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ABSTRACT  

Introduction: Human milk is widely recognized as the optimal source of nutrition for 

newborns. In certain circumstances, such as in prematurity or illness, mothers’  own milk 

(MOM) may not be available, and in such cases, donor human milk (DHM) is considered the 

preferred alternative.  The aim of this study protocol is to investigate the influence of 

pasteurization, dietary habits and body composition of donors on milk composition.  

Methodology: This study will include donors from the Human Milk Bank of the North at 

Unidade Local de Saúde São João who consent to participate. Sociodemographic, lifestyle and 

clinical data will be collected through questionnaires administered in interviews. Dietary 

intake of the donors will be assessed using a semiquantitative Food Frequency Questionnaire, 

validated for the Portuguese population. Donor´s height, weight, and fat mass will also be 

measured according to standard procedures. To assess the imp act of pasteurization on 

nutritional composition, DHM samples will be analyzed before and after pasteurization with 

the Miris Human Milk Analyzer®.  

Discussion and expected results: This research project, the first of its kind in Portugal, aims 

to elucidate the influence of specific factors on the nutritional composition of human milk. It 

is expected to generate valuable data that will enhance our understanding of nutritional 

composit ion of human milk and contribute to improving the quality of care provided.  

Funding: no funding to declare.  
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RESUMEN  

Introducción: La leche materna es ampliamente reconocida como la fuente óptima de 

nutrición para los recién nacidos. En determinadas circunstancias, como en casos de 

prematuridad o enfermedad, es posible que no se disponga de leche materna, y en tales 

casos, la leche ma terna de donada se considera la alternativa preferida.  El objetivo de este 

protocolo de estudio es investigar la influencia de los siguientes factores en la composición 

nutricional de la leche materna donada: proceso de pasteurización, hábito s alimentarios de 

las donantes y composición corporal de las donantes.  

Metodología: Este estudio incluirá a donantes del Banco de Leche Materna del Norte de la 

Unidade Local de Saúde de São João que hayan dado su consentimiento para participar. Se 

recopilarán datos sociodemográficos, de estilo de vida y clínicos mediante cuestionarios 

administrados en entrevistas. La ingesta alimentaria de las donantes se evaluará mediante 

un cuestionario semicuantitativo de frecuencia alimentaria, validado para la población 

portuguesa. También se registrarán la altura, el peso y la masa grasa  de las donantes según 

los procedimientos estándar. Para estudiar el impacto de la pasteurización en la composición 

nutricional de la leche materna donada, se analizarán las amuestras antes y después de la 

pasteurización utilizando el Miris Human Milk Anal yzer®. 

Discusión y resultados esperados: Este proyecto de investigación, el primero de este tipo en 

Portugal, tiene como objetivo dilucidar la influencia de factores específicos en la composición 

nutricional de la leche materna. Este estudio generará datos valiosos para mejorar nuestra 

comprensión de la composición nutricional de la leche materna, lo que contribuirá para la 

optimización de la calidad de la atención prestada.  

Financiación: No hay financiación que declarar.  

 

Palabras clave: bancos de leche humana, leche humana, ingestión de alimentos, 

pasteurización, composición corporal  
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KEY MESSAGES  

● Human milk is the optimal source of nutrition for newborns, and in mother’s own milk 

absence, donor human milk is the best option.  

● The nutritional composition of donor human milk varies according to several factors, 

including donor characteristics and the procedures involved in its processing.  

● A comprehensive understanding of the impact of these factors on the nutritional 

composition of donor human milk is essential to improving the quality of services 

provided by human milk banks.  

 

INTRODUCTION 

The Importance of Human Milk  

Human milk (HM) is widely recognized as the optimal source of nutrition for newborns, 

providing a comprehensive array of nutrients and bioactive compounds essential for optimal 

growth and neurodevelopment 1. The benefits of breastfeeding are numerous and far -

reaching, affecting the health of both the mother and the child. Documented benefits include 

the reduction of mortality and morbidity, and the prevention of overweight and obesity 1.  

The composition of HM varies according to several factors, which adapt to the infant's age 

and other characteristics, to ensure optimal nutritional needs are met 2.  

 

Donor Human Milk  

In certain circumstances, such as prematurity or illness, mother’s own milk (MOM) may not 

be available, and in such cases, donor human milk (DHM) is considered the preferred 

alternative 1,3. When MOM is not an option, DHM is widely regarded as the optimal substitute, 

particularly for infants with a very low birth weight (VLBW ≤1,500 g) and for preterm infants 4. 

