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ABSTRACT
The fatty acid's contents of non-conform pooled human milk can be
affected by different processing and storage operational conditions.
Besides, the knowledge of changes in the human milk fatty acid profile can
help indicate its use in a given storage period, according to each newborn's
specific need. Thus, in the present work, changes in the fatty acid profiles
of three types of human milk (raw; pasteurized at 62.5 °C for 30 min;
homogenized at 40 oC for 30 s followed by pasteurization) were studied
during storage for six months in a freezer at -18 oC. Large variations were
observed in the concentrations of polyunsaturated fatty acids, particularly
of docosahexaenoic acid, with a reduction of almost 50% of its total.
Palmitic and stearic acid contents also changed according to the conditions
of processing and storage. Correlations between the decrease of long fatty
acid chains and the increase of medium and short chains were verified.
Thus, we observe that operational conditions of processing and storing
change human milk lipid profile, with some nutritional losses.

1. INTRODUCTION
Lipids are the components present in human milk that provide the greatest energy for babies and fatty acids,
essential for the newborn's development and proper functioning's organism. [1] The composition of human milk
lipids is a majority in triacylglycerols (98%), containing phospholipids (0.8%), cholesterol (0.5%), and other
© 2021 The Author(s). This is an open access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original author and source are credited.
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compounds. [2] Among the fatty acids present in human milk, which are part of the newborn's cognitive system
development, we can find the arachidonic (ARA) and docosahexaenoic (DHA) acids. [3] Palmitic acid (C16:0) is a
fatty acid located in the triacylglycerol's sn-2 position and acts in the neonate's bone development, helping to absorb
other fatty acids and calcium. [4] Thus, such acid plays an essential role in newborn development.
Human milk is the complete food for newborns, being so important that in addition to its primary function,
nourishing, it has become an aid in treating preterm neonates hospitalized with diseases such as necrotizing
enterocolitis. [1], [2] Since many babies in the Neonatal Intensive Care Unit (NICU) can often not suck the milk, an
option for their nutrition is the use of expressed donor human milk. [5] After being collected, pasteurized, and frozen
for later use, such milk can be stored for up to 6 months in Human Milk Banks (HMB). Even under freezing conditions,
lipid oxidation can occur during food storage, thus altering the food's fatty acid profile. [6] Lipid oxidation occurs in
unsaturated fatty acids, such as linoleic, oleic, and linolenic acids, due to the presence of their double bond. [8], [9]
Hence, the knowledge of changes in human milk's lipid profile due to its processing and storage conditions is
essential and provides data on lipids' nutritional content when subjected to pasteurization, homogenization, and
packing. However, no reports on this specific subject are presented in the literature as far as we know. Therefore,
this work aims to evaluate the changes in the fatty acid profile of non-conform pooled human milk expressed in the
human milk bank when subjected to processing and frozen storage for up to 180 days.
2. MATERIALS AND METHODS

Ethics Statement
The study was approved by the ethics committee of the Universidade Federal de Viçosa (reference number:
66/2018).

Reagent/Solvent
Hexane (HPLC grade, Sigma Aldrich, San Luis, Missouri, USA), Chloroform (HPLC grade, VETEC Quimica Fina,
Duque de Caxias, Rio de Janeiro, Brasil), Methil Alcohol (HPLC grade, VETEC Quimica Fina, Duque de Caxias, Rio de
Janeiro, Brasil), Sodium sulfate anhydrous PA (VETEC Quimica Fina, Duque de Caxias, Rio de Janeiro, Brasil), Sodium
chloride PA (VETEC Quimica Fina, Duque de Caxias, Rio de Janeiro, Brasil), sodium lauryl sulfate broth (MQ300,
MERCK, Darmstadt, Germany) and mix (Supelco® 37 Component FAME Mix, Sigma Aldrich, San Luis, Missouri, USA).

