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Human milk is a dynamic biological fluid whose composition varies throughout lactation,
adapting to meet the physiological needs of the newborn. This study investigated how the
breastfeeding time (foremilk, middle milk, hindmilk) affects energy, fatty acid, and tumor necrosis
factor-alpha (TNF-au) and interleukin-10 (IL-10) contents in mature human milk from five distinct
donors (M1-MS5), using creamatocrit, gas chromatography, and enzyme-linked immunosorbent
assays, respectively. The results progressively increased in energy values, with the highest values
in hindmilk. Fatty acid composition exhibited distinct individual profiles, with palmitic acid
predominating in M1 and M5, and oleic acid more prominent in M2, M3, and M4. The duration
of breastfeeding significantly influences the caloric and lipid composition of mature human milk.
Principal component analysis (PCA) accounted for 59.6% of the variance, indicating the clustering
of fatty acid profiles according to collection times from the same donor. No consistent pattern was
observed for the immunological factors throughout the lactation. TNF-o. was undetectable in some
samples, possibly due to its low concentration in mature human milk, while IL-10 was consistently
detected. These findings suggest that individual factors such as maternal diet, body composition,
and lifestyle may influence the nutritional and immunological composition of human milk.
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Introduction

According to the World Health Organization (WHO)
and the United Nations Children’s Fund (UNICEF),
breastfeeding should begin within the first hour after birth
and continue exclusively for the first six months to support
optimal child development.! Human milk is a complex,
dynamic, and highly adaptable biological fluid, rich in
nutrients, bioactive compounds, and immunological factors
essential for infant growth and protection.?

*e-mail: oosjunior @uem.br; jesuivv@gmail.com
Editor handled this article: Andrea R. Chaves (Executive)

The composition of human milk varies between mothers,
lactation phases, and throughout the same breastfeeding,
with three phases defining the composition of human milk.
Foremilk, expressed at the beginning of the breastfeeding,
has a high water, carbohydrate, and protein content; middle
milk presents a progressive increase in lipids; and hindmilk,
expressed at the end of the breastfeeding, is significantly
richer in fat and calories.*’

In the first months, human milk lipids provide between
40 and 60% of the energy content and are mainly in the
form of triacylglycerols.® Several factors, such as maternal
diet, body mass index (BMI), stage of lactation, time of
day, and frequency of breastfeedings can influence the
nutritional quality of fatty acids.”® In addition, human milk

This is an open-access article distributed under the terms of the Creative Commons Attribution License.
BY


https://orcid.org/0000-0002-9631-8480
https://orcid.org/0000-0003-3412-897X

Castro et al.

contains cytokines that play a crucial role in modulating
the immune response. Interleukin-10 (IL-10), which has
anti-inflammatory action, and tumor necrosis factor-
alpha (TNF-a), which is associated with inflammatory
processes, stand out.” Evidence suggests a possible
association between human milk lipid profiles and levels
of these cytokines, reflecting the close relationship between
nutrition and immunity.'°

Given the scarcity of studies that integratively examined
the impact of different breastfeeding phases on nutritional
and immunological parameters, this study aimed to
investigate variations in energy content, fatty acid profiles,
and levels of the cytokines IL-10 and TNF-o in mature
human milk. For this purpose, samples of the foremilk,
middle milk, and hindmilk of five lactating women were
studied.

Experimental
Reagents

The reagents used in the study were all of analytical
grade, with chloroform, n-heptane, methanol, and sodium
chloride obtained from Synth (Sdo Paulo, Brazil), and
potassium hydroxide from Dinamica (Sao Paulo, Brazil).

Sampling

The study was approved by the Research Ethics
Committee (No. 3.098.157/2018) of the State University
of Maringa (UEM, Maringd, Brazil). This study is
characterized as a quantitative approach of a descriptive
analysis of a case series, involving five donors, identified
as mother 1 (M1), mother 2 (M2), mother 3 (M3),
mother 4 (M4) and mother 5 (M5).

Mature human milk samples (more than 15 days
postpartum) were collected from lactating women who
maintained exclusive breastfeeding. These were selected
by convenience and monitored by the Gynecology and
Obstetrics Department of the Regional University Hospital
of Maringa. Inclusion criteria were gestational age over
37 weeks, healthy pregnancy and delivery, regardless of the
type of delivery and number of previous pregnancies, and
residence in the region. Exclusion criteria included lactating
women with gestational comorbidities (hypertension,
diabetes, among others) or those who had multiple births.

Human milk was collected by hand expression at three
intervals during breastfeeding: T1 (start of breastfeeding,
foremilk), T2 (15 min, middle milk), and T3 (30 min,
hindmilk), with 15 mL obtained at each interval, stored
in test tubes, and kept at 4 °C in a cooler. All collections
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were standardized to occur in the morning period, between
8 am and 10 am, to minimize circadian variations in milk
composition and ensure greater constancy in maternal
metabolism. In total, 15 samples (3 periods x 5 donors)
were studied for caloric content, fatty acid profile, and
concentrations of the cytokines IL-10 and TNF-a.. Figure 1
illustrates the collection scheme adopted.

Inclusion Ethical approval
Exclusive breastfeeding Certificate of Presentation of Ethical Appraisal
Gestational age > 37 weeks (No 93048818.0.0000.0104)
> 15 days postpartum
Pregnancy and birth: Healthy Criterias @
Exclusion
Gesm“‘;&“a:.";“‘:.‘;‘ﬁ“‘“ Samples collection
uitiple births Manual extraction (n = 5, V = 15 mL)

Mothers @ Time
Mother 1 Time 1 — before feeding
Mother 2 Samples Time 2 - 15 min of feeding
Mother 3 Foremilk Middlemilk Hindmilk | {Time3 - 30 min of feeding
Mother 4 MITI MIT2 MIT3
Mother 5 M2T1 M212 M2T3

