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Egg yolk as a source of long-chain polyunsaturated

fatty acids in infant feeding'
Artemis P Simopoulos and Norman Salem, Jr

ABSTRACT In this paper we compare the fatty acid content
of egg yolks from hens fed four different feeds as a source of
docosahexaenoic acid to supplement infant formula. Greek eggs
contain more docosahexaenoic acid (DHA, 22:6w3) and less lin-
oleic acid (LA, 18:2w6) and a-linolenic acid (LNA, 18:3w3) than
do fish-meal or flax eggs. Two to three grams of Greek egg yolk
may provide an adequate amount of DHA and arachidonic acid
for a preterm neonate. Mean intake of breast milk at age 1 mo
provides 250 mg long-chain w3 fatty acids. This amount can be
obtained from < 1 yolk of a Greek egg (0.94), > 1 yolk of flax
eggs (1.6) and fish-meal eggs (1.4), or 8.3 yolks of supermarket
eggs. With proper manipulation of the hens’ diets, eggs could
be produced with fatty acid composition similar to that of Greek
eggs. Am J Clin Nutr 1992;55:411-4.
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Introduction

In previous studies we showed that the w3 fatty acid content
in eggs from range-fed Greek chickens was considerably higher
than the w3 fatty acid content reported in eggs by the US De-
partment of Agriculture and our own analysis of US supermarket
eggs (1). In fact, the ratio of w6 to w3 fatty acids (w6:w3) for
Greek eggs was 1.3 and that of the supermarket egg was 19.9.

van Vliet and Katan (2) showed that there is a lower ratio of
w3 to w6 fatty acids in cultured than in wild fish. Similarly,
Crawford (3) showed that animals in the wild have more w3
fatty acids in their carcass than do domesticated animals. In
another study we compared the a-linolenic acid (LNA, 18:3w3)
content of wild purslane with that of spinach and other cultivated
plants and found that purslane was much richer in LNA: 400
vs 89 mg/100 g for spinach (4). These studies indicate that in-
dustrialization and agricultural practices have systematically re-
duced the amount of w3 fatty acids in the plants, eggs, fish, and
meat that we eat. Most important, however, have been the studies
indicating that infant formula is devoid of long-chain polyun-
saturated fatty acids (LCPUFASs), including both the w6 and w3
families, whereas human milk contains both (5).

In newborn rhesus monkeys impaired visual development has
been correlated with a diet that is high in linoleic acid (LA, 18:
2w6) and low in LNA and with decreased accretion rates of
docosahexaenoic acid (DHA, 22:6w3) in the developing brain
(6-8). Because 18:2w6 competes with 18:3w3 for A-6 desaturation

(7) the feeding of an artificial formula with high 18:2w6 aggravates
the effects of low-w3 fatty acids. Nonhuman primates fed diets
high in 18:2w6 and low in 18:3w3 during prenatal and early
postnatal life had a low plasma phospholipid DHA content at
birth and almost undetectable concentrations at age 12 wk (6, 8).

Studies by Liu et al (9) and Uauy et al (10) suggested that
DHA is essential for the development of newborn infants and
that preterm neonates who have deficient stores of DHA show
deficits in visual function when not fed human milk or formula
supplemented with marine oil containing eicosapentaenoic acid
(EPA, 20:5w3) and DHA. LNA supplementation failed to elicit
normal rod electroretinographic responses, suggesting that LNA
does not satisfy this requirement whereas marine-oil supple-
mentation sustained rod function similar to that found in the
infants fed human milk (10). These studies indicate that the
desaturation steps necessary for the synthesis of DHA from LNA
are inefficient in humans, suggesting that DHA is a required
nutrient.

In the past, DHA from marine oil and egg-yolk oil was con-
sidered as a possible source of DHA for infant formulas (11).
Jackson and Gibson (12) investigated the DHA content of
weaning foods and concluded that weaning foods cannot replace
breast milk as sources of LCPUFAs. These investigators ex-
amined egg yolk and fresh and canned baby foods and concluded
that infants would have to eat unphysiologic amounts of foods
and even then might not reach the amounts of LCPUFAs com-
parable with that found in human milk.

