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1 olumbian times chia was one of the basic foods of Central American civilizations, following corn
eans in terms of importance, but being more important than Amaranth. Tenochtitlan, the capital of the
: Empire, received between 5,000 and 15,000 tons of chia as an annual tribute from conquered nations.
s==d was not used just as a food, but also offered to the Aztec gods. Today there are -3 enriched eggs
e market that are produced by adding flaxseed, chia seed, fish oil/meal or marine algae to the hen’s diet.
pose of this paper is to compare chia with these other raw materials. Available information suggests
% level of ®-3 found in chia eggs could not be reached using flax, fish oil or algae based diets without
ely affecting the hens and/or one or more of the intrinsic characteristics of eggs. In all cases a limit-
ctor when feeding high percentages of the other @-3 sources is flavor, smell and/or atypical texture
ted by these products to the eggs. In the case of flax production also decreases.
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., LOST CROP OF THE AZTECS

: pre-Columbian times chia was one of the basic foods of Central America civiliza-
s and followed corn and beans, but was more important than Amaranth.
schtitlan, the capital of the Aztec Empire, received between 5,000 and 15,000 tons
Bia as an annual tribute from conquered nations (/). Chia seed was not used just as
ad. but was also offered to the Aztec gods (2).

Be use of chia in pagan religious ceremonies was one reason the Spanish conquis-
s tried to eliminate it, and replace it by species brought from the old world (2,3).
‘conquistadors were close to being successful in their crusade against such New
id cultures, not just with chia but with many other crops and customs as well, as
‘almost disappeared. Corn and beans were an exception, they survived the conquis-
w's efforts and became two of the most important crops for humanity. Because of its
sous use, and maybe because chia was unable to adapt to production under
; climatic conditions, it was pushed into a 500 yr period of obscurity (4).
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Table 1
Oil Content and Fatty Acid Composition of Chia and Flaxseed
g/100 g*
Seeds Oil % 18:3 18:2 18:1 18:0 16:0
Chia 32.8 20.3 6.66 2.36 0.95 2.18
Flaxseed 43.3 25.4 6.32 7.32 1.3 2258

*Per 100 g of seed.
Adapted from ref. 4.

Chia survived only in very small cultivated patches in scattered mountain areas @
southern Mexico and Central America until a research and development program
initiated in 1991. A group of growers and commercial entities, as well as technical ané
scientific personnel from Argentina, Columbia, Bolivia, Peru, and the United States
began collaborating through the Northwestern Argentina Regional Project. The ide:
behind the project was not only to provide growers with alternative crops, but also &
improve human health by reintroducing chia to human diets as a source of ®-3 fatt
acids, antioxidants and fiber (5).

2. -3 FATTY ACID SOURCES

At present there are ®-3 enriched eggs on the market obtained by adding flaxseet
chia seed, fish oil/meal, or marine algae to laying hen diets. The purpose of this chapt
is to compare the performance of chia to the other raw materials.

Of these raw materials, only flax (Linum usitatissimum L.) and chia (Salvia hispanica
are agricultural crops. These are vegetal species having the highest concentration &
-3 o-linolenic (ALA = 18:3) fatty acid known (Table 1)(6-9).

The other two sources are of marine origin, that is algae and fish oil/meal. Both com:
tain long chain ®-3 fatty acids, eicosahexaenoic (EPA = 20:5) acid and docosahexaenoi
acid (DHA = 22:6). Comparing the four sources shows that the terrestrial ones to have
a much higher ®-3 content than the marine sources (Table 2).

3. METABOLISM OF ®-3 FATTY ACIDS IN HUMANS AND POULTRY

The mechanism by which ®-3 fatty acid-rich diets reduce Coronary Heart Diseas
(CHD) mortality remains controversial. Recent literature discusses the role of differes
-3 fatty acids in human and animals and means of obtaining optimal levels for norma
growth and development as well as for the prevention and treatment of CHD and othe
diseases. ALA cannot be synthesized de novo, that is why it is an “essential fatty acid
EPA and DHA can however be formed from ALA through the action of the desat
and elongase enzymes.

