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Abstract
Linoleic acid (LA, 18:2n-6) and a-linolenic acid (aLNA, n-3) are synthesized in plants but not higher animals. When ingested, LA 1S
desaturated and elongated to form dihomo-g-linolenic acid and arachidonic acid (AA) while aLNA is metabolized to eicosapenla"-"o'C

acid (EPA) and docosahexaenoic acid (DHA ); no interconversion occurs in animals between the n-6 and n-3 series. Different food

materials for cattle contain significantly different proportions of n-6 and n-3 fatty acids; e.g., grasses are relatively enriched with aLNA
while grains are enriched with LA. Therefore, tissue polyunsaturated fatty acid composition (n-6/n-3 ratio) varies greatly depending on
the choice of food materials for cattle. The n-6/n-3 ratio of tissue lipids affects many aspects of animal physiology including behavi

performance and health status. The causal relationship among the food materials, tissue n-6/n-3 balance and tissue physiology als0
» obSCrVed mn

oral

applies to humans. Evidence has been accumulated that “increased intake of LA(n-6) and associated relative n-3 deficiency
the past several decades in the industrialized countries, but not cholesterol, is the major risk factor for cancers of western type, coronary
heart disease (CHD), cerebrovascular disease (CVD) and allergic hyper-reactivity, which are expected to prevail in the early 21st century:
Therefore, it is important to lower the n-6/n-3 ratios of cattle tissues (meats and milk) as low as possible by selecting food materials.

Introduction- Major fatty acids in meats can be classified into 3 series
Major fatty acids in meats are classified mainly into 3 series depending on their metabolism in animals.

1. Saturated and monounsaturated fatty acid series:
Carbohydrates and proteins —> Saturated Fatty Acids (16:0,18:0) - Monounsaturated Fatty Acids (16:1,18:1)
Animal fats Animal fats, Olive oil, Rapeseed oil
2. Linoleic acid (n-6) series:

Linoleic acid(LA,18:2n-6) — y-Linolenic acid(18:3n-6)—> Dihomo- y-linolenic acid(20:3n-6) — Arachidonic acid (AA,2054"’6)

(Enriched in grains; soybean, corn..)

3. a-Linolenic acid (n-3) series:
a-Linolenic acid (aLNA,18:3n-3) — Eicosapentaenoic acid (EPA, 20:5n-3) = — Docosahexaenoic acid (DHA,22:6r\-3)

(Enriched in grasses & phytoplanktons) (Enriched in seafood)

. . : : is
Saturated and monounsaturated fatty acids are synthesized in animal body from carbohydrates and proteins; excess energy

converted to these fatty acids. LA and aLNA are synthesized in plants but not in animal body; they must be supplied to animals as

3 : : : . . ; 3 . e
LA is essential for the maintenance of growth and reproductive physiology but the essential amount is relatively small; 1 en % 15 mo

: ; : : ; : : : . in
than enough. a-LNA is also essential for the maintenance of brain and retinal functions, and the essential amount is recognized 10 be

0
the order of 1 en %. The LA is desaturated and elongated to form highly unsaturated fatty acids such as AA while aLNA is convel'ted :

8
EPA and DHA. In animal tissues, depot fats (neutral lipids) consisted of mainly saturated and monounsaturated fatty acids, and 10
lesser extent of LA, but not much of AA, EPA and DHA. The accumulability (depositability) appears to be cpntrolled by melting pol”
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of the respective fatty acids. Although LA has a relatively low melting point (-5° C) as compared with saturated fatty acid (e.g., 18:0,
Mp. 63° C) and monounsaturated fatty acid (18:1n-9, mp. 13" C), it can be accumulated in significant amounts as mixed-acid

triacylglycerol; aLNA with a melting point of -15° C is deposited much less effectively. On the other hand, highly unsaturated fatty

acids such as AA, EPA and DHA are incorporated into complex lipids (phospholipids) and exist as invisible lipids in tissues.

Preferential B-oxidation of highly unsaturated fatty acids in animal tissues
Various fatty acids are B-oxidized differently in animal tissues; saturated and monounsaturated fatty acids are effectively deposited as

Neutral lipids while aLNA, EPA and DHA are preferentially B-oxidized. This is probably because the fatty acids with lower melting
Points cannot form stable lipid droplets surrounded by phospholipid membranes in cells. Those fatty acids with lower melting points

SUppress fatty acid synthesis from carbohydrates and proteins, and induce B-oxidation enzymes in mitochondria and peroxisomes.
These mechanisms would probably enable highly unsaturated fatty acids to be B-oxidized preferentially to saturated and

Monounsaturated fatty aids. In fact, aLNA, EPA and DHA do not accumulate much in the depot fats even when supplied in significant

dMounts.

Val‘i:albility of the lipid contents and the fatty acid compositions of meats - Importance of food chain

Palatability has been the major criterion for the quality of meats in market, and is positively associated with the contents of fats
(consisted mainly of saturated and monounsaturated fatty acids and of less propbrlions of LA). Marbled beef is a typical example, and
the means to increase fat contents in meats to produce marbled beef-type meats have been well developed. However, the number of
health-oriented people is increasing toward the next century, in which not only the palatability but also the health effect would be another
Major criterion in selecting human foods of animal origin. Then, the means must be developed to produce meats with less fats, more
heait, effects and with comparable palatability.

