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The long-chain (LC) polyunsaturated fatty acids (PUFA) are essential for optimal cognitive function. This 
study was designed to assess the influence of infants’ and mothers’ LC PUFA level on cognitive 
function, motor and language development in infants. This study was conducted on 30 infants aged 6 
months or less and their mothers who attend to follow up in the Nutrition clinic, Ain Shams University. 
Infants’ and mothers’ LC PUFAs level was measured by HPLC and the developmental assessment for 
each child was done using Bayley Scales of Infant and Toddler Development (Bayley III).There was a 
significant positive correlation between infants’ LC PUFAs level and mothers’ LC PUFA level; r= < 0.5. 
Apart from a significant correlation between ALA level in infants and the language scale, no other 
significant correlation was reported. Present evidence suggests that infant formulas fortified with 
LCPUFA improve infants’ cognitive function. 
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INTRODUCTION 

The development of cognitive function is a 
complex process affected by many hereditary and 
environmental factors interrelating with each 
other(1).Adequate nutrition is considered essential 
for normal brain development. Particularly during 
pregnancy and infancy periods, as these periods 
are critical for the brain formation via placing the 
basis of cognitive development, language and 
motor domains, moreover social and emotional 
skills throughout the child life Prado and Dewey 
(2014) 

Early in life, essential polyunsaturated fatty 
acids (PUFA) of the omega-3 (n–3) and omega-6 
(n–6) series are critically important. LC-PUFAs, 
especially DHA (22:6n–3) and arachidonic acid 

(AA; 20:4n–6), play an essential role in growth as 
well as normal brain development  Koletzko et 
al.,(2014).Long- chain polyunsaturated fatty acids 
(LC-PUFA), including docosahexaenoic acid 
(DHA) and arachidonic acid (AA), are merged to 
phospholipids. They are part of their structure, act 
as precursors of autocoid signaling molecules 
(e.g., docosanoids) and are powerful triggerors of 
a plenty of gene transcription factors (e.g., 
peroxisome proliferator activated receptors). The 
importance of n-3 LC-PUFA is principally due to 
the combination of DHA in high levels in the 
central nervous system though DHA also has 
many significant functions in other tissues 
Schuchardt et al., (2013). The maximum brain 
growth development occurs during antenatal and 
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postnatal period till two years of age. During this 
period, buildup of DHA in the brain takes place, 
with high levels of DHA in the brain continued all 
through life Demmelmair et al., (2001). 

Owing to the deficiency of new PUFA 
formation, the degree of membrane DHA 
integration in the brain early in life and in body 
systems rely on many factors including: maternal 
supply, type of feeding and endogenous LC-PUFA 
synthesis. 

The DHA accretion in the brain during the 
third trimester of pregnancy is consider ably more 
advanced than the total body deposition rates 
Agostoni et al.,(2005) Fetal LC-PUFAs accretion 
occurs mostly during the last pregnancy months , 
around the 30th week of gestation. Weight gain 
becomes more obvious and is accompanied by 
deposition of fat tissue Morales et al., (2011) 

Breast milk is composed of essential lipids, 
such as saturated fatty acids (SFAs), long-chain 
omega-3 and omega-6 polyunsaturated fatty acids 
(PUFAs), cholesterol, and complex lipids Carver 
et al., (2001). The lipid configuration depends on 
dietary regimen of the mother and nutritional 
status. Thus, during pregnancy, the nutritional 
status of the mother is an essential influential 
factor in the optimum development of the fetus 
(9).Including seafood in diet differs greatly among 
mothers. Hence, DHA varies in breast milk as if 
the mother has ≥ 200 mg DHA/day to gain human 
milk DHA level of 0.3% fatty acids. It’s also lately 
advised that preterm infants should receive DHA 
supplementation. Infant formula for infants should 
better contain DHA and arachidonic acid (AA) to 
give 100 mg DHA/day and 140 mg AA/day. 
Haggarty (2004). 

A range of 0.18% -0.45% of energy has been 
suggested to be added in infant formulas. 

