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SUMMARY 

Milk fat is the major source of energy for breastfed infants; it also supplies  

polyunsaturated fatty acids (PUFAs) essential for the development of brain, retina, and 

other organs. Maternal nutritional status is critical for the newborn, and little 

information exists regarding the PUFA status of  vulnerable populations living  in 

Southern regions. We studied the relationship between maternal nourishment and milk 

fatty acid composition. Mother nutritional status (normal, overweight or obese) was 

estimated on the body mass index. Milk protein, total lipid, and fatty acid composition 

were determined. Milk protein was not affected by mother’s nutritional status. In obese 

mothers an increase in lipid content, linoleic acid, total n-6 and total polyunsaturated 

fatty acids  was observed comparing to the other groups. 

Disregarding the nutritional status, the ratio n-6/n-3 fatty acids was very high and the 

22:6n-3 content was very low, when compared with those of  mothers from other 

countries.  This finding led  us to urge Public Health officers to promote  changes in the 

dietary habits of nursing women. 

 



INTRODUCTION 

Breast milk from healthy and well-nourished women is the best method of feeding for 

healthy infants during the first 6 months of life [1,2]. It is an exceptionally complex 

fluid, containing carbohydrates and salts in true solutions, casein in colloidal dispersion, 

cells and cellular debris, and lipids contained mostly in emulsified globules. These 

globules contain a lot of triacylglycerols in the core, and the main lipid constituents of 

the amphypathic fat globule surface membrane are phospholipids and cholesterol 

[3,4,5]. Human milk fat is the major source of energy for the breastfed infant, providing 

40-55% of the total energy intake. Milk fat also supplies essential nutrients such as fat-

soluble vitamins and n-6 and n-3 polyunsaturated fatty acids (PUFAs) necessary for the 

full development of brain, retina, and other organs including the skin [6,7]. Fatty acids 

of human milk are derived from three sources: mobilization of endogenous stores of 

fatty acids, de novo synthesis of fatty acids by the liver or breast tissue, and the maternal 

diet [8-11] The n-3 fatty acids, 22:6 n-3 (docosahexaenoic acid or DHA) and the n-6 

fatty acids, 20:4 n-6 (arachidonic acid or AA) are stored in adipose tissue and can be 

secreted into breast milk after mobilization. Dietary sources can supply DHA and AA 

directly, or they can be synthesized from their precursors ( linolenic, ALA 18:3 n-3, 

and linoleic,  LA 18:2 n-6, acids, respectively), through desaturation and elongation 

pathways [12]. The fatty acid composition of human milk reflects the type of dietary fat 

consumed , in  the short term and the long term by the mother [13-15]. The n-3 fatty 

acids are of particular interest because of their role in the development of the infant 

brain and retina [16-18], and it was demonstrated that a dietary deficiency in n-3 fatty 

acids is associated with visual abnormalities in rats [19], in preterm infants [20-23],and 

in formula-fed infants [24] 

Since maternal nutritional status during pregnancy is critical for the newborn, and little 

information exists regarding the PUFA status of populations living in South  America, 

we designed the present protocol to study the relationship between maternal 

nourishment and fatty acid composition of  human milk.      

  



SUBJECTS AND METHODS 

Subject characteristics and anthropometry 

Forty-six mothers were recruited to participate in the present study. Breast milk samples 

were obtained from these mothers, who had given birth to healthy, full-term infants (38-

42 week gestation). They were between 16-39 years old, and their nutritional state was 

estimated on the body mass index (BMI). According to BMI, 21 women were 

considered as normal, (BMI lower than 25), 16 were considered overweight (BMI 

between 25 and 30), and 9 mothers were obese (BMI up to 30). Mother diet  was 

evaluated according to food frequency questionnaires. Consent for  this study was 

obtained from volunteers according to a protocol dealing with scientific and ethical 

aspects approved  by the Board of Directors of Comisión de Investigaciones Científicas, 

Buenos Aires Province, Argentina. 

Breast milk samples  

Samples corresponded to mature milk, and were obtained 1-3 months after delivery, 

they were collected at 3rd min into a nursing, by hand expression. The milk was 

transported on ice and immediately frozen at -70  0 C until analysis.  

Breast milk protein content was measured according to Lowry et al procedure [25]. 

