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Changes in Cattle Husbandry and Feeding Practices since the Industrial Revolution
Since their initial domestication, almost 800 breeds of cattle have been developed (1) as specific traits (milk
production, meat, heat tolerance, behavior etc.) were selected by humans overseeing breeding and reproduction.
Throughout most of recorded history, cattle were typically fed by providing them free access to pastures,
grasslands and range land (2). Only in the past 150-200 years have these animal husbandry practices substantially
changed…
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Technological developments of the early and mid 19 century such as the steam engine, mechanical reaper, and
railroads allowed for increased grain harvests and efficient transport of both grain and cattle, which in turn
spawned the practice of feeding grain (corn primarily) to cattle sequestered in feedlots (3). In the U.S., prior to
1850 virtually all cattle were free range or pasture fed and typically slaughtered at 4-5 years of age (3). By about
1885, the science of rapidly fattening cattle in feedlots had advanced to the point where it was possible to produce
a 545 kg steer ready for slaughter in 24 months and which exhibited “marbled meat” (3). Wild animals and free
ranging or pasture fed cattle rarely display this trait (4). Marbled meat results from excessive triacylglycerol
accumulation in muscle interfascicular adipocytes. Such meat typically has greatly increased total and saturated
fatty acid contents, reduced protein (by energy), a lower proportion of ω-3 fatty acids, higher ω-6 fatty acids and a
higher ω-6/ω-63 fatty acid ratio (4, 5).
Modern feedlot operations involving as many as 100,000 cattle emerged in the 1950s and have developed to the
point where a characteristically obese (30 % body fat) (6) 545 kg pound steer can be brought to slaughter in 14
months (7). Although 99% of all the beef consumed in the U.S. is now produced from grain-fed, feedlot cattle (8),
virtually no beef was produced in this manner as recently as 200 years ago (3). Accordingly, cattle meat (muscle
tissue) with high total fat, low protein (by energy), high absolute saturated fatty acid content, low ω-3 fatty acid
content, high ω-6 fatty acid content and an elevated ω-6/ω-3 fatty acid ratio represents a recent component of
human diets that may adversely influence health and well being (4, 5, 9).
Grain Fed, Feed Lot Cattle: Nutritional Consequences for Humans
The practice of feeding grain and concentrated feed to cattle sequestered for long periods in feedlots is not
necessarily benign, but rather yields meat with a number of potentially deleterious nutritional characteristics,
particularly when compared to either wild animals or grass fed cattle (4, 5). Table 1 summarizes a number of
potential nutritional differences that have been identified between the meat of feed lot and grass fed beef cattle.
Table 1. Potential nutritional differences between feed lot and grass fed beef.
Nutrient
ω-3 fatty acids
ω-6 fatty acids
ω-6/ ω-3 ratio
Long chain fatty acids
(both ω-3 and ω-6)
Fat content
Saturated fatty acids
P/S Ratio
Conjugated linoleic acid
Vitamin E

Grass
Higher
Lower
Lower

Feed Lot
Lower
Higher
Higher

References
(11, 15-30, 40, 47, 48)
(15, 16, 18, 21, 27, 48)
(11,15-21,27-30, 40, 47, 48)

Higher
Lower
Lower
Higher
Higher
Higher

Lower
Higher
Higher
Lower
Lower
Lower

(11,15, 16, 17, 21, 28, 29, 47)
(11, 15, 16, 18-21, 27, 40)
(11, 15-18, 27)
(11,15-18, 21, 27)
(11,15,17, 30-36)
(25, 37-40)

Vitamin C
Beta carotene
Protein content

Higher
Higher
Higher

Lower
Lower
Lower

(40)
(37, 40-42)
(43)

