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DIETARY FATS AND PERFORMANCE

· Dietary fats provide the pool of fatty acids (FA) that can then be used by the body for fuel or storage.

· Lipids from dietary fats often deposited into fat stores or other tissues without modification, so FA composition of diet influences FA composition of fat stores

· Some conversion of dietary FA occurs, so FA composition of fat stores (or fats in other tissues) is not a perfect reflection of dietary FA, but still a prominent influence.

· Mammals: dietary fats absorbed as chylomicrons = lipoprotein complex of triglycerides, cholesterol, phospholipids, and β–lipoprotein. β–lipoprotein forms part of outer coat of complex. Taken up by lacteals (lymph vessels) that deliver dietary FA to circulatory system, which carries FA throughout the body.
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Birds: dietary fats absorbed into hepatic portal vein as portomicrons = lipoprotein complex containing protein, triglycerides, cholesterol and phospholipids, with relatively high fat/protein ratio. Delivered by portal vessels to liver, where they can be metabolized and modified (Fig 3, Ramenofsky 1990)
· Because of the difference in where absorbed lipids are first delivered (circulatory system in mammals vs. liver in birds), the potential for modification of dietary lipids before incorporation in body tissues is greater in birds than in mammals.

· Nevertheless, composition of dietary fats has great influence on composition of FA in fat stores and tissues of both mammals and birds.

· EXAMPLE: Fat Stores in Migrating Birds

1) Fat stores are primarily composed of 16-C or 18-C FA. Surprising given that food sources are varied (insects, fruits, seeds, etc.)

2) Unsaturated fats (16:1, 18:1, 18:2) are more common in fat stores than saturated FA (16:0, 18:0)

3) For a variety of bird species, 75% of fat stores are composed of 16:0, 18:1 and 18:2 FA

4) Only a few studies compare migratory vs. non-migratory birds, but in general migratory birds tend to show an increased proportion of 16:1 and/or 18:1 FA relative to non-migrants.

· Dietary Preferences of Migrating Birds: Laboratory Studies

1) Several species prefer diets with 18:1 FA over those with primarily saturated FA

2) Prefer short-chain FA over longer-chain FA in diets composed solely of saturated FA (short-chain FA easier to catabolize)

3) Preferences are generally reflected in FA composition of fat stores, but selective metabolism alters FA composition of fat stores so that it isn’t a perfect reflection of dietary lipids

· FAT STORES AND PERFORMANCE IN MAMMALS AND BIRDS

· FA composition of fat stores affects exercise performance in rats, humans and birds

· Unsaturated FA are preferentially metabolized during exercise

Mammals

EXAMPLE: Rats fed diets that were identical in energetic value, but differed in FA composition

1) Diet 1 = Essential FA-deficient diet (EFAD) composed primarily of saturated FA

2) Diet 2 = Enriched in n-6 polyunsaturated FA

3) Diet 3 = Enriched in n-3 polyunsaturated FA (n-3 FA associated with decreased coronary artery disease)
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· Measured muscle membrane phospholipid composition and running endurance for rats in different diet groups

· Body mass did not vary among treatments.

· Diet affected muscle membrane phospholipid composition. PL saturated FA composition similar, but differed in n-6 and n-3 unsaturated FA according to diet composition

· Rats on n-6 diet showed higher submaximal running endurance that either the n-3 or EFAD treatments (Ayre and Hulbert 1997 Fig 1).

Birds

EXAMPLE: Migrant red-eyed vireos captured and fed on diets differing in the percentage of unsaturated FA (58% vs. 82%), then tested for FA composition of fat stores and resting and maximal metabolic rates.

· Diet affected FA composition of fat stores; 82%U diet with 77% unsaturated FA in fat stores, 58%U diet with 66% unsaturated fat stores

· RMR did not differ between diet treatments, but MMR was 33% higher in 58%U-diet group (Pierce et al. 2005 Fig 3).

· Possible that birds with fat stores having higher n-6 polyunsaturated FA have improved exercise performance, as fat stores of the two groups differed in 18:2 n-6 FA. If so, exercise performance in migratory birds is similar to rats in this regard.

· Price et al. (2011) conducted experiments with various bird species measuring carnitine acyl transferase activity in pectoralis muscle using different FA as substrates (CAT involved with transfer of FA across mitochondrial membranes).
· Results: CAT activity differed depending on the FA substrate (see Fig 1 from Price et al. 2011 below).
· Suggests that mechanism for differences in metabolic performance with differing FA could be CAT activity
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TAKE-HOME MESSAGES: 

· Dietary preferences can affect FA composition of fat stores and tissues, which can affect performance. 

· Nutrition has a potentially important role in many aspects of an animal’s life and via its impact on performance could directly influence fitness.

