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Abstract

Human milk is a low-biomass fluid whose bacterial community may contribute to infant 
gut colonization; however, the milk microbiota of women from southern Peru remains 
uncharacterized. This study aimed to describe the bacterial composition and diversity of 
human milk at one month postpartum (days 30–33 of lactation) in women from Arequipa, 
Peru, using full-length 16S rRNA gene nanopore sequencing. In this cross-sectional study, 
milk was collected from 29 mothers, and 21 samples were analyzed after excluding eight 
with a relative abundance of Enterobacterales ≥30%. The microbiota was dominated by 
the phylum Bacillota (formerly Firmicutes; mean 92%), with Streptococcus (62.9%) and 
Staphylococcus (21.8%) forming the microbial core. Presumptive species-level assignments 
corresponded mainly to oral and skin commensals (Streptococcus mitis, Streptococcus salivarius, 
and Staphylococcus epidermidis). Alpha diversity was low (medians: Shannon index 0.66; 
Simpson index 0.30; observed richness 11 genera). In the principal coordinates analysis 
(Bray–Curtis), samples clustered according to their dominant genus. Observed richness 
was nominally higher in mothers with normal body mass index (p = 0.0071), whereas 
overall community composition was not associated with maternal, obstetric, or dietary 
variables (PERMANOVA, all p ≥ 0.073). This study provides the first characterization of the 
human milk microbiota in women from Arequipa, establishing a baseline for future studies.

Keywords: human milk; microbiota; lactation; 16S rRNA; nanopore sequencing;
Streptococcus; Staphylococcus

1. Introduction
Human milk is recognized as the optimal source of nutrition for infants during the 

first six months of life [1]. Beyond its nutritional and bioactive components, it harbors a 
bacterial community of commensal and potentially probiotic bacteria that may contribute to 
intestinal colonization in infants [2]. This microbial transfer is particularly important during 
the first months of life, a critical period in which the infant gut microbiota is established 
and exposure to maternal microorganisms may contribute to the maturation of the immune 
system and provide protection against potentially pathogenic microorganisms [3].
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Research on the microbiota of human milk has shifted from culture-dependent methods 
to molecular techniques, predominantly 16S rRNA gene sequencing. These advances 
have significantly expanded the capacity to characterize bacterial diversity within this 
ecosystem [4]. However, differences in DNA extraction methods, the 16S rRNA gene 
regions analyzed, and the sequencing platforms used may contribute to the variability in 
composition observed across studies [4,5]. Most human milk studies have sequenced short 
hypervariable regions of the 16S rRNA gene, whose taxonomic resolution depends on the 
region analyzed, and is generally limited to the genus level [6]. Nanopore sequencing of 
the full-length 16S rRNA gene (V1–V9), combined with classifiers designed for long reads, 
improves this resolution and enables presumptive species-level assignments [7,8]. This 
approach has only recently been applied to human milk [9,10].

Studies conducted across different populations have described a microbiota dominated 
mainly by the phyla Bacillota (Firmicutes) and Proteobacteria, with recurrent genera in-
cluding Staphylococcus, Streptococcus, Acinetobacter, Pseudomonas, and Lactobacillus [11,12]. 
Although these bacterial groups are frequently reported, their abundance and diversity 
vary across populations and may be related to maternal, perinatal, environmental, and 
geographical factors [13,14].

Despite a growing body of research on human milk microbiota composition, much 
of the evidence derives from North American, European, and Asian populations, while 
studies conducted in South America remain limited [15]. Available Latin American data 
come mainly from Brazil [16], Colombia [17], and Ecuador [9], whereas data from Peru 
remain scarce. Latin American populations have diverse environmental, geographical, and 
dietary characteristics [18], and Peru is marked by significant geographical diversity and 
variation in dietary patterns across populations [19]. Consequently, the bacterial profiles 
described in other populations do not necessarily represent the composition of human milk 
microbiota in Peruvian women.

In particular, the human milk microbiota of women from Arequipa, in southern Peru, 
has not yet been characterized. Therefore, this study aimed to describe the bacterial com-
position and diversity of human milk at one month postpartum (days 30–33 of lactation) 
in women residing in Arequipa, using full-length 16S rRNA gene nanopore sequencing. 
Additionally, we explored the association between bacterial profiles and selected maternal, 
obstetric, and dietary variables.

