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A major challenge in the pork industry is to produce lean pigs without compromising pork quality. Pork
quality includes both lean (e.g. color, intramuscular fat, drip loss or purge) and fat (e.g. firmness, slice
ability of bellies, flavor) quality of the meat products. One of the strongest determinants of carcass fat
quality in pigs is the dietary lipid level and composition. Because the efficiency of utilization of dietary fat
is very high (90%) in pigs and the transfer of dietary fat to carcass lipid is high (31-40%) [1,2], the carcass lipid composition is often a reflection of the dietary fat fed when pigs shift from de novo synthesis
of fatty acids to dietary uptake. Dietary lipids may have different effects on carcass lipid depending on
its composition, level, and duration or timing preslaughter during the grow-finish period. Understanding
and managing the factors that control carcass fat quality is a challenge for swine producers given several
feedstuffs may be very economical (e.g. DDGS), but may be detrimental to carcass fat quality. Conjugated
linoleic acid (CLA) is a fatty acid that may be one tool to help producers manage pork carcass quality. CLA
refers to a group of linoleic acid (18:2) isomers that have several biological effects. When fed to finishing
pigs, CLA has been reported to reduce backfat, improve feed conversion, carcass leanness, loin marbling,
and carcass fat firmness.

Objectives
•
•
•

Describe dietary fat effects on carcass fat quality
Describe the FDA approved use of CLA for swine
Describe the effects of CLA on pig performance and carcass traits

Dietary Fat Sources and Carcass Lipid Quality
Dietary fat composition plays a major role in determining adipose tissue composition. Swine , especially
lean genetics, directly incorporate a significant amount of their dietary fatty acids into tissue lipid deposits
[3,4]. Therefore, to manipulate carcass lipid quality, it is important to understand the effects dietary fat
sources can have on the final carcass composition. Because unsaturated dietary fatty acids are minimally
modified before deposition into swine adipose stores, carcass fatty acid profile closely mimics dietary fatty
acid profile [3,5]. Dietary fats primarily alter carcass lipid composition by changing the level of saturation
in the carcass fatty acid profile [3].
Fatty acid composition of fat tissue is important because different fatty acids have varying melting points
which will affect carcass fat firmness. In addition, unsaturated fatty acids are more prone to lipid oxidation, because their double bonds are subject to free radical attack [6]. The ability of unsaturated fatty acids,
especially polyunsaturated fatty acids, to rapidly oxidize affects shelf life of the meat products and creates an off-flavor and odor.  Fat quality can also be measured by saturated to unsaturated fatty acid ratios
or iodine value (IV) which is a measure of double bonds in the fatty acids [3,7]. Increased IV [7] and dePAGE 1
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creased saturated to unsaturated fatty acid ratios [3] indicate a potential decrease in carcass quality due to
decreased fat firmness.
The level of saturation and IV of the feed lipid source will be reflected in the carcass fatty acid profile.
Vegetable oils are typically high in linoleic acid (C18:2), have an unsaturated to saturated fatty acid ratio of
12:1 [4] and an IV greater than 100 [3]. Diets high in unsaturated vegetable oils will result in oily, soft carcass fat [3]. Conversely, beef tallow, which is high in palmitate (C16:0) and stearate (C18:0), has a saturated
to unsaturated fatty acid ratio of 1:1 [4], an IV of 40 or 45 [3], and will result in firmer carcass fat when fed
in the diet.
Acceptable fat quality standards for pork carcasses vary between processors and researchers according
to IV, ratio of saturated to unsaturated fatty acids, belly firmness, and percent lean in bacon. Many processors utilize IV as numerical evaluation of carcass quality and thus have target IV values. An IV greater than
65 for some processors may be unacceptably high [8], while an IV greater than 72 may be the threshold
for other processors.
