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Abstract 

Background  Breastfeeding rates remain below the globally recommended levels, a situation associated with higher 
infant and neonatal mortality rates. The implementation of artificial intelligence (AI) could help improve and increase 
breastfeeding rates. This study aimed to identify and synthesize the current information on the use of AI in the analysis 
of human milk and breastfeeding.

Methods  A scoping review was conducted according to the PRISMA Extension for Scoping Reviews guidelines. The lit-
erature search, performed in December 2023, used predetermined keywords from the PubMed, Scopus, LILACS, and WoS 
databases. Observational and qualitative studies evaluating AI in the analysis of breastfeeding patterns and human milk 
composition have been conducted. A thematic analysis was employed to categorize and synthesize the data.

Results  Nineteen studies were included. The primary AI approaches were machine learning, neural networks, 
and chatbot development. The thematic analysis revealed five major categories: 1. Prediction of exclusive breast-
feeding patterns: AI models, such as decision trees and machine learning algorithms, identify factors influencing 
breastfeeding practices, including maternal experience, hospital policies, and social determinants, highlighting 
actionable predictors for intervention. 2. Analysis of macronutrients in human milk: AI predicted fat, protein, and nutri-
ent content with high accuracy, improving the operational efficiency of milk banks and nutritional assessments. 3. 
Education and support for breastfeeding mothers: AI-driven chatbots address breastfeeding concerns, debunked 
myths, and connect mothers to milk donation programs, demonstrating high engagement and satisfaction rates. 4. 
Detection and transmission of drugs in breast milk: AI techniques, including neural networks and predictive models, 
identified drug transfer rates and assessed pharmacological risks during lactation. 5. Identification of environmen-
tal contaminants in milk: AI models predict exposure to contaminants, such as polychlorinated biphenyls, based 
on maternal and environmental factors, aiding in risk assessment.

Conclusion  AI-based models have shown the potential to increase breastfeeding rates by identifying high-risk popu-
lations and providing tailored support. Additionally, AI has enabled a more precise analysis of human milk composi-
tion, drug transfer, and contaminant detection, offering significant insights into lactation science and maternal-infant 
health. These findings suggest that AI can promote breastfeeding, improve milk safety, and enhance infant nutrition.
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Background
Although breastfeeding is a public health policy with 
various implemented actions, breastfeeding indicators 
remain below targets [1]. The prevalence of breastfeeding 
in children under six months of age in Latin America and 
the Caribbean is 43% [2]. In Colombia, the rate of exclu-
sive breastfeeding in the first month of life is 50% [3]. 
By the first six months, this rate decreased to less than 
30% [3]. It is associated with an increased risk of short- 
and long-term all-cause mortality and morbidities [4, 5]. 
Additionally, suboptimal breastfeeding during the neona-
tal period increases the risk of postnatal mortality by up 
to four-fold, especially in developing countries ​ [6, 7].

The World Health Organization’s (WHO) goal for 2025 
is to increase the rate of exclusive breastfeeding during 
the first six months to at least 50%, a target that currently 
seems distant ​ [8]. This situation necessitates the explora-
tion of new technological developments to improve the 
breastfeeding indicators.

Artificial intelligence (AI) has been one of the most 
impactful technological advances in recent years and 
has been applied in various fields of medicine [9]. AI is 
instrumental in diagnosing clinical conditions, develop-
ing drugs, and supporting medical services in remote 
areas [10, 11]​​. During the COVID-19 pandemic, AI is 
crucial for tracking and predicting events ​ [9]. In pedi-
atrics, AI has been evaluated for its ability to diagnose 
sepsis and pulmonary hypertension and analyze brain 
images​ ​ [12–16]. AI has also been used to predict low 
birth weight and identify risk factors for maternal health, 
such as anemia and gestational diabetes [17–19]. Addi-
tionally, AI enables automatic analysis of growth curves, 
particularly weight-for-age curves, and is valuable for 
diagnosing newborn jaundice ​ [20, 21].

In this context, AI could be fundamental for improving 
breastfeeding indicators and for analyzing human milk. 
This scoping review aims to identify and present current 
information on the various uses and applications of AI in 
the study and analysis of human milk and breastfeeding 
patterns. Furthermore, this study evaluated the quality 
of the information in the selected articles and identified 
gaps and opportunities for new research focused on the 
application of AI in this field.