2. Materials and Methods
2.1. Study Design and Eligibility Criteria

A cross-sectional study was conducted in healthy lactating women aged 18–42 years 
with uncomplicated pregnancies and term deliveries (≥37 weeks), recruited at Hospital 
Regional Honorio Delgado Espinoza and primary health centers in the province of Are-
quipa. Women with diabetes, hypertension, complicated pregnancies, preterm delivery, 
mastitis, or other breast infections in the preceding month were excluded, as were those 
who had consumed antibiotics in the 30 days before sampling, or who regularly consumed 
antidepressants, alcohol in excess, or illicit substances. The Institutional Ethics Review 
Committee (CIEI) of Universidad Peruana Cayetano Heredia approved the study (SIDISI 
code: 25010), and all participants provided written informed consent.

2.2. Collection of Clinical and Dietary Data
Clinical data were collected through a questionnaire administered at the time of sam-

pling. The questionnaire included maternal body mass index (BMI), classified according 
to WHO criteria (normal 18.50–24.99; overweight/obesity ≥ 25.00) [20], mode of deliv-
ery, number of previous pregnancies, and the presence of obstetric risk factors (history of 
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preterm birth, history of spontaneous abortion), as well as maternal dietary habits and 
supplement use. Infant age, recent health status, and feeding type (exclusive breastfeeding 
or formula feeding) were recorded.

2.3. Sample Collection
A single breast milk sample was collected from each participant at one month postpar-

tum (days 30–33 of lactation). Participants collected breast milk by self-sampling, using the 
breast that had not been suckled for at least three hours. Prior to milk extraction, partici-
pants were instructed to disinfect the nipple and areola using 70% ethanol (Biogenics Lab, 
Lima, Peru) to minimize potential contamination during sampling [21]. After discarding 
the first drops, participants manually collected between 20 and 40 mL of milk. Samples 
were transported in sterile glass bottles on ice to the laboratory, where they were aliquoted 
and stored at −80 °C for subsequent processing.

2.4. DNA Extraction
An aliquot of six milliliters of breast milk was centrifuged at 10,000× g for 10 min at 4 °C, 

after which the supernatant and fat layer were discarded. DNA was extracted from the cellu-
lar pellet using the TIANamp Bacteria DNA Kit (Tiangen Biotech, Beijing, China) according 
to the manufacturer’s instructions [22], with the following modification: 0.1 mm glass 
beads (USA Scientific, Ocala, FL, USA) were added and the mixture was vortexed (Labnet 
International, Edison, NJ, USA) at 3400 rpm for 10 min to promote bacterial cell disrup-
tion [5]. Blank extraction controls, consisting solely of kit reagents without a milk sample, 
were processed in parallel through all extraction steps. DNA concentration and purity 
were determined by spectrophotometry using a BioSpectrometer®  (Eppendorf, Hamburg, 
Germany), evaluating the A260/A280 and A260/A230 absorbance ratios. Genomic DNA 
integrity was additionally verified by 1.5% agarose (Cleaver Scientific, Rugby, UK) gel 
electrophoresis and visualized using a gel imaging system (UVITEC, Cambridge, UK).

2.5. 16S rRNA Gene Amplification
Full-length 16S rRNA gene amplification (regions V1–V9) was performed using the 

primers included in the Rapid Sequencing DNA 16S Barcoding Kit V14 (SQK-16S114.24; 
Oxford Nanopore Technologies, Oxford, UK), following the manufacturer’s protocol. For 
each PCR reaction, 20 ng of DNA was added together with 10 μL of primer and 25 μL 
of LongAmp Taq 2X Master Mix (M0287L, New England Biolabs, Ipswich, MA, USA). 
Amplification conditions comprised an initial denaturation at 95 °C for 1 min, followed 
by 35 cycles of denaturation at 95 °C for 20 s, annealing at 55 °C for 30 s, and extension 
at 65 °C for 2 min, with a final extension at 65 °C for 5 min; reactions were held at 4 °C 
until retrieval. The number of cycles was increased from 25 (manufacturer default) to 35 to 
improve amplicon yield from low-biomass samples. Previous full-length 16S rRNA gene 
studies of human milk have used 35–38 cycles [9,10].