Total lipids were extracted according to Folch  [26] with chloroform and methanol (2:1 

v/v), and the content in aliquots of the extract was determined gravimetrically after 

solvent evaporation. Fatty acid methyl esters were prepared by transesterification with 

boron trifluoride/methanol [27] and analyzed by gas liquid chromatography (GLC), on 

an Omegawax 250 (30 m, 0.25 mm i.d., 0.25 m film thickness) capillary column in a 

Hewlett Packard HP – 6890, equipped with a Flame Ionization Detector. The  fatty acid 

methyl esters were identified by comparison off their relative retention times with 

authentic standards, and the mass distribution was calculated electronically by 

quantification of  the peak areas. Authentic standards of fatty acids were purchased from 

Sigma  Chemical Co.  

Statistical analysis:      

Statistical analysis was performed by one-way ANOVA. When differences were 

detected (P < 0.05), means were tested with Tukey´s test (GB- STAT Professional 

Statistics and Graphics 4.0; Dynamic Microsystems Inc., Silver Spring; MD). 

 



RESULTS 

Table 1 shows the total fat and protein content in mature milk from Argentine mothers 

grouped according to their BMI. Milk protein was not affected by mother’s nutritional 

status. The total lipid content of  milk samples from obese mothers showed a significant 

increase relative to the normal or overweight groups.           

The percentage fatty acid composition of human milk was also analyzed. Saturated and  

monounsaturated fatty acids are listed in Table 2. There were no differences in the 

individual saturated fatty acids between different groups, but a lower proportion of the 

total saturated fatty acids of chain length from 10 to 14 carbons was observed in obese 

mothers relative to the overweight group. In monounsaturated fatty acids (Table 2),  a 

significant increase in the proportion of 20:1 n-9 in obese mothers was demonstrated in 

respect to the control ones. Total monounsaturated fatty acids were significantly  lower  

in overweight and obese mothers relative to the normal ones.         

In Table 3 milk polyunsaturated fatty acid composition is listed. In milk from obese 

mothers there were significant increases in the relative proportion of 18:2 n-6, in the 

total n-6 fatty acids, and in total polyunsaturated fatty acids, compared with controls. In 

obese mothers a higher value in the ratio 18:2 n-6/total n-6, was also detected relative to 

the control. There were no differences in the proportion of fatty acids from the n-3 

series. The  ratio between n-6 and n-3 fatty acids showed an increase in obese mothers 

compared with normal and overweight mothers.      

Such a ratio was then compared with maternal milk data from different countries, 

concerning different degree of development as well as different nutritional dietary 

habits (Figure 1). Irrespective of the maternal nutritional status, breast milk of 

Argentine mothers showed  the highest n-6/ n-3 ratio followed by that of USA mothers, 

while milk of Japanese and Chinese mothers contained the lowest values (Figure1). 

These data were well-correlated with  the breast milk 22:6n-3 level (Figure 2), being 

Japanese  and  Chinese mothers who evidenced the major content of this acid in breast 

milk.    



DISCUSSION 

In the current study, we described the composition of  fatty acid in  breast milk from 

women living in the city of La  Plata, Argentina. The kind of diet consumed by women 

from a  relatively middle  socioeconomic status, can be generalized to others urban 

populations of our country.   

Considering  protein and fat content, mature milk from Argentine mothers in normal or 

overweight nutritional status was in average within the range reported in the literature 

for human bank milk from other countries [28]. However, the fat content increases in 

obese mothers  towards the higher end of the range.  

The fatty acid composition pattern was also different in the milk from obese mothers, 

where a decrease in the amount of saturated fatty acids  14 C was observed (Table 2). 

Neville and Picciano [29] discussed the fact that FFA inhibit acetyl-CoA carboxylase in 

a feedback regulatory loop. This hypothesis explains why synthesis of 8:0-14:0 C fatty 

acids in the mammary gland is decreased on high-fat and fasting diets. Conversely, it is 

well known that a high-carbohydrate low-fat diet stimulates synthesis of 8:0-14:0 in the 

mammary gland. The total 8:0-14:0 rises, in this case, from about 10 to 20% or more. 

Thus, the results obtained in our work with obese mothers could probably be due to a 

higher intake of food rich in saturated fat rather than carbohydrates, which are indeed, 

the favorite food of an urban population in Argentine. 

Regarding polyunsaturated fatty acids, it is known that they are required in an adequate 

amount  in the early infancy in order to achieve an optimal neurologic development 

[30,31]. Linoleic [32] and 18:3n-3 or linolenic acids [33] are essential, that is, they 

are required because they cannot be produced in humans. Innis [34] reviewed the role of 

these acids in growth and development. Linoleic acid is the precursor of arachidonic 

acid (20:4n-6), and 18:3n-3 of 20:5n-3 and 22:6n-3. These acids are formed from their 

precursors by elongation-desaturation, though 22:6n-3 is also formed by an oxidation 

reaction converting 24:6n-3 to 22:6n-3 by retroconversion [35,36]. Docosahexaenoic 

(22:6n-3) acid is particularly important in neural development during the perinatal 

period [34]. Retinal membrane phospholipids, particularly the 

phosphatidylethanolamine fraction contain large amounts of DHA [31,37]. It was 

demonstrated that a dietary deficiency in n-3 fatty acids is associated with visual 

abnormalities in rats [19], in preterm infants [20-23],and in formula-fed infants [24]. 