Methods
The scoping review followed the recommendations of 
the PRISMA-ScR (Preferred Reporting Items for Sys-
tematic reviews and Meta-Analyses extension for Scop-
ing Reviews) [22], aiming to identify, screen, and define 
the inclusion of relevant articles. The study protocol 
was registered on the Open Science Framework Platform 
(osf-registrations-r89f2-v1).

Identification of the literature
The literature search was conducted in December 2023 
using electronic databases, including Medline, Scopus, 
LILACS (American and Caribbean Literature in Health 
Sciences), and Web of Science. A “snowball” search was 
also performed, identifying additional studies from the 
reference lists of publications eligible for full-text review. 
No language or year restrictions were applied.

The search terms included a combination of key-
words, synonyms, and subject-indexing terms (MeSH 
and DeCS), to ensure a comprehensive search strategy. 
For example, the term ‘milk, human’ was searched along-
side synonyms like ‘breast milk’ and ‘lactation fluid,’ while 
‘breastfeeding’ included variations such as ‘nursing’ and 
‘infant feeding.’ Additionally, terms related to artificial 
intelligence, like ‘machine learning’ and ‘deep learning,’ 
were included to capture a broad range of studies on AI 
applications in the context of human milk and breast-
feeding. The following search strategy was used for Pub-
Med and adapted to the other databases:(((((((((((Milk, 
Human) OR (Breast Feeding)) OR (Breast Milk Expres-
sion)) OR (Lactation)) OR (Colostrum)) OR (Milk 
Banks)) AND ((Artificial Intelligence) OR (Deep Learn-
ing)) OR (Machine Learning)).

Study eligibility criteria
Inclusion criteria

•	 Studies of AI applications for the study of breastfeed-
ing and/or analysis of human milk.

•	 Description of technological tools, specifically those 
utilizing artificial intelligence (AI) such as machine 
learning algorithms, predictive models, and data 
mining techniques, to characterize the components 
of all types of human milk, including the mother’s 
own milk, donor human milk, and milk from human 
milk banks.

•	 Use of AI in clinical, environmental, and laboratory 
settings to study the composition of human milk.

•	 Clinical trial studies, observational studies, case 
reports, and qualitative studies

•	 No restrictions were applied regarding the publica-
tion dates.

Exclusion criteria

•	 Abstracts, conference abstracts, editors’ comments, 
reviews of scientific literature.

•	 Animal studies.
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Screening and inclusion of studies
Studies were blindly and independently identified 
and selected by the investigators (LRA, JEA, LRD, 
and SAP). Initially, duplicate records due to over-
lap between the consulted databases were detected 
using the Rayyan® web tool and were suppressed. 
Subsequently, the same tool was used to screen 
the titles and abstracts. Discrepancies in the initial 
screening were compared and resolved by consensus 
among the investigators. The full texts of relevant 
articles were independently retrieved for in-depth 
reading by the researchers to determine their final 
inclusion. Discrepancies were resolved through 
consensus.

Risk of bias and study quality
The risk of bias and quality of the observational studies 
were independently assessed by investigators. The CON-
SORT tool was used for clinical trials, STROBE checklist 
was used for observational studies, and CARE was used 
for case reports.

Data extraction and synthesis
The following information was extracted: (a) name of the 
journal, (b) author and year, (c) geographic area where 
the study was conducted, (d) information on the type and 
characteristics of the population, (d) application of AI, (f ) 
technologies used, and (c) objectives and/or outcomes of 
the use of AI.

The information was organized into tables and dia-
grams based on the type of AI used, characteristics of the 
population studied, and objectives and outcomes of the 
use of AI. The information was synthesized according to 
the objectives of the study and the characteristics of the 
population.

Results
Initially, 1,231 articles were identified, and 180 dupli-
cates were removed. After screening and in-depth review, 
19 articles were included in the final analysis (Fig.  1). 
The main reasons for exclusion were studies with out-
comes not directly related to the application of AI in the 
analysis of human milk consumption and breastfeed-
ing. For instance, some studies have focused on general 
AI applications in other areas of healthcare rather than 

Fig. 1  Flow diagram of study selection
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on breastfeeding, milk composition, or lactation-related 
outcomes. ‘Incorrect population’ refers to studies that 
did not focus on lactating mothers, infants, or popula-
tions directly involved in breastfeeding practices, such 
as studies targeting unrelated age groups or conditions 
not involving breastfeeding. Additionally, studies with 
unsuitable designs such as narrative reviews or opinion 
pieces that did not provide primary data were excluded.

Regarding the study methodologies, seven were obser-
vational studies, one was a case report, and the remaining 
studies focused on evaluating the development and inte-
gration of AI (Table 1).

Risk of bias and quality of studies
Regarding the quality and risk of bias in observational 
studies, most had a low risk of bias. The main causes 
of bias were the sample size and generalizability of the 
results (Fig. 2a). In addition, a low risk of bias was identi-
fied in the case reports, with the main factors being the 
timeline and clinical findings (Fig. 2b).

Artificial intelligence
The articles were categorized into five groups: 1. predic-
tion of breastfeeding practices (n = 5); 2. characterization 
of macronutrients in human milk (n = 3); 3. Education 
and resolution of doubts and problems regarding breast-
feeding (n = 4); 4. Detection of drug concentration and 
passage in human milk (n = 4), and 5. Detection of envi-
ronmental contaminants in human milk (N = 3). The 
most common AI approaches used were machine learn-
ing, neural networks, and chatbot development and 
application (Table 1).

Predicting breastfeeding practices
In a study by Oliver-Roig et  al., machine learning tech-
niques, including XGBoost and a linear support vector 
machine (SVM), were used to analyze data from 2,042 
nursing mothers [23]. The model identified the main 
individual, clinical, and hospital environmental factors 
that predicted exclusive breastfeeding, including the 
mother’s previous experience, admission to the neona-
tal intensive care unit, and institutional accreditation in 
breastfeeding [23]. A study conducted by Silva et  al. on 
1,003 infants and using decision trees to determine fac-
tors associated with breastfeeding practices in the first 
six months revealed that maternal and child character-
istics (multiple births, maternal age, and parity), social 
context, work, inpatient feeding practices, and hospital 
policies on breastfeeding influenced breastfeeding rates 
[24]. The length of hospital stay was the most important 
predictor of feeding practices, both at hospital discharge 

and at the third and sixth months [24]. Using a deci-
sion tree combination algorithm, this study offers a bet-
ter understanding of the risk predictors of breastfeeding 
cessation in an environment with a high variability in 
exposure [24]. Sampieri et  al. used machine learning 
techniques to assess the influence of skin-to-skin contact 
on breastfeeding [25]. Using selection algorithms gener-
ated by supervised learning, this study identified a direct 
relationship between skin-to-skin contact at birth, pre-
natal breastfeeding education, initiation and duration of 
breastfeeding, and mothers’ perceptions of breastfeeding 
after childbirth [25].

By using machine learning with logistic regression on 
imputed data, Elgersma et al. examined data from 1,944 
newborns with complex single-ventricular congenital 
heart disease to identify the predictive factors related 
to breastfeeding and direct breastfeeding at the time of 
neonatal discharge and after palliative surgical correction 
[26]. They found that presurgical breastfeeding and pri-
vate health insurance were associated with an increased 
likelihood of some types of breastfeeding after surgery 
[26]. On the other hand, being African American was 
associated with a decrease in this likelihood [26].

He et  al. explored the benefits of applying common 
data-mining techniques to national breastfeeding sur-
veys, where statistical analyses are common [27]. This 
study aimed to analyze the factors influencing the deci-
sion to breastfeed newborns using a decision tree and 
regression approach for classification based on selected 
features [27]. In addition, a risk pattern mining method 
was employed to identify groups at high risk of not 
breastfeeding. The results suggest that data mining in 
national surveys can identify mothers at greater risk of 
non-breastfeeding, which would allow their inclusion in 
early care and education programs to increase breast-
feeding rates [27].