Grass vs. Grain Fed Beef: Omega 3 and Omega 6 Fatty Acids
There is little argument that grass fed cattle accumulates more ω-3 fatty acids in their tissues than grain fed cattle
(5, 10-28). This nutrient amplification in tissues occurs because the concentration of 18:3n3 (alpha linolenic acid
[ALA]) in pasture grass is 10 to 15 times higher than in grain or typical feedlot concentrates (25). In mammals the
liver represents the primary tissue which chain elongates and desaturates 18:3n3 into long chain ω-3 fatty acids
(20:5n3, 22:5n3 and 22:6n3) which then can be deposited in muscles and other tissues (41).
Not only do feed lot cattle maintain lower ω-3 fatty acids in their tissues than grass fed cattle, but a characteristic
increase in the total ω-6 fatty acids occurs (10, 11, 13, 16, 22, 28) as a result of grain feeding (11). Because typical
cereals fed to cattle such as maize (ω-3/ ω-6 = 70.7) and sorghum (ω-6/ ω-3 = 16.2) contain very little 18:3n3 and
much higher 18:2n6 (42), the cattle’s tissues reflect the fatty acid balance of the grains they consume.
The case for increasing ω-3 fatty acids in the U.S. diet has broad and wide sweeping potential to improve human
health. Specifically, ω-3 fatty acids and their balance with ω-6 fatty acids play an important role in the prevention
and treatment of coronary heart disease, hypertension, type 2 diabetes, arthritis and other inflammatory diseases,
autoimmune diseases, and cancer (43, 44).
Dietary Saturated Fat
From per capita data it can be inferred that the average U.S. citizen consumes 82 g of beef per day (45), with
ground beef (42 %), steaks (20 %), and processed beef (13 %) comprising the bulk of the beef consumed (46).
Ground beef, choice and prime USDA quality steaks and processed beef (frankfurters, lunch meats etc) represent
some of the highest total fat and saturated fat sources found in any cuts of beef. An 82 g serving of fatty (22 % fat)
ground beef can contain 8.8 g or more of saturated fat, whereas a comparable serving of lean (2.5 % fat) grass fed
beef may contain as little as 1.2 g of saturated fat. Hence a daily reduction of up to 7.6 g of saturated fat could be
achieved in this scenario involving only displacement of high fat beef with lean grass fed beef.
Saturated fat intakes of < 10 % total energy are recommended to reduce the risk of cardiovascular disease (47).
Accordingly in a 2,200 kcal diet, saturated fat (9 kcal/g) should be limited to 24.4 g. Thus, the savings accrued (7.6
g of saturated fat) in this scenario by replacing fatty ground beef with lean grass fed beef represents a substantial
31 % reduction in total saturated fat.
Dietary Protein
Because of it’s inherently low fat content (2.6 % by weight), grass fed beef is also a high protein food averaging
76.5 % protein by total energy. Contrast these values to USDA Choice (+) beef with only 48.7 % protein by energy,
or USDA Prime (o) beef with 40.8 % protein by energy, or worse still, fatty ground beef with 20.3 % protein by
energy. A litany of recent human studies demonstrates that isocaloric replacement of dietary fat by lean protein
has numerous health promoting effects.
Potential Health Improvements by Increasing Grass Fed Beef Consumption
A number of scenarios involving improvements in human health can be envisioned by including more and more
lean grass fed beef into the diets of U.S. citizens. These scenarios are dependent upon the specific foods and food
groups that would be potentially displaced by grass fed beef and by the amount of grass fed beef that would
included in the diet. The health impact of such scenarios could range from minimal to highly significant.
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Supporting Science:
Omega 3s and Bone Health