M3T1 M3T2 M3T3

M4T1 M4T2 M4T3

M5T1 M5T2 M5T3

Figure 1. Schematic map of sample collection.
Creamatocrit

The caloric content of human milk was determined by
the creamatocrit method."" A 1 mL aliquot of previously
homogenized human milk was transferred to a test tube
and heated at 40 °C for 15 min. Then, a 75 pL aliquot
was collected in a microcapillary, sealed at one end, and
centrifuged for 15 min to separate into cream and serum.
The cream percentage was defined by measuring the length
of the cream layer based on the total height of the sample.
The energy content (kcal per liter) of milk was estimated
using equation 1:

kcal per liter = ((% cream X 66.8) + 290) (1)
Fatty acid composition

Lipids were extracted from the samples following the
technique of Folch et al.,”” using 1 mL of sample in a 1:20
ratio with chloroform and methanol (2:1, v/v). The extracted
lipids were methylated according to the International
Organization for Standardization (ISO 12966:2017),"
forming fatty acid methyl esters (FAMEs). The upper phase
was collected and analyzed in a gas chromatograph (GC,
Trace Ultra 3300, Waltham, USA) with a flame ionization
detector (FID). The separation occurred in a CP-7420
capillary column (100 m x 0.25 mm, 0.25 um cyanopropyl
film) with an injector in 1:40 split mode using an injection
volume of 2.0 pL.
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The equipment was programmed with a detector
temperature of 250 °C and an injector at 230 °C. The
GC-FID oven started a gradient at 65 °C for 4 min, followed
by a heating to 185 °C (15 °C min') with maintenance
for 12 min, and a second heating to 235 °C (20 °C min™)
maintained for 14 min. The gas flows were 1.4 mL min’
for the carrier gas (H,), 30 mL min™! for the makeup gas
(N,), and 30 and 300 mL min" for the H, and synthetic
air flames, respectively. The chromatographic peak areas
were analyzed using ChromQuest™ 5.0 software, with
the identification of fatty acid methyl esters (FAMEs)
performed by comparison with the retention times of
an analytical standard (FAME C4-C24 mixture, Sigma-
Aldrich, USA). The results were expressed as relative area
percentages.

Nutritional index of fatty acids
Considering the determined fatty acid composition,

eight indexes were calculated to evaluate the lipid
nutritional quality of the fatty acids (equations 2 to 9).

Proportion of polyunsaturated | _ 2 PUFA )
and saturated fatty acids | S SFA @)
(Proportion between omega 6 and) _2n-6 3
omega 3 fatty acid series T Yn-3 3)
LA 182n-6
= “)
ALA 18:3n-3
Sum of essential fatty acids = EPA + DHA 4)
H [18:In-9+182n-6+18:3n—3 +20:3n—6 +20:4n— 6 + 20:5n — 3 + 22:6n — 3]
H- [12:0 + 14:0 + 16:0] (©)
[12:0 + (4 x 14:0) + 16:0] o
~ XMUFA+3n-6+3n-3
- [14:0 + 16:0 + 18:0] ®)
[(0.5 x YMUFA) + (0.5 x ¥n— 6) + (3 x Tn — 3)+(Z“’ 3}}
2n-6
+¥n-6+Yn—
HPI = 2>MUFA+2n—-6+2n-3 ©)

[12:0 + (4 x 14:0) + 16:0]

where YPUFA is the total of polyunsaturated fatty acids,
YSFA is the total of saturated acids, Yn-6 is the total of
omega-6 fatty acid group, ¥n-3 is the total of omega-3
fatty acid group, EPA is eicosapentaenoic acid (20:5n-3),
DHA is docosahexaenoic acid (22:6n-3), LA is linoleic
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acid (18:2n-6), ALA is a-linolenic acid (18:3n-3), H/H
is hypocholesterolemic/hypercholesterolemic, Al is
atherogenicity index, TI is thrombogenicity index, HPI is
health promotion index.

Analysis of IL-10 and TNF-a cytokines

Interleukin-10 (IL-10) measurement was performed using
the Human Custom Procartaplex 9-plex kit (Invitrogen™,
Thermo Fisher Scientific, Inc., Burlington, Canada),
following the manufacturer’s instructions. Fluorescence
reading was performed using a Luminex® 100/200™ flow
cytometer.

Tumor necrosis factor alpha (TNF-a) levels were
measured by enzyme-linked immunosorbent assay (ELISA)
using the HumanTNF alpha ELISA kit (Invitrogen™,
Thermo Fisher Scientific, Inc., Burlington, Canada),
according to the manufacturer’s instructions. Absorbance
was recorded using an ASYS™ microplate reader
(EXPERT PLUS model, Holliston, USA). Samples were
analyzed without dilution.

Statistical analysis

The data obtained in triplicate were subjected to
analysis of variance (ANOVA), and the means were
compared by the Tukey’s test (p < 0.05) in the Statistica
software version 7.0." The fatty acid composition was also
evaluated by principal component analysis (PCA) using
the Factor Extra and FactoMineR data packages of the R
software with the graphical interface RStudio."”

Results and Discussion
Energy content (kcal per liter)

Creamatocrit is a technique routinely used in Human
Milk Banks in Brazil to estimate the energy content of
human milk. The method is based on a mathematical
relationship that considers the proportion between the lipid
(cream) and water-soluble (serum) fractions, obtained by
centrifugation.!1%!7 In the present study, the energy content
of mature human milk expressed in three different periods
of breastfeeding from five lactating women was evaluated
(Figure 2).

The results revealed a variable and progressive
increase in the energy content of human milk throughout
breastfeeding. The highest values were recorded at T3 when
compared to T1 and T2. According to Moraes ef al.,'® the
caloric content of human milk is categorized as hypocaloric
(< 580 kcal per liter), caloric (580-711 kcal per liter),
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Figure 2. Influence of breastfeeding duration on the energy content (kcal
per liter) of mature human milk obtained from individual mothers (T1:
foremilk, T2: middle milk, T3: hindmilk, M1: mother 1, M2: mother 2,
M3: mother 3, M4: mother 4 and M5: mother 5). Lower-case letters refer
to statistically significant differences (p < 0.05) by Tukey’s test.

or hypercaloric (> 711 kcal per liter). In this study, all
T1 samples were classified as caloric, except for M2T1,
which remained hypercaloric at all time points. At T2 and
T3, the hypercaloric classification predominated, except
MI1T2(704.20 = 13.57), M3T2 (630.12 £ 5.37), and M3T3
(701.92 £ 6.51), which remained within the caloric range.

The findings are consistent with previous reports
of mature human milk exhibiting energy values around
700 kcal L'. Given that the recommended daily energy
intake for full-term infants ranges from 72 to 108 kcal kg™!,"”
the observed values support the nutritional adequacy of
human milk in meeting infant energy demands. Moreover,
the increase in caloric density throughout breastfeeding
may reflect the physiological transition from foremilk to
hindmilk, which is richer in lipids. The literature’ highlights
that several factors can contribute to the energy content
of human milk, including maternal age and diet, BMI,
stage of lactation, time of day, frequency and duration of
breastfeeding.