Characterization of macronutrients in human milk
Wong et  al. developed a machine learning-based pre-
diction model using donor mother variables, binomial 
characteristics, and the milk extraction process to esti-
mate the fat and protein contents in collected mixtures 
of donated human milk [28]. They analyzed samples of 
human milk donated to a human milk bank in Canada, 
combining milk from two to five donors into a single 
bottle, and showed that the most important variables 
in the prediction of total fat were the body mass index 
of the donor, whether the neonate was preterm or full-
term, and the time of day of milk production (night vs. 
day) [28]. In contrast, for protein prediction, the most 
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significant variables were the average number of days 
postpartum, volume of milk expressed in the bank per 
day, and whether the neonate was preterm or full term 
[28]. The model was shown to be clinically acceptable for 
protein-level prediction, whereas fat prediction was more 
difficult owing to its natural variability and measurement 
challenges [28].

Jansen et  al. proposed a model to optimize the 
experimental parameters for chromatographic sepa-
ration of cholesterol esters in breast milk from three 
samples obtained from donor mothers [29]. Using an 
artificial neural network-genetic algorithm (ANNGA) 
approach, factors such as the type of organic compo-
nent in the mobile phase, column temperature, and 
flow rate were optimized [29]. This method led to sig-
nificant improvements in the separation parameters 
and quality of the chromatographic results, allowing 
better resolution of the identified analytes [29].

Ruan et  al. compared two methods for determining 
the macronutrient composition in the breast milk of 
Chinese mothers at all stages of lactation using a mid-
infrared analyzer and an ultrasound-based analyzer 
[30]. Through machine-learning techniques using lin-
ear regression algorithms, the ultrasound results were 
converted to align the results from both methods, 
making them comparable [30]. The initial composi-
tional results obtained using the two analysis methods 
differed significantly for all compounds: protein, fat, 
lactose, and energy [30]. However, after adjusting the 
values using machine learning, the data exhib-
ited improved consistency. This approach illustrates 

how AI techniques enhance the accuracy and consist-
ency of breast milk composition measurements, which 
is clinically important for ensuring adequate nutrition 
in infants, especially preterm infants [30].

Education and resolution of doubts and problems 
regarding breastfeeding
Correa et  al. described the design process of the Lhia 
chatbot, a virtual tool aimed at breastfeeding education 
and recruiting breastfeeding mothers to donate human 
milk to milk banks, using text and images from Tel-
egram and WhatsApp [31]. They adopted a co-design 
approach with lactation professionals, who simu-
lated texts from mothers with potential breastfeeding 
issues, which helped refine the AI-based chatbot [31]. 
Five deep-learning-based NLP systems were trained 
to classify the various intentions of user mothers [31]. 
Throughout the co-design process, improvements 
were made to the content and structure of the con-
versation flow based on the data gathered during sub-
sequent training sessions [31]. The final system, with 
optimal performance and enhanced conversation flow, 
was implemented in a Lhia chatbot. This tool has dem-
onstrated high accuracy in identifying specific issues 
related to breastfeeding and human milk donation [31].

Achtaich et al. developed ALMA, a chatbot designed 
to engage in natural conversations with breastfeeding 
mothers via WhatsApp, using the Twilio application 
programming interface (API) [32]. ALMA utilizes natu-
ral language understanding and generation to respond 
to breastfeeding-related needs and to provide relevant 

Fig. 2  Evaluation of the methodological quality of included studies. Assessment using the STROBE checklist. b Assessment using the CARE checklist
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information. The chatbot was evaluated by volunteer 
breastfeeding mothers and the results were validated 
with lactation consultants [32].

In a related study, Oyedove et  al. explored social net-
works as platforms for expressing both positive and 
negative opinions about breastfeeding, highlighting the 
opportunity to analyze these perspectives [33]. They pro-
posed using AI to identify the factors affecting breast-
feeding based on an analysis of tweets [33]. Tweets on 
this topic were collected and analyzed for sentiment 
using both lexicon-based and machine-learning tech-
niques to classify them as positive or negative [33]. 
Four lexicon-based sentiment classifiers were evaluated: 
VADER, TextBlob, Pattern, and VADEREXT. Addition-
ally, supervised machine learning algorithms—multino-
mial naïve Bayes (MNB), support vector machine (SVM), 
logistic regression (LR), stochastic gradient descent 
(SGD), and random forest (RF)— have been applied for 
text classification. Among these, SVM showed the best 
performance, whereas RF performed the least [33]. This 
study identified factors that negatively impact breastfeed-
ing, such as health issues (breastfeeding-related, medical, 
and nutritional problems), as well as social, psychological, 
and situational factors [33]. Positive influences included 
perceived benefits, maternal self-efficacy, social support, 
and access to educational and training resources [33].