Humans of all ages, including preterms and very likely fetuses, convert ALA to DHA
(10-12). This process has been reported for other species as well (13, 14). The efficiene
of this conversion within species depends on age and diet, whereas between species
is a controversial issue (15). Currently this topic is generating a lot of discussion regaré
ing how to determine the most convenient way to provide ®-3 fatty acids to humans ané
animals. The main disagreement comes about because of the poor scientific knowledgs
that describes the biochemistry and physiologic functions of ®-3 fatty acids in generak
and of ALA in particular.
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General acceptance has been that ALA fatty acids act as a precursor of the long-chais
polyunsaturated fatty acids (PUFAs). This came about because the first epidemiologic:
studies were conducted in populations with high fish intakes, and led to low estimate
for ALA requirements (/6). Results from recent epidemiological and controlled studie
regarding the role of ALA in humans and animal, are changing the way ®-3 sources &
thought to work. Evidence is that vegetarians do not suffer from diets lacking D
(17,18) and that ALA supplementation lowered the serum concentration of infla -
tory markers in dyslipaedic subjects (/9). Additionally medical studies have shown tha
consumption of ALA is associated with a reduced risk of suffering CHD (10,18,20-41}

The beneficial effects of fish oil have received much attention. However, EPA am
DHA fatty acids are easily peroxidized to form hydroperoxides and their secondas
degradation products which are thought to be deleterious to cells. There is strong ex
dence that lipid-derived aldehydes are really cytotoxic and the availability of a cellula
GSH-depleting agent is critical for the detoxification of the aldehydes (42). EPA a
DHA are more readily oxidized and result in more toxic oxidation products than &
linoleic, ALA, and arachidonic acids (43). Scientific evidence shows that EPA and DH?
are able to exert beneficial effects in terms of reducing the risk of suffering CHD, oni
if antioxidative protection against oxidative stress is sufficient to minimize the peros
idative damage of tissue lipids (44).

Oxidation of food lipids is a major concern for both consumers and food manufag
turers. If not controlled, oxidation can produce not only food off-flavors (typicall
known as fishy flavor), but also promote aging and the degenerative diseases associata
with aging such as cancer, cardiovascular diseases, cataracts, immune system declim
and brain dysfunction (45).

Chia as an ®-3 source does not require the use of artificial antioxidants such as vit
mins. Antioxidant vitamins have been shown to nullify the protector effects of cardia
vascular drugs. Research has found that a combination of antioxidant vitamins such
vitamin E, vitamin C, and B-carotene blunt the rise in high-density lipoprotein (HDE
cholesterol levels seen with the drug simvastatin (46). Also, vitamin E has bes
demonstrated to promote oxidation processes when an upper level is exceeded. Th
problem is that the low and high limits are too close together, making it very diffie
to obtain a correct amount for ingestion when ingredients are mixed for animal fee
(47). An advantage of ALA from a plant source over ®-3 fatty acids derived fi
fish/algae products is that insufficient antioxidant intake does not exist with highs
intakes (715,48).

Another concern with recommendations that have been made to increase the intak
of EPA as a source of ®-3 fatty acid is the potential for adverse immunological effea
resulting from excessive intakes. Moderate to high amounts of EPA, but not ALA, ca
decrease natural killer (NK) cell activity in healthy subjects (49). NK cells play
important role in host defense against virus infections and in inmunosurveillang
against tumor cells (50).

High amounts of DHA can also inhibit the action of A and A, enzymes working &
the essential fatty acid, linoleic (®-6) and ALA (®-3). Although this action will ne
affect the total number of ®-3 long chain fatty acids it will cause an imbalance in
-6:m-3 ratio which is considered vital for good function of the human body, includim
prevention of CHD (57-55).
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Table 3
Total ®- Fatty Acid Content and o-Linolenic:DHA Ratios in Eggs Produced
by Hens Fed Two Levels of Chia

Fatty acid’ mglegg

diet 18:3 22:6 -3 22:6: 18:3
Chia 7% 231 123 354 1:1.9
Chia 14% 438 138 576 1:3:2

'Eggs from H&N white hens at 27 weeks age.
Adapted from ref. 14.

Egg yolks from hens fed chia-enriched diets show a significant increase not only in
LA butin DHA as well. As in humans, poultry showed the capacity to produce DHA
rough the desaturation and elongation of ALA, as chia seed lacks DHA (Table 2).
Different organizations involved in human healthcare have made recommendations
o the minimum consumption of ®-3 fatty acids which should take place, but these
aly include ALA the precursor of the other two (55-59). A position paper which
¢ European Society for Pediatric Gastroenterology, Hepatology, and Nutrition
ESPGHAN) published in November 2005 gave recommendations for nutrition levels
p infant formulae. ESPGHAN set minimum and maximum levels of ALA in infant
maulae at 0.3 and 1.2 g/100 kcal, respectively. DHA is listed only as an optional
dition, and should not exceed 0.05% of total fat (4.4-6.0 g/100 kcal) intake, arachi-
mmic fatty acid should be at least equal to the concentration of DHA, and EPA should
% exceed DHA content (60).