Conjugated Linoleic Acid
Conjugated linoleic acids (CLA) are a group of polyunsaturated fatty acids that are positional and geometric isomers of linoleic acid (C18:2). Because CLA is naturally produced during bacterial fermentation in the
rumen of ruminant animals, the main sources of
CLA in human nutrition are dairy products and
ruminant meat products [9,10]. There are numerous isomers of CLA though the main isomers
are cis-9, trans-11(c9t11) and trans-10, cis-12
(t10c12), shown in Figure 1. The main isomer
produced by ruminants is c9t11. Commercially
available products commonly contain equal
proportions of c9t11 and t10c12 [9,10]. Research
in rodents, pigs, and humans has shown beneficial effects of CLA on obesity, cancer, atherosclerosis, and diabetes, some of which are isomer
specific [9,10,11]. Many studies have shown
CLA is able to reduce adipose tissue depots in
rodents, pigs, and humans and that this effect is Figure 1. Structure of linoleic acid, cis-9, trans-11 CLA and trans-10,
cis-12 CLA, adapted from Evans et al., 2002 [33].
specific to the t10c12 isomer or a mixture containing greater than 50% t10c12 [9,11].

FDA approved use of CLA for swine
The use of CLA in swine diets was published as a final approval in the FDA registry on October 29, 2008
(Vol. 73:No. 210; pg 64197-64199) based on the application of BASF Corp.  The approval states: “The additive (CLA) is used or intended for use in the feed of growing and finishing swine as a source of fatty acids
at levels not to exceed 0.6% in the finished feed”. The approval also indicates that the CLA source must
contain a minimum of 28% of each isomer, cis-9, trans-11(c9t11) and trans-10, cis-12 (t10c12) as methyl
esters derived from sunflower oil. There are no claims made of what CLA may or may not do beyond
serving as a source of fatty acids and there are no weight restrictions other than for growing and finishing
swine.  BASF’s current product name for CLA in swine diets in the U.S. is Lutalin® and is currently commercially available in 385 lb drums. Other volumes of the product maybe available in the future as product development and demand are fully assessed.
Feeding CLA in Swine Production
Feeding CLA  to pigs resulted in decreased feed intake while growth rate was unchanged, thus improving
feed efficiency. A summary of CLA swine research through 2004 evaluated 18 studies and growth rate was
rarely improved (only 1 study) however, most of the studies reported an average of 6.5% improvement in
feed efficiency [12]. A majority of these studies also reported slight reductions in carcass fat and small
increases in carcass lean.  Feeding CLA has minimal effects on most fresh pork quality measures [12].  
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However, CLA does increase intramuscular fat (marbling) content in the loin anywhere from 8 to 31% (See
PIG factsheet 12-02–02; Nutritional effects on pork quality).
There may be some synergistic effects for feeding CLA with betaine. When pigs were fed both 1% CLA
and 0.5% betaine during the grower period ADG and gain:feed were significantly improved, more than by
either product fed by itself [13]. In addition, carcass protein and lean deposition increased and carcass fat
tended to decrease with the combination of betaine and CLA. The use of CLA with Paylean™ results in a
similar CLA response with or without Paylean™ in the diet, providing improved feed efficiency and carcass
fat quality [14].
CLA and Carcass Fat Quality
The belly has become one of the most valued primal cuts of the carcass, thus, the quality of bacon produced from the belly is linked to overall carcass value. The industry has shifted to genetically lean lines
with decreased backfat resulting in the bellies of these pigs also being thinner, leaner, and softer [15,16].
Thinner bellies are typically softer, produce fewer premium grade one slices, and have increased problems
with processing, tissue separation, and storage stability [15,16]. Furthermore, high levels of unsaturated
fatty acids in the diets also produce bacon which is smeary, separates and causes processing difficulties
[17]. Providing dietary fat from a more saturated source has been shown to increase belly thickness and
improve belly firmness [15]. In addition, feeding CLA has been shown to improve belly firmness in finishing pigs [8,14,15].
The effects of including CLA in livestock diets have been examined in numerous studies to elucidate its
effect on fat quality [18]. When CLA was included in a grower-finisher diet at 0.75% inclusion rate, barrows
fed CLA had decreased backfat, and improved loin marbling and firmness when compared to controls [19].