The difference in structure in the LC-PUFA 
content of infants’ brain composition recommend 
probable relations with the development of 
intellectual functions. Recent researches have 
investigated the influence of LC-PUFAs on 
universal measures of development such as the 
Mental Development Index (MDI) of the Bayley 
Scales of Infant Development Bayley (1993) 

This study was designed to relate infants’ and 
mothers’ LC PUFA level as well as to assess the 
effect of LC PUFA on cognitive function, motor 
and language development in infants in 
correlation to  infant feeding pattern. 
 
MATERIALS AND METHODS 

This study was conducted on 30 infants aged 
6 months and less and their mothers from those 

who attend to follow up in the Nutrition clinic, Ain 
Shams University from October 2016 to February 
2017. Infants and their mothers were invited to be 

enrolled after describing the aim of the study. 

Study design: 
A cross sectional study was performed. The 

eligibility for enrollment was considered if the 
infant was 6 months and less, belonging to the 
middle socioeconomic status and their guardians 
consented to participate in the study.  Infants with 
apparent congenital anomalies, features of 
genetic diseases, history of metabolic or 
neurological problems, or if their mothers had a 
current or past history of mental illness were 

excluded from the study. 

Study procedure: 
The study followed the regulations of the 

medical ethical committee of the National 
Research Centre. Signed informed consent was 
collected from mothers of the infants enrolled in 

the study prior to participation. 
During the clinic visit, each infant was 

subjected to full medical history focusing on 
perinatal history, developmental history. 
Anthropometric measures and thorough physical 
examination was performed. 

The studied infants were classified to two 
groups according to feeding pattern, the breast 
feeding group and formula group.  

The developmental assessment for each child 
was performed using Bayley Scales of Infant and 
Toddler Development (Bayley III) Bayley (1993) 

Bayley-III covers Cognitive, motor and 
language developmental domains which are 
administered with the child; interaction. It consists 
of a series of developmental play tasks and takes 
between 45 – 60 minutes to administer. It involves 
interaction between the child and examiner and 
observations in a series of tasks. Scoring for 
every item is either 1 (credit) or 0 (no credit).  

Raw scores of successfully completed items 
were converted to scaled scores and to composite 
scores. The scores obtained by toddlers were 
used to determine their performance compared 
with norms taken from typically developing 
children. The composite scores are scaled to a 
metric with a mean of 100 and a SD of 15, and a 
range from 40-160. The norm-referenced average 
is from 85-115. 



Hameed et al.,                                                                                                      LC-PUFA and cognitive function 

 

                                                                Bioscience Research, 2018 volume 15(4):4409-4416                                      4411 

 

Laboratory investigations: 
Blood samples were collected from mothers 

and infants for measurement of LC PUFAs 
including: ALA, OA, AA, LA. 

Estimation of arachidonic and α–linolenic 
acids by HPLC Plasma fatty acids were estimated 
by HPLC, Agilent technologies 1100 series, 
equipped with a quaternary pump (Quat. pump, 
G131A model). Sample preparation Plasma was 
homogenized in acetic acid (2 %): ethyl ether 
mixture (2:1) v/v. The solution was centrifuged at 
3000 rpm, the organic phase was evaporated to 
dryness. The extract was then dissolved in 400 μl 
acetonitrile and filtered through hydrophilic PVDF 
0.45 µ m.  HPLC condition this method was 
carried out by reversed phase HPLC column (260 
X 4.6, particle size 5μl) according to the method 
described previously .mobile phase was 
acetonitrile/water mixture (70/30) v/v by isocratic 
elution with flow rate 1 ml/min and UV detector 
was set at 200 nm. Serial dilutions of standards 
were injected onto HPLC and their peak areas 
were determined. A linear standard curve was 
made by plotting peak areas versus the 
corresponding concentrations. The concentration 
in samples was obtained from the standard curve 
Jihan hussein ze-kamm.(2016) 

Sample extraction 200 μl plasma were treated 
with 16 μl TCA, mixed well and incubated in ice 
for 30 min to precipitate protein. After 
centrifugation for 20 min at 4000 rpm at 4 °C, 
supernatants were filtered through hydrophilic 
PVDF 0.45 µ m. HPLC condition 30 µl from the 
solution were injected in HPLC; separation was 
achieved on reversed phase column (C18, 25, 

0.46 cm i.d. 5 µ m). The mobile phase consisted 
of 40 mmol/l sodium phosphate monobasic 
monohydrate; 8 mmol/l heptane sulfonic acid and 
18% (v/v) methanol adjusted to pH 3.1 by addition 
of phosphoric acid and filtered through a 0.45-μm 
membrane filter and was delivered at a flow rate 
of 1 ml/min at 40 °C. UV detector was performed 
at 260 nm. Serial dilutions of standards were 
injected, and their peak areas were determined. A 
linear standard curve was constructed. 