Although there are variations between the recommendations made by nutritionists
sgarding the relationhip among different -3 acids in the diet, especially between DHA
d ALA, nutritionists agree that the ALA content must be significantly higher than the
HA content because that is how these fatty acids are found in human milk. Breast milk
s a DHA:ALA ratio of, 1:2,1; 1:2.2; 1:2.2; 1:3.3; 1:3.6; 1:3.6; 1:4;1:8; and 1:10.2 in
omen from Cuba, Germany, France, Nigeria, Argentina, Japan, China, and Nepal, respec-
ely (61-66). Breast milk of women eating a traditional fish-rich diet in East Africa
anzania) has a DHA:ALA ratio of 1:1.6 (67). In the United States. DHA:ALA ratios in
peast milk from women living in Maryland, Connecticut, and Oklahoma were found to
2 1:4.4; 1:2.1 and 1:5, respectively (68,69). Thus in human milk, fatty acid contents vary.
the case of DHA, the observed variations go from 0.04 to 0.25% of total fatty acids
1), and the ALA level was always significantly higher than the DHA content.

Eggs from hens fed 7% chia diets have an ALA:DHA ratio similar to that found in milk
‘woman from countries where smaller ratios were recorded, that is Cuba, Germany, and
rance. The DHA:ALA ratios of the eggs (Tables 3 and 4) are almost equal to those
1:1.6) of women consuming a traditional fish-rich diet in East Africa. This ratio has been
segested as being close to that of early homo sapiens because of the similarity of their
elong consumption of East-African fish-based foods (67). The DHA:ALA ratios also
similar to those of eggs from hens raised under free range conditions and consuming
reen leafy vegetables, fresh and dried fruits, insects and occasional worms (71 ).
‘Research has shown that eating regular eggs compared to ®-3 enriched eggs
sduces the risk of CHD by lowering plasma triglyceride and cholesterol contents as
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Table 4
Cholesterol, Total Fat, Total ®-3 Fatty Acid, 0-Linolenic and DHA Content of Eggs
Produced by HR White and HR Brown Hens Fed 5 Different Levels of Chia’

Chia Total fat mg/100 g*

% /100 g* Cholesterol -3 18:3
0 9.25 412 95 32
7 8.98 318 606 376
14 8.62 384 983 812
21 9.44 368 1286 1111
28 9.29 355 1580 1454

Average of eggs from H&N brown and H&N white hens at 27 weeks age.
*Per 100 g of egg, without shell.
Adapted from ref. /4.

well as blood pressure. Regular eggs, on the other hand, increase these parameters as
therefore increase the possibility of CHD (72-75). ALA enriched eggs also si onif
cantly reduce platelet aggregation compared with DHA enriched eggs, hence an inds
pendent mechanism for dietary ALA-induced reduction of platelet aggregation B
been suggested (76).

Reductions in total saturated fatty acids in general, and in palmitic fatty acid (up
30.6%) in particular, in eggs from hens fed chia-enriched diets compared with eg
from hens fed control diets were significant (/4,77). Chia also provided a greater redu
tion in palmitic fatty acid content than other ®-3 sources when added to the hen die
Two comparative trials that fed hens ®-3 enriched diets showed eggs from hens fed ci
were 16 and 18% lower in palmitic fatty acid than those from hens fed fish oil (Table
and 6). Because palmitic and stearic acids are more than 95% of the total saturated fa8
acid content of hen eggs, and stearic fatty acid is considered much less hyperchole
terolemic than palmitic or not hypercholesterolemic at all (78-81), the reduction
palmitic fatty acid content is more important than a reduction in total saturated fatty a&
content in terms of improving the nutritional quality of eggs. Chia has also reduced
palmitic fatty acid content in other animals as well (/3,82).

Two trials have shown no differences in palmitic (Table 6) or total saturated (Table
fatty acid content of eggs from hens fed either chia or flaxseed enriched diets. As rece
research suggests that the reduction of palmitic fatty acid content in egg yolk is fes
dependent (/4,83), then the lower palmitic content of eggs from hens fed chia
flaxseed enriched diets compared with eggs from hens fed fish oil could be related to1
lower palmitic fatty acid content of chia and flaxseed compared with fish oil (Table :
This beneficial effect gives terrestrial sources of @-3 fatty acids a dramatic advanta
compared with fish and algae products that are very high in palmitic fatty acid, and i
cates an additional health advantage for these w-3-enriched eggs.