2.6. Library Preparation and Third-Generation Sequencing
Libraries were prepared using the Rapid Sequencing DNA 16S Barcoding Kit V14 

(SQK-16S114.24; Oxford Nanopore Technologies, Oxford, UK) according to the manufac-
turer’s instructions. Samples were multiplexed in 24-plex runs (consistent with the kit’s 
barcode capacity), including the blank extraction controls and technical extraction replicates. 
Sample amounts (in fmol) were equilibrated and the library was purified with AMPure 
XP magnetic beads (supplied with the kit). Fifty fmol of the library were loaded onto 
an FLO-MIN114 (R10.4.1) flow cell and sequenced on a MinION Mk1D device (Oxford 
Nanopore Technologies) using MinKNOW software (v25.09.16) for 14–16 h per run. Base-
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calling, demultiplexing, and adapter and barcode trimming were performed with Dorado 
(v7.11.2; integrated in MinKNOW v25.09.16) in ‘sup’ configuration, with a minimum read 
length of 1300 bp and a minimum Q-score of 12.

2.7. Bioinformatic Analysis
Reads were filtered by length (1300–1800 bp) and quality (Q ≥ 12). Each sam-

ple was randomly subsampled to a maximum of 50,000 reads (seqkit v2.13.0, fixed 
seed = 100) [5,23,24]; samples below this threshold were kept in full. Chimeras were 
identified with VSEARCH v2.32.0 [25]. Because dereplication of long reads with high error 
rates yields almost exclusively singleton sequences, which precludes abundance-based de 
novo detection, reads were clustered at 97% identity (–cluster_size) to recover the abun-
dance structure, and –uchime_denovo was applied. Reads belonging to the corresponding 
cluster inherited the chimeric assignment, whereas sequences with “borderline” results were 
retained for further analysis. Taxonomic classification was performed with EMU v3.6.2 [8], 
which combines minimap2 alignment (as implemented in EMU v3.6.2) with an expectation-
maximization algorithm optimized for full-length 16S rRNA gene reads, using EMU’s de-
fault reference database, composed of sequences from rrnDB v5.6 and NCBI 16S RefSeq. Per-
sample relative abundances and estimated counts were retained. The complete bioinformatic 
processing code is available at https://github.com/rsuarezs-lab/milk-microbiota-16S-ONT 
(accessed on 7 October 2026).

2.8. Contamination Control and Sample Filtering
Reagent contaminants were identified with decontam v1.22.0 (threshold 0.1) Davis [26] 

using the blank extraction controls, and the flagged genera were removed. Counts were 
converted to relative abundances within each taxonomic level. Sequencing depth adequacy 
was assessed using rarefaction curves generated with vegan v2.6-4 [27] and Good’s coverage 
estimator [28].

2.9. Statistical Analysis
All community-level analyses were performed in R v4.3.3 with the vegan package 

v2.6-4 [29]. Beta diversity was assessed from genus-level Bray–Curtis dissimilarities and 
visualized by principal coordinates analysis (PCoA). Differences in composition between 
groups were tested with PERMANOVA (adonis2) [30] and differences in dispersion with 
PERMDISP (betadisper) [31], both with 999 permutations; the association of maternal, 
obstetric, and dietary variables with the ordination was assessed by vector fitting (envfit, 
999 permutations). Alpha diversity (observed richness, Shannon and Simpson [1-D] 
indices) was compared between groups with Mann–Whitney tests. The core microbiome 
was defined as taxa exceeding 0.1% relative abundance in ≥80% of samples, values within 
the ranges used in previous microbiome studies, including those of human milk [32,33]. 
Given the sample size, the statistical power of PERMANOVA was estimated by simulation 
across a range of effect sizes. Continuous variables are expressed as mean ± SD and 
categorical variables as n (%); p < 0.05 was considered significant. Association analyses 
with maternal, obstetric, and dietary variables were considered exploratory; therefore, no 
correction for multiple comparisons was applied. The complete statistical analysis code is 
available at https://github.com/rsuarezs-lab/nanopore-16s-vegan-pipeline (accessed on 
7 October 2026).
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3. Results
3.1. Participant and Sample Selection