It is important to note that DHM is not intended to replace MOM, but rather to serve as a 

crucial supplement in cases where exclusive MOM feeding is not feasible 5. After preterm 

delivery, the availability of MOM is not guaranteed, as several mothers do not produce 

sufficient milk to meet their infant’s needs 6.  

The first human milk banks were created at the beginning of the 20th century, and at present 

there are approximately 280 such institutions across more than 20 European countries. In 

Portugal, the first milk bank opened in 2009 at the Maternidade Dr. Alfred o da Costa in 
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Lisbon. In 2022, the Human Milk Bank of the North (HMBN) was inaugurated at the Unidade 

Local Saúde de São João (ULSSJ). Since April 2023, HMBN has been certified under ISO 

9001:2015 and is subjected to regular inspections.  

 

Determinants of DHM Nutritional Composition  

Several studies have reported growth retardation in infants fed with DHM, likely  due to 

suboptimal nutritional composition 7, 8. Despite the existence of numerous studies on the HM 

composition, findings cannot be generalized to DHM, since several factors contribute to 

changes in its nutritional composition. Among these factors are the diversity of donor 

characteristics (e.g., gest ational age, stage of lactation, diet), inconsistencies in collection 

methods and the impact of milk processing 9. 

Maternal obesity has been associated with an increased likelihood of gestational 

complications and adverse neonatal outcomes. Several lines of scientific evidence suggest an 

association between maternal obesity and alterations in HM nutritional composition 10, 11 . A 

systematic review found that maternal obesity was associated with changes in the 

concentration of fat and lactose in HM, which may stimulate weight gain and adipose tissue 

deposition in the neonate, thereby increasing the risk of obesity and metabolic dysfunction 12, 

13.  

Numerous studies have demonstrated that a mother's diet can influence the macronutrient 

composition of HM, particularly fat and fatty acids concentrations 14, 15 . This underscores the 

need for further research, as the majority of existing studies have examined only the 

association between specific nutrients or food intakes and HM nutritional composition. A 

recent European study by Binder et al. demonstrated an ass ociation between maternal diet 

and the nutritional composition of their milk, highlighting the importance of understanding 

this link, particularly in relation to the potential impact on the growth and development of 

preterm infants and the prevention of ob esity16. 

DHM processing also alters its nutritional composition. Holder pasteurization (HoP) method 

is considered to offer the best balance between microbiological safety and nutritional 

quality 17. Some studies have reported that pasteurization does not cause significant changes 

in certain nutrients, particularly proteins and energy value, while others have reported a 

decrease in fat and protein average concentrations 18-21.  
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Objectives 

The aim of the present study protocol is twofold: firstly, to examine the impact of the donor's 

dietary intake and body composition on the nutritional composition of DHM; and secondly, to 

investigate the effect of the pasteurization process on the macronut rient composition of DHM. 

 

2. METHODS 

This study will include donors from the HMBN at ULSSJ who consented to participate. 

Consequently, the methodology described below encompasses the procedures conducted 

daily at the HMBN (Figure 1).  

 

 

Figure 1.  Flow chart of the human milk banking process.  
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Donors Selection  

At HMBN, a rigorous human milk donor selection process is implemented to ensure milk 

quality and safety. A confidential questionnaire is administered to assess fulfillment of the 

necessary clinical criteria to become a donor. Women wishing to donate HM mus t meet 

predetermined criteria, namely: being a healthy lactating woman who, despite exclusively 

breastfeeding her child, has excess milk; being the mother of an infant under six months old; 

not smoking or consuming alcohol or caffeinated beverages; testing  negative for HIV 1 or 2, 

Hepatitis B or C, Human T -cell Lymphotropic Virus I or II, and Syphilis; consenting to regular 

blood tests and accepting the conditions and rules of the HMBN.  

If these criteria are fulfilled, a series of blood tests are performed on potential donors to 

screen for infections transmissible through milk, ensuring milk quality and infant safety. All 

the blood tests are performed at ULSSJ and the results are checked by the medical team.  

 

DHM Collection  

The HMBN team is trained with standardized guidelines and is responsible for training donors 

on procedures and care required for the at -home milk expression. The donor’s home must 

meet certain hygiene conditions and must have easy access to a freezer. All donors are 

informed about the HMBN’s telephone number and email address, allowing them to stay in 

close contact with the HBMN team.  

A transport team delivers the necessary equipment to the donor’s residence (electric breast 

pump, specific containers and labels for bottle identification).  