Sample
Pooled and expressed donor human milk used in our experiments came from the Human Milk Bank (HMB) of
the Hospital São Sebastião (HSS) in Viçosa city (MG, Brazil) and would be discarded due to the presence of hair or
skin found in the routine analyses. Such human milk was at appropriate microbiological conditions. Thus, it was
considered suitable to carry out our experiments. All milk donated to HMB-HSS goes through sensory and physicochemical analyses previous to any treatment. [9] All the material was in glass bottles, according to Brazilian
regulation. [10]
Nine bottles of expressed, donated, and pooled human milk at the mature lactation phase were transported to
the laboratory under refrigeration. Each bottle's content was filtered (Whatman 1-125 mm qualitative paper, 45 µm)
to dirtiness removal and was divided into three samples. Two of these three samples were processed, one of them
at the pasteurized conditions and another at homogenized conditions before pasteurization. Human milk was then
stored as raw human milk (RHM) – L1, pasteurized human milk (PHM) – L2, and homogenized/pasteurized human
milk (HPHM) – L3. All milk samples were characterized based on fatty acid content during 180 days of storage, at
intervals of 30 days. The zero time was represented by the milk collection day. All analyzes were performed in
triplicate to reduce the experimental error.
Physical-chemical analysis
The human milk quality was evaluated through the Dornic acidity, physico-chemical analyses, [9] dry extract by
gravimetry, and lipids content by Bligh & Dyer (1959). [11]
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Microbiological analysis
Human milk was characterized by microbiological analysis to ensure safety. The most probable number (MNP)
methodology with sodium lauryl sulfate broth was used to determine the viable numbers of human milk bacteria.
[12]
Pasteurization
Raw human milk was pasteurized to eliminate the contaminating microorganisms by keeping the milk in a
thermostatically-controlled water bath (Tecnal, TE-184, Brasil) at 62.5 oC for 30 min.

Homogenization
Raw human milk human at 40 °C was homogenized through sonication in an ultrasonic sonicator (Sonics,
VCX750, Newtown, Connecticut, EUA) using a 13 mm probe, 20 kHz of frequency, and 75 % of intensity for 30 s.
Thus, homogenized/pasteurized human milk (HPHM) was obtained through the homogenization of raw milk,
followed by pasteurization.

Lipid extraction
The lipid extraction methodology was adapted from Bligh & Dyer (1959). [11] Milk was thawed to 40 °C in a
thermostatic bath (Tecnal, TE-184, Brazil), and a mass of 0.5 g was weighed on an analytical balance (Shimadzu,
AY220, Japan). The volume of 3 mL of a methanol: chloroform (2:1) mixture was added to the lipid extraction system.
The mixture was kept under agitation on a shaking table (Tecnal, TE-053, Brazil) for 30 min., and 1 mL of chloroform
and 1.8 mL of a NaCl aqueous solution (0.9 g/mL) were added. After the three phases splitting, the bottom (~ 2 mL)
was pipetted and dried (45 °C) in a dry bath (Labnet, D1200-230V, USA). The lipid masses were determined by
gravimetry. The results revealed an average of 15 mg of lipids/sample. The upper and intermediate phases were
discarded in appropriate bottles.

Derivatization
Fat Acids Methil Esters (FAMEs) were prepared by derivatization of lipids extracted from human milk. The dry
mass of extracted lipid (~ 15 mg) was added of 1 mg of standard C11 and 2 mL of 2% sulfuric acid in methanol. The
mixture was heated in a dry bath under stirring (Labnet, D1200-230V, USA) at 90 °C and 90 min, according to an
adaptation from Martínez et al. (2012). [13] Hexane (2 mL) and deionized water (1 mL) were added to the system
that was vortexed (Phoenix Luferco, AP-56, Brazil) for 1 min to promote the extraction of FAMEs. After phase
separation, the upper phase (1 mL) was transferred to a flask (Eppendorf, Germany) containing 0.05 g of anhydrous
sodium sulfate. The mixture was centrifugated (2800 rcf, 15 min.) (Eppendorf, Germany). A volume of 500 µL of
supernatant was removed and added to the appropriate vial with 500 µL of hexane. FAMEs content was quantified
by gas chromatography analysis (GC-FID Shimadzu, 2010, Japan), using a 100 m x 0.25 mm capillary column (SP2560, Sigma Aldrich, USA).
The fatty acids were identified through the retention times of the sample FAMEs compared to the retention
times of the FAME standard calibration mix (Supelco® 37 Component FAME Mix, Sigma Aldrich, USA). Three
repetitions were performed for the analysis of each sample.
Data analysis
The observed data were statistically analyzed using a completely randomized design in the R program version
3.3.3. [14] At 5% of significance: (1) the Scott-Knott test was used to evaluate the averages; (2) the Shapiro-Wilk test,
the residual normality; (3) the Bartlett test, the variance homogeneity; and (4) the Pearson's correlation method,
the correlation among the fatty acids.
3. RESULTS AND DISCUSSION