Breast milk samples were initially collected from 29 mothers living in Arequipa, Peru, 
who met the eligibility criteria. Eight samples were excluded because they showed a 
relative abundance of Enterobacterales ≥30% and a markedly atypical bacterial profile, 
leaving a final analytical cohort of 21 samples. A single sample was collected from each 
participant at one month postpartum (days 30–33 of lactation). Maternal clinical and dietary 
characteristics are summarized in Table 1.

Table 1. Maternal, obstetric, dietary, and infant/lactation characteristics of the study cohort.

Characteristics Final Study Sample (n = 21)

Maternal variables
Age, years—mean ± SD 29.0 ± 7.3
BMI, kg/m2 —mean ± SD 25.1 ± 3.0
Normal BMI (18.5–24.9)—n (%) 11 (52.4%)
Overweight/obesity (≥25.0)—n (%) 10 (47.6%)
Gestational age, weeks—mean ± SD 38.8 ± 1.1
Obstetric variables
Mode of delivery: cesarean—n (%) 12 (57.1%)
Mode of delivery: vaginal—n (%) 9 (42.9%)
Primigravida—n (%) 9 (42.9%)
Multigravida (≥2 pregnancies)—n (%) 12 (57.1%)
History of spontaneous abortion—n (%) 6 (28.6%)
History of preterm birth—n (%) 1 (4.8%)
Dietary variables
Processed foods or sodas intake—n (%) 15 (71.4%)
Fish/seafood intake—n (%) 14 (66.7%)
Frequent fermented foods intake—n (%) 7 (33.3%)
Meat intake—n (%) 21 (100.0%)
Poultry intake—n (%) 20 (95.2%)
Fruit and vegetable intake—n (%) 21 (100.0%)
Infant and lactation variables
Infant age, days—median (range) 31 (30–33)
Recent infant illness—n (%) 3 (14.3%)
Exclusive breastfeeding—n (%) 19 (90.5%)
Breastfeeding with formula—n (%) 2 (9.5%)
Maternal supplement use—n (%) 14 (66.7%)

Continuous variables are presented as mean ± SD and categorical variables as n (%).

3.2. Sequence Processing and Quality
Each library was subsampled to a maximum of 50,000 reads (seqkit, seed 100) and 

subjected to chimera removal (VSEARCH), which accounted for between 0.12% and 4.72% 
of reads per sample. For samples sequenced in more than one run, the run with the greater 
depth was retained. Final depth ranged from 1676 to 48,957 reads (median 46,329). Rar-
efaction curves reached the asymptote in all samples (Figure S1) and Good’s coverage was 
100% in all of them, indicating adequate sequencing depth to characterize the community 
at the genus level (Table S1). Notably, the lowest-depth sample (1676 reads) occupied a 
central position in the subsequent PCoA ordination, indicating that its reduced sequencing 
depth did not bias its placement in the beta-diversity analysis, consistent with its complete 
Good’s coverage.
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3.3. Bacterial Taxonomic Composition of Breast Milk
Of the 21 samples analyzed, the bacterial microbiota was dominated by the phylum 

Bacillota (previously known as Firmicutes), which accounted for a mean relative abundance 
of 92% per sample (Figure S2). At the family level, Streptococcaceae predominated (64.7%), 
followed by Staphylococcaceae (22.5%) (Figure 1a). The remaining families were minor: 
Enterobacteriaceae (5.1%), Veillonellaceae (3.2%), and Moraxellaceae (1.7%), with the rest 
below 0.5%. At the genus level, the community resolved mainly into Streptococcus (62.9%) 
and Staphylococcus (21.8%), with minor contributions from Escherichia (4.3%), Gemella 
(3.0%), Veillonella (3.0%), and Acinetobacter (1.6%), and the rest below 0.5% (Figure 1b). 
At the species level, the most abundant assignments corresponded to Streptococcus mitis 
(26.7%), Streptococcus salivarius (15.7%), Staphylococcus epidermidis (13.0%), and Streptococcus 
sp. (reference identifier FDAARGOS_192; 7.7%), with the rest below 5% (Figure 1c). 