In India, Yadav et al. evaluated the impact of chatbots 
on breastfeeding among mothers living in slums [34]. Ini-
tially, they developed a question-and-answer prototype 
by analyzing interaction patterns, perceptions, and usage 
contexts. The results showed that most of the nursing 
mothers’ questions could be effectively answered using 
the app [34]. Additionally, the study highlighted that 
many of the queries made to the chatbot were influenced 
by beliefs and myths held by breastfeeding mothers and 
their families [34].

Detection of drug concentrations and transfer in human 
milk
Agatonovic-Kustrin et  al. applied artificial neural net-
works to preestablished data on milk plasma concen-
trations and molecular structure characteristics of 123 
drugs, aiming to identify factors that predict drug con-
centrations in human milk [35]. They used genetic algo-
rithms to select the most relevant features describing 
drug transfer into breast milk, and subsequently applied 
an artificial neural network (ANN) to correlate these 
selected features with the milk/plasma ratio, developing 
a quantitative structure–activity relationship (QSAR) 
regression model [35]. This model includes nine features 
that predict the milk/plasma ratio of the studied drugs, 
considering characteristics such as molecular size, shape, 

and electronic properties, without requiring additional 
experimental data [35].

Maeshima et al. developed a prediction model for the 
ratio between drug concentration in breast milk and 
plasma concentration (M/PAUC) using the area under 
the curve (AUC) as a basis [36]. They also applied a quan-
titative structure–activity/property relationship (QSAR/
QSPR) approach to predict the compounds involved in 
active transport during breast milk transfer [36]. Artifi-
cial intelligence (AI) tools were used to construct binary 
classification models, and data on the milk-to-plasma 
concentration ratio (M/P ratio) were collected from the 
existing literature [36]. Two binary classification mod-
els were developed: artificial neural network (ANN) and 
support vector machine (SVM). The sensitivity of the 
ANN model was 0.969 for the training set and 0.833 for 
the test set, whereas that of the SVM model was 0.971 for 
the training set and 0.667 for the test set [36]. These find-
ings suggest that AI models can identify compounds with 
M/P ratios greater than or equal to 1 [36]. It is important 
to note that while these results are useful in risk assess-
ment, alongside infants’ responses, they are not sufficient 
to determine the safety of breastfeeding during pharma-
cological treatment based solely on M/P ratio [36].

Zhao et al. developed computational models to predict 
and classify the milk-to-plasma concentration ratio (M/P 
ratio) of 123 pharmacological compounds that are com-
monly used by lactating mothers [37]. They employed 
the support vector machine (SVM) method to assess the 
potential risks of these drugs to infants. Each drug was 
included in the model with a range of characteristics 
to determine the best predictive model and ultimately 
identify five key factors for its construction [37]. Two 
classification models were developed: linear discrimi-
nant analysis (LDA) and SVM with bootstrap validation 
based on selected molecular descriptors [37]. The results 
showed that the classification accuracies of the SVM 
method were 90.63% for the training set and 90.00% for 
the test set [37]. The overall accuracy of SVM was 90.48%, 
which was significantly higher than that of LDA (77.78%) 
[37]. This comparison suggests that SVM performed 
better than LDA in classifying the risks associated with 
drugs when experimental M/P ratio data were unavaila-
ble [37]. Additionally, steric and electronic factors appear 
to be important components of the drug transfer process, 
along with other physical descriptors that influence the 
ability of drugs to transfer between breast milk and blood 
plasma [37].

On the other hand, Ye et  al. developed a process that 
combined colorimetric methods with artificial intelli-
gence image preprocessing and backpropagation artificial 
neural network (BP-ANN) analysis to detect amoxicillin 
in breast milk [38]. This technique involves the coupling 
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of gold nanoparticles (AuNPs) with aptamers (ssDNA) at 
various amoxicillin concentrations, producing distinct 
color results [38]. An image of the color was captured 
using a portable image acquisition device, followed by 
image pre-processing [38]. These findings suggest that 
the colorimetric process, combined with AI-based image 
preprocessing and BP-ANN, provides an accurate and 
rapid method for detecting amoxicillin in breast milk 
[38].

