 1987, 1990), 
and that of breath cancer in rats (Ip et al., 1991, 
1994), and exert a cytotoxic effect on the cell cultures 
of human tumor cells (Schultz et al., 1992). After 
discovering these advantegous effects of CLA, different 
sort of foods were investigated in order to determine, 
which can be the best source of CLA. Animal product 
of ruminants (dairy products and meat) were found 
to contain the highest amount of CLA (0,2 - 2 g CLA/
100 g fat) while products of monogastric animals 
contain about one order of magnitude less CLA than 
that of ruminants (Ha et al., 1989; Chin et al., 1992a, 
1992b, Lin et al., 1995, Frtische and Steinhart, 1998; 
Jiang et al., 1996). In vegetal fat only traces of CLA 
occur (Fritsche and Steinhart, 1998).  Based on the 
results of experiments with animals, the daily intake 
dosis of CLA, which can effectively contribute to the 
prevention of cancer in humans - 3,5 g CLA/day - (Ip 
et al., 1991) is significantly higher than the average 
true CLA consumption (0,5- 1,5 g/day) (Parodi, 1994; 
Fritsche and Steinhart, 1998). With the increase of 
consumption of commercial dairy product the 
effective intake level cannot be achieved e.g. it 
may mean drinking 20-30 litre of milk/day (Jiang 
et al. 1998). The solution could be the production 
of food with enchanced CLA-level. There are three 
different approaches to reach this aim. The first one is 
synthetic CLA addition to the food product (Fritsche 
and Steinhart, 1998, Garcia et al., 2000). The second 
is addition of meat fat fraction enriched in CLA with 
extraction to the food  (Romero at. al, 2000). And at 
last CLA content of dairy products can be increased 
with different feeding techniques (Jiang et.al, 1996; 
Precht and Molkentin, 2000; Dhiman et al., 2000; 
Donovan et al., 2000; Bauman et al., 2000). 

DEFINITION AND BIOLOGICAL FORMATION 
OF CLA 
CLA is a complex mixture of different positional 
isomers of linoleic acid (cis-9,cis-12�C18:2). The two 
conjugated double-bonds occur most frequently at the 
9,11 or at the 10,12 position (Ha et al., 1987), but can 
also can be between other carbons that is 8,11; or 
11,13 with both of cis and trans configuration.

The highest part of CLA found in animal products 
form during the biological hydrogenation of 
poliunsaturated fatty acids (PUFA) in the digestive 
track (Shorland et al., 1955; Chin et al., 1992a). 
Production of CLA in the intestine of monogastric 

animals cannot be excluded but has minor significance 
related to ruminants. Another synthetic pathway is 
also possible in the mammary gland of cows (Griinari 
and Bauman, 1999) or in the liver of rats (Pollard et 
al., 1980; Holman and Mahfouz, 1981) from trans-11-
C18:1 (vaccenic acid) via ∆9-desaturase (Griinari et al., 
2000). The most frequently occurring CLA-isomer in 
biological products is cis-9,trans-11-C18:2 (c9,t11-CLA) 
(Kepler and  Tove, 1967a). The formation of c9,t11-
CLA has been proposed to occur in the first step of 
biohydrogenation of linoleic acid (cis-9,cis-12-C18:2). 
This intermediate is then hydrogenated to form a 
mixture of mainly trans-vaccenic acid (trans-11-C18:1) 
and elaidic acid (trans-9-C18:1). These monosaturated 
fatty acids can be further hydrogenated to saturated 
stearic acid (C18:0) (Kepler et al., 1971). The strong 
linear correlation between the concentration of 
c9,t11-CLA and t11-C18:1 suggested that  the first 
two steps in the biohydrogenation reaction (from 
c9,c12-C18:2 via c9,t11-C18:2 to t11-C18:1) were not 
rate-limiting (Jiang at al., 1996). These two reactions 
were catalyzed by enzymes from one of the distinct 
populations of hydrogenation microorganisms in 
the rumen, i.e. Butyrivibrio fibrisolvens (Kepler és 
Tove, 1967b), but the hydrogenated step of trans-
11-C18:1 to C18:0 was not related to activity by 
those bacteria, and was the rate-limiting step in the 
complete biohydrogenation of linoleic acid to stearic 
acid (Kemp et al., 1975; Polan et al, 1964). 

INCREASE OF CLA IN THE PRODUCTS OF 
RUMINANTS BY FEEDING
The factors related to feeding which exert an effect 
on CLA content of milk fat are the unsaturated fatty 
acid (principally linoleic and linolenic acid) content 
of feed, the stage of fat in the diet (free fat addition 
or fat within seeds), the structure of the fat-carrier, 
the fiber content and the energy level of feed, and 
the feeding frequency. The influence of some of the 
other factors such as different seasons or production 
systems can be attributed to the effect of disparity in 
feeding conditions.

A long time ago it was observed, when cattle was 
driven out to pasture in spring that the absorption of 
milk fat at ultraviolet range increased (Booth and Kon, 
1935). In fact, the amount of CLA was detected with 
this measurement due to the absorption of conjugated 
diene system at 230 nm. After the development of 
spectroscopic methods for detection, CLA content of 
raw milk was detected to be significantly higher in 
summer than in winter (Riel, 1963). Nowadays the 
same seasonal variation was observed (Wolff et al., 
1995; Dhiman et al., 1996; Precht and Molkentin, 
2000). The reason of this fluctuation in CLA content is 
probably the difference in diets. Cattle grazing pasture 
had higher CLA content in milk than in barn feeding 
with hay and silage (Dhiman et al., 1996; Precht and 
Molkentin, 2000). Pasture grasses are rich source of 
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linolenic acid (C18:3). Because CLA is an intermediate 
of biohydrogenation of poliunsaturated fatty acids 
(PUFA), the amount of CLA formed in the rumen 
can be increased with diets rich in PUFA.  When the 
dietary supply of PUFA is high the biohydrogenation 
process may be incomplete, the CLA can escape the 
rumen and become available for absorption in the 
lower digestive tract, thus providing a source of CLA 
to the mammary gland (Dhiman et al., 2000).

Feeding of oils rich in linoleic acid (C18:2) e.g. 
soybean, cottonseed, linseed and sunflower oil 
were also reported to be useful in increasing CLA 
content of milk (Kelly et al. 1998; Dhiman et al. 1999, 
2000). Beyond the intake dosis and the composition 
of the oil supplementation, the structure of the oil 
source has also exerted an effect on the formation 
of CLA. The intake of raw cracked soybeans did not 
increase the level of CLA in milk of cattle but roasted 
cracked soybeans or soybean oil did. If soybeans are 
not treated by heat, the release of oil is slower than 
in case of roasted soybeans. Heat treatment makes 
soybeans brittle, and as a result, may increase the 
release of oil. If oil releases slowly from oil seeds in the 
rumen, accumulation of intermediates has relatively 
less probability than in case of free oil supplement, 
or oil encapsulated in a fragile structure. 

The type of the oil source also exert an effect on CLA-
level of milk fat. Soybean oil has been shown to be 
more effective than lineseed oil (Dhiman et al., 2000). 
Despite the fact that the linoleic acid content of fish 
oil is not high, this oil approved to be also an efficient 
oil source in increasing CLA, but the biochemical 
mechanism of this phenomenon has not yet been 
clarified (Harfoot and Hazelwood, 1988).

The effect of the oil supplementation on CLA content 
of milk fat depends also on the levels of addition. 
When soybean oil (at 0.5%, 1.0%, 2.0%, 4.0 %) or 
linseed oil (at 1.0% of the dietary dry matter) was 
used in order to partly replace the feed of cows, 
the CLA content of milk increased significantly 
related to control only at the two highest levels of 
soybean oil addition (Dhiman et al., 2000). In case 
of 2% fish oil supplement the CLA content of milk 
fat increased significantly but not in case of 1% level 
of addition (Donovan et al., 2000). The decrease of 
the digestibility of nutrients and that of feed intake 
limits the further increase of oil content of feed 
and therefore that of CLA in milk fat. Another fact 
is that increase of the free oil content of feed may 
result in depression of milk fat content (Jenkins, 
1993). Therefore paralel with the increase of CLA in 
milk fat, the fat content of milk may decrease. This 
phenomenon can be avoided by using oil source 
with structure releasing oil in such a degree that 
significant CLA formation can be assured without 
significant milk fat depression e. g. roasted cracked 
soybeans (Dhiman et al., 2000).

Enhanced intake of free oils in ruminants besides 
milk fat depression may cause decrease in the 
protein content of milk (Grummer, 1988) due to 
the inhibition of rumen fermentation. Attention has 
been drown to the fact that this phenomenon does 
not occur if the protein supplementation in the 
small intestine derived from feed is adequate for the 
production level of cows (Dhiman et al., 2000). 

Traits that influence rumen fermentation also exert an 
effect on biohydrogenation and therefore influence 
the CLA content of milk fat, e. g.  grain: forage ratio. 
If the starch: fiber ratio is higher, the terminal step 
of biohydrogenation is slower (Gerson et al., 1985). 
High concentrate diets interfered with the terminal 
hydrogenation step and the amount of CLA (Jiang et 
al., 1996, 1998) and trans-11-C18:1 (Palmquist and 
Schanbacher, 1991) increases substantially in milk 
fat of cows fed high grain diets.

The number of feeding per day can also influence the 
biohydrogenation process. If ruminants intake their 
feed fewer times so they eat higher portion of feed at 
once, the amount of substrate for biohydrogenation is 
high and due to the rate-limiting step the amount of 
intermediate products e. g. CLA increase. Ad libitum 
feeding resulted in lower concentration of CLA in 
milk than did restricted amount of feed in portions 
(Jiang et al., 1996). The length of period while 
animals supplied with high oil content feed can also 
be an important factor. The average concentration of 
CLA in milk fat of cows declined after a few week of 
administration of these diets (Bauman et al., 2000) 
probably due to the changing in the biohydrogenation 
processes because of the adaptation of microbe 
population in the rumen. 

The increase of CLA content in milk seems to be 
accomplished with adequate feeding techniques. 
However, other factors still unknown may exert 
an important effect on the formation of CLA 
and therefore CLA content of milk fat because in 
most studies huge diversity was observed among 
individuals in CLA forming ability.
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