The energy content between T1 and T2 was accentuated
individually at M5, which increased by 17.38% in this
interval. The other variations in this interval were 0.25
to 7.86%, while M2 remained stable. More pronounced
increases were noted between T2 and T3, ranging from
7.77% in M4 to 36.38% in M5. The most significant
changes, however, occurred between T1 and T3, particularly
in M5 (60.11%) and M1 (27.07%). Similarly, Ross et al.?°
reported an approximately two-fold increase in caloric
content between the beginning and end of a feed. Other
studies also indicate up to a 29% fluctuation in the energy
value of human milk over a day.'*?!

Foremilk is naturally richer in carbohydrates and
proteins, supporting the initial hydration and nutrition of the
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baby, while hindmilk contains a higher fat concentration,
increasing its caloric value.** Fat content progressively
increases during breastfeeding due to stimulation of the
mammary glands, which triggers the release of lipid
globules adhered to the alveoli. During breast emptying,
changes in lactocytes facilitate the removal of fat
accumulated in the alveoli and ducts.”® Muktamath et al.*
recommend feedings of 15 to 20 min to stimulate ongoing
milk production and ensure an adequate nutrient supply.
Breastfeeding very short (less than 10 min) may reduce
fat intake and compromise human milk production. This
highlights the importance of complete breast emptying to
ensure both the volume and nutritional quality of human
milk.

Fatty acids

Considering that approximately 40 to 60% of the total
energy provided by human milk comes from lipids,>*
it is essential to understand the dynamics of fatty acids
throughout the breastfeeding period. In this study, 27
fatty acids were identified in mature human milk samples
(Table 1), allowing the evaluation of changes in the lipid
profile and supply to the infant.

The highest concentrations of fatty acids found in
samples M2T1, M2T2, M2T3, M3T1, M3T2, M3T3,
M4T1, M4T2, M4T3 were specifically assigned to oleic
acid (18:1n-9), while in samples M1T1, M1T2, M1T3 and
MS5T1, M5T2, M5T3 were palmitic acid (16:0), therefore
distinct lipid profiles were observed. These two fatty acids,
together with linoleic acid (18:2n-6), represent the main
lipid components of human milk, contributing significantly
to the fractions of saturated (XSFA), monounsaturated
(EMUFA), and polyunsaturated (XPUFA) fatty acids.**
Differences may reflect variations in maternal diet
or endogenous fatty acid synthesis, underscoring the
importance of personalized approaches in nutritional
assessments.’

The most abundant SFA was 16:0, with variations
between 19.776 + 0.023 (M4T3) and 28.685 + 0.158
(MI1T2). In human milk, 16:0 is found in the central
position of the triglyceride molecule (Sn-2),> while in
human tissues, vegetable oils, and infant formulas, it is
located at the Sn-1 and Sn-3 extremities. The specific
structure of human milk contributes to the absorption of
minerals such as calcium and magnesium, in addition
to promoting intestinal health.” The 18:1n-9, the main
MUPFA identified, demonstrated differences between
samples (p < 0.05) ranging from 21.751 + 0.004 (M5T1)
and 29.155 = 0.162 (M2T2). Generally positioned in the
Sn-1 and Sn-3 positions of human milk triglycerides,*
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Table 1. Fatty acid composition (relative area percentage) during different breastfeeding intervals of mature human milk from individual mothers

Sample
D Chemical name
MITI  MIT2  MIT3  M2TI  M2T2  M2T3  M3TI  M3T2  M3T3  M4TI  M4T2  M4T3  MSTI  MST2  MST3
60 coroicaa | 02B0% 0233x 0231x 10M4x 122x 0818 0426 0382x 0632: 0723 0493 046lx 03%= 0580 0.640=
k P 0005  0.006"  0001"  0012° 0002 0005 0001% 0086t 0008 0005 0009 0019t 0002 0005  0.021°
%0 onlicad | 0240% 0241 0241x 0.192: 0244x 0159 0304 0493 0439 0350x 0473x 0277 0.1%x 0278x 0313=
: caprylic act 0.001' 0005 0005 0006 0006 0005 0003 0020° 0027° 0008 0003 0014  0.001* 0003  0.009°
100 e acid 0154+ 0148 0157+ 0374 0441% 0340 0425+ 0455+ 0340+ 03941+ 0466+ 0304% 0311+ 0284+ 0339z
: capnc act 0005 0009  0011° 0002 0015 0002 0.024* 0028 0017 0008 0007 0003 0013 0025 0013
o Juric acid 7879+ 7806+ 7910+ 12685+ 10569+ 12264= 6786+ 6.866= 6.652+ 8588+ 8804+ O.151= I11.171= 9427+ 9523«
: aune act 0018 01100 0003 0019  0.044°  0017° 0023 0170 0011*  0.024" 0015 0032 0037 0048  0.096'
140 icaa | B1S7® 8165% 8138x 0832x T.687s 0807% T043% T174x 684x S04x 80S3x 8387x 11629: 10370 10634=
: myristic act 0015 0.029° 0017 0018 0017  0006° 00325 0025 0016  0010°  0.006"  0.061°  0.020° 0033  0.058
L1mo Coleicaciq 0286% 0286x  0287¢ 0308% 0251 0303x 0285: 0279% 0348% 0.160x 0156 0.151x 0350 0364x 0361x
S MYISOIEIC At g oo 0.014%  0.015% 0014 0002 0013 0002  0.022*  0.020° 0.004° 0027 0003 0002 0003  0.006'
50 nadecanoicacig 0151 01S4% 0145 0.131x  0083x 0.34x 0177x 0231x 0261x 0145% 0139x 0143x 0.125x 0137% 0139%
: P CA0.005% 00120 0003 0002¢  0.001" 0003 0003 0005 0016 0002 0005 00024  0.001F 0.003%F 00075
1510 deconsicacig 0330% 03205 0332% 0334x  0250% 0342% 0433% 0603% 0727% 0202x 0172x 0188x 043x 0488x 0490
o pentadecenoicacie: g nooe 0,005 0.001° 0002 0005 0006 0018  0.006° 0013 0003 0020 0009 0008 0003  0.003
160 mitic acig | 23572% 28685 28461x 22263x 21312x 23.091% 24914x 24219 23268 20848x 20771 19776x 23782 25618 26.180=
: patmitic act 0072 0.158 0058 0024 0018 0006 0065  0.021° 0010t 001" 0006 0023 0027 0079  0.002°
6107 hexadecmmoic acig 0245%  0259% 0217% 0189x 0278x 0214x 0234x 0113x 0110% 0259% 0265 0245x 0286 0281x 0264
: 0.024% 0017 0055 0005  0017° 0007 0012 0020° 0.010° 0.007% 0001 0003 0003  000l*  0.012°
L1 mioeicaia | 2047% 2089% 1961x 1735x 2150% 1791x 1201 0912x 0962x 2169x 2215% 1981x 1456% 1514z 14902
e PUMIOIEICACACT 6 o740 0,029 0.192% 0012  0017° 0006 0053 0025 0015 0017  0.001* 0013* 0008 0014  0.005°
0 0432% 0431 0434= 0299+ 0294= 0317+ 0430+ 0311 0637+ 0280= 0279 0275+ 0460+ 0.504% 0495z
17:0 heptadecanoic acid

0.002¢ 0.017¢ 0.012¢  0.015%"  0.016*"  0.006 0.002¢  0.010%  0.006*  0.008  0.017 0.003* 0.009¢ 0.016" 0.005"

0163+ 0.165+ 0.159x 0.158+ 0.148= 0.147x 0.144= 0.182x 0278+ 0.150= 0.144x 0.134= 0218 0232+ 0.190%

17:1n- h ic aci
T:An-9 eptadecanoic acid o a0 goge 0,003 00017 0002 0005 00288  0010% 0015 0005 0002 0008 0003 0017  0.009%

9.187+ 9.061+ 9234+ 7717+ 6860+ 7838+ 8364+ 8941+ 8352+ 5813+ 5638+ 5533+ 7745+ 8129+ 8230=%

18:0 stearic acid 00420 0055 0072 0016 005" 0073  0001°  0.49° 0028  0.010: 0018  0.003" 0003 0009 0021
1 elaidic acid 1643+ 1646+ 1657+ 1952+ 1591+ 2294+ 1389+ 1361+ 1252+ 1579+ 1653+ 1435+ 0756+ 0934+ 0792+
: 0007 0087 0068 0125 0.135< 0098  0013% 0028  0027° 0033 0103 0024% 0017  0010°  0.001'
I sleic acid 28274+ 28.224% 28366+ 25970+ 29.155+ 25550+ 26604+ 25527+ 26568+ 23.894+ 24.151+ 24860+ 21751+ 22136+ 22014+
: 0082 0.021°  0225° 0054 0162 0024 0054 0012 0001 00175 0029 0092 0004  0030"  0.044"
- lnolcicacia | 008%  9550%  0601% 12170% 14577+ 12018% 16951% 17812% 17.628% 22082% 21846x 22610 15219% 14926+ 144463
o noleic act 00300 0064 0025 0010  0005" 0029 0006 0005 0098  0.006°  0.029°  0215* 0012 0058  0.040"
18206C9  linoleicacid ~ 0484= 0479+ 0495+ 0585+ 0455+ 0564 0559 0702 0666+ 0250% 0265+ 0275+ 0241+ 0304% 0330z
TI1 conjugated cO.T11  0.009¢  0.008°  0.036° 0007 0016 0003  0.024* 0008 0038 0001 0028 0010 0009 0012%  0.002°
1820-6TI0  linoleicacid 0375+ 0377+ 0370+ 0318+ 0269+ 0275+ 0483+ 0537+ 0692+ 0547+ 0547+ 0532+ 0256+ 0335+ 0.197+
c12 conjugated TI0.c12  0.004° 0012  0.001°  0.0290% 0028  0014% 0013  0013*  0020° 0009 0003 0002 00167 0005¢  0.062'
o 0548+ 0549+ 0545+ 0707+ 0768+ 0653+ 0811+ 0733+ 0826+ 1603+ 1591+ 1490+ 1282+ 1123+ 1.189=
18:3n-3 linolenic acid

0.003/ 0.006/ 0.002/ 0.005" 0.001# 0.023 0.016"  0.021=  0.019" 0.022¢ 0.002¢ 0.003" 0.005¢ 0.004¢ 0.008¢

0294+ 0290+ 0303+ 0216 0267+ 0260+ 0404+ 0468+ 0615+ 0543+ 0503+ 0495+ 0557+ 0242+ 0248+

20: hidic aci
0:0 arachidicacid o hoen 00126 00100 0003 0.004 00299 0.001° 0014 0023  0007% 0027 0005 0027 0017 0,007

0240+ 0240+ 0239+ 0252+ 0278+ 0243+ 0371+ 0421+ 0361+ 0508+ 0520+ 0479+ 0621+ 0616 0.625+

20:30-3 icosatrienoic acid
" CICOSAMENOICACIE 6 h01e 0,005+ 0.004° 0005  0.001°  0.001°  0.006° 0.015¢ 0018 0003 0039 0008 0024 0077 0022

20:4n-6 arachidonic acid 0256+ 0257+ 0256+ 0312+ 0494+ 0295+ 0348+ 0483+ 0348+ 0.146x 0.149x 0.137x 0.197+ 0547+ 0445%

(ARA) 0001 0012 0010  0003* 0002 00064 0014° 0027 0005° 0.001" 0008  0.006" 0001F  0.026° 0027
o5 cicosapentaenoic  0.037+ 0036+ 0039+ 0024+ 0028+ 0031+ 0098+ 0135+ 0245+ 0178+ 0.183% 0146 0165+ 0.168= 0067+
: acid (EPA) 00026 0.001= 0006t 0002 0003  0001r 0021° 0008 0005  0001° 0.010° 0009¢ 0.001% 0003  0.001°
ron6 docosadionoic acia 0076% 0075 0079 0088x 0123 0088 035x 0478x 0470x 0.191x 0.182x 0178 0184z 0145x 01582
: OCOSACIENOICACIE 6003+ 0.002¢  0.006¢  0.002%  0.001%  0.008F  0.006°  0.029° 0022  000l° 0005 0013 0012 0001 0017
it ervomicacig | 0068% 0070 0065x 0065 0091x 0061 0.I54x 0079% 0.119% 0160 0.157% 0149 0.126x 0102 0101%
: 0.003¢ 0007 0002 0001 0002% 0.001° 0047 0020 0013 0002 0003  0.006* 0001 0002 0.003
ppny  docosahenanoicacid 0056 0056 0082 0090 0.106= 0085 0284x 007% 0379% 0198 0186 0.180x 01206 0214z 0098+
one (DHA) 0001 0.041"  0.004% 0.001% 0.012% 0002 0012 0019  0024*  0001° 0002 0005 0001 0016  0.005
SEA rated faity aciqs 55297 55315 55250 54743 48979 55.046% 49206 49.567x 48021 45.725% 45618x 44862% 56332x 555685 56740
SArACCIAY 8 g 13 0256™  0.170% 0158 0.174¢ 0153 01520 0530° 0162 0094 0113  0.167¢  0.140*  0237° 0237
MUFA monounsaturated  33.063+ 33.067+ 33.043= 30711+ 33923= 30702+ 30443+ 20.055+ 30.364% 28.573= 28912+ 29.145+ 25375+ 26052+ 25704+
fatty acids 0.195  0.188  0.561°  0214° 0342 0062 0226  0.143¢ 0113 0088  0.I85  0.15% 0044 00805  0.083
pups  Polvunsauraied fatty 11640 11617+ 117072 14546+ 17098 14252% 20261 21378x 21615+ 25703+ 25469 26029% 18293 18379 17.555=

acids 0.051° 0.150' 0.094! 0.062" 0.068¢ 0.088" 0.118¢ 0.144¢ 0.249¢ 0.043*® 0.129° 0.270* 0.080¢ 0.203¢ 0.184°