Detection of environmental contaminants in human milk
Kowalski et  al. collected human milk samples from 
193 mothers across different regions of Brazil to iden-
tify patterns that could predict the presence of poly-
chlorinated biphenyls (PCBs) in milk [39]. They used 
high-resolution omics and separation technologies 
to analyze compounds, considering mothers’ social, 
environmental, clinical, and lactational factors [39]. 
For the data analysis, non-automated learning tech-
niques were applied to discover patterns and relation-
ships, generating self-organizing maps using Kohonen 
neural networks [39]. The key variables predicting the 
presence of PCBs in breast milk included the mother’s 
region of residence, proximity to industrial areas or 
contaminated rivers, lactation phase (colostrum, early 
milk, or late lactation), and number of previous preg-
nancies [39].

In a related study, Nadal et  al. used Kohonen neu-
ral networks to assess the relationship between the 
concentrations of polychlorinated dibenzo-p-dioxins 
(PCDDs) and polychlorinated dibenzofurans (PCDFs) in 
breast milk and dietary habits across various countries 
[40]. Their findings indicated higher concentrations of 
PCDDs/PCDFs in human milk in countries with high fish 
consumption [40].

Using machine learning methods and the Guided 
Regularized Random Forest (GRRF) algorithm, 
Jovanovic et  al. aimed to identify persistent organic 
compounds such as organochlorine pesticides and pol-
ychlorinated biphenyls in human milk [41]. The study 
included samples from seventy-nine healthy mothers 
along with data on their social, environmental, and 
occupational backgrounds [41]. The levels of organic 
contaminants varied between the milks of primiparous 
and multiparous mothers [41]. The developed model 
demonstrated a high capacity to reliably predict con-
taminants in human milk based on selected variables 
[41]. The primary factor influencing the model’s predic-
tions of contaminant concentrations was the chemical 
structure of each contaminant, particularly the number 
and position of the chlorine atoms [41].

Discussion
The findings of this scoping review demonstrate the 
growing interest in applying AI approaches to the analy-
sis of breastfeeding and human milk, especially regard-
ing variables associated with the prediction of exclusive 
breastfeeding, education of lactating mothers, and the 
analysis of components and contaminants in milk. The 
rapid advancement of AI research in other fields of 
medicine contrasts with the limited number of studies 
that have focused on its application in human milk and 
lactation.

The promotion of breastfeeding has emerged as a 
global priority, prompting numerous interventions to 
achieve this goal [42]. Despite global progress, breast-
feeding indicators still fall short of their proposed tar-
gets [8]. The data from this scoping review underscores 
the potential of applying artificial intelligence to enhance 
the identification of factors and patterns that predict the 
initiation and maintenance of breastfeeding, offering a 
promising approach to improve these outcomes.

Traditionally, conventional statistical methods have 
identified key factors, such as early skin-to-skin contact, 
education of healthcare providers and mothers, early 
detection of breastfeeding challenges, and certain social 
determinants that contribute to improved breastfeed-
ing rates [43–46]. However, AI-based approaches offer 
unique advantages and can complement the traditional 
data analysis methods. For example, efficient process-
ing of large datasets, uncovering complex patterns, and 
enabling the integration of diverse data sources, such 
as clinical, genomic, and lifestyle information [47, 48]. 
This integration enriches existing analytical frameworks 
and provides deeper insights that are difficult to achieve 
using traditional methods alone. For instance, studies by 
He et al. [27] and Silva et al. [24], included in the scoping 
review, demonstrated that AI techniques, such as data 
mining, applied to national surveys can refine the iden-
tification of predictive factors for breastfeeding patterns 
and better understand the risk predictors of breastfeed-
ing cessation in diverse environments.

Although AI can complement traditional methods, it 
is essential to recognize its limitations. The reliability of 
AI models depends on the quality of the training data, 
and non-representative datasets can introduce biases, 
potentially compromising care for marginalized groups 
[49, 50]. This is particularly critical for breastfeeding and 
infant nutrition, as disparities can have significant health 
impacts. Ensuring the selection of high-quality repre-
sentative data and developing models that address biases 
are crucial for effective AI implementation.

