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Abstract: Dososahexaenoate (DHA) is highly concentrated in mammalian nervous and
visual systems and its deficiency during gestation, lactation and early life, could have
dramatic impacts on brain functions and mental health. Achieving an appropriate DHA
status in the neonatal brain is an important goal of neonatal nutrition. We evaluated
how o.-linolenic acid (ALA) provided by different dietary fat matrices improved DHA
content in the brains of both young male and female rats. Young rats born from dams fed
during gestation and lactation with a low ALA diet (0.4% of fatty acids) were subjected
for 6 weeks after weaning to an anhydrous dairy fat blend-based diet that provided 1.5%
ALA or to a palm oil blend-based diet that provided the same ALA level: either 1.5% ALA
or 1.5% ALA and 0.12% DHA with 0.4% arachidonic acid (ARA). With each diet the n-6/
n-3 ratio was similar (10) to follow the values generally recommended for infant formula.
Fatty acids analysis in whole brain showed that 1.5% ALA dairy fat blend was superior to
both 1.5% ALA palm-oil blends, supplemented or not with dietary DHA, for increasing
brain DHA. Females compared to males had significantly higher brain DHA with the
1.5% ALA palm-blend diet, but the dietary supplementation with DHA smoothed the
differences by a specific increase of males DHA brain. In conclusion, dairy fat blend
enriched with ALA appear to be an interesting strategy for achieving optimal DHA levels
in the brain of post-weaning rats. Inclusion of dairy fat in infant formulas should be
reconsidered.

Key words: dairy fat, palm oil, o.-linolenic acid, brain, docosahexaenoic acid, rat ne-
onates

Docosahexaenoic acid (DHA;22:6n-3)
and arachidonic acid (AA;20:4n-6) are
highly concentrated in mammalian
nervous and visual systems (Innis,
2007). There is an increased demand
for n-3 long-chain polyunsaturated fatty
acids (LC-PUFA), particularly DHA, to
support optimal visual and cognitive
development in infants during fetal life
and newborn nursing (Simopoulos,
1991; Innis et al, 2001; Hoffman et
al., 2000). Linoleic acid (LA;18:2n-6)
and alpha-linolenic acid (ALA;18:3n-3)
are the precursors of long-chain n-6
and n-3 fatty acids, respectively. Al-
though they can be synthesized from
their respective precursor fatty acids
(Mohrhauer and Holman, 1963), and,

although it has been shown in rats that
supplementation of mothers with ALA
or DHA leads to the same LC-PUFA
accretion in maternal, fetal and new-
born brains (Valenzuela et al., 2004;
Childs et al., 2010b; Childs et al., 2011),
synthesis (especially DHA synthesis)
could be insufficient to cover growth
needs (Poumes-Ballihaut et al.,, 2001;
Bowen and Clandinin, 2005; Plourde
and Cunnane, 2007). Therefore, it may
be necessary to increase the dietary
intake of DHA and/or increase the
synthetic capacity for metabolizing
ALA to DHA in mothers and newborns
(Guesnet and Alessandri, 2010).

Infant formulas were gradually repla-
cing mother’s milk for more than 50
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years and, at least in Europe are usually
prepared with vegetable oils. The com-
positions of these formulas are con-
trolled in terms of fat for most fatty acids
and especially essential fatty acids
(European Economical Community
rules, 2008; Alessandri et al., 1996).
Furthermore, in an attempt to mimic
the composition of mother’s milk, long
chains n-3 and n-6 fatty acids (DHA and
ARA) could be added (Alessandri et al.,
1996; Guesnet and Alessandri, 2010).

Throughout the ages, infant formulas
have been prepared with dairy fat,
which, to some extent, is less different
from breast milk for some components
that are not present in vegetable fat
formulas (i.e., cholesterol and short-
chain FA) (Radbill, 1981). For example,
the short- or medium-chain fatty acids
in milk fat are more efficiently absorbed
and might be beneficial for health (Bach
and Babayan, 1982). Some studies
reported the beneficial impact of dairy
products on the bioconversion of ALA in
humans or animal studies (Dabadie et al.,
2005; Rioux et al., 2011; Legrand et al.,
2010). However, the use of dairy fat for
infant formulas is still a matter of debate
invarious countries (Stevens et al., 2009).

Breast feeding is promoted all over the
world as the gold standard, at least for
the two to six first months. However the
quality of Infant formulas for the follow-
ing months is still important, and the
use of dairy fat during this period could
be of interest.

In an attempt to validate the potential
replacement of vegetable fats with dairy
fat in infant formulas, we used the rat as
a nutritional model, since many studies

aiming determinating of the needs of
the human brain are based on this
model since more than 30 years. This
animal was used in our study to
compare the effects on brain fatty acids
(specifically DHA) of dietary blends
based on dairy fat instead of palm oil,
which provide the same quantities of
essential fatty acids. The levels of ALA
and LA in these experimental diets
followed the recommended and com-
monly used values in most commercial
vegetable fat formulas. For this purpose,
sunflower and rapeseed oils were added
to maintain the levels of ALA (1.5%) and
LA (16%) and the n-6/n-3 ratio within
the recommended values of 9 to 10.

Because human milk contains DHA (0.2-
0.4%) and ARA (0.4-0.8%), it has been
proposed that formulas that replace
breast-feeding should be supplemented
with these long-chain n-3 fatty acids
(Guesnet and Alessandri, 2010). There-
fore, we also compared the previous
dairy and palm blends to a classical ALA-
enriched (1.5%) palm blend enriched
with DHA and ARA levels similar to those
used in infant formulas (0.12% and
0.40% of fatty acids).