Results are expressed as mean + standard deviation (SD) of triplicate. Values with different letters on the same line are significantly different (p < 0.05) by Tukey’s test.
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it acts in the organization, transport, and metabolism of
fat globules, performing functions as an energy source,
brain structuring, and in the absorption of fats in the small
intestine.®*” The PUFA with the highest concentration
was 18:2n-6, presenting significant differences (p < 0.05)
between breastfeeding times (T1, T2, and T3) in the
samples, except M 1. This fatty acid provides approximately
10% of the calories derived from the lipid fraction.?® The
sum of the fatty acids 16:0, 18:1n-9, and 18:2n-6 represents
approximately 70% of the lipid profile of human milk,*
agreeing with the results obtained in this study.

Furthermore, other important fatty acids have been found
in human milk, including alpha-linolenic acid (18:3n-3),
arachidonic acid (ARA, 20:4n-6), eicosapentaenoic
acid (EPA, 20:5n-3), and docosahexaenoic acid (DHA,
22:6n-3). These are recognized for their essential role in
infant growth, brain development, immune function, and
cognitive performance.>*

The 18:3n-3 presented the highest percentage in the
M4T1 (1.603 +£0.022) and M4T2 (1.591 + 0.002) samples,
indicating that in this interval the sample did not present
a significant difference (p > 0.05). In contrast, the lowest
values were observed in MIT1 (0.548 + 0.003), MI1T2
(0.549 £ 0.006), and M1T3 (0.545 + 0.002) regardless
of the feeding time, with no significant differences
(p > 0.05), which indicates that the 30 min milking
duration did not interfere in its concentration. For ARA, the
highest concentration was observed in the M5T2 sample
(0.547 + 0.026), with a statistically significant difference
(p <0.05) to the others. Samples such as M2T2 and M3T2
presented intermediate and statistically similar values
(p > 0.05), reflecting interindividual variations.

Regarding EPA, the highest value was found in M3T3,
with a content approximately ten times higher than that of
samples M1 and M2. DHA was more abundant in sample
M4, with a concentration approximately seven times higher
than that observed in M1. These variations reflect, above
all, the influence of maternal diet on the lipid composition
of human milk. Diets rich in fish and foods that are sources
of omega-3 times higher concentrations of DHA and
EPA, while restrictive eating habits, such as vegan diets,
can significantly reduce these levels in human milk.3"*
Concomitantly, Ding et al.>* report that these distinctions
can be attributed to differences in the diets of the nursing
mothers investigated.

Furthermore, there were variations in the total fatty
acid content for YSFA, YMUFA, and YPUFA, where no
conclusive observations of changes in the lipid profile
were demonstrated during breastfeeding. For YSFA, a
range was obtained between 44.862 + 0.167 (M4T2), and
56.740 +0.237 (M5T3), while for YMUFA, values between
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25.375+0.044 (M5T1) to 33.923 + 0.342 (M2T2), and for
YPUFA, percentages between 11.617 + 0.150 (M1T2) to
25.703 £0.043 (M4T1). Milk fat concentration increases at
the end of the feed due to breast emptying,” which affects
the fatty acid profile. This variation suggests a physiological
strategy of adjusting lipid composition throughout the feed,
potentially to meet the metabolic and neurological needs
of the infant.*** In addition, factors such as maternal diet,
age, and health status are also important determinants of
the individual lipid profile, as suggested by Covaciu et al.**
and Valencia-Naranjo et al.,*> which reinforces the need for
a personalized approach in the assessment of human milk.

The fatty acid composition was also assessed
by multivariate exploration of principal component
analysis (PCA) (Figure 3). PC1 (30.8%) and PC2 (28.8%)
accounted for 59.6% of the overall variance of the fatty acid
results. The quality of representation of each variable in
the principal components was estimated by the cos2 values,
with values close to 1 indicating a strong association of the
variable with the principal axes. In the graph, such values
are visually highlighted by a color gradient that helps in
the interpretation of the individual contribution of each
variable. High cos2 values are highlighted in red, while the
lowest tend to appear in blue. In this sense, it was observed
that the samples (scores) from the same lactating woman
tended to group in the same quadrant of the PCA, indicating
consistency in the lipid composition between the different
sample collection times.

50- ' 9
i 15:1n-9 B0
180 4g:2n.6 COT11 .
25 14:1n-9 170 17:1n9 22006
16:0 20:4n-6§ 8:0 cos2
5 18Amd 414 1azneTioct2 20903 m..
& ' 6
S R I I i P [ i
& tern 60 s 20:3n-3 18:2n6 iozs
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25 12:0 | 24:1n,
- 16:1n7 18303
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Figure 3. PCA biplot with cos2 scale of fatty acid composition M1T1 (1),
MIT2 (2), M1T3 (3), M2T1 (4), M2T2 (5), M2T3 (6), M3T1 (7),
M3T2 (8), M3T3 (9), M4T1 (10), M4T2 (11), M4T3 (12), M5T1 (13),
MS5T2 (14), MST3 (15).