Statistical analysis:  
Data was coded and entered using the statistical 
package SPSS (Statistical Package for the Social 
Sciences) version 24. Data was summarized 
using mean, standard deviation, median, 
minimum and maximum in quantitative data and 
using frequency (count) and relative frequency 
(percentage) for categorical data. Comparisons 
between quantitative variables were done using 
the non-parametric Kruskal-Wallis and Mann-
Whitney tests Chan YH.(2003),. Correlations 
between quantitative variables were done using 
Spearman correlation Chan YH.(2003),Coefficient 
P-values less than 0.05 were considered as 
statistically significant. 
 
RESULTS 

The descriptive characteristics of the studied 
groups were presented in table 1. The mean age   
was 4.38 ± 1.66 months. The mean weight was 
4.11 ±1.26 Kg.The enrolled infants included 17 
males and 13 females. According to feeding 
pattern, breast fed infants represented 40% (12 
infants) while 36.7% were bottle fed and 23.3% (7 
infants) followed the mixed feeding regimen. 

Table (1): Descriptive data of the studied infants  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Mean ± SD Range 

Age (months) 4.38 ± 1.66 1.0-7.5 

Weight (Kg) 4.11± 1.26 2.0–7.0 

(Bayley III)  score 

 Cognitive scale 

 Language scale 

 Motor scale 

 
79.50±9.64 
73.90±14.64 

81.43± 13.63 

 
60-90 

50-109 
49-94 

 
No. % 

Gender 

 Male 

 Female 

 
17 
13 

 
56.7 
43.3 

Feeding pattern 

 Breast 

 Formula 

 Mixed feeding 

 
12 
11 
7 

 
40.0 
36.7 
23.3 

Mode of Delivery 

 Normal vaginal delivery 

 C.S 

 
9 
21 

 
30.0% 
70.0% 
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Assessment of cognitive, motor and language 
function of the infants are described in table 1 that 
showed that the mean of Cognitive scale was 
79.5±9.64 while the mean of language scale was 
73.90±14.64 and the mean of motor scale was 
81.43±13.63 LC PUFA level in the studied infants 
and mothers are demonstrated in table 2 , 
Regarding LC PUFA in infants; mean of ALA was 
278.93±291.720, mean of AA was 
962.30±687.533, mean of LA was 
388.63±241.612 and mean of OA was 
366.73±588. 857. While LC PUFA level in 
mothers, mean of AA was 1122±754.62, mean of 
LA was 584.97±361.59, mean of OA was 
574.59±562.69 and mean of ALA was 

278.12±203.44. 
 The correlation between LC PUFA level in 

the studied infants and mothers were presented in 
table 3. 

There was a significant positive correlation 
between infants’ OA level and mothers’ AA level. 
r= < 0.5 and a significant positive correlation 
between infants ALA level in and mothers ALA 
level (r=0.5).  

Table 4 shows the correlation between Bayley 
score and the infants’ PUFA level. A part from a 
significant correlation between ALA level in infants 
and the language scale, no other significant 
correlation was reported. 

 
Table (2): LC PUFA level in the studied infants and mothers  

  Mean ± SD Minimum Maximum 

LC PUFA infants 
(no=30) 

ALA 278.93±291.720 40 1294 

AA 962.30±687.533 46 1775 

LA 388.63±241.612 88 907 

OA 366.73±588.857 5 2303 

LC PUFA Mothers 
(no=30) 

AA 1122±754.62 18 1294 

LA 584.97±361.59 110 1527 

OA 574.59±562.69 3.00 1616.00 

ALA 278.12±203.44 15.00 817.00 

 
Table (3) Correlation between Mothers’ LC PUFA level and the level of LC PUFA level in the 

studied infants  

  
ALA  

(Mother) 
AA  

(Mother) 
LA  

(Mother) 
OA  

Mother) 