Moreover, a close correlation was found between erythrocyte DHA content and visual-

evoked potential acuity [24], and we have also demonstrated the relationship between 

the proportion of DHA in erythrocyte phospholipid and visual function which was 

assessed using full-field flash electroretinography in malnourished nursing infants [38]. 

The amount of 18:2n-6, 18:3n-3 and LCPUFA derivatives in milk respond to their 

quantities in the maternal diet. In Argentine mothers the relative percentage of linoleic 

acid was similar to that of mothers from other countries such us Sudan [39], China [39] 

and Cuba [40] (Fig. 1). It increased when mother nutritional status was overweight or 

obese, reaching the highest values. The sum of total n-6 fatty acids supports this fact. 

However, the most interesting finding was the fact that this increase was not 

accompanied by a simultaneous increase in -linolenic acid or its desaturation-

elongation products. In consequence, the relationship between total n-6/ n-3 fatty acids 

is very high, only similar to data obtained from American mothers (Figure 1).  This ratio 

between 24 to 30 depends on the maternal nutritional status being the highest values 

found in obese women. It is evident that this value is by far much more elevated as the 

ratio LA/ ALA between 5 and 15 has been recommended [41]. The amount of 22:6n-3 

derived from -linolenic acid in milk which is within a range from 0 to 2.78 wt% with 

means of 0.45 for Western women and 0.88 for non-Western women [38] whereas the 

present study shows values between 0.13- 0.15. The quantities of this acid in milk 

respond to the amounts of DHA in foods, primarily fish, in the maternal diet. 

Notwithstanding the infants may be able to convert 18:2n-6 and 18:3n-3 to sufficient 

20:4n-6 and 22:6n-3 for normal growth and visual acuity if the precursor acid is 

available, the low level of 22:6n-3 observed in Argentine mothers as well as that  

reported  in the literature in respect with USA [3] mothers is worrying.  

In conclusion, these results demonstrate that the milk fatty acid composition in 

Argentine mothers, at least those which are representative of an urban population is far 

from being the ideal one. We were unable to find any data in the literature with 

reference to composition of milk in relation with the nutritional status of mothers from 

other countries. However, we can assess that overweight and obesity are factors that 

contribute to  impair the quality of the milk considering that it contains the highest 

levels of n-6/n-3 EFAs ratio, factor that was detrimental for development, specially in 

reference to central nervous system  and  visual acuity.  In summary, the  n-3 



polyunsaturated fatty acid content  in breast milk of women living  in Argentina appears 

to be deficient; fact that was also assessed in others countries. Thus, infants 

development may be  affected; so this finding allowed us to urge Public Health officers 

to  actively support a campaign, promoting changes in the dietary habits of nursing 

women.   
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Table 1 Protein and fat content in mature milk from Argentine mothers 
              according their BMI     
 

 Normal 
n= 21 

Overweight 
n = 16 

Obese 
n = 9 

Protein  (g/L)   9.7 ± 0.8  9.1 ± 1.0   9.1 ± 1.0 

Fat (g/L) 69.2 ± 4.3 71.5 ± 7.7 a 98.1 ± 9.4 *,b 

 
Values are  mean ± SEM;  n = number of samples  
 
Statistically significant differences (P <  0.05) among groups are indicated by different 
roman superscripts (a,b)   
* P < 0.01 probability value relative to normal mothers 

 

 

 

 

 



Table 2  Saturated and monounsaturated  fatty acids (wt%) in human milk  from 
Argentine mothers according their BMI     

 
 
Fatty acid Normal 

n=21 
Overweight 

n=16 
Obese 

n=9 
10:0 0.91 ± 0.10 1.18 ± 0.13 0.89 ± 0.11 
12:0 4.67 ± 0.41 5.55 ± 0.52 4.15 ± 0.57 
14:0 6.02 ± 0.40 6.18 ± 0.46 4.93 ± 0.56 
15:0 0.43 ± 0.03 0.40 ± 0.03 0.41 ± 0.03 
16:0 20.58 ± 0.43 20.61 ± 0.57 21.19 ± 0.58 
18:0 9.78 ± 0.99 9.63 ± 0.89 9.21 ± 1.16 
20:0 0.26 ± 0.03 0.25 ± 0.02 0.25 ± 0.02 
22:0 0.05 ± 0.01 0.03 ± 0.01 0.03 ± 0.02 
≤14-carbon saturated 11.60 ± 0.80 12.91 ± 0.95 a 9.97 ± 0.85 b 