In this sense, samples M4T1, M4T2, and M4T3 (scores
10, 11, and 12) stood out with high representation in the
PCA (cos2 > 0.75), strongly associated with fatty acids
(loadings) including PUFAs 18:3n-3, 24:1n-9, 20:3n-3 and
18:2n-6. These findings corroborate the greater association
with YPUFAs in M4. In contrast, samples M5T1, M5T2,
and M5T3 (scores 13, 14, and 15) showed low significance
(cos2 < 0.25) for the variables, since they were placed
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close to the center of the axes, suggesting a little changed
composition. Samples M1T1, M1T2, and M1T3 (scores 1,
2, and 3) were grouped in the quadrant between negative
PC1 and positive PC2, reflecting intermediate stability
in the lipid profile of 16:0, 18:0, 14:1n-9 and CLA c9t11
at different collection times. Samples M2T1, M2T2, and
M2T3 (scores 4, 5, and 6) were closely related, indicated
for fatty acids 6:0, 12:0, 14:0, 16:1n-7. Furthermore, it is
worth highlighting that the samples M3T1, M3T2, and
M3T3 (scores 7, 8, and 9) showed progressive variations
throughout the breastfeeding time, with increasing
contribution for the fatty acids 20:5n-3, 18:2n-6 T10c12
and 22:2n-6, reflecting lower significance in T1 and higher
in T3.

The literature indicates that breast stimulation
throughout breastfeeding promotes a progressive increase
in fat concentration, due to the release of accumulated lipid
globules into the mammary alveoli.” Like this, the findings
reinforce the heterogeneity in the fatty acid composition
among lactating women, showing that the lipid composition
of human milk is influenced by multiple factors, especially
maternal dietary habits and individual physiological
characteristics. Furthermore, the composition of human
milk is naturally personalized, being biologically adapted
by each mother to meet the individual nutritional needs of
her newborn.>?

Nutritional quality of fatty acids

The analysis of the lipid composition of human milk
throughout the different periods of breastfeeding is essential
to identify changes in its composition. To determine the
lipid nutritional value, the relationships between individual
fatty acids or their groups are indicated.” Thus, Table 2
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presents the results of the related lipid nutritional values
between the different breastfeeding periods.

To ensure a more accurate understanding of the
impact of the diet of lactating mothers on infant health, it
is important to continually deepen the definition of lipid
nutritional quality. In this study, eight nutritional indexes
were established, providing a more comprehensive view of
the influence of these indexes on cardiovascular health.?

The YPUFA/SFA index is used to evaluate the effect of
PUFAs relative to SFAs on low-density lipoprotein (LDL)
levels. PUFAs tend to reduce LDL levels and, consequently,
plasma cholesterol, whereas SFAs generally increase these
levels. In the present study, YPUFA/SFA values ranged
from 0.211 + 0.001 (M1T1) to 0.581 + 0.004 (M4T3),
with significant differences (p < 0.05). It was observed
that, except for mother M3, which showed an increase
from 0.411 £0.001 (M3T1) to 0.450 + 0.004 (M3T3), there
was no continuous increase in YPUFA/SFA throughout the
breastfeeding period. According to Maheshwari,”® PUFAs
in human milk can derive from the maternal diet, body
stores, or endogenous synthesis from their precursors
promoted in the liver, mammary gland, and other tissues.
However, it is important to note that the YPUFA/SFA ratio
does not account for the fact that some SFAs do not raise
plasma cholesterol, nor does it consider the physiological
effects of MUFAs in organisms.’”3® Therefore, new
equations have been proposed to assess better the impact
of fatty acid composition on cholesterol levels.”

The ¥n-6/n-3 index reflects the proportion of n-6 and n-3
series fatty acids, which compete for the same metabolic
pathways and share desaturase and elongase enzymes.?
Through ¥n-6/n-3, possible imbalances in the concentration
of essential fatty acids resulting from endogenous synthesis
are indicated, reflecting as a response to maternal diet

Table 2. Nutritional quality of fatty acids during different intervals of breastfeeding of mature human milk from individual mothers

Sample
Index
MITI MIT2 MIT3 M2T1 M2T2 M2T3 M3T1 M3T2 M3T3 MA4T1 M4T2 M4T3 MS5TI M5T2 M5T3
S PUFA/SFA 0211« 0210 0212« 0266+  0.349 = 0259+ 0411« 0431+ 0450 0562+  0.558 0581+ 0325« 0331+ 0309+
0.001" 0.002° 0.001™ 0.001* 0.001° 0.001" 0.001¢ 0.002¢ 0.004¢ 0.001° 0.001° 0.004 0.001" 0.002¢ 0.002
5 16/n-3 5.654 = 5691+ 5613+ 6362+ 7978+ 6700+  6.775 % 7209+ 5821« 6826+  6.735+% 7388+ 5794« 5656+  6.006 =
oo 0.040° 0.192f 0.148° 0.1474% 0.248* 0.135¢ 0.229«¢ 0.209 0.189° 0.074< 0.163% 0.011° 0.112° 0.211° 0.204¢"
LA/ALA 17465+ 17385+ 17.628+ 17214+ 18972+ 18425+ 20909+ 24321+ 21351+ 13781+ 13.728% 15.171+ 11.868+ 13288+ 12.154 =+
(18:2n-6/18:3n-3) 0.045¢ 0.093¢ 0.0414% 0.139¢ 0.012¢ 0.835¢ 0.557° 0.993¢ 0.528* 0.258¢ 0.002¢ 0.162f 0.047" 0.0062 0.069"
EPA+DHA 0.093 + 0.092+  0.121 % 0114+ 0.134 = 0.116+ 0382+ 0211+  0.624 = 0376+  0.369 = 0326+ 0292+ 0383+  0.166 =
0.002° 0.042f 0.010°" 0.002 0.015¢ 0.003¢ 0.033" 0.027¢ 0.029* 0.002° 0.013° 0.013% 0.002¢ 0.019° 0.006%
HH 0.894 + 0.889+  0.900 = 0.903 + 1.310 = 0.880 = 1.209 = 1223+ 1.310 = 1323+ 1318 = 1361+  0.859« 0891+  0.851=«
0.002° 0.042° 0.008" 0.003" 0.247* 0.004° 0.002¢ 0.005* 0.009* 0.001* 0.006* 0.010* 0.001° 0.004° 0.006"
Al 1.547 = 1.551 = 1.541 = 1.643 + 1.229 + 1.660 + 1.181 = 1.187 = 1.102 1135+ 1.137 = 1.134 = 1812+ 1.724 + 1.866 +
0.008¢ 0.010¢ 0.028¢ 0.008¢ 0.009" 0.010¢ 0.004° 0.006* 0.0082 0.002" 0.007" 0.004" 0.003* 0.007¢ 0.006"
I 1.709 = 1.713 1.699 = 1.436 + 1.180 = 1.495 + 1.260 = 1.266 + 1.129 = 0978+  0.969 0.950 = 1.502 1.506 = 1.606 =
0.008* 0.019* 0.034* 0.016¢ 0.016" 0.014¢ 0.018° 0.015¢ 0.021# 0.005" 0.013" 0.008" 0.013¢ 0.026¢ 0.027°
HPI 0.647 = 0.645 + 0.649 = 0.609 + 0.814.008¢ 0.609 + 0.847 = 0.842 + 0.907 = 0.881 + 0.880 = 0.882 + 0.536 + 0.580 + 0.552 +
0.004¢ 0.004" 0.012¢ 0.004" T 0.005¢ 0.004¢ 0.005¢ 0.008* 0.002° 0.007° 0.004° 0.001" 0.003¢ 0.002"