ALA (infant) 
 

Correlation Coefficient .430* .096 -.151 -.158 

P value .029 .641 .462 .440 

AA (infant) 
 

Correlation Coefficient .258* -.107 -.256 .304 

P value .203 .604 .207 .131 

LA (infant) 
 

Correlation Coefficient -.115 .114 -.070 -.257 

P value .575 .579 .736 .205 

OA (infant) 
 

Correlation Coefficient .039 .441* -.053 -.177 

P value .852 .027* .800 .398 
  * P < 0.05 the relation is statistically significant. 

 
Table (4) Correlation between Bayley score and the level of LC PUFA level in the studied infants  

 

  Cognitive scale language scale Motor scale 

ALA 
 

Correlation Coefficient .064 -.399- .171 

P value .750 .039* .394 

AA 
 

Correlation Coefficient -.132- -.183- .182 

P value .513 .360 .365 

LA 
 

Correlation Coefficient .378 .054 .100 

P value .052 .789 .618 

OA 
 

Correlation Coefficient .000 .297 -.001- 

P value .999 .140 .995 
r: Pearson correlation  and  * P < 0.05 the relation is statistically significant 
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DISCUSSION  
Essential polyunsaturated fatty acids (PUFA) 

of the omega-3 (n–3), omega-6 (n–6) and mega -
9 series are essential during early life( Innis 
SM.(2005).A rachidonic acid (AA) is an  omega-6 
fatty acid whereas docosahexaenoic acid (DHA) is 
an omega-3 fatty acid. Both AA and DHA are 
biologically active end products of the essential 
fatty acids, linoleic (precursor for AA) and alpha-
linolenic (precursor for DHA). OA ( omega9 fatty 
acid), is exclusively obtained from the diet( The 
nomenclature of lipids (recommendations 1976).. 
The LCPUFAs are synthesized in the liver 
endoplasmic reticulum and peroxisomes by a 
series of de saturase and elongase 
enzymes.German and Dillard (2006). 

LC PUFA sources vary with age, concerning 
fetal period , the fetus depends absolutely on 
maternal supply of these fatty acid in 
utero(18).The mother transfers LC-PUFAs  to her 
fetus via placenta. This is facilitated by specific 
fatty acid binding proteins. In the fetal period, 
preterm and full-term neonates can alter linoleic 
and alpha-linolenic acids into AA and DHA, 
unfortunately, the synthesis of this endogenous 
LC-PUFA synthesis has very low activity German 
and, Dillard (2006) 

In the neonatal period and infancy, the human 
milk is considered a rich source of LC `PUFA. 
Although the DHA content is highly adjustable, 
relying mostly on the mother's diet and breast milk 
provides preformed LC-PUFA to the infant Gibson 
and, Makrides( 2001). 

In the current study the LC PUFA profile of the 
infant was influenced by the LC PUFA profile of 
the mother as  a significant positive correlation 
between OA level of the infant and AA level of the 
mother was reported .Also, a significant positive 
correlation between ALA of the infant and ALA of 
the mother was found. Moreover ,a significant 
correlation was found between the infants’ ALA 
and language scale. 

These results are in favor with many studies 
demonstrating that breast-milk content of LC-
PUFAs reflects its concentrations in maternal 
plasma lipids Kim et al., (2017). This depends on 
maternal nutrient intake and undoubtedly, 
maternal desaturation are involved in changing 
dietary LA and ALA to LC-PUFAs Peng et 
al.,(2009). Hence, some infants obtain enough 
LC-PUFA to provide normal rates of deposition, 
but other infants do not have enough. Also, some 
infants can form more LC-PUFAs from the LA and 
ALA ingrediants of breast milk, as in a study 

conducted by Heird 2001 in which the DHA status 
of infants receiving breast feeding was found to be 
higher than that of formula-fed infants without 
LCPUFA Heird (2001).In another study by Fleith 
et al., the authors reported that fatty acid level in 
formula- fed infants fortified with both n-3 and n-6 
LCPUFA was closer to the level of breast-fed 
infants than to that of infants fed with formulas 
without LCPUFA Fleith and Clandinin (2005).On 
the other hand, Schwartz et al.,( 2010) found that 
infants taking non-LC-PUFA-supplemented 
formula, achieved higher level of LC PUFA than 
infants taking LC-PUFA-supplemented formula 
and breastfed infants. The author explained that 
the satisfactory PUFA formula profile may have 
supported n-3 LC-PUFA biosynthesis as they 
reported a higher level Schwartz et al.,(2010). 