Total saturated 42.70 ± 1.21 44.30 ± 1.32 41.57 ± 1.54 

16:1 n-7 3.22 ± 0.24 3.54 ± 0.22 3.08 ± 0.33 
18:1 n-9 33.36 ± 1.73 29.05 ± 1.17 30.05 ± 1.50 
18:1 n-7 0.28 ±  0.03 0.44 ± 0.19 0.38 ± 0.18 
20:1 n-9 0.08 ± 0.02 0.16 ± 0.03 0.19 ± 0.04 ** 
Total monounsaturated 36.94 ± 0.81 33.90 ± 1.30 * 33.70 ± 1.25 *  
 
Values are  mean ± SEM;  n = number of samples. Some minor components omitted  
Statistically significant differences (P <  0.05) among groups are indicated by different 
roman superscripts (a,b)   
*    P < 0.05 **  P < 0.01 probability value relative to normal mothers 
 



Table 3   Polyunsaturated  fatty acids (wt%) in human milk  from Argentine mothers 
according their BMI     

 
Fatty acid Normal 

n=21 
Overweigh 

n=16 
Obese 

n=9 
18:2 n-6 16.61 ± 1.06 19.12 ± 1.06 22.71 ± 0.91 ** 
18:3 n-6 0.59 ± 0.06 0.51 ± 0.06 0.41 ± 0.12 
20:2 n-6  0.36 ± 0.02 0.38 ± 0.03 0.37 ± 0.04 
20:3 n-6 0.40 ± 0.03 0.49 ± 0.06 0.46 ± 0.05 
20:4 n-6 0.45 ± 0.03 0.51 ± 0.06 0.43 ± 0.02 
22:4 n-6 0.09 ± 0.01 0.10 ± 0.01 0.09 ± 0.01 
22:5 n-6 0.11 ± 0.01 0.13 ± 0.01 0.13 ± 0.01 
Total n-6 18.61 ± 1.11 21.25 ± 1.09 23.58 ± 1.38 * 
18:2  n-6/total n-6 0.89 ± 0.16 0.90 ± 0.18 0.96 ± 0.11 * 

18:3 n-3  0.47 ± 0.04 0.49 ± 0.06  0.47 ± 0.02  
20:3 n-3   0.04 ± 0.01 0.05 ± 0.02 0.02 ± 0.01 
20:5 n-3 0.09 ± 0.03 0.14 ± 0.05 0.07 ± 0.01 
22:4 n-3 0.02 ± 0.01 0.03 ± 0.01 0.04 ± 0.01 
22:5 n-3 0.03 ±  0.01 0.02 ± 0.01 0.02 ± 0.01 
22:6 n-3 0.13 ± 0.01 0.15 ± 0.02 0.14 ± 0.01 
Total n-3 0.78 ± 0.03 0.88 ± 0.07 0.76 ± 0.03  

Total n-6/total n-3 23.86 ± 2.01 24.14 ± 2.64 a 31.03 ± 2.53 **, b 

Total polyunsaturated 19.37 ± 1.01 22.12 ± 1.02 24.34 ± 1.16 * 
 
Values are  mean ± SEM;  n = number of samples  
Statistically significant differences (P <  0.05) among groups are indicated by different 
roman superscripts (a,b)     
*    P < 0.05  **  P < 0.01      Probability value relative to normal mothers 
 

 

 

 

 



CAPTIONS TO ILLUSTRATIONS 

 

Figure 1. Breast-milk n-6 and n-3 fatty acids content. Comparison of values from 

Argentine mothers according to their BMI with values reported in the literature 

for other countries: (1) Adapted from Jensen [3]. (2) Adapted from Jensen [39].  

(3) Adapted from Krasevec et al. [40]. 

  r = total n-6/ total n-3 fatty acids ratio. 

 

Figure 2. Mean (± SEM) breast-milk 22:6 n-3 fatty acid content.  Comparison of values 

from Argentine mothers according to their BMI with values reported in the 

literature for other countries: (1) Adapted from Jensen [3]. (2) Adapted from 

Jensen [39].  (3) Adapted from Krasevec et al. [40]. 
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