Results are expressed as mean + standard deviation (SD) of triplicate. Values with different letters on the same line are significantly different (p < 0.05) by Tukey’s test. PUFA: polyunsaturated fatty acid;
SFA: saturated fatty acid; n-6: fatty acid from the omega-6 group; n-3: fatty acid from the omega-3 group; LA: linoleic acid; ALA: B-linolenic acid; EPA: eicosapentaenoic acid; DHA: docosahexaenoic
acid; H/H: hypocholesterolemic/hypercholesterolemic fatty acids; Al: atherogenicity index; TI: thrombogenic index; HPI: health promotion index.
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and an important predictor of infant health.* n-6 fatty
acids are associated with inflammatory processes, while
n-3 fatty acids have anti-inflammatory properties.* In the
present study, ¥n-6/n-3 values ranged from 5.613 + 0.148
(MIT3) to 7.978 + 0.248 (M3T2). Typically, ¥n-6/n-3
values between 5:1 and 10:1 are recommended to promote
a healthy balance and adapt inflammatory responses.
However, recommendations for n-6 and n-3 fatty acid intake
should consider the interaction between them, since high
levels of n-6 increase the need for n-3.414?

The linoleic/a-linolenic index (LA/ALA,
18:2n-6/18:3n-3) is a guide associated with the diet of
strictly essential fatty acids, which are precursors of essential
fatty acids (ARA, EPA, DHA), fundamental for immune
function and neurodevelopment under normal conditions.
The results obtained ranged from 11.868 + 0.047 (M5T1)
to 24.321 + 0.993 (M3T2), with significant differences
(p < 0.05). The CODEX Alimentarius recommends a
ratio between 5:1 and 15:1 for the consumption of infant
formulas.®® Given this, only mothers M4 and M5 were
within the recommended range (LA/ALA < 15) in T1 and
T2, except MST3. It is highlighted in Table 1 that M4 and
M5 presented significantly higher concentrations of ALA,
which may have contributed to the balance of the index.
However, in the study by Toro-Ramos et al.,** a LA/ALA
ratio of 23:1 was identified, elucidating the competition of
these fatty acids for the same enzymes during metabolism.

EPA+DHA assesses lipid nutritional quality, reflecting
the combination of these essential n-3 fatty acids for human
health. EPA and DHA play crucial roles in the development
and proper functioning of the brain and retina, and also
in modulating the inflammatory response.’ The sum of
EPA and DHA ensures that the nutritional requirements
of these essential fatty acids are adequately met. The fatty
acid 18:3n-3 is the precursor responsible for the synthesis
of EPA (20:5n-3), which subsequently converts into DHA
(22:6n-3).% In the present study, the values obtained
for EPA+DHA ranged from 0.092 + 0.042 (M1T2) to
0.624 + 0.029 (M3T3), with significant differences.
Furthermore, no significant variations were observed
between samples M1, M2 and M4. It is worth noting that
M3T3 had the highest content of EPA and DHA fatty acids
among all samples, according to Table 1.

The hypocholesterolemic/hypercholesterolemic
(H/H) index assesses the specific effects of fatty acids on
cholesterol metabolism, reflecting the ability of fatty acids
to influence low-density lipoprotein (LDL) levels, which are
associated with the development of cardiovascular diseases.
High H/H values indicate a predominance of fatty acids with
hypocholesterolemic properties, i.e., which reduce LDL
levels and promote cardiovascular health. In the present
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study, H/H values ranged from 0.851 = 0.006 (M5T3) to
1.361 = 0.010 (M4T3), with significant differences. These
results align with Ientz er al.,”” who analyzed the H/H index
in human milk colostrum. Higher H/H values, as observed
in M4T3, suggest a higher concentration of fatty acids
beneficial to health, showing advantages for preventing
cardiovascular diseases. However, the interpretation of
these values should consider the relationship between
hypocholesterolemic and hypercholesterolemic fatty acids,
the dietary context, and the individual factors that may
influence lipid metabolism.

The atherogenicity (Al) and thrombogenicity (TI)
indexes are crucial for health cardiovascular since they
address the fatty acids that influence the blockage of
arteries. The Al relates the action of pro-atherogenic fatty
acids (12:0, 14:0, and 16:0) on the adhesion of lipids to
the cells of the circulatory system, while antiatherogenic
fatty acids (unsaturated fatty acids) inhibit this adhesion
and reduce the concentration of cholesterol and esterified
fatty acids in the blood.*® The TI index represents the
tendency to form clots in blood vessels, assigning
prothrombotic properties to fatty acids 14:0, 16:0, and
18:0, and antithrombotic effects to MUFAS of the n-3 and
n-6 series.*’” The AI values ranged from 1.102 + 0.004
(M3T3) to 1.866 = 0.006 (M5T1), indicating different
levels of cardiovascular risk between samples. M1, M4,
M3T1/M3T2, and M2T1/M2T3 showed stability in
AT throughout the intervals. TI values ranged from
0.950 += 0.008 (M4T3) to 1.713 = 0.019 (M1T2), with
stability in M1, M4, M3T1/M3T2 and M5T1/M5T2 until
mid-milk, followed by a reduction in the hindmilk of M3
and an increase in that of M5. The other samples showed
significant variations in Al and TI over time, evidencing
changes in the lipid profile.

The health promotion index (HPI) assesses the protective
effect of fatty acid composition against cardiovascular
diseases.*” The HPI is usually calculated as the inverse of
Al, with higher values indicating greater benefit to human
health. The values indicated for dairy products range from
0.16 to 0.68.4%% The results obtained for the HPI ranged
from 0.536 +0.001 (M5T1) to 0.907 £ 0.008 (M3T3), with
significant differences between samples. Thus, the results
suggest a potential benefit, with values tending towards
the upper recommended range. Although the highest HPI
value was observed in M3T3, with a significant increase,
values for M3T1 and M3T2 remained constant, suggesting
an improvement in the late phase of lipid quality. Notably,
HPI remained stable across all intervals in M1 and M4,
mirroring the behavior observed for IA and I'T. Furthermore,
the HPI of M2T1 was similar to M2T3, indicating stability
between the beginning and end of breastfeeding.
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IL-10 and TNF-o. content

Human milk contains a variety of cytokines that play
crucial roles in the development of the immature immune
system of the newborn. Among these, TNF-o and IL-10 are
particularly noteworthy.’ In this study, the concentrations of
TNF-a and IL-10 were measured at different intervals of
human milk expression from individual lactating women.
The results are summarized in Table 3.