Attempts have been made to produce eggs that are rich in
EPA or DHA because such eggs have been shown not to raise
cholesterol and to lower blood pressure (13). We were therefore
interested in investigating the composition of eggs enriched in
w3 fatty acids available in markets as a possible source of DHA
to supplement infant formula, as a weaning food, or as a food
for adults, particularly elderly people who may also have a limited
capacity to elongate and desaturate LNA to EPA and DHA (14).
We found two types of w3-enriched eggs sold in markets. In one,
the chickens were given fish meal to increase the amount of w3
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fatty acids (fish-meal egg) and in the other the major source of
w3 fatty acids in the chicken feed was provided by flax (flax egg).
This paper presents data on the fatty acid composition of Greek
eggs, supermarket eggs, fish-meal eggs, and flax eggs and com-
pares them with the fatty acid composition and concentrations
in human milk so that these eggs can be evaluated as a source
of LCPUFAs as a supplemental or weaning food for infants.

Materials and methods

The eggs were hard boiled and their fatty acid composition
and lipid content were assessed as previously reported (1, 4).
Briefly, the total lipid extract was prepared by the method of
Bligh and Dyer (15). A portion of this extract was transmethyl-
ated with BF; in methanol by using a modification of the method
described by Morrison and Smith (16); the cosolvent used was
hexane rather than benzene. An HP-5880 gas chromatograph
(Hewlitt-Packard Co, Palo Alto, CA) was used with a 0.25 mm
id by 30 m DB-FFAP (0.25 um film thickness) capillary column
(J and W Sci, Folsom, CA) with hydrogen as carrier gas (54 cm/
s). The injector and detector temperatures were 240 °C and the
column oven was programmed from 130 to 175 °C at 4 °C/
min and then to 210 °C at 1 °C/min. The retention times
of various fatty acid methyl esters were determined with stan-
dard mixtures such as Nu-Chek Prep 68A (Nu-Chek Prep,
Elysian, MN).

Four different types of eggs were studied. The supermarket
eggs were purchased from a Washington, DC, supermarket. The
fish-meal eggs came from hens fed soybeans and fish meal as
their principal fat source (The Country Hen, Hubbardston, MA).
The feed contained ~46% LA, 5% LNA, 1.4% EPA, and 2.1%
DHA (22:6w3). The flax eggs came from chickens fed high
amounts of flax, some soy meal, alfalfa pellets, and corn (Es-
sential Nutrient Research Corporation, Manitowoc, WI). The
Greek eggs came from the Ampelistra farm in Greece. At the
Ampelistra farm the chickens roam freely and feed on various
types of fresh green grass leaves and wild plants including purs-
lane, which is plentiful, and their diet is supplemented with fresh
and dried figs, barley flour, and small amounts of corn. The
chickens also eat insects of all kinds and sometimes eat worms
when the weather is very dry.

Results

There are major differences in these four groups of eggs with
respect to wb6:w3 and fatty acid composition (Table 1). Super-
market eggs have the highest w6:w3 (19.9) and Greek eggs have
the lowest (1.3). Although Greek eggs and the flax eggs have
similar w6:w3s, flax eggs have a very high LNA content (21.3 vs
6.9 mg/g for Greek eggs) and smaller amounts of EPA and do-
cosapentaenoic acid (DPA, 22:5w3). The higher amount of total
w3 in flax eggs is therefore principally due to the high amount
of LNA. Greek eggs have the lowest amount of LA, the super-
market and flax eggs are intermediate, and fish-meal eggs are
the highest. Thus major differences are found in the composition
of these four eggs in both the types of w6 and w3 polyunsaturates
as well as in the w6:w3. Greek eggs have the highest amount of
DHA, EPA, and DPA and trace amounts of 18:4w3, 20:4w3,
and 21:5w3, which were not detected in the other eggs.

Of interest is that the ratio of monounsaturates to saturates
is similar for all four types of eggs whereas the ratio of polyun-

TABLE 1
Fatty acid concentrations in chicken egg yolks*
Fish-
Supermarket meal Flax Greek
Fatty acid eggs eggs eggs eggs
mg fatty acid/g egg yolk
Saturates
14:0 0.7 1.0 0.6 1.1
15:0 0.1 03 0.2 —
16:0 56.7 67.8 589 77.6
17:.0 03 0.8 0.5 0.7
18:0 229 230 26.7 21.3
Total 80.7 929 869 100.7
Monounsaturates
16:107 4.7 5.1 44 21.7
18:1 110.0 102.8 942 1205
20:1w9 0.7 09 0.5 0.6
24:109 — 0.1 — —
Total 1154 1089 99.1 142.8
Omega-6 polyunsaturates
18:2w6 26.1 67.8 424 16.0
18:3w6 0.3 03 0.2 —
20:2w6 0.4 0.6 04 0.2
20:3w6 0.5 0.5 04 0.5
20:4w6 5.0 44 26 54
22:4w6 04 0.3 — 0.7
22:5w6 1.2 0.2 —_ 03
Total 339 74.1  46.0 23.1
Omega-3 polyunsaturates
18:3w3 0.5 41 213 6.9
20:3w3 — 0.1 04 0.2
20:5w3 — 0.2 0.5 1.2
22:5w3 0.1 04 0.7 2.8
22:6w3 1.1 6.5 5.1 6.6
Total 1.7 11.3 280 17.7
Polyunsaturates:saturates 0.4 0.9 0.9 0.4
Monounsaturates:saturates 1.4 1.2 1.1 1.4
wb:w3 19.9 6.6 1.6 1.3