Infancy is a critical period for normal brain 
development ,and the cornerstone in the cognitive 
function develompet , motor skills throughout 
childhood and adulthood(Prado and, Dewey 
(2014).Essential polyunsaturated fatty acids 
(PUFA) of the omega-3 (n–3) and omega-6 (n–6) 
series are essential early in life, Long-chain 
PUFAs (LC-PUFAs) , especially DHA (22:6n–3) 
and arachidonic acid (AA; 20:4n–6), play a vital 
role in growth and normal brain development 
Yaméogo et al.,( 2017). 

The association between cognitive outcome 
and LC PUFA level had been studied evidently in 
recent researches. Several studies have 
evaluated the cognitive consequences and visual 
perception after n–3 LC-PUFA supplementation 
during conception. 

However, Recent researches on n23 and n26 
PUFA supplementation to the pregnant mother 
have failed to demonstrate a remarkable effect on 
infants’cognitive function or development Carver 
et al., (2001), Diau et al.,( 2005). 

Recently, LCPUFA gained researcher 
attention as many studies evaluated the effect of 
dietary LCPUFA on cognitive and motor functions.   

There’s a study that recommended extension 
of LCPUFA supply to the newborns up to6 months 
of age Koletzko et al., (2014) Others couldn’t 
prove beneficial effects of supplementation on the 
total cognitive test scores at one year and half of 
age Campoy et al.,(2011). 

It was demonstrated in previous studies that 
infants fed with LC PUFA supplemented formula 
had higher concentrations of EPA and DHA in 
plasma and red blood cells than those given 
deficient formulas (11, 63). 

The Bayley-III has three main subtests: The 
Cognitive Scale, the Language Scale and the 
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Motor Scale. In the present study after applying 
the Bayley- III on the studied infants, a significant 
positive correlation was reported between ALA 
level and the language scale . 

This finding is in favor to a study by Innis et 
al.,(2005 )which studied the relation between early 
language development and DHA levels in breast 
milk. There was a positive correlation between 
DHA levels in RBCs and a speech performance at 
9 months of age(29). 

In other study by David et al., there was a 
statistically significant negative correlation 
between DHA and Language development. 
Amongst the formula-fed groups, there were 
statistically significant correlations between 
Language progress (r = −0.19; P < .05) Scott et 
al., (1998) 

Our results support the theory that LC PUFA 
may influence the progress of neural pathways as 
well as the development of language attainment in 
term breast-fed infants. 

In the current study, there was no significant 
relation between cognitive scale nor motor 
development with the LC PUFA level. 

This in favor to the results of a Double-Blind, 
Randomized Trial by Mary et al., in which there 
were no significant differences in developmental 
scores between  infants receiving  breast milk and 
infants with fortified formula with Long-Chain 
Polyunsaturated Fatty Acids(Fewtrell et al.,(2002). 

In contrast, recent meta-analyses did not 
deduce a valuable effect of DHA and AA on neuro 
developmental outcomes in premature infants. 
However, there’s a debate that meta-analyses 
may not be the best means with wide 
inconsistency in the study design, end points and 
study population, as was the situation in these 
studies  Smithers et al., (2008) 

In another study by Willatts et al., (2013). 
children who took LC-PUFA–supplemented 
formula in infancy showed no significant 
differences in IQ scores and attention level at 6 y 
of age compared with those who took unfortified 
formula. Meanwhile, children who received LC-
PUFA were quicker and more competent at 
information handing out. The authors concluded 
that dietary supply of LC-PUFAs in the first 
months of life may have future effects in the 
development of cognitive function Willatts et al., 
(2013). 

CONCLUSION 
Present evidence suggests that infant formulas 
fortified with LCPUFA improve infants’ cognitive 
function 
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