Moreover, AI’s ability of AI to analyze large datasets can 
aid healthcare providers in developing tailored strategies 
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for promoting breastfeeding and supporting exclusively 
breastfed infants. However, overreliance on AI recom-
mendations could diminish the critical judgment and 
personal touch that are essential in the mother–child 
care relationship, especially in breastfeeding support [49, 
50]. Thus, AI should serve as a complement to human 
expertise, not as a replacement, while preserving the per-
sonalized support that remains vital for successful breast-
feeding outcomes.

The use of user-friendly interfaces such as mobile 
health (mHealth) technologies has demonstrated the 
ability to provide valuable information to patients, 
enhance their engagement, and enable timely medical 
responses [51]. These technologies have proven effec-
tive in delivering breastfeeding education within com-
munities and have become key strategies for improving 
exclusive breastfeeding rates [51, 52]. This is particularly 
relevant in light of the findings from this study, which 
suggest that implementing artificial intelligence through 
chatbots offers a valuable tool for providing education, 
addressing breastfeeding-related questions, and foster-
ing support networks for breastfeeding mothers. Such 
technological approaches can establish accessible com-
munication channels, reduce delays in in-person care at 
primary care centers, and offer guidance to postpartum 
women and their families [53]. Furthermore, these plat-
forms can increase awareness of breastfeeding and sup-
port informed decision making among mothers and 
expectant families.

However, the use of chatbots in patient management 
and community health applications requires a care-
ful approach to ensure their safety and effectiveness. It 
is essential to safeguard the privacy and security of col-
lected data by adhering to data protection regulations to 
prevent exposure to sensitive information. Transparency 
is the key to maintaining patient trust, as it allows users 
to understand that chatbots complement, rather than 
replace, in-person medical consultations. Additionally, 
educating patients about when to seek direct medical 
attention is crucial to avoid the potential misinterpreta-
tion of symptoms [47]. These precautions are vital for 
ensuring that chatbots are safe and effective tools for 
enhancing the quality of care without compromising user 
safety.

In addition, this scoping review highlights the poten-
tial of AI for analyzing drug concentrations, toxic com-
pounds, and nutrients in human milk. By leveraging 
pre-established pharmacokinetic data and considering 
the chemical and structural properties of these sub-
stances, AI can accurately predict their presence in 
breast milk and their transfer to infants. This approach 

circumvents the ethical and clinical risks associated with 
direct research on lactating mothers and infants, and 
offers a safe and effective alternative based on pharma-
cokinetic and chemical data from the existing literature.

Traditional analytical methods, such as mass spec-
trometry and nuclear magnetic resonance (NMR), are 
essential for accuracy but often require significant time, 
financial investment, and the participation of large 
groups of patients and lactating mothers [54, 55]. These 
requirements limit the feasibility of routine monitoring 
and its rapid application in clinical settings [56, 57]. In 
contrast, AI-based approaches can streamline the analy-
sis process by automating routine tasks and simplifying 
the interpretation of results. This not only accelerates the 
identification of toxic compounds and nutrients but also 
reduces operational costs, making it a more accessible 
option for healthcare providers [58, 59].

Furthermore, AI’s ability of AI to analyze large datasets 
allows for the systematic study of contaminants in breast 
milk across diverse populations, providing insights that 
are challenging to achieve through traditional methods. 
By offering a rapid, scalable, and cost-effective solution, 
AI holds significant promise for enhancing public health 
initiatives, supporting informed decision-making in clini-
cal practice, and reducing disparities in access to safe 
breastfeeding practices [60].

Despite the numerous opportunities presented by the 
application of artificial intelligence (AI) in the study of 
human milk, several challenges and limitations persist. 
First, human milk is a complex and dynamic substance 
that varies between individuals and over time, posing a 
challenge to understanding and standardizing AI. Sec-
ond, the lack of representative evidence limits the ability 
of algorithms to provide accurate results. Additionally, 
access to AI technologies requires significant investment 
of resources by research institutions, which could limit 
their use in resource-limited settings.

Conclusion
In conclusion, the use of artificial intelligence is experi-
encing promising growth and development in the analy-
sis of breastfeeding patterns, education, and support, as 
well as in the analysis of the composition and contami-
nation of human milk. The benefit of this technology in 
clinical practice is reflected in its rapid detection and 
resource optimization without the need for complex and 
time-consuming instruments. It is crucial to develop 
research that integrates AI workflows to analyze contam-
inants and nutrients at both laboratory and community 
levels.
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