* Supermarket eggs, standard US Department of Agriculture eggs found
in US supermarkets; fish-meal eggs, main source of fatty acids provided
by fish meal and whole soybeans; flax eggs, main source of fatty acids
provided by flax flour; and Greek eggs, free-ranging chickens.

saturates to saturates is twice as high for the fish-meal and flax
eggs as for the Greek eggs. It is also of interest that 16:1w7 is
elevated in Greek eggs.

Discussion

The studies of Crawford et al (5), estimates from paleolithic
nutrition and from present day hunter-gatherer societies (17),
the studies of van Vliet and Katan (2) on fish, our studies on
purslane (4), and the present studies on the w6 and w3 fatty acid
content of various chicken eggs point to the fact that major
changes have taken place in the w6-w3 balance of our food supply.
It is presumed that eggs eaten by early humans came from
chickens fed under conditions similar to those of chickens pro-
ducing Greek eggs. These conditions include free ranging and
consuming green leafy vegetables, fresh and dried fruits, insects,
and occasional worms. Eggs produced under these conditions
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TABLE 2
Long-chain (LC) w6 and w3 fatty acid concentrations

Fatty acid Supermarket eggs Fish-meal eggs Flax eggs Greek eggs Human milk*
mg fatty acid/g egg yolk mg fatty acids/794 mL
Sum LC wb 7.5 (187.5)t 6.0 (150.0) 3.4 (85.0) 7.1 (177.5) 505.1
Sum LC w3 1.2 (30.0) 7.1(177.5) 6.3 (157.5) 10.6 (265.0) 250.0

* Mature human milk (infant aged 1 mo); 794 mL mean intake per day (from reference 23).
+ Milligram fatty acid/egg yolk given in parentheses. For the purpose of this calculation, 25 g was taken as the weight of an egg yolk.

are rich in both w6 and w3 LCPUFAs. In general, human milk
composition is influenced by the maternal diet (18). Harris et
al (19) showed that adding DHA to a mother’s diet increases
the DHA content of her milk. Because mother’s milk reflects
the mother’s diet and because earlier diets were richer in poly-
unsaturated fatty acids (PUFAs) than is the modern diet (3, 17),
it may be surmised that infants at present are also receiving less
PUFA from their mother’s milk.

Fatty acid requirements of preterm neonates have been de-
termined in various ways. One approach is to determine the
amount necessary to match the intrauterine accretion rates (20-
22). Another is to estimate the w3 requirement by determining
the amount necessary to maintain the red blood cell or plasma
phospholipid concentration of DHA found at birth or in infants
fed human milk. This amount of DHA has been estimated to
be 11 mg-kg™'-d™' (9). Uauy et al (10) found highly significant
correlations for w3 fatty acid status in plasma and red blood cell
membranes with the indices of rod function. Our data show that
1 g of Greek egg yolk contains 10.6 mg of w3 LCPUFAs (20:
Sw3, 22:5w3, and 22:6w3) and 7.1 mg w6 LCPUFAs (20:2w6,
20:3w6, 20:4w6, 22:4w6, and 22:5w6) (Table 2). Therefore 2-3
g Greek egg yolk would provide an adequate amount of long-
chain w3 fatty acids for a 2-kg preterm neonate with respect to
maintaining the blood concentrations of DHA.