Figure 1. Mean microbiota composition in human milk. (a) Family level, (b) genus level, and 
(c) species level.

3.4. Diversity and Community Structure of Breast Milk Microbiota
Alpha diversity was low across all samples, a pattern characteristic of communities 

dominated by a small number of taxa. At the genus level, the median Shannon index was 
0.66 (range 0.29–1.75) and observed richness had a median of 11 genera per sample (range 
2–23). The Simpson index (1−D) was similarly low, with a median of 0.30 (range 0.11–0.78) 
(Figure 2). 

Figure 2. Alpha diversity indices at the genus level (n = 21). Vertical dashed lines indicate the 
whiskers, and the horizontal dashed line indicates the median value.
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The low Simpson value indicates that two randomly drawn reads belong to the same 
genus in about 70% of cases, reflecting a structure in which abundance is concentrated 
mainly in Streptococcus and, to a lesser extent, Staphylococcus. Meanwhile, the remaining 
richness corresponds to genera of very low abundance. The wide range of the indices 
additionally reflects inter-individual heterogeneity across mothers.

To explore community structure, a heat map of the 20 most abundant genera was 
constructed with UPGMA hierarchical clustering based on Bray–Curtis distances for both 
samples and taxa (Figure 3). Samples were organized into blocks defined by their dominant 
genus (upper color bar), mainly Streptococcus and Staphylococcus, which co-occurred in nearly 
all samples, although one generally predominated. Below the dominant taxa, a set of low-
abundance genera, such as Gemella and Veillonella, appeared recurrently in most samples, 
but did not reach the core prevalence threshold. Core microbiome analysis confirmed 
this predominance: at the genus level, it included only Streptococcus and Staphylococcus, 
present in 100% and 95% of samples, respectively. At the family level, the shared core 
included Streptococcaceae and Staphylococcaceae, both within the phylum Bacillota. The 
limited extent of the core, of just two genera, is consistent with the low alpha diversity 
described above.

Figure 3. Heat map and hierarchical clustering of the 20 most abundant bacterial genera in milk samples.

This structure was accompanied by considerable interindividual heterogeneity in the 
dominant taxon (Figure 4). Most samples (16/21; 76%) were dominated by Streptococcus, 
four (19%) by Staphylococcus, and one (5%) by Acinetobacter. Thus, despite sharing the same 
core, each community centered on a single dominant genus that varied between individuals, 
reflecting the natural variability of the human milk microbiota.

https://doi.org/10.3390/applmicrobiol6110128
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Figure 4. Microbial composition of human milk at one month postpartum at genus level.

3.5. Association of Microbial Diversity and Composition with Maternal, Obstetric, and 
Dietary Variables

Alpha-diversity indices were compared between groups using Mann–Whitney tests. 
Observed richness was nominally higher in the normal-BMI group than in the over-
weight/obesity group (median: 16 vs. 7 genera; p = 0.0071), whereas no significant dif-
ferences were detected for Shannon or Simpson indices or for any alpha-diversity metric 
across the other variables evaluated. Given the small sample size, the multiple comparisons 
performed, and the exploratory nature of these analyses, this nominal difference should be 
interpreted with caution (Table S2). The association between microbiota composition and 
maternal, obstetric, and dietary variables was explored by projecting these variables onto 
the principal coordinates analysis (PCoA) ordination based on genus-level Bray–Curtis 
dissimilarity (PCo1: 68.9%; PCo2: 18.8%) using vector fitting (envfit) (Figure 5). The 
ordination was dominated by the primary genus of each sample (Streptococcus, Staphylo-
coccus, or Acinetobacter) and no variable showed a significant association with community 
composition (PERMANOVA, all p ≥ 0.073), with consistently low proportions of explained 
variance (R2 ≤ 0.13; Table 2). Concordantly, no envfit vector was significant; BMI had the 
largest R2  (0.25), without reaching significance (p = 0.077).