Weber et al., (2006) [14] also noted an increase in saturated fatty acids and decrease in unsaturated fatty
acids of the belly tissue. Several studies have also shown that CLA feeding increases fatty acid saturation, and firmness in back fat and belly fat [12,20,21]. The duration and level of CLA required to elicit the
changes in carcass fatty acids appears to be dose and time dependent. Gilts fed 1% CLA for 7 weeks prior
to slaughter had firmer bellies, higher levels of saturated fatty acids, lower levels of unsaturated fatty acids
and decreased IV compared to control pigs [8].  Feeding CLA for the last 123 lbs of weight gain prior to
slaughter achieved the majority of the fatty acid shifts in the loin but fatty acid changes continued through
the last 192 lb of gain in the backfat tissue [24]. With an 8 week feeding duration prior to slaughter, belly
fatty acid profiles achieved a 7 IV unit reduction when feeding 0.60% CLA [14] and a 10 IV unit reduction
when feeding 0.75% CLA [25].  Feeding 0.6% CLA for 10 days prior to slaughter reduced belly fatty acid IV
by an average of 2 IV units and backfat by 3 IV units [26].
These changes in the degree of saturation and attributes of fat deposited with CLA feeding appear to be
associated with changes in expression of key genes for lipid metabolism. Specifically, decreased expression of Δ9-desaturase activity and stearoyl CoA desaturase enzyme activity likely increases the saturated
fatty acid levels in adipose tissue of pigs, leading to increased firmness of fat associated with feeding CLA
[22,23].
CLA and Dried Distillers Grains with Solubles
Due to the rapid increase in corn ethanol production, large quantities of dried distillers grains with soluble
(DDGS) have been utilized by the swine industry in nearly all phases of swine production in the last few
years. Besides the variability of DDGS, the two most limiting factors for including DDGS in swine diets are
the high level of unsaturation in the dietary fatty acid profile and the high fiber content [27,28, 29]. These
two factors have been shown to result in both decreased feed intake and greatly increase the unsaturated
content of adipose tissue.
The primary fatty acid of corn oil is concentrated in DDGS (linoleic acid; C18:2n6), a primary contributor of
soft pork fat [8,30]. Inclusion of 20 to 30% DDGS in corn-soybean meal based diets can result in pork carcasses with less saturated, softer fat [31,32]. However, the feeding of 0.6% CLA for the last 10 days prior
to slaughter can improve the carcass fat by 4.3 IV units when fed in combination with 20% DDGS and 3.1
IV units when fed in combination with 40% DDGS, due to increased saturated and decreased unsaturated
fatty acids in the carcass and belly fat tissues [26].
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Summary
CLA is naturally present in ruminant meats and milk products at much higher concentrations than it is in
pork, and has received considerable attention as a protective agent against cancer and heart disease. Thus,
CLA is likely to become a selling point for other meat industries – an advantage which may be neutralized,
as several trials have demonstrated the ability to create CLA-enriched pork through feeding 0.6% CLA for 4
to 8 weeks prior to slaughter. In addition to the marketing advantages of CLA-enriched or “heart-healthy”
pork, CLA has the potential to directly increase profitability to both producers and processors. Feeding
CLA-supplemented diets may provide a means by which backfat in average lean gain genetics can be
decreased and percent lean can be increased with improved feed efficiency and carcass fat quality. As
pork-processing plants become increasingly mechanized, CLA may provide a nutritional tool to counteract
carcass fat and belly firmness problems from feeding dietary unsaturated fats and may enhance the overall value of extremely lean carcasses.
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Frequently asked questions
What does the current FDA approval of CLA allow?
The current U.S. FDA approval for CLA in swine diets indicates that CLA is intended for use in the feed of
growing and finishing swine as a source of fatty acids, not to exceed 0.6% in the finished feed and must
contain a minimum of 28% of each isomer, cis-9, trans-11(c9t11) and trans-10, cis-12 (t10c12) as methyl
esters derived from sunflower oil. There are no body weight range restrictions other than it is approved for
growing and finishing swine and the only claim made is to serve as a dietary fat source for swine.
What is the minimum duration of CLA feeding needed to elicit an effect in the pork carcass?
The duration and level of CLA required to elicit the changes in carcass fatty acids appears to be dose and
time dependent. Only 0.6% CLA is currently approved for feeding to swine. An 8 week feeding duration
at 0.60% CLA prior to slaughter can reduce carcass fatty acid IV between 7-10 IV units. While feeding 0.6%
CLA for 10-14 days prior to slaughter may reduce carcass fatty acid IV by approximately 2-4 IV units.
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