Bottles used are pre -sterilized at HMBN and, according to safety protocols, must be used 

before the indicated expiration date. These containers are the sole approved receptacles for 

milk storage at donor´s home.  

 

Milk Expression and Storage at Donor’s Residence  

After the extraction, milk must be immediately submitted to freezing ( -18ºC to -20ºC) until 

delivery to HMBN. In the freezer, milk should be protected from potential contamination by 

enclosing it in a plastic box or bag.  

Temperature must be closely monitored to avoid fluctuation that could compromise milk 

quality and safety. To ensure the accuracy of the recorded data, each donor is provided with 
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a temperature data logger, which tracks temperature variations during storage, ensuring the 

maintenance of the optimal temperature throughout the process.  

 

Transport of DHM to HMBN  

Once donors have utilized half of the bottles provided, they contact the transport team to 

schedule a pickup of the donated milk from their residence.  DHM is collected from the donors' 

residences by an experienced transport team. During the transportation process, DHM is 

maintained at low temperature, under  -18ºC to -20ºC, through thermic isolation with 

refrigerated containers, monitored by a temperature data logger, and the transport time 

must be less than 1 hour and 30 minutes.  

 

Storage of DHM in HMBN  

The HMBN team is responsible for the registration of DHM, assessing several parameters, 

including organoleptic characteristics (color and the presence of foreign bodies), bottle 

cleanliness, bottle tampering, signs of thawing, proper label completion, and temperature 

data recorded in the data logger. If any of the aforementioned parameters are found to be 

inaccurate, DHM is rejected. Accepted DHM is stored in the designated freezer for raw milk, 

awaiting pasteurization.  

All the data entry is conducted within the MilkCENTER ® system. MilkCENTER ® is a Human Milk 

Bank Management Software that aims to manage milk donations in a human milk bank. It 

facilitates comprehensive monitoring and traceability throughout all stages of human milk 

processing, including the sending of containers to donors, the r eceipt of donations at the milk 

bank, pasteurization, storage, and the distribution of pasteurized human milk to services and 

hospitals.  The software is designed to receive and stor e information regarding donors, 

including their suitability status. This ensures the traceability of the following stages: 

reception of DHM; pre -pasteurization; pasteurization; transfer and dispatch of batches of 

pasteurized milk; stock management and expi ry dates. MilkCENTER ® is integrated with the 

MilkTRAC® system, thereby enabling the seamless distribution of donated milk to services 

affiliated with patient care. This system facilitates the execution of closed -loop administration 

of DHM at the bedside, e nsuring the precise and efficient delivery of nourishment to infants. 

The system functions by utilizing the unique identification bar codes printed on milk labels 
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and infant wristbands, which ensures rastreability of the milk distribution process and 

facilitate effective record -keeping. 

 

Pasteurization  

The DHM to be processed is thawed and stored at a temperature between 2 and 4°C for less 

than 24 hours. Subsequently, the milk is divided into batches, with each batch corresponding 

to milk from a single donor. Initially, the bottles of thawed milk are ope ned in a laminar -flow 

chamber, the contents of the different recipients are combined in a stainless -steel cup and 

the entire volume is filtered and homogenized. A microbiological control sample of 2mL is 

then taken from the mixture and transferred into the  designated collection tube. The milk is 

then distributed into jars suitable for pasteurization, which are sealed with an aluminum seal 

at the chamber opening. The batch being processed is then identified.  

The pasteurization method employed at HMBN is HoP. This method is endorsed by 

international guidelines, as it has been shown to preserve the beneficial and protective 

properties of HM 22. HoP is characterized by a relatively low temperature (62.5ºC) and a 

prolonged heating time (30 minutes) 22.    

After HoP, a compliance assessment is conducted in which a single bottle is selected to obtain 

a sample for subsequent microbiological and nutritional analysis. At HMBN, the 

microbiological screening criteria for DHM acceptance before and after pasteurizat ion follows 

the Australian criteria 23.  

 

The following methodology will be employed to address each study objective.  

 

Nutritional Composition Analysis of DHM Before and After Pasteurization  

The nutritional composition of DHM will be analyzed before and after pasteurization. To 

ensure accuracy, a 5 mL sample is obtained from each batch for analysis both prior to and 

following pasteurization.  

Analysis will be performed using Miris Human Milk Analyzer ® (Miris HMA®). The Miris HMA® is 

a device capable of determining the nutritional composition of HM with a minimal sample 

volume within approximately one minute, using a combