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Abstract  The study was carried on a small sample size 
of lactating Egyptian mothers from Urban Giza, who gave 
birth either to full-term or preterm babies. Mature milk was 
collected manually and was subjected to fatty acid analysis 
by gas chromatographic technique and the results were 
expressed as % concentration of total FAs. The results 
showed the wide mean ratio (30:1) of the essential FA 
linoleic (16.27 %) to alphalinolenic (α-ALA) (0.5 %) acid 
concentrations, which exceeds the respective worldwide 
average (WWA) of 0.32 %. Conclusion: The milks of 
Egyptian lactating mothers, the only nutrient supply of 
breast infants is deficient in its DHA. This deficiency may 
have future adverse effects on learning and scholastic 
performances. A national strategy is urgently warranted for 
supplementing pregnant and lactating women with oily fish 
rich in DHA content to achieve the target 2 of the 
sustainable development goal2030. 
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1. Introduction
Human milk is considered “the gold standard” and the 

ideal food for both full-term and preterm infants for the 
first six months of post-natal life [1] conferring health 
benefits in the short and long terms [2, 3]. Human milk 
lipid (3–4 g/100 g) contributes to 40 to 55% of the total 
energy content and approximately 98% of this lipid is in 
the form of triglycerides (TG) [4, 5]. Milk TGs contain 
saturated (SFA), mono-unsaturated (MUFA) and 

polyunsaturated fatty acids (PUFA) [6]. PUFA belongs 
either to the omega -6 (ω6) family represented by linoleic 
acid (LA, C18:2ω6) which has 18 carbon atoms and two 
double bonds; the first double bond is located at the 6th 
carbon atom (ω6) from the methyl end of the chain. The 
omega- 3 (ω3) family represented by alpha linolenic acid 
(ALA, C18:3ω3) has also 18 carbon atoms and 3 double 
bonds; the first double bond is located at the 3rd carbon 
atom (ω3) from the methyl end of the chain [6] [Figure 1]. 
The essentiality of the FAs LA and ALA were recognized 
since the 1990s [7-10] and later docosahexaenoic acid 
(DHA, C22:6ω3) [13, 19]. LCPUFA with C20 such as 
arachidonic acid (AA) and C22 carbon atoms such as DHA 
are the main constituents of the structural membrane 
phospholipids in brain nerve tissue and the developed eye 
retina of infants [11, 12] but beneficial effects on preterm 
infants is most [13]. Approximately 11.1% of births 
worldwide and 12.0% of births in North America occur 
before the full gestational (<37 weeks gestation) period 
[14] and are called preterm babies and are high risk group 
resulting from unique biological suboptimal early 
exposures [15]. DHA, the most highly unsaturated 
long-chain ɷ−3 FAs, influence the biophysical properties 
of membranes (e.g., fluidity, thickness, and deformability) 
and is particularly effective at accommodating transitional 
changes associated with transmembrane protein activation 
[16] and has a large impact on different cellular biological 
processes [17]. 

Maternal DHA is transported across the placenta and 
accumulated in the embryo brain from 30 wk of gestation 
at a rate of 45 – 65 mg DHA / kg fetal weight /d [18] 
reaching a total of 400 mg DHA during the last 
trimester[19] . Brain DHA represents about 50% the whole 
body stores suggesting selective DHA uptake by the 
blood-brain barrier and active transfer to brain cells [20]. In 
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breast-fed infants, brain DHA stores regularly increased to 
approximately 905mg [21, 22] and tripled during the first 
two years of breast-feeding [20, 23]. The in utero DHA 
accretion takes place only in the full term embryo and 
preterm infants are at high risk of developing deficit in 
DHA [18]. The maternal ɷ-3 PUFA dietary intake during 
pregnancy and lactation has direct effect on breast milk 
DHA concentration, which has implications on fetal and 
neonate brain DHA content [24]. Breast milk DHA has 
long lasting effect on cognitive performance in 
adolescence according to PISA test scores for mathematics, 
reading, and science [25], while high milk concentration of 
linoleic acid correlated negatively with the above 
mentioned PISA scores [25]. The possible interpretation 
was based on the metabolic pathways of LA which 
decreased brain DHA by competitive interference with 
conversion of ω-3 FA into DHA, competition for inclusion 
in brain phospholipids between DHA and LA's elongation 
product, ω-6 docosapentaenoic acid (DPA6) which 
displace DHA in brain phospholipids [25]. Increasing 
intake of ALA, the plant-based precursor to DHA, does not 
significantly increase breast milk DHA levels [28]. 

The increased consumption of ɷ -6 PUFA during the last 

60 years to replace saturated fat led to an imbalance in the 
breast milk ɷ -6/ ɷ -3 ratio resulting in unfavorable effect 
on LCPUFA ɷ -3 family; eicosapentaenoic acid (EPA, 
20:5 ɷ -3) and DHA. Based on meta-analysis study on 65 
worldwide reports on 2474 lactating women, human milk 
DHA concentration of 0.32 ± 0.22 wt % and AA of 0.47 ± 
0.13 wt % were accepted today as the world wide average 
(WWA) [29]. Breast fed infants rely on breast milk as the 
sole source of nutrient supply to meet their omega – 3 FA 
requirement [30]. Presently, the adequate intake (AI) of 
DHA for pregnant and lactating women is 300 mg/ day 
DHA [31] so that 2 servings (200 – 300 g) of fish per week 
provide 3 g DHA weekly equivalent to 300 mg daily 
[32-37].  

In Egypt, there is scarce data on milk LCPUFA in 
healthy lactating mothers and the single report dated back 
to 1986 [38]. Substantial new evidence has emerged 
warrant reassessment of the data [29]. The aim of the 
present study is to fill a gap in knowledge and present the 
FA composition of human mature milk collected from 
lactating women delivering full-term and preterm infants.  

 

 

Figure 1.  Biochemical pathway for the interconversion of ɷ-6 and ɷ-3 fatty acids. ALA, α-linolenic acid; ARA, arachidonic acid; DGLA, 
dihomo-γ-linolenic acid; DHA, docosahexaenoic acid; DPA, docosapentaenoic acid; EPA, eicosapentaenoic acid; GLA, γ-linolenic acid; LA, linoleic 
acid. From Brenna [34] 
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2. Materials and Methods Study Design 
The mothers were recruited from Boulak El Dakrour 

public hospital – Giza, which serves patients from low 
socioeconomic communities. The study consisted of 25 
non-smoking lactating mothers with mean age of 
25.0±1.35 (18 – 35 y), who gave birth to singleton 18 full 
term (birth weights 2.5- 4kg) between the 38 – 40th week of 
gestation and 7 preterm babies (birth weights 1.5 - 2.6 kg) 
delivered between the 28th - 36th week of gestation after 
uncomplicated premature rupture of the membranes. None 
was taking any medication and exclusion criteria including 
mothers younger than 16 years or older than 40 years; high 
risk pregnancies, abnormalities in lipid metabolism or 
absorption disorders, regular intake of fish oil supplements 
or chronic use of steroid or other related medications. 
Women accepted to donate their milks provided written or 
oral informed consent. Approval was obtained from the 
Human Research Ethics Committee of the hospital Boulak 
ElDakrour public hospital, which complied with the 
revised Helsinki Declaration (2004). After delivery all 
lactating mothers breast- fed their newborns and mature 
milk was collected in the subjects’ own homes at 
pre-arranged times during the 2nd - 16th week of lactation 
age (median value = 6 weeks).The mothers were instructed 
to express a minimum of 3 ml breast milk manually into 
sterile vials and the choice of feed for breast milk 
collection was left to the mothers’ discretion because the 
FA composition of human milk had been reported to 
remain without any diurnal variation 2 –4 h after the last 
feeding [11, 39]. The milk samples were kept in a cool-box 
during transportation to the laboratory, where they were 
stored at -200C for subsequent FA analysis. 

3. Personal Data 
Information was collected on personal data and 

anthropometric measurements of the newborn and the 
breast fed infants were recorded according to standard 
methods.  

Assessment of Maternal Dietary Intake 

All mothers were consuming typical local omnivorous 
diets. Food consumed was recorded by the 24 h dietary 
recall according to standard protocols. The mother’s usual 
food pattern of ɷ-3 FA containing foods was also assessed 
using a validated semiquantitative food frequency 
questionnaire. Questions regarding the consumption and 
servings sizes of various fish, shellfish, dairy products, 
eggs, chicken, or other meats on a monthly and/or weekly 
basis were recorded. Local species of fish and seafood 
recipes (including fresh, canned, smoked, salty) and 
method of preparation of food (e.g. broiled, roasted, fried, 
etc), brand name of the major source of edible fats and oils 
used for the preparation of the meals were included in the 

questionnaire to develop a locally appropriate food 
frequency questionnaire. All food records and food 
frequency questionnaires were manually checked and 
coded to maintain consistent data analysis. The quantity of 
fat and food LA, ALA, AA, EPA and DHA values were 
determined using our food FA database [40] unless 
otherwise indicated. The trans FA (TFA) was also 
calculated from the same data base. Based on the food item 
and its respective essential fatty acid content, combined 
with the usual equivalent weights of the portion, the 
amounts of the total omega 3 and omega-6 fatty acids per 
gram or per portion size commonly consumed had been 
computed. According to the frequency of consumption, a 
rapid calculator of approximate dietary LA, ALA, AA and 
DHA intakes was developed and compared to the 
acceptable adequate intakes (AI) 

Analysis of Milk Fatty Acids 

All chemicals were obtained from Merck (Darmstadt, 
Germany] and all solvents contained butylhydroxytoluene 
(BHT) at a concentration of 50 mg/l. Milk lipids were 
extracted from acidified aliquots (0.5 ml) to recover any 
free FA generated by lipase activity at room temperature 
with chloroform-methanol mixture at a ratio of 1: 1 vol/vol 
[41]. The Tritridecanoin (C42H80O6) served as the 
triglyceride internal standard solution (5.0 mg/ml in 
CHCl3) and was stable up to 1 month in freezer in a 
well-sealed amber bottle. An aliquot (300mL) was added 
to reaction vial and evaporated to dryness with nitrogen. 
Following centrifugation (3000 rpm for 20 min), the 
chloroform phase was aspirated and evaporated to dryness 
under a gentle stream of nitrogen. Transesterification was 
completed by incubating an aliquot (10 mg) of the 
extracted lipid for 1 h at 1000 C with a mixture of methanol: 
hexane (4:1) containing acetylchloride [42]. FA methyl 
esters (FAME) were prepared with BF3/ methanol (14% 
wt/vol) and extracted into hexane (15). Analyses were 
performed with a Hewlett Packard 5890 gas 
chromatograph equipped with a flame ionization detector 
(Little Falls, DE). The column was a 30-m capillary (0.32 
mm i.d.) Omega wax (Supelco, Bellefonte,PA). 
Chromatographic conditions were isothermal, Optimized 
injection, oven, and detection temperatures were carried 
out according to instructions of the manufacturer. Injection 
and detection temperatures were both set at 220°C and 
oven temperature was programmed to vary 5°C/min from 
40 to 225 °C. The carrier gas was hydrogen with a linear 
velocity of 45 cm/s and a 1:60 split ratio. The FAME were 
identified by their retention time and were quantified by the 
amount of internal standard recovered and by comparison 
with authentic lipid standards (Sigma, Deisenhofen, 
Germany). The FA concentrations were expressed as 
specific FAs (% weight/ total identified FA in milk lipid. 
FA were identified by equivalent chain length as 
determined using retention times generated by reference 
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mixes of FAME. Detector response factors were calculated 
using quantitative reference mixes of FAME (Nu Chek 
Prep, Elysian, MN). 

Statistical analysis 

Descriptive statistics were reported using frequencies 
and percentages. Milk FA wt % of lactating mothers with 
term and preterm deliveries were presented as Whisker 
box plots showing median and interquartile ranges, means 
and standard errors. T-tests and Chi square tests were used 
to study the differences in mean values and Pearson 
correlation coefficients between lactational duration and 
milk FAs concentrations were computed with P< 0.05 as 
the significant level. The sum of all ɷ -6 and ɷ -3 
LCPUFA, and ratios from selected FAs were computed 
and presented [43]. All statistical analyses were conducted 
using the Excel software program.  

4. Results 
Characteristics of the lactating women and their breast 

fed infants are presented in Table 1. It can be seen that the 
mean gestation age of the preterm births was 33 months 

and their birth weight averaged 2.2 kg. The average daily 
growth velocity of 29.4±3.37 grams of the exclusive breast 
fed preterm infants is acceptable, though still significantly 
lower than their age matched full term babies (P<0.01). 
The proportion of preterm births (41 %) were significantly 
higher among women with body mass index < 19 kg/ m2 
(Figure 2) compared with mothers with higher BMI (χ2 test, 
P< 0.05). Similarly, the proportion of preterm births (21 %) 
was higher among mothers giving seven or more previous 
births compared with those, who had two previous births 
(11 %), but the differences didn’t attain statistical 
significance (χ2 test, P> 0.05). Table 2 presents the average 
concentrations of 21 FA with chain lengths between C12 
and C24 in the milk of lactating mothers with full term and 
preterm babies. On an average, saturated FAs (SFA) made 
up 49.3 % of the total FA; palmitic acid with an average of 
24.2 % (13.6 - 32.9) was the major SFA. The sum of SFA 
with C12:0 through C18:0 remained quite constant 
throughout the first 16 weeks of lactation. Oleic acid 
averaged 28.8 wt % (range 15.9 - 34.7) and was the 
dominating MUFA in the milks of mothers with term 
(28.6 %) and preterm infants (29.5 %). Figure 3 is Whisker 
plot box for selected milk FA concentrations in mothers 
with full – and preterm births.  

Table 1.  Characteristics of the lactating women and their breast-fed infants 

Parameter Fullterm Preterm  P 

Gestational age, weeks 40± 0 33± 1.1 <0.05 

Age, years  25.2± 0.32 24.9±1.6  ns 

BMI, kg/ m2 25.69±0.19 24.43± 0.82 <0.05 

Cord blood hemoglobin, g/dl 14.34±0.07 13.1± 0.39 <0.05 

 Infant age, months 1.48±0.03 0.83± 0.23 <0.05 

Infant weight, kg  3.32± 0.03 2.21±0.20 <0.01 

WAZ  0.41±0.04 -0.41±0.41   ns  

HAZ  0.78±0.06 -0.42±0.83   ns 

WHZ  -0.31±0.05 -1.14±0.36 <0.05 

Growth velocity, g/ d  38.29±0.46 29.4±3.37  <0.05 

Mean± SE, ns = not statistically significant 
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Body Mass Index 

Figure 2.  Histogram for the distribution of the body mass index of the lactating mothers and the proportion of their respective preterm births 
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Table 2.  Fatty acid composition of milk from lactating mothers with full- and preterm infants 

Global *** USA** Swiss* Egyptians[Present study] 
 Fatty acid 

Full-term Full-term Pre-term Full-term Pre-term Full-term 

0.16-0.28 0.29±0.02 0.21±0.08 0.22±0.06   C8:0 Caprylic acid 

1.46- 2.35 1.18±0.12 1.48±0.047 1.46±0.38   C10:0 Capric acid 

4.24 - 6.15 4.65±0.47 5.91±2.44 5.26±2.10 8.44±1.13 10.75 ±1.07 C12:0 Lauric acid 

3.61- 6.80 5.02±0.40 7.36±2.9 6.27±1.93 9.18±0.81 9.80±1.04 C14:0 Myristic acid 

      C14:1 Myristoleic acid 

18.62- 22.26 18.29±0.93 23.10±3.46 23.29±3.31 26.49±1.16 23.29±0.99 C16:0 Palmitic acid 

 3.36±0.41 2.17±0.82 2.44±0.77 2.30±0.24 1.93±0.14 C16:1 Palmitoleic acid 

5.77- 6.77 6.75±0.37 7.03±2.06 2.44±0.77 5.12±0.39 5.14±0.45 C18:0 Stearic acid 

 35.72±2.45 35.22±5.16 37.67±4.82 29.46±1.06 28.59±1.21 C18:1n9c Oleic acid 

 18.43±1.24 10.21±3.64 9.35±2.90 15.22±1.91 17.32±0.94 C18:2ɷ6 Linoleic acid 

 0.11±0.02 0.09±0.04 0.10±0.06 0.12±0.02 0.13±0.01 C18:3ɷ6 γ-Linolenic acid 

 0.89±0.06 0.75±0.43 0.74±0.30 0.44±0.06 0.57±0.05 C18:3ɷ3 α-Linolenic acid 

0.13-0.20 0.11±0.01 0.20±0.07 0.20±0.04 0.14±0.01 0.14±0.01 C20:0 Arachidic acid 

 0.66±0.01 0.29±0.12 0.26±0.07 0.59±0.05 0.47±0.02 C20:2 Eicosadienoic acid 

 0.92±0.01 0.35±0.12 0.38±0.13 0.56±0.04 0.45±0.03 C20:3ɷ6 Dihomo-γ-linoleic acid 

      C20:3ɷ3 Eicosatrienoic acid 

 1.32±0.02 0.40±0.12 0.42±0.12 0.69±0.10 0.44±0.02 C20:4ɷ6 Arachidonic acid 

 0.14±0.00 0.06±0.04 0.06±0.04 0.15±0.02 0.15±0.01 C20:5ɷ3 Eicosapentaenoic acid 

0.06 - 0.09 0.06±0.01   0.03±0.01 0.05±0.00 C22:0 Behenic acid 

 0.29±0.08 0.27±0.06 0.28±0.18 0.22±0.02 0.24±0.03 C22:6ɷ-3 Docosahexaenoic acid 

 0.028±0.03 0.08±0.04 0.08±0.03 0.06±0.02 0.05±0.00 C24:0 Lignoceric acid 

 11.14 14.96 13.21 17.62 20.55  MCSFA 

 25.21 30.34 25.93 31.78 28.62  LCSFA 
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Table 2 Continued 

 39.08 37.39 40.11 31.76 30.52  MUFA 

 22.77 12.42 11.59 17.99 19.77  PFUA 

 11.14 14.96 13.21 17.62 20.55  DNL, Breast 

 64.23 67.73 66.04 63.51 59.09  DLN, Liver 

 0.99 2.26 2.49 1.74 1.34  DNL(C16/ C18:3ɷ3 ) 

 0.18 0.21 0.26 0.15 0.11  DNL(C16:1/ C18:3ɷ3 ) 

 1.94 3.45 4.03 1.94 1.65  DNL(C16:1/ C18:3ɷ3 ) 

 0.18 0.09 0.10 0.09 0.08  SCD (C16:1/C16:0) 

 5.29 5.01 15.44 5.75 5.56  SCD (C18:1/C18:0) 

 1.44 1.14 1.11 1.23 0.98  FADS1(C20:4ɷ6 /C20:3ɷ6) 

 0.05 0.03 0.04 0.04 0.03  FADS2(C20:3ɷ6 /C18:2ɷ6) 

 2.00 4.50 4.67 1.47 1.60  FADS2(C22:6ɷ3 /C20:5ɷ3) 

*Swiss Milks based on Thakkar (66); **USA Mohammad, Haymond (3-5) with modifications, ***Global Yuhas et al (35). All following indices were calculated based on Kuipers (16). MCSAFA, medium chain saturated 
fatty acids (r14:0); LCSAFA, long chain saturated-FA (Z16:0); MUFA, monounsaturated-FA; PUFA, polyunsaturated-FA.DNL, de novo lipogenesis; ∑DNL-breast, sum of 6:0, 8:0, 10:0, 12:0, 14:0 and 14:1o5; ∑DNL-liver, 
sum of 16:0, 16:1, 18:1, 20:1, and 22:1. SCD, stearoyl-CoA desaturase (delta-9 desaturase); FADS1/2, fatty acid desaturase genes 1 and 2 (delta-5 and delta-6 desaturase enzymes). 
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Figure 3.  Whisker box plot for the milk fatty acid concentrations from lactating mothers delivering full term (FT) and preterm (PT) babies. Boxes 
show the median, 25th and 75th percentiles; the lower and upper adjacent hinges show the minimum and maximum values 
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Milk LA averaged 16.7 wt % (8.6 - 26.9 wt %) 
representing 85.9 wt % of total PUFA. Low ALA 
concentrations of 0.57±0.05 and 0.44±0.06 wt % were 
found in the milks of our lactating mothers with term and 
preterm babies, respectively. Disproportionate high LA/ 
ALA ratio of 30.4 and 34.6 were obtained in the milk of our 
lactating mothers with full term and preterm babies, 
respectively. In the present study, AA content was 
significantly higher (P<0.05) in milk of mothers from 
preterm babies (0.69 %) compared with term milk (0.44%). 
DHA concentrations averaged 0.24 and 0.22 wt % in the 
milk of lactating mothers giving birth to term and preterm 
babies, respectively. The AA / DHA ratio averaged 1.8± 
0.67 and 3.1± 2 in the milks of our lactating mothers with 
term and preterm infants. The sum of the omega -3 
LCPUFA EPA+ DHA accounted for 0.39 and 0.37 wt % in 
the milks of mothers with term and preterm infants; 
respectively compared with the respective recommended 
FAO ratios of 0.625 and 0.68 [31].  

Table 3 presents the Pearson correlation coefficients 
between the progression of lactation (in weeks) and the 
concentration of 10 different milk FAs. Significant positive 
correlation coefficient of r= 0.56 (P<0.01) was found 
between the progression of lactation in weeks and milk 
DHA concentration wt %. This positive relation with DHA 
combined with prolonged breast-feeding are added value 
increasing the DHA supply to the nursing infant. 
Respective significant positive correlation coefficients of r 
= 0.44 (P<0.05) and r= 0.66 (P<0.01) were obtained for 
milk oleic and γLA concentrations, respectively. However, 
progression of the lactation (in weeks) has negative effect 
on the concentration of the saturated fatty acids myristic 
(C14:0), palmitic (C16:0), stearic (C18:0) and lignoseric 

(C24:0), as well as three other long chain monounsaturated 
FA, eicosenoic (C20:1ω-9) and nervonic (C24:1ω-9) and 
one diunsaturated LCFA: eicosadienoic (C20:2ω-6 )  

Table 3.  Correlation Coefficients between the milk fatty acid 
concentration (% FA) and the duration of lactation (weeks) 

Fatty acid r P 
Myristic (C14:0) -0.41 <0.05 
Palmitic (C16:0) - 0.65 < 0.01 
Stearic (C18:0) - 0.57  < 0.01 
Lignoseric (C24:0) - 0.43  <0.05 
Oleic(C18:1ω9)  0.44  <0.05 
Nervonic(C24:1ω-9)  - 0.48  <0.05 
γ-Linolenic(C18:3ω-6 )  0.66  <0.01 
Eicosenoic (C20:1ω-9)  - 0.40  <0.05 
Eicosadienoic (C20:2ω-6 )  - 0.70  <0.001 
Docosahexanoic ( C22:6ω-3 )  0.56  <0.01 

The sum of the concentrations of the six intermediate 
metabolites (2.22 wt %) which were gamma-linolenic acid 
(γLA), dihomo-gamma-linolenic acid (C20:3ɷ-6), 
eicosatrienoic acid (C20:3ɷ-3), AA (C20:4ɷ-6) and 
docosohexanoic acid (C22:6ɷ-3) in the milks collected 
from mothers giving birth preterm babies (Figure 4) were 
38.8 % higher (P<0.05) compared with the respective mean 
figure of 1.39 wt % obtained among those giving full term 
babies. Furthermore, milk DHA concentrations increased 
with the prolongation of lactation (r = 0.56; P<0.01), 
which could benefit the cognitive development of the 
Egyptian full-term and premature infants, where prolonged 
breast feeding is common practice among the majority of 
lactating women from low and medium socioeconomic 
classes.  

 

Milk long chain unsaturated fatty acids 

Figure 4.  Histogram for the concentration of six long chain unsaturated fatty acids (% Fatty acids) in the breast milk from mothers with full term and 
preterm births 
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Table 4.  Semi quantitative food frequency questionnaire (FFQ) for estimating the usual intake of food sources rich in omega - 3 fatty acids.  

Food commodity Fat, % LA, mg/g ALA, mg/g DHA, mg/g ɷ-6 FA, mg/g ɷ-FA,mg/g TFA,mg/g Frequency of 
intake 

Portion 
size, g 

Weighted 
intake, g/d 

ɷ-3 FA, 
mg/d 

All sea foods                    19.2 252 

Fish Bolti   4.5 0 5.04 4.5 13.13           

Fried Fish    50.88 2.54 0.78 50.88 3.52           

Fish Tuna, oven   29,93 3.9 22.4 30.36 27.11           

Milouha, Fermented    11.09 0 0.9 11.09 0.9           

Dairy products                        

Milk  3.5 0.707 0.336   0.707 0.336 1.841     31.5 10.584 

Cheese hard, gouda  27.44 0 0 0 0 0 16.77     5   

Cheese soft, white  10 2.02 0.96 0 2.02 0.96 5.26     45 43.2 

Yoghurt  3.5 0.703 0 0 1.41   0.553     14   

Eggs 10.1 11.41 0.41 0.73 13.85 1.14 0   62 17 19.38 

Fats and oils                        

Butter 74.85 20.2 9.6   20.6 9.6 52.6     10 9.6 

Fat, bovine   0 0 0 0 0 6.43         

Fat, camel    2.77 0 0 2.87 0 2.57         

Olive oil, virgin  87.1 11.55 0.47 0 11.55 0.47 0         

Palm oil  91.2 102.1 2.41 0 102.1 2.41 0.21   8.8     

Sunflower  94.7 69.58 0.22 0     0         

Sesame butter, Tehina  58.9 243.26 9.012 0 252.86 9.012 0         

Animal proteins                       

Chicken 13.31 28.8 1.4 0.3 29.6 1.8       20 36 

Beef cooked 2.45 1.82 0.61 0.08 2 0.78 0     22.8 17.784 

All Foods                      388.548 
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Estimated daily Intake of Fat and Essential FA by the 
Lactating Mothers 