The cytokines found in human milk are essential for
newborns, who have limited endogenous production of
immune mediators.’ These cytokines play a key role in
activating the immune system and regulating inflammatory
processes. TNF-a has a pro-inflammatory function, while
IL-10 acts as an anti-inflammatory agent, helping to balance
the immune response.’

In the present study, TNF-o was below the limit of
detection in samples M2T3, M4T1, M4T2, M4T3, and
MS5TI1. On the other hand, sample M2T2 presented a
high value (11.020 + 0.050), compared with the initial
value of M2T1 (0.695 + 0.039), which demonstrates
changes associated with breastfeeding time and possibly
mammary gland stimulation. Trend et al.* reported that
TNF-a detection is more common in colostrum than in
transitional or mature human milk samples, which may
explain the lack of detection in some of the samples studied.
Furthermore, factors such as the stage of lactation, the
health status of the lactating mother, and external aspects
such as inflammatory diet and stress may directly influence
cytokine concentrations in human milk. The literature
indicates that maternal obesity is associated with increased
systemic inflammatory activity, since adipose tissue
stimulates the production and release of pro-inflammatory
cytokines, such as TNF-a, through the activation of immune
cells.? Szyller et al.* reported mean TNF-o concentrations
of around 10.2 pg L"! in mature human milk from mothers
with BMI > 25 kg m?, while mothers with BMI <25 kg m
showed variations between 9.9 and 10.6 pg mL"'. Similar
values were observed in the M2T2 (11.020 = 0.050) and
MS5T2 (10.190 = 0.010) samples, suggesting that these
lactating women could present physiological characteristics
compatible with the described profiles, such as higher body
mass index.

Castro et al.

Regarding IL-10, the cytokine was detected in all
samples analyzed, with concentrations ranging from
1.382 = 0.244 (M4T2) to 24.269 + 0.091 (M2T2). The
high levels of IL-10 and TNF-a simultaneously observed
in the M2T2 sample may reflect a more active immune
response in that breastfeeding interval, possibly due to
greater glandular stimulation or the specific physiological
condition of the lactating mother. On the other hand, the
M4 lactating mother presented low concentrations of
IL-10 at all times evaluated, in line with the absence of
TNF-a, suggesting lower local immune activation. The
other samples presented intermediate values between
8.184 + 0.056 to 9.532 + 0.156 in MIT1 and MI1T3,
3.173 £ 0.148 to 4.777 + 0.148 pg mL"' in M3T1 and
M3T2, 1.382 + 0.244 and 3.566 + 0.089 pg mL"' in M4T2
and M4T]1, respectively. Fron and Orczyk-Pawitowicz’
overweight mothers presented higher mean concentrations
of IL-10 (11.3 pg mL') compared to eutrophic mothers
(8.8 pg mL"), highlighting the role of nutritional status in
cytokine modulation. Other findings correspond to the low
IL-10 values in M3 and M4, elucidating the PUFA-rich
composition originated from the maternal diet, as described
in the PCA analysis. Although nutritional assessment of
lactating women was not performed in this study, it is
recognized that factors such as diet, body composition,
and lifestyle directly influence the immunological profile
of human milk.

Despite the relevant findings, this study had limitations,
including the small sample size and the absence of
maternal dietary records. These factors limit the ability
to fully identify what influences breast milk composition.
Future studies should include a larger cohort of lactating
mothers, incorporate longitudinal assessments, and
consider physiological data, such as maternal diet and
body composition, to provide a more comprehensive
understanding.

Conclusions

The findings of this study show that breastfeeding
duration significantly influences the composition of human
milk, especially its energy content and lipid profile. A
progressive increase in the caloric value of human milk

Table 3. Concentration of cytokines tumor necrosis factor alpha (TNF-o) and interleukin-10 (IL-10) during different intervals of breastfeeding of mature

human milk from individual mothers

Sample
Cytokine
4 MITI MIT2 MIT3 M2T1 M2T2 M2T3 M3T1 M3T2 M3T3 MA4T1 MA4T2 MA4T3 M5TI M5T2 MS5T3
8555+ 3550+ 5148  0.695+ 11.020 % 1.653 1414+ 2519= 10.190 = 7.180 =
3 il
TNFoa/(peml) 5550 0020 0113 00390 0050° ND go00m 02400 0s3ie NP ND ND NP 000 1250
1L-10/ (pg mL") 8.184+ 8637+ 9532+ 7587+ 24269+ 7219+ 3173+ 4777+ 3.849+  3.566+ 1382+ 2789+ 5744+ 13434+ 14464+
pg 0.056¢ 0.174¢ 0.156¢ 0.074° 0.091* 0.145° 0.148* 0.148" 0.136' 0.0891 0.244' 0.156* 0.130¢ 0.245¢ 0.223%
Results are expressed as mean + standard deviation (SD) of triplicate. Values with different letters on the same line are significantly different (p < 0.05) by Tukey’s test. ND: not detected.
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was observed throughout the breastfeeding period, with
marked variations among lactating women, suggesting the
influence of factors such as diet, lifestyle, and mammary
gland stimulation. The fatty acid composition showed
distinct profiles among lactating women. M2, M3, and
M4 stood out with a predominance of oleic acid (18:1n-9),
while in M1 and M5T1, palmitic acid (16:0) was more
prevalent. PCA analysis revealed a progressive increase
in fatty acids throughout the breastfeeding period in M3, a
higher concentration of PUFAs in M4, and stability in the
lipid profile in M1, M2, and M5. Such variations suggest
that the nutritional quality of fatty acids may reflect both the
mother’s body stores. Regarding immunological markers,
TNF-a and IL-10 did not show a clear pattern throughout
the breastfeeding period, but showed variability among
lactating women, indicating the influence of individual
factors. Continuous breast stimulation promotes a gradual
increase in the concentration of fat and calories, due to
the release of lipid globules accumulated in the mammary
alveoli. Thus, breastfeeding time, maternal health, and
nutritional status demonstrate a fundamental role in
modulating the composition of human milk, which is
strongly influenced by endogenous reserves and individual
characteristics.
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