Still another way to estimate the long-chain w3 or w6 PUFA
requirement of infants is to estimate the intake of these nutrients
from human milk. Recently Boersma et al (23) estimated the
mean daily intake of fatty acids from mature milk samples from
women in the Caribbean who completely breast-fed their infants
aged 18-31 d. These investigators, in estimating the mean daily
intake of human milk, used data from Neville et al (24). On the
basis of these calculations, the infants consume an average of
794 mL human milk/d at age | mo. The total intake of long-
chain w3 PUFAs was 250 mg/d and the intake of the long-chain
w6 PUFAs was 505 mg/d. One Greek egg yolk weighs ~25 g.
From the data in Table 2, one Greek egg yolk provides 265 mg
of w3 LCPUFAs acids and 177.5 mg w6 LCPUFAs; < | egg yolk
(0.94 egg yolk, or 23.6 g) would provide 250 mg w3 fatty acids.
It therefore appears that a diet supplemented with one such egg
yolk would supply the necessary amount of w3 LCPUFAs and
of DHA, in particular, for a 1-mo-old infant. Similarly 250 mg
w3 LCPUFAs would be provided by 1.6 flax egg yolks (39.7 g
egg yolk), 1.4 fish-meal egg yolks (35.2 g egg yolk), and 8.3 su-
permarket egg yolks (208.3 g egg yolk). The latter is an enormous
amount and therefore is inappropriate for consideration as a
weaning or supplemental food. However, with appropriate ma-
nipulation of chicken feed, fish-meal and flax eggs could be made
to resemble the Greek eggs.

Infant formula does not contain LCPUFAs. One Greek egg
yolk, in addition to providing the essential fatty acids, vitamins,
and minerals found in human milk, also provides ~4 g protein
(11). Full-term neonates are given formulas containing different
amounts of protein ranging from 11 g/L (the amount found in
human milk) to 32 g/L and have thrived on it (25). The additional
4 g protein provided by one Greek egg yolk should not be a
problem, provided that the formulas selected are in the lower
range with respect to protein content. For preterm neonates 2-
3 g Greek egg yolk would provide the requirements for w3 fatty
acids and an additional 0.34-0.51 g protein/d. This amount can
be easily adjusted by controlling the amount of protein in the
formula. Therefore adjustments in the formulas could be made
if necessary. The average protein content of human milk is 11
g/L but in the first few months it is 13 g/L, so for 1-mo-old
infants 750 mL of human milk (average intake) provides 9.75
g protein/d. Fomon (26) recommends a minimum protein con-
centration in infant formulas of 2.2 g-kg™'-d™' for infants be-
tween 1 and 2 mo of age and 1.8-1.5 g-kg™'-d™! for infants
> 3 mo of age. Because in the Greek and other cultures, babies
have been fed egg yolks without adverse effects, it appears that
infants at age 1 mo can tolerate the additional amount of protein
provided by the egg yolk. In addition to providing DHA, Greek
and fish-meal eggs are also good sources of arachidonic acid
(AA), which may be necessary to prevent the reduction of AA
in red blood cells and plasma phospholipids brought on by the
administration of marine oils in the formulas fed to very-low-
birth-weight infants (27).

We conclude that a Greek egg yolk would be useful as a sup-
plemental or weaning food just as it has been used for thousands
of years. Greek eggs have almost equal amounts of AA and
DHA and therefore are particularly suited to infant feeding. It
is interesting to note that in many old cultures such as in Greece,
China, and the Middle East, the first supplemental food for
breast-fed infants is one egg yolk mixed with sugar or hone
given at age 1 mo.
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supplied by Paul Stitt of Essential Nutrient Research Corporation (Man-
itowoc, WI).

References

1. Simopoulos AP, Salem N Jr. n—3 Fatty acids in eggs from range-
fed Greek chickens. N Engl J Med 1989;321:1412(letter).

2. van Vliet T, Katan MB. Lower ratio of n—3 to n—6 fatty acids in
cultured than in wild fish. Am J Clin Nutr 1990;51:1-2.

TT0Z ‘/ 18090190 U0 1sanb Aq Bio usle'mmm woly papeojumoq


http://www.ajcn.org/

@ The American Journal of Clinical Nutrition

414

. Crawford MA. Fatty acid ratios in free-living and domestic animals.

Lancet 1968;1:1329-33.

. Simopoulos AP, Salem N Jr. Purslane: a terrestrial source of omega-

3 fatty acids. N Engl J Med 1986;315:833(letter).

. Crawford MA, Sinclair AJ, Msuya PM, Munhambo A. Structural

lipids and their polyenoic constituents in human milk. In: Galli C,
Jacini G, Pecile A, eds. Dietary lipids and postnatal development.
New York: Raven Press, 1973:41-56.

. Neuringer M, Connor WE, Van Petten C, Barstad L. Dietary omega-

3 fatty acid deficiency and visual loss in infant rhesus monkeys. J
Clin Invest 1984;73:272-6.

. Sanders TAB, Naismith DJ. The effect of altering the linoleic

a-linolenic acid ratio in the maternal diet on foetal brain lipids. Proc
Nutr Soc 1980;39:80A(abstr).