The results of a 10-year Swedish study on bone health were published this month in the American Journal of
Clinical Nutrition. Seventy-three healthy, 16-year-old males participated in the Northern Osteoporosis and Obesity
Study (NO2 Study) aimed at determining the role fatty acids play in bone accumulation and peak bone mass. Bone
mineral density (BMD) of the hip, spine, and total body was measured in each individual at the beginning of the
study, and again six and eight years later. Researchers found a positive association between blood concentrations
of omega 3 fatty acids and bone mineral accumulation and peak density in the young men. The correlation
between decosahexaenoic (DHA) and total body and spine BMD was especially strong.
This research suggests that DHA, and other long chain omega 3 fatty acids, play a crucial role in bone development
and mineralization. Osteoporosis and bone fractures afflict and disable many elderly people in the Western
world. Accumulation of bone mass during adolescence and young adulthood is vital to preventing the disease;
therefore identifying factors that enhance peak BMD is an important step in prevention. Incorporating grass-fed
meats into your diet, which are naturally richer in omega 3 fatty acids, is a great way to support the health of
growing bones.
Högström, M., Nordström, P., Nordström, A. n–3 Fatty acids are positively associated with peak bone mineral
density and bone accrual in healthy men: the NO2 Study. American Journal of Clinical Nutrition 2007 Mar; 3:803807.
The ALA Anti-inflammatory
Also published in the American Journal of Clinical Nutrition this month, a study showing protective antiinflammatory effects of alpha-linolenic acid (ALA), the long chain omega 3 precursor. Twenty-three men and
women with elevated cholesterol were randomly assigned to one of three diet groups: the ‘average American’, the
high linoleic acid (omega 6 vegetable oils), or the high alpha-linolenic (omega 3) diet
As previously discussed in this issue, the ALA concentration in grass-fed beef is 39 mg/100 g muscle tissue, on
average, compared to only 12 mg ALA in the same serving size of grain-fed beef.
Zhao, G., Etherton, T.D., Martin, K.R., Gillies, P.J., West, S.G., Kris-Etherton, P.M. Dietary alpha-linolenic acid
inhibits proinflammatory cytokine production by peripheral blood mononuclear cells in hypercholesterolemic
subjects. American Journal of Clinical Nutrition 2007 Feb; 85:385-391.
The Paleo Diet for Pigs?
A recent study published in Nutrition and Metabolism has shown that pigs fed a Paleolithic diet are healthier than
those raised on traditional cereal-based swine diets. Immediately after weaning, researchers randomly divided 24
piglets into either a Paleolithic group (meat, fruit, and vegetable-based diet) or a cereal group. After 15 months on
the diets, glucose tolerance, insulin response, plasma-C reactive protein, and blood pressure were measured. Not
surprisingly, the pigs on the Paleolithic diet had lower blood pressure, significantly higher insulin sensitivity, and an
82 % lower concentration of C-reactive protein (a marker of inflammation associated with insulin resistance and
CVD) on average. Apart from these clinical measurements, pigs on the Paleolithic diet weighed 22 % less and had
43 % lower subcutaneous fat thicknesses after 15 months.
The importance of these data is two-fold: first, scientists agree that pigs are one of the best non-primate animal
models from which to compare responses in humans. This study supports the notion that pigs, like humans, did
not adapt through evolution to thrive on a cereal-based diet. Secondly, in the U.S. pigs are raised on cereal-based
diets and in a similar manner to feedlot-produced beef. We can conclude the majority of our pork, like our beef,
comes from obese, insulin-resistant animals with nutritional qualities inferior to their pasture raised, free-foraging
counterparts.
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News & Updates
We have recently found a source of quality 100% grass-fed beef that is raised correctly, fatty-acid tested, and
reasonably priced, and are considering making it available to our readers. We are curious about the interest level
there would be in among our readers, so please email Wiley@ThePaleoDiet.com if you would like a price list when
it becomes available.
The Dietary Cure for Acne will soon be available in paperback. You cannot order it yet, but to be put on the
notification list, please send an email to: Jess@DietaryAcneCure.com.
Dr. Cordain was featured in a recent article in The Scientist, titled “What’s in your milk?”. If you missed Dr.
Cordain’s article Hazards of Dairy in the December issue, you can access it on our previous issues page at
www.thepaleodiet.com.
According to the celebrity gossip site www.femalefirst.co.uk, Elizabeth Hurley went on the Paleo Diet and lost 5 lbs
prior to her wedding. As long-time readers know, the Paleo Diet is not a weight loss diet, but a lifetime way of
eating that will naturally lead to a lean and well-functioning body.
Source: http://www.thepaleodiet.com/newsletter/PDUpdate0407.shtml