Table 4 presents the contribution of the major food 
groups to daily fat and omega-3 FA intakes and all women 
in the study were consuming omnivorous diet. Fish intake 
in Egypt constitutes 27 % of total meat consumption and 
estimated daily intake of fishes averaged 20 g, equivalent 
to 140 g / wk. Figure (5) illustrates the major sea foods 
contributing to the diet of the lactating women; tilapia 
(Bolti fish) contributes to 90 % of all sea foods. Fried 
tilapia (as eaten) contains 8.9 % total lipid; EPA (C20:5-ɷ3) 
account for 8.09 wt % and DHA (C22:6- ɷ-3) for 5.04   
wt % of total FAs [40]. Accordingly, fish provided weekly 
163.6 mg of preformed omega – 3 LCPUFA equivalent to 
23 mg daily, which is roughly one tenth the recommended 
daily intake of 200 – 300 mg DHA for pregnant and 
lactating mothers. The weighted estimated daily intake was 
388 mg (Table 4) from all food sources, including other 
animal sources such as dairy products, eggs, chicken & 
meats and animal fats & oils. The % fat content of the oils 
when multiplied with the respective intake an estimate of 
30 grams of total fats (as triglyceride) per subject per day 
was obtained (Table 4) and this visible oils and fats made 
up approximately 43 % of the total fat intake of 69.7 grams 
reported for the Egyptian diet. The dietary pattern 
demonstrates a disproportionate ratio of omega- 6: omega 
-3 due to the prominent place of oilseeds rich in the LA 
[18:2ɷ-6] in the Egyptian kitchen. Today, the tropical 
palm oil is the major contributor to visible fat accounting 
for 38.8 % of total vegetable oils, followed by sunflower 
(17.5%), cottonseed oil (12.2) soybeans (10.4 %), butter 
ghee (10.6 %) and animal fats (5%) (Egyptian chamber of 
the food industry, 1999). The intakes of SFA, LA and trans 
FAs, are increased with concomitant reduced intakes of 
ɷ-3 FA. It is evident that dietary trans FAs [TFA; C18:1 
trans] are increasing with concomitant reduced intakes of 
ɷ-3 FA.  

 

Figure 5.  The percentage contribution of different sea foods in the diet 
of the participating lactating mothers 

5. Discussion 
The Gas chromatography separated 21 FA with chain 

lengths between C12 and C24 in the milk of our lactating 
mothers with full term and preterm babies; while other 
studies reported the concentration of 32 FAs from Spanish 
lactating mothers [49]. The total saturated FA 
concentration found in the present study is higher [49.3 %] 
than reported concentrations of 40.7 % from Spain [49]; 
41.9% from the US [38]; 41.9 from Brazil [50]; 46 % from 
Bolivia [43]; 46.4 % from Australia [51]. It is interesting to 
note that saturated FA (Lauric and myristic acids) were 
higher among our lactating mothers than the respective % 
values in the milks of a global sample representing 9 
countries [35] because saturated FA up to C14:0) are 
synthesized in the human milk [52]. Palmitic acid (C16:0) 
concentration was also high (22.5- 27.9 wt %) and this FA 
can also be potentially synthesized with high efficiency 
(74%) by de novo synthesis from starch particularly under 
conditions of low dietary fat intake [53]. In this regard, 
palmitic acid absorption in human milk was reported to be 
quite high among term and preterm infants, because it is 
esterified at the sn-2 position of the triglycerides [49]. The 
proportion of the milk MUFA oleic acid average 28.8 %. 
High respective % of (38.8%) was reported in the milk of 
Spanish lactating women [49], due to the high estimated 
daily intake of 29 – 32 g of olive oil, per adult. High oleic 
acid in the human milk has the advantage that it reduces the 
melting point of TGs, and provides the liquidity required 
for the formation, transport and metabolism of milk fat 
globules [54].  

The average concentration of 16.7% for linoleic acid in 
the milks of our lactating mothers is in agreement with 
16.1 wt % reported in Spain [49] and 18.9 ±5.1 wt % 
reported in the US [43]; 12.6 - 17.3 wt % from Slovania 
[55], 22 wt % from Taiwan [56] and 27.5 ± 17.4 from 
Israel[57]. Low milk LA averaging 9.17 wt % were 
reported only in mature milk of lactating mothers from 
Finland [58]. Between 1944 and 1990, LA concentration 
has increased from 6 to 15 wt % in the milk of lactating 
American women [59], reflecting a secular increase of 
dietary consumption of LA with seed and vegetable oils. 
Low alpha linoleic acid concentration similar to that found 
in the present study (0.44 – 0.57 % FA) was reported 
earlier averaging 0.46 ± 0.72 % in the milk samples of 
Israeli lactating women [57]. Higher milk ALA 
concentration ranging between 0.7-1.3 wt % were 
reported in Spanish lactating mothers [49], which overlap 
with the recommended concentration ranging between 
0.5-1 wt % [54].  

The high disproportionate LA / ALA ratios found in the 
present study are almost consistent with the mean ratio of 
34.0 reported earlier [38]. Higher ratio of 57.8 (27.5/ 0.46) 
was reported in Israeli [57]. Respective lower mean ratios 
of 5.16 (9.17/1.95) was reported in the milk of Finish [58]; 
12.7 (23.2 / 1.8) in milk of Taiwanese [56]. Acceptable LA 
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to ALA ratios of 5–10: 1 [31] had been recommended. 
According to another report, the LA: ALA ratio of 1:1, the 
rate of DHA biosynthesis is optimum and the conversion 
rate is reduced at LA: ALA of 4:1 and is fully blocked 
when the ratio was 7:1 [60]. The mean PUFA: SFA of 0.39 
obtained in the present study is quite overlapping with the 
respective ratios of 0.32 – 0.35 reported in Germany [61]; 
while higher ratio of 0.6 was reported in Africa [62]. The 
milk AA concentrations of 0.44 – 0.69 obtained in the 
present study are overlapping with the worldwide average 
(WWA) of 0.47 ± 0.22 % [29]. Higher AA concentration of 
0.8 wt % was reported in the milk of Iranian [63] and of 
0.85 ± 1.24 in the milk of Israeli lactating women [57]. On 
the other hand, the milk DHA concentrations of 0.22 – 
0.24 % FA is lower than the WWA of 0.32 % FA [27]. The 
lowest breast-milk DHA values fluctuated between 0.06 up 
to 0.14 wt % were reported among Canadian, Dutch, 
French, Pakistani and rural South African lactating mothers 
[29]. Low DHA concentration of 0.16 ± 0.09 wt % was 
reported in the milk of American lactating women from 
Cincinnati [43]; 0.18 wt % in China [64]; 0.19 wt % in 
Hungary [65], and 0.26 wt % in Mexico [35]. No DHA 
could be detected in the FA pattern of milk collected from 
Israeli lactating women [57]. High concentrations of milk 
DHA was reported among Tanazian lactating mothers 
(0.75 mol wt %) with life-long consumption of fish from 
nearby Lake Kitangiri; Japanese lactating mothers (0.99 
and 1.1 wt %) [29] and Bolivian forage horticulturist 
lactating mothers (0.69± 0.26 wt %) [43]. A recent study 
showed no significant differences between the preterm and 
term milks collected at any stage of lactation from Swiss 
mothers in the concentrations of AA, DHA and EPA [66]. 
The Swiss findings (Table 2) disagree with the present 
results, which showed that milks collected from 
mothers giving birth preterm babies were 38.8 % 
higher (Figure 2) in the concentrations of the six 
intermediate metabolites of essential FA (2.22 wt %) 
compared with the respective mean figure of 1.39 wt % 
obtained among those giving full term babies. The majority 
of the milk samples collected from French and Spanish 
lactating women did not reach the optimal ALA and DHA 
levels recommended by ESPGAN [67]. The average AA / 
DHA ratio of 1.8± 0.67 and 3.1± 2 in the milks of our 
lactating mothers with term and preterm infants are 
much higher than the normal range of 0.5 –1 [67]. High 
ALA/ DHA ratio of 3.1 was also reported in China and 
1.6 in Sweden (Xiang et al., 2005). The sum of the 
omega -3 LCPUFA EPA+ DHA accounted for 0.39 and 
0.37 wt % in the milks of mothers with term and 
preterm infants; respectively which are lower than the 
respective recommended FAO ratios of 0.625 and 0.68 
[31]. Long-term 6 months of lactation provides preterm 
babies with 1.5 times AA (p < 0.05) and two times DHA 
(p < 0.01) relative supply than in term milk, which also 
benefits the development of a preterm infant [70]. 

Some European countries are trying to ban the import 

and use of palm oil by their populations due to its high 
contents of the saturated lauric and stearic fatty acids, 
which have negative impacts on diverse physiological 
processes in the human body. Furthermore, the presence 
of TFAs in the diet of the pregnant and lactating 
mothers has detrimental effects on the embryo and in 
infancy and TFA should be as low as possible within 
the context of a nutritionally adequate diet [72]. Trans 
fats naturally exist in small amounts in the fat in meat 
and milk [71]. The TFA concentration averaged 2.59 
(1.49-3.34 wt %) in the milks of Polish lactating 
mothers at 5-6 week of lactation, whereby, bakery 
products and snacks were the major contributors [74]. 
The trans octadecenoic and trans octadecadienoic acids 
concentrations in the milk of German lactating mothers 
at the 6th week of lactation showed very high inverse 
correlation with DHA (r= - 0.51 and -0.33, P<0.0001) 
[75]. The upper permissible limit of TFA is 3.0 % per 
total FAs in human milk not exceeding 0.21 % of 
dietary energy [73]. 

The breast fed infant will have sufficient ɷ-6 FAs up to 8 
- 12 months of age and sufficient ɷ -3 EFA from human 
milk for the first 6 months of life if the milk volume is 
800-1000 ml/d and the fat content is 3-4 g/dl, ɷ-3 FA 
supply ≥ 0.5% of energy and LA to ALA ratio is 4-10:1[34, 
45]. In malnourished lactating mothers, total milk volume 
may be reduced as well as milk fat content and essential 
ɷ-3 FA content to be below accepted levels at an earlier 
age. Results are available for a small number of 
interventional trials assessing the effect of maternal DHA 
intake during pregnancy on visual and 
neuro-developmental outcomes [46]. LC-PUFA ώ-3 
concentrations in breast milk are sensitive to the 
consumption of EPA and DHA- rich marine foods, such as 
ocean fish, salmon and mackerel [47, 48].  

Nutrition experts recommend that ɷ-3 FA should be 
obtained by consumption of foods rich in ɷ-3 FA as part of 
a balanced diet rather than from supplementation. The 
supply of two servings of fish per week (200 – 300 g) 
equivalent to 300 mg DHA daily had been advocated by 
the International agencies [32-37]. According to one study, 
direct consumption of EPA and DHA- rich marine foods, 
such as ocean fish, salmon and mackerel is considered the 
best approach to promote LC-PUFAώ-3 concentrations in 
breast milk [47]. Pregnant women receiving two portions 
of farmed salmon providing 3.45 g LCPUFAɷ-3 / per week 
from 20 wk of pregnancy until delivery had on the 5th 
lactation day in their breast milk higher proportions of EPA 
(80%), DPA (30%), and DHA (90%) compared with 
controls (P < 0.01) and a lower LCPUFAɷ-6 / ɷ-3 
ratio[76]. A number of reports associate higher cognitive, 
stereoacuity, or visual acuity in children at 3.5 years of age 
to higher maternal seafood intake during pregnancy [46]. 
On the other hand, although Brazilian nursing women 
consume 2 kg fried sardines every 15 days to supply daily 
approximately 80 grams containing 5.2 wt % DHA and 
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total omega-3 FA of 9.8 wt %, the DHA concentration 
didn’t increase significantly in their breast milk [77].  

The extent to which aquaculture may influence 
LCPUFAɷ-3 intake depends on whether increased 
availability of fish would generate an increased demand. 
Major changes in acceptance of fish will be needed if the 
suggested recommended intakes of 1–2 servings/wk fish 
are to be met. There are needs to develop technologies that 
are both economical and sustainable for the production of 
deodorized and stabilized oils derived from inedible (ɷ-3) 
PUFA-rich marine organisms (e.g., menhaden) to be 
incorporated in a wide variety of fortified foods. Other 
investigators consider the strategy of increasing the ɷ-3 FA 
status of individuals brought about by consuming fish or 
fish oils, is unsustainable globally. 

Fortified foods and fish oil supplements are large market 
growth areas by commercial sales figures; however, there 
are no reliable data indicating the amounts of EPA and 
DHA contribute to the pregnant and lactating women diets. 
The children of Australian pregnant women who consumed 
from 20 weeks’ gestation until delivery fish oil supplement 
contained 2.2 g DHA and 1.1 g EPA /day, attained a 
significantly higher score for eye and hand coordination 
than those in the placebo group [78]. According to another 
study, the routine supplementation with DHA-containing 
supplement was not adequate to raise mother’s milk levels 
to the WWA [28]. Theoretical concerns remain the 
potential detrimental effects of selective ɷ-3 PUFA 
supplementation, which could lead to a reduction in the 
essential ɷ-6 arachidonic FA status at high doses and more 
studies are needed to confirm beneficial rather than 
harmful effects on development. 

Most of the reported RCT have been performed with 
DHA and AA intakes in the current Western human milk 
range, which might not be applicable under the situation 
prevailing in Egypt. The breast milk of women in Egypt is 
markedly different to the typical breast milk composition in 
Western countries reflecting different dietary habits and 
dietary patterns by the different ethnic groups. Randomized 
controlled trials (RCT) are needed to assess the 
effectiveness of supplementing lactating women with fish 
rich in preformed DHA on the milk FA concentration and 
on the well-being of the nursing infant, with focus on 
preterm infants, who are at high-risk vulnerable group due 
to their unique biological suboptimal early exposures.  

6. Conclusions 
The present work is a cross-sectional study and the 

sample size in this study is a limitation issue. However, 
based on 80% statistical power and a significance level of 
0.05, the sample size allowed detecting a difference in 
DHA concentrations of 0.05 %. Milk AA and DHA 
concentrations in mothers giving birth to term babies are 
below that the respective worldwide average and the DHA 

concentrations increased significantly, as lactation 
progressed, denoting the significance for campaign to 
prolong the duration of breast feeding in Egypt and in the 
other Middle Eastern and the north Africa area. The milk 
FA concentration of mothers of preterm babies % had some 
unique biological characteristics, with significant higher 
content (P<0.05) of intermediary metabolites of essential 
FA (2.2 wt %) at all stages of lactation compared with 
mature milks (1.4 wt %). However, the milk DHA was 
below worldwide average and the diet of their lactating 
mothers did not supply the minimum daily requirement. 
Country specific human milk nutrient information is the 
first step to create scientific based evidences and the 
foundation for the management of infant feeding before 
planning supplementation strategies to combat deficiencies 
in essential FAs. 
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