The variations of fatty acid concentrations of human milk were evaluated to determine the changes in the fatty
acid profile: (1) for expressed, donated, and pooled milk; (2) at three processing conditions, of raw milk, pasteurized,
and homogenized/pasteurized milk; and (3) every 30 days during 180 days of storage. T0 stands for the day of milk
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collection at HSS, T1 for 30 days of storage after milk collection, and T2 for 60 days of storage until T6. T6 represents
180 days of human milk storage.

Raw expressed, donated, and pooled human milk
For raw expressed, donated, and pooled human milk (EHM), as shown in Fig. 1, we observed (i) a predominance
of saturated fatty acids (47.24%), followed by monounsaturated fatty acids (MUFA´s) (32.44%) and polyunsaturated
fatty acids (PUFA´s) (17.45%); (ii) changes in the average values of fatty acid concentrations; (iii) a constant decay
in the contents of Polyunsaturated Fatty Acids (PUFAs) until time T4 With subsequent increase; (iv) several
fluctuations in the levels of Monounsaturated Fatty Acids (MUFAs); (v) maintenance of saturated fatty acid
concentrations at times T0 and T1; (vi) decrease of saturated fatty acid concentrations at times T2 to T6; (vii) intense
change of PUFA's contents (docosahexaenoic [DHA], arachidonic [ARA], eicosapentaenoic [EPA], linoleic [LA], alphalinolenic [ALA], and oleic acids) at the beginning of the storage; (viii) a moderate change of the saturated fatty acid
contents at the beginning of the storage; (ix) a high reduction of the fatty acid saturated values at T3-T4 and T5-T6 .
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Figure 1 (a) and (b): Saturated fatty acids, MUFAs, and PUFAs during storage time. (L1): Raw human milk.
(L2): Pasteurized human milk. (L3): Pasteurized/homogenized human milk Storage times: T0 to T6.

Pasteurized and homogenized/pasteurized human milk
As shown in Table 1, human milk presented after processing higher contents of long-chain fatty acids, such as
EPA, ARA, ALA, oleic acid, and palmitic acid, than raw milk. It should be noted that the composition of DHA and
linoleic acid in raw milk was higher than that after processing (~10% of DHA, ~4% of linoleic acid). The milk
processing conditions diminished the concentrations of long-chain fatty acids due to their conversion into shortchain fatty acids. Such behavior was already reported for the enzymatic conversion of long-chain to short-chain fatty
acids. [15] Polyunsaturated fatty acids presented their highest levels at the beginning of storage, with a reduction in
their percentage in the following months, except AL and ARA.
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During the β-oxidation of long-chain fatty acids, short-chain fatty acids occur, which can be later oxidized.
Human milk has antioxidant compounds in its constitution, which can provide an overall antioxidant capacity and
reduce and paralyze oxidation reactions of long-chain fatty acids, with an increase in short-chain concentration fatty
acids have. [16], [17]