. Neuringer M, Connor W, Lin D, Barsted L, Luck S. Biochemical

and functional effects of prenatal and postnatal omega-3 fatty acid
deficiency on retina and brain in rhesus monkeys. Proc Natl Acad
Sci USA 1986;83:4021-5.

. Liu C-CF, Carlson SE, Rhodes PG, Rao VS, Meydrech EF. Increase

in plasma phospholipid docosahexaenoic and eicosapentaenoic acids
as a reflection of their intake and mode of administration. Pediatr
Res 1987;22:292-6.

. Uauy RD, Birch DG, Birch EE, Tyson JE, Hoffman DR. Effect of

dietary omega-3 fatty acids on retinal function of very-low-birth-
weight neonates. Pediatr Res 1990;28:485-92.

. Clandinin MT, Chappell JE. Long chain polyenoic essential fatty

acids in human milk: are they of benefit to the newborn? In: Schaub
J, ed. Composition and physiological properties of human milk.
Amsterdam: Elsevier Science Publishers, 1985:213-22.

. Jackson KA, Gibson RA. Weaning foods cannot replace breast milk

as sources of long-chain polyunsaturated fatty acids. Am J Clin Nutr
1989;50:980-2.

. Oh SY, Ryue J, Hsieh C-H, Bell DE. Eggs enriched in «-3 fatty

acids and alterations in lipid concentrations in plasma and lipopro-
teins and in blood pressure. Am J Clin Nutr 1991;54:689-95.

. de Gomez Dumm INT, Brenner RR. Oxidative desaturation of al-

pha-linolenic, linoleic, and stearic acids by human liver microsomes.
Lipids 1975;10:315-7.

20.

21.

22.

23.

24,

25.

26.

27.

SIMOPOULOS AND SALEM
1S.

Bligh EG, Dyer WJ. A rapid method of total lipid extraction and
purification. Can J Biochem 1959;37:911-7.

. Morrison WR, Smith LM. Preparation of fatty acid methyl esters

and dimethylacetals from lipids with boron fluoride-methanol. J
Lipid Res 1964;5:600-8.

. Eaton SB, Konner M. Paleolithic nutrition. A consideration of its

nature and current implications. N Engl J Med 1985;312:283-9.

. Salem N Jr. Omega-3 fatty acids: molecular and biochemical aspects.

In: Spiller G, Scala J, eds. New protective roles of selected nutrients
in human nutrition. New York: Liss, 1989:109-228.

. Harris WS, Connor WE, Lindsey S. Will dietary w-3 fatty acids

change the composition of human milk? Am J Clin Nutr 1984;40:
780-5.

Anderson GJ, Connor WE, Corliss JD. Docosahexaenoic acid is the
preferred dietary n-3 fatty acid for the development of the brain and
retina. Pediatr Res 1990;27:89-97.

Clandinin MT, Chappel JE, Heim T, Swyer PR, Chance GW. Fatty
acid utilization in perinatal de novo synthesis of tissues. Early Hum
Dev 1981;5:355-66.

Clandinin MT, Chappel JE, Leong S, Heim T, Swyer PR, Chance
GW. Extrauterine fatty acid accretion in brain: implications for fatty
acid requirements. Early Hum Dev 1980;4:131-8.

Boersma ER, Offringa PJ, Muskiet FAJ, Chase WM, Simmons 1J.
Vitamin E, lipid fractions, and fatty acid composition of colostrum,
transitional milk, and mature milk: an international comparative
study. Am J Clin Nutr 1991;53:1197-204.

Neville MC, Keller R, Seacat RN, et al. Studies in human lactation:
milk volumes in lactating women during the onset of lactation and
full lactation. Am J Clin Nutr 1988;48:1375-86.

Nelson WE, Vaughan VC III, McKay RJ, Behrman RE, eds. Nelson
textbook of pediatrics. 11th ed. Philadelphia: WB Saunders, 1979:
202-3.

Fomon SJ. Requirements and recommended dietary intakes of pro-
tein during infancy. Pediatr Res 1991;30:391-5.

Carlson SE, Cooke RJ, Rhodes PG, Peeples JM, Werkman SH,
Tolley EA. Long-term feeding of formulas high in linolenic acid and
marine oil to very low birth weight infants: phospholipid fatty acids.
Pediatr Res 1991;30:404-12.

TT0Z ‘/ 18090190 U0 1sanb Aq Bio usle'mmm woly papeojumoq


http://www.ajcn.org/