In the dispersion analysis (PERMDISP), only BMI showed a nominally significant differ-
ence (p = 0.011), whereas the remaining variables did not reach significance (processed-food 
diet p = 0.086; fish intake p = 0.154; mode of delivery p = 0.334; maternal supplements 
p = 0.488; fermented foods p = 0.831). This signal reflects differing internal variability 
between groups rather than a difference in mean composition, given that the corresponding 
PERMANOVA was not significant (p = 0.073). The few samples with atypical profiles, dom-
inated by Staphylococcus or Acinetobacter rather than Streptococcus, were unevenly distributed 
across BMI categories and concentrated in one group, increasing its apparent dispersion. 
This result should be interpreted with caution given the small sample size (n = 21) and 
the imbalance in some comparisons, conditions to which PERMDISP is sensitive. There-
fore, this dispersion difference should not be interpreted as evidence of a BMI effect on 
community composition. Overall, the composition of the milk microbiota at one month 
postpartum showed no detectable association with the maternal, obstetric, and dietary 
variables evaluated and remained organized around the dominant genus of each sample.
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Figure 5. Principal coordinates analysis (PCoA) based on genus-level Bray–Curtis dissimilarities. 
Arrows represent the maternal, obstetric and dietary variables fitted with envfit.

Table 2. Association between maternal, obstetric, and dietary variables and microbiota composition 
(n = 21).

Variable R2  (PERMANOVA) PERMANOVA (p) PERMDISP (p)

BMI (Normal vs. Overweight/Obesity) 0.13 0.073 0.011
Mode of delivery (Cesarean vs. Vaginal) 0.052 0.314 0.334
Maternal supplement use (Yes vs. No) 0.02 0.713 0.488
Processed-food diet (Consumes vs. Avoids) 0.069 0.231 0.086
Fermented foods (High vs. Low) 0.021 0.724 0.831
Fish intake (Consumes vs. Never) 0.042 0.443 0.154

R2  and p values from PERMANOVA (composition) and PERMDISP (dispersion) on genus-level 
Bray–Curtis dissimilarities (999 permutations).

4. Discussion
The present study analyzed the breast milk microbiota at one month postpartum in 

21 women from Arequipa, characterized by a balanced distribution of maternal nutritional 
status, a high frequency of cesarean deliveries, mixed diets and a high rate of exclusive 
breastfeeding; these clinical and demographic characteristics are consistent with public 
health records for the Peruvian population [34], providing the sociodemographic context 
needed to interpret the structure and variability of the observed bacterial community. In this 
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context, full-length 16S rRNA gene sequencing showed that the breast milk microbiota was 
dominated by the genera Streptococcus (62.9%) and Staphylococcus (21.8%), which formed 
the microbial core shared among participants. This finding is consistent with reports in 
healthy Brazilian women by [16] at 30 ± 4 days postpartum, with abundances of 42% for 
Streptococcus and 22% for Staphylococcus, and by 24. Londoño-Sierra [17], who reported 
relative abundances of 32% for Streptococcus and 17.3% for Staphylococcus in Colombian 
women during the first three months of lactation. Although our population showed a higher 
abundance of Streptococcus, longitudinal studies [10,35] support both as core genera and 
attribute their variation to lactation stage, population characteristics and methodological 
differences. Nevertheless, these comparisons should be interpreted qualitatively, as the 
cited studies used Illumina sequencing of partial 16S regions (V4 in Padilha et al.; V3–V4 in 
Londoño-Sierra et al.) and also differed in DNA extraction method, taxonomic classification 
and reference database. All of these factors influence relative abundances [4,5]. At the 
species level, Streptococcus mitis (26.7%), Streptococcus salivarius (15.7%), Staphylococcus 
epidermidis (13.0%), and Streptococcus sp. (reference identifier FDAARGOS_192; 7.7%) 
were the most abundant. Previous studies have shown that the dominant species within 
Staphylococcus and Streptococcus in human milk correspond to commensal taxa typical of the 
skin and oral cavity, mainly Staphylococcus epidermidis and Streptococcus mitis, S. salivarius 
and S. parasanguinis [36,37]. Their origin is attributed to two routes: retrograde flow from 
the infant’s oral cavity during suckling, and colonization of the nipple–areola complex by 
the maternal skin microbiota [21,38]. In contrast, the detection of Escherichia coli at lower 
abundance (4.3%) could reflect bacterial traces introduced during milk expression [39], 
an effect amplified in low-biomass samples, or translocation via the entero-mammary 
pathway [38]. Our design does not allow us to discriminate between these origins or to 
assess their viability.

Regarding diversity, the low values observed in our population (median Shannon 
index: 0.66; median Simpson index: 0.30) are consistent with the temporal dynamics 
described during early lactation. Xu [10], in an Australian longitudinal cohort, reported 
that milk microbiota richness and evenness were higher in the first week than at one month 
postpartum and then stabilized for the remainder of the first year. Similarly, Wan [12], in 
Chinese mothers, found that microbial diversity and richness were highest in colostrum 
and progressively decreased towards six weeks postpartum. These findings agree with 
those described in other cohorts Cabrera-Rubio and Liu [35,40], indicating that the low 
diversity observed in our population reflects an expected pattern at this stage of lactation.

Regarding community structure, samples were distributed mainly according to their 
dominant genus, predominantly Streptococcus and, to a lesser extent, Staphylococcus, a clus-
tering pattern also described in Brazilian women [16]. Among the maternal, obstetric, and 
dietary variables evaluated, only BMI showed a nominal association with observed richness, 
which was higher in mothers with normal weight, in agreement with the lower diversity 
described in the milk of obese mothers [40]. In contrast, no variable was significantly 
associated with community composition, although BMI explained the largest proportion of 
variation (PERMANOVA R2  = 0.13). Higher Staphylococcus abundance has been reported 
in the milk of mothers with overweight or excessive gestational weight gain [41], whereas 
in Mexican mothers BMI had a limited effect on milk microbiota overall but was associated 
with changes in specific genera [42]. Together, these observations suggest that the influence 
of BMI may be subtle and not necessarily reflected in overall community composition. Given 
the sample size, these analyses are exploratory, and the absence of associations should not 
be interpreted as evidence of no effect.

Although these findings offer a valuable perspective, methodological limitations con-
strain the interpretation. The sample size (n = 21) and the imbalance between some 
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comparison groups limit statistical power; therefore, the findings constitute a reference base-
line that requires confirmation in larger populations, and differences in dispersion should 
be interpreted with caution [31]. At the molecular level, full-length 16S rRNA sequencing 
provides high taxonomic resolution at the phylum and genus levels and can also support 
species-level identification, particularly when long-read data are analyzed with classifiers 
optimized for full-length 16S sequences. However, species-level resolution is not uniform 
across all bacterial taxa, and closely related species such as members of the Streptococcus 
mitis group (S. mitis, S. oralis, S. pneumoniae) may not be unequivocally distinguished based 
on the 16S rRNA gene alone [6]. In addition, species-level assignments can be influenced 
by the classifier and reference database used [43]. Therefore, species-level assignments 
in the present study are considered presumptive, and orthogonal confirmation may be 
warranted for specific taxa using approaches such as culture followed by whole-genome 
sequencing or other higher-resolution genomic methods. Future research should combine 
longitudinal designs with more frequent sampling, to evaluate the temporal dynamics of the 
microbiota and its relationship with maternal factors [44], and metagenomic sequencing, 
to characterize the functional potential of these bacteria and their impact on the infant [45].

5. Conclusions
In conclusion, breast milk microbiota in women from Arequipa at one-month postpar-

tum was dominated by Streptococcus and Staphylococcus, and overall community composition 
showed no detectable association with the maternal, obstetric and dietary factors evaluated. 
Species-level assignments corresponded mainly to oral and skin commensals (Streptococ-
cus mitis, Streptococcus salivarius, and Staphylococcus epidermidis) and should be considered 
presumptive pending confirmation by complementary higher-resolution approaches. This 
study provides the first characterization of the breast milk microbiota in women from 
Arequipa using full-length 16S rRNA gene sequencing, establishing a baseline for future 
longitudinal and functional studies.
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