In the present work, we compared the
effects of ALA enriched dairy-fat-blend
and palm-ALA regular blends (with or
without supplementation with long-
chain n-3) on the restoration of the
fatty acid profiles of brains from ALA-
deficient post-weaning rats.

For this purpose we used a model of rat
brain restoration of n-3 fatty acids by
using different blends of lipids in the first
generation of post-weaning rats (males
and females) deficient in n-3, born from

ALA-poor dams (Du et al., 2011). ALA
deficiency over both gestation and
lactation in the dams was achieved by
feeding a palm-oil-blend-based diet
(0.4% ALA), and the rat pups were
then switched at weaning to either a
palm-oil-blend diet or to a dairy-fat diet
supplemented with sunflower and rape-
seed oils to maintain 16% LA and 1.5%
ALA for 6 weeks (table 1).

We evaluated:

The impact on brain DHA of a
dietary Dairy fat matrix versus a
Palm matrix having the same level
of ALA (1.5%) (figure T).

The 1.5% ALA dairy fat blend induced
similar levels of brain DHA of young rats,
irrespective of the gender, and were
significantly higher to the brain DHA of
the young rats on the 1.5% ALA Palm
matrix. Moreover, contrarily to the dairy
fat diet, the palm matrix induced a
gender difference, with male rats show-
ing lower levels of Brain.

The impact on brain DHA of a
dietary Dairy fat blend (1.5%
ALA) versus a Palm blend (1.5%
ALA) supplemented with Dietary
preformed DHA (0.12%) (figure T).

Another diet was tested: 1.5%-ALA
palm diet supplemented with 0.12%
DHA and 0.4% ARA, to mimic the LC
PUFA supplemented formula and was
compared to 1.5% ALA-palm-blend and
to 1.5% ALA-dairy-fat blend, non-sup-
plemented with LCn-3.

The supplementation with dietary pre-
formed DHA to the palm oil based diet
increased the DHA levels in male brains
only, and allowed the restoration of

Table 1. Fatty acid composition of the diets. Palm, Palm + DHA and dairy fat were blended with rapeseed and sunflower oils to maintain an ALA level of

1.5% of total fat.

FA Palm ALA 1,5% Palm ALA 1,5% + DHA Dairy fat ALA 1,5%
Myristic 0,82 0,82 7,48
Palmitic 36,15 36,15 19,85
Stearic 4,12 4,12 9,64
Oleic 38,44 38,44 26,62
18:2n-6 15,98 15,98 13,88
18:3n-3 1,56 1,56 1,53
n-6/n-3 10,27 10,27 9,09
SFA 42 42 41
DHA added 0 0,12 0
Short and medium chains 0 6,13
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Figure 1. Brain DHA levels in young male and female rats receiving different diets for 6 weeks
post weaning: Palm (P) and Palm+DHA (P + DHA) and Dairy fat were blended with rapeseed
and sunflower oils to maintain an ALA level of 1.5% of total fat. A,b,c significantly different

p < 0.001.

their brain DHA content to the values
found in females brains fed the
same1.5% ALA palm diet.

In males and females rats fed with 1.5%
ALA dairy fat, the levels of brain DHA
were similar and significantly higher
than the corresponding levels obtained
with the 1.5% ALA Palm matrix supple-
mented or not with preformed DHA.

Discussion

The main finding of our study is that an
anhydrous dairy-fat-based diet with
1.5% ALA is more efficient than a palm
oil blend providing the same ALA level
and 0.12% added DHA and 0.4% ARA
for increasing brain DHA levels in post-
weaning rats. Together, these observa-
tions clearly demonstrated that brain
DHA levels can be improved by dairy fat
based-diets.

We were unable to show that the
various diets cause any selective desa-
turase and elongase gene activation (Du
et al., 2011; Tu et al., 2010). Thus, the
substrate quantity and quality impact is
probably the mechanism driving the
desaturation pathways toward very LC-
PUFA tissue accretion as observed by
others. In that respect, the dairy fats
differed from the plant oils in their

content of short- and medium-chain
fatty acids. ALA is one of the best beta-
oxidation substrates (Jones, 1994),
whose activity can prevent its conver-
sion into very long-chain-PUFA. Short-
chain fatty acids, such as those found in
dairy fats, are also highly oxidized after
absorption (Rolland et al., 2002; Bend-
ixen et al., 2002), may thereby spare
ALA from oxidation, and favor ALA
partitioning towards the desaturation
and elongation pathways. The possible
sparing of ALA from beta-oxidation by
short-chain fatty acids could be one of
the plausible explanation for our obser-
vation that better bioconversion of ALA
into DHA is obtained with the dairy fat
blend compared to the corresponding
palm oil blend. Both have as much as
ALA (1.5%) with the same n-6/n-3 ratio.
However, this needs to be precisely
addressed and deserves careful exami-
nation.

Nonetheless, as observed by others
(Childs et al., 2008; Childs et al.,
2010a; Extier et al., 2010), changes in
tissue fatty acid levels due to both
dietary and gender influences occurred
even in the brain (Du et al., 2011).
Likewise, we found that the dairy fat-
based diets attenuated the gender
influence to a greater extent than the

palm-oil-based diets. The brain DHA
levels were lower in males than in
females in palm-oil-based diet but
comparable in males and females in
the counterpart diet that provided
preformed DHA.

In conclusion, our study shows that a
dairy fat blend providing the recom-
mended values of essential fatty acids
(1.5% ALA) with a LA/ALA ratio of 10 is
superior to the plant oil blend even
when the recommended DHA levels are
exogenously provided. A gender effect
with regard to brain DHA (lower in
males) is linked specifically to the dietary
conditions of the vegetable formula
with the recommended 1.5% levels of
ALA, which could be overcome by the
DHA supplementation. Dairy fat should
be reevaluated for infant formulas.
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