As emphasized above, the supply of LA and a.LNA depends entirely on foods in animals and no interconversion occurs among the n-

Sand n-3 series described above. Therefore, the n-6/n-3 balance of tissue lipids changes significantly depending on the n-6/n-3 balance

% food materials. For example, the n-6/n-3 ratio of beef from grass-fed cows (produced in Australia) was 2 while that of grain-fed
Cows (produced in Japan) was 15, reflecting the LA/aLNA balance of fed materials. Although the palatability of the latter appears to be

Stimated by majority of people to be superior but health effects are not, which will be described below. This kind of food chain has

b e ; A
en proved in fish, birds and mammals as well as in humans.

Fa of classical recommendation in lipid nutrition for the prevention of diseases in the elderly

pr(‘-Viously, animal fats enriched with saturated and monounsaturated fatty acids were considered hypercholesterolemic while high-

A vegetable oils were hypocholesterolemic. However, this difference was found to be transient; no significant difference was found
be‘Ween animal fats and high-LA vegetable oils in aged animals after long-term feeding; both were hypercholesterolemic as compared
Vith oils enriched with n-3 fatty acids (1). Furthermore, “excessive intake of LA and relative n-3 deficiency” has been found to increase
the incidence of CHD and CVD by changing the eicosanoid balance and hemodynamic properties (2). Beneficial effects of lowering the
n"ﬁ/n% ratio of foods has been shown clinically for cancers of western type , CVD, and allergic hyper-reactivity (atopic dermatitis
d asthmay (2-5).

I\Lﬁ/n-?) ratio but not cholesterol in foods is the major risk factor for atherosclerosis and coronary heart disease
(CHD)

Diﬂﬂry cholesterol is not reflected directly in plasma cholesterol, and the major risk factor for CHD has been proved not to be
ypefCholeslerolemia but is the high n-6/n-3 ratio of foods (2). Furthermore, longevity was negatively correlated with plasma
Qh(’IeSterol level; people with higher plasma cholesterol level lived longer in older generations (6). Classical medical care aimed at
decreilsing plasma cholesterol appears to be applicable to a limited number of populations; those with familial hypercholesterolemia and
related genetic factor. Hypocholesterolemic drugs (HMG-CoA reductase inhibitor) reduced the risk for CHD by 30% (7) while

ecre?lSing the n-6/n-3 ratio by dietary means reduced it by 70% in clinical studies (4). Thus, the major risk factor for atherosclerosis
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and CHD was found to be the high n-6/n-3 ratio of foods rather than high intake of cholesterol and hypercholesterolemia.

Differential effectiveness in dietary modification of fatty acid composition of beef, poultry and pork

For the prevention of diseases expected to prevail in the early 21st century, it is recommended to decrease the n-6/n-3 ratio of human
foods to as low as 2 (8). Because currently available meats from grain-fed cattle have n-6/n-3 ratios of above 10, the food materials for
cattle must be changed in order to lower the n-6/n-3 ratios of human foods as low as possible. The n-6/n-3 ratio of 1is ina safe rang®
because hunters and gatherers were estimated to have had foods with n-6/n-3 ratios of roughly 1 (9).

Among major grains for cattle, rapeseed, soybean and corn contain oils with n-6/n-3 ratios of 2, 7 and >10, respectively. Although
rapeseed has a relatively low n-6/n-3 ratio, there is a limitation in increasing its content in cattle’s food materials because of it's safety
problem (10). Various soybean varieties contain oils with different n-6/n-3 ratios, and the one with the ratio of as low as 2 is available:
Selecting such a variety of soybean would improve human health by lowering the n-6/n-3 ratios of both soybean oil and meats for
human use. On the other hand, linseed and seeds from beefsteak plant (Perilla frutescens) are the two major grains with n-6/n-3 ratios of
as low as 0.2. Utilizing meals from these grains as cattle’s food materials would greatly improve the nutritional status of meats in terms
of n-6/n-3 ratio.

The effectiveness of changing dietary n-6/n-3 ratio on meats’ fatty acid composition differs significantly among the three major meats

consumed in Japan, beef, poultry and pork. In cows, ruminant bacteria hydrogenate LA and aLNA to form saturated, monounsaturated

and trans-monounsaturated fatty acids. Consequently, cows’ milk and beef contain relatively smaller amounts of LA; the major fatty
acids being saturated and monounsaturated fatty acids. In contrast, fatty acids of eggs and meats reflect relatively more directly the Tk
6/n-3 balance of food materials in the case of hens (chicken) and pigs. Therefore, grains and meals with high LA contents could b
directed to raising cows while those with lower 1n-6/n-3 ratios could be directed to hens (chicken) and pigs to produce eggs and meats
with lower n-6/n-3 ratios. Such attempts have been made successfully to modify the fatty acid compositions of our foods of animd

origin.
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