Table 1: Proportion of human milk fatty acids at different process conditions and storage times.
C16:0
C18:1n9c C18:2n6c C18:3n3 C20:4n6 C20:5n3 C22:6n3
L1 T0 23.081bB 28.712cE 15.702aB 1.739cB 0.0437cD 0.0707cA 0.695aA
L2 T0 22.727cB 29.816aE 15.296bC 1.894aA 0.0491aD 0.0748bA 0.631bA
L3 T0 23.091aA 29.504bE 14.958cE 1.827bB 0.0471bE 0.0791aA 0.625cA
L1 T1 23.014 bC 28.718cD 15.477aC 1.732cC 0.0401bF 0.0700cB 0.693aA
L2 T1 22.973cA 29.841aD 15.252bD 1.802bB 0.0403bG 0.0721bB 0.633bA
L3 T1 23.024aB 29.559bD 14.941cF 1.823aB 0.0474aDE 0.0791aA 0.626cA
L1T2 20.938cG 27.533cG 15.371aD 1.765bA 0.0512cC 0.0162bE 0.507aB
L2 T2 21.456aG 27.857bG 15.143cE 1.897aA 0.0583aB 0.0159cE 0.490bB
L3 T2 21.353bG 28.695aG 15.345bC 1.730cD 0.0537bB 0.0173aE 0.490bB
L1 T3 23.163aA 28.506cF 15.037bF 1.533cF 0.0516aC 0.0128bF 0.499aC
L2 T3 22.558bE 29.514aF 15.039bF 1.695aD 0.0442cE 0.0118cG 0.487bC
L3 T3 21.940cF 28.999bF 15.060aD 1.637bE 0.0476bD 0.0139aF 0.462cC
L1 T4 22.771aD 28.969cC 14.152aG 1.381aG 0.0428bE 0.0125cF 0.492aD
L2 T4 22.636bD 30.533aB 13.496cG 1.271cF 0.0418cF 0.0608bC 0.481bD
L3 T4 22.565cC 29.947bC 13.853bG 1.366bF 0.0484aC 0.0729aB 0.456cD
L1 T5 22.268bE 29.250cB 15.262cE 1.687bE 0.0657aA 0.0190bD 0.377aE
L2 T5 22.664aC 30.730aA 15.444bB 1.605cE 0.0557cC 0.0147cF 0.303cF
L3 T5 22.225cE 30.406bB 15.617aB 1.779aC 0.0603bA 0.0202aC 0.354bE
L1 T6 22.170cF 30.458cA 15.915bA 1.692cD 0.0604bB 0.0205aC 0.356aF
L2 T6 22.537aF 30.506bC 15.866cA 1.736bC 0.0612aA 0.0202bD 0.313cE
L3 T6 22.301bD 30.978aA 16.120aA 1.863aA 0.0604bA 0.0183cD 0.326bF
L1: Raw human milk; L2: Pasteurized human milk; L3: Pasteurized/homogenized human milk. Storage times: 0
to 180 days (T0, T1, T2, T3, T4, T5, T6). Uppercase letters after data show the statistical variations between storage
time and lowercase letters after data show the statistical variations between type of processing (p ≤ 0.05 by the
Scott-Knott test).
As seen in Fig. 2, an increase in the content of short-chain fatty acids (6 and 8 carbons) can be seen in the first
60 days of storage, reducing their levels in the last 90 days. The C6:0 content showed a remarkable increase, and the
C8:0 composition a great variation during storage.

Figure 2: Variation in C6:0 and C8:0 levels during 180 days of storage. L1: Raw human milk; L2: Pasteurized
human milk; L3: Pasteurized/homogenized human milk. Storage times: 0 to 180 days (T0, T1, T2, T3, T4, T5, T6).
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Fig. 3 (a) and (b) shows (i) the decrease of unsaturated fatty acid contents, such as oleic acid and EPA, in the
first 30 days of storage and the increase from 90 days; (ii) the proportion change of some fatty acids, like ALA, LA,
ARA, palmitic and stearic, throughout storage; (iii) the abrupt reduction of DHA composition in the first 30 days of
storage, followed by a smooth decrease until the end of storage.
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Figure 3 (a) and (b): Variations of fatty acid's compositions during 180 days of storage. Storage times: 0 to
180 days (T0, T1, T2, T3, T4, T5, T6).