4, ®-3 FATTY ACID LEVELS IN COMMERCIAL EGGS

Table 8 lists some of the -3 eggs that are available in selected countries of Afri
European Union, and the Americas. The Mega-3 egg, obtained by including 14% &8
in the layer diet, contains one of the highest ®-3 contents (1120 mg/100g’s of &
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Ayerza and Coates (83) reported that hens fed ALA enriched diets made from a chi
flaxseed mixture produced significantly (p < 0.05) different ®-6:®-3 ratios compareg
with the control diet. A negative relationship between dietary ALA content and egg
®-6:0-3 ratio was observed, with the source of ALA having an effect. The higher the
chia content, the lower the ®-6:®-3 ratio. The ratio tended to increase when chia
replaced with flaxseed, however the differences were not statistically significam
(p < 0.05). This source effect is demonstrated in Table 6, and shows that hens fed chis
enriched diets produced eggs having ®-6:®-3 ratios which were 28 and 41% lower tha
those of hens fed flaxseed and fish oil, respectively. Neely (84) reported ©-6:@-3
ratios of 3.7:1; 2:1 and 1:1 for egg yolks of hens fed control, fish oil and chia enriche
diets, respectively.

Today there is an abundance of evidence supporting the fact that high ®-6:-3 raties
of dietary fatty acids, rather than serum cholesterol, are a major risk factor in terms of
suffering CHD (95). A reduction in dietary ®-6:00-3 fatty acid ratios, bringing thes
closer to the nutritional needs as determined by our genome and (a ratio of 1:1), is ce
sidered very important for good health and normal development (96,97).

5. ORGANOLEPTIC CHARACTERISTICS

Eggs produced by hens fed flaxseed have a characteristic (unpleasant) smell, simi 3
to that of hens fed fish oil (47,98-104). In the United States, a study of five citig
showed that consumers generally were reluctant to consume eggs smelling/tasting.
fish (105). The absence of atypical organoleptic characteristics in eggs produced &
hens fed chia represents a significant advantage for this grain, compared with flax 2 )
fish by-products (77,83,106).

The difference in organoleptic characteristics of eggs produced using flax and
could result from the powerful action of the antioxidants in chia which are absent in fk
(107-110), and/or to the interaction between other components in flax and bird phys
ology (111). In the case of fish oil the smell results from the greater instability of D
and EPA than ALA, combined with an absence of antioxidants capable of preventis
degenerative processes (112,113). .

In the case of marine algae available literature reports no fish smell or taste in egg
produced using this product as a feed. However, no published scientific papers ha
been found which support this statement. An indirect reference about off-flavors in eg
produced by hens fed algae is contained in a nonscientific paper written by Abril et 3
(114). They mention that including up to 1% algae in laying hen diets did not signi
cantly decrease overall egg acceptability in terms of aroma and/or flavor. Although
scientific information appears to be available to support or refute the presence of
flavors, the high content and known instability of DHA would logically lead one
assume that algae would transmit undesirable organoleptic characteristics to eggs Wk
large quantities are consumed by hens.

Not all, but some, marine algae have shown antioxidant activity related to t@
polyphenol content. It has been suggested that polyphenol could prevent oxidative da
age to important biological membranes. However, commercially produced algae she
very low antioxidant capacity. The decrease could be related to drying (50°C for 48 :
of the algae during commercial production. Jimenez-Escrig et al. (//5) reported &
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jessing (drying) and storing decreases the antioxidant content of fresh algae. Thus
ifference in shelf life between chia and algae may be associated with the difference
e quantity and/or quality of natural antioxidants in each.

. summary, several studies provide solid evidence that including more than 5%
ed. 1.5% fish oil, or 1% algae in laying hen diets will result in a significant
ase of egg acceptability in terms of aroma and/or flavor. It is possible, however, to
ade up to 30% chia in the diet without encountering any negative consumer prefer-
5. This means maximum -3 fatty acid enriching potentials (mg/egg) of: 175 for
2. 207 for fish oil, 214 for flaxseed, and 986 for chia seed without affecting egg
poleptic characteristics (14,93,99,106,114).

JONCLUSION

vailable information suggests that none of the levels of ®-3 enrichment that chia
produce could be reached using flaxseed, fish oil or algae based diets without
y affecting hen performacnce and/or one or more of the intrinsic characteristics
es. The limiting factor for utilization of high percentages of available -3 sources,
e exception of chia, is change in the flavor, smell and/or texture transmitted by
products to the eggs. Also in the case of flaxseed, egg production would be nega-
Iy affected.

a. when used as feed for laying hens holds great potential. This is true not only in
fucing eggs having a high level of ®-3 fatty acids lacking off-flavors and without
sting production parameters, but also by producing eggs having lower saturated
id contents and better -6:®-3 ratios than those produced by hens fed other w-3
id sources.

! science thus explains why chia was one of the four most important foods not
for the Aztec and Mayan civilizations, but for millions of other Mesoamerica’s inhab-
s as well. As a result, chia seed has become an alternative to flaxseed and marine
eees for the production of more acceptable eggs for the health conscious consumer.
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