Correlations
The evaluation of the fatty acid composition changes clarifies that some of such variations can be correlated.
Regarding the processing, DHA content showed a strong negative correlation with ARA (-0.89), EPA (-0.89), linolenic
(-0.86), oleic (-0.93), lauric (-0.99), and caproic (-0.91) acids. This behavior suggests decreased DHA concentrations
and the increase of those acid concentrations due to processing conditions. A reduction in DHA content was verified
in the human milk analyzed. On the other hand, linoleic, arachidic, and myristic acids showed positive correlations
with DHA (0.92, 0.99, and 0.77 respectively), meaning an increase in DHA concentration with the rise of such acids'
contents.
EPA also showed a strong negative correlation with arachidic (-0.90), linoleic (-0.99), cis-10-heptadecanoic (0.95) and myristic (-0.97) acids, and a strong positive correlation with caproic (0.99), lauric (0.91), and tridecanoic
(0.93) acids.
Correlations between long-chain fatty acids, such as DHA, EPA, and ARA, were verified between themselves and
their precursors due to the influence of the processing type on fatty acid compositions. Meantime, most correlations
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occurred among them and fatty acids of medium and low molecular weight (≤ C14). However, changes in fatty acid
compositions during storage were not correlated with their precursors.
An increase in the medium- and short-chain contents and a long-chain diminution were noted for the most
correlations among the fatty acids. Thus, the concentration of fatty acids of greater molecular weight decreased
through their oxidative degradation and reduced the formation of medium and short-chain fatty acids.
Human milk lipids act in developing newborns, such as weight gain, responsible for using up to 50% of the
energy provided by human milk; developing cognitive, visual, and immune newborn systems; and has a regulatory
role in the body, many others. Some fatty acids that make up these lipids play indispensable roles in forming and
functioning a baby's body, such as DHA, ARA, and EPA, which are part of the nervous and visual system. The palmitic
acid helps to absorb other fatty acids and calcium, leading it to develop the bone and digestive system. [18], [19],
[20]
The literature reported changes in human milk's fatty acid profile due to age, lactation period, and mother's diet.
[21] However, no information was found on the lipid profile changes after milking, processing, and storage of human
milk, as far as we know.
Human milk is a bioactive material containing endogenous lipases. Thus, appropriate storage conditions are
necessary to avoid these enzymes' action [22] and changes in the lipid profile. Besides the enzymatic action, human
milk composition can be altered by oxidation due to exposure to oxygen and moisture. Oxidation reactions are
stimulated by temperature increase and some physical treatments, leading to an increase in the exposure of lipids.
[23]
PUFAs have pre-availability to oxidation due to the double bond's fragility in their chains, showing changes in
its concentrations after undergoing heat treatment. However, oxidative degradation also occurs in systems
containing saturated fatty acids. [24], [25] This behavior was verified by us for the fatty acids of human milk at each
analyzed process condition and milk storage time.
During oxidation, polyunsaturated fatty acids were hydrolyzed to form smaller fatty acids. [26] This occurrence
is justified by the observed negative correlation between long-chain fatty acids and those of short-chain.
Each fatty acid acts in important functions in the baby's body. DHA and ARA participate in the development of
the cognitive and visual systems. The accumulation of DHA in the lipid membrane of the central nervous system was
observed in the first months of life. [27] Palmitic acid aids in the absorption of calcium and other fatty acids, playing
a role in forming the newborn's bones and the digestive system. [28]
Changes in the lipid profiles can lead to variations in their nutritional qualities. [29] Thus, according to each
neonate's needs, the knowledge of such variations may help a better prescription of the type of processed human
milk linked to the storage times if direct breastfeeding could not be used. The decrease of fatty acid levels causes a
nutrient loss for newborns, especially the preterm. Thus, it is essential to observe each infant's individual needs. [30]
The changes in the fatty acid contents found in this work are substantial, but their averages are in the range
reported in the literature for raw human milk in several countries worldwide, such as Australia and Cambodia, South
Korea, China, and Chile. [1], [31], [32] Thus, human milk remains an excellent nutritional source of fatty acids, even
after processing and storage.
4. CONCLUSION

Human milk's fatty acid profile was affected by the operational conditions used in pasteurization and
homogenization, and also the storage time for up to six months. The literature recognizes fresh and healthy mothers'
milk provided by direct breastfeeding as the best type of milk for a newborn's complete nutrition. Nevertheless, even
after processing and storage, human milk remains an excellent nutritional source of fatty acids because its lipids'
high nutritional quality is maintained. Changes in the lipid compositions can promote variations in their nutritional
qualities. Thus, information on such changes may help develop formulae following each neonate's lipids needs if
breastfeeding could not be adopted. Hence, the nutritional relevance of processed human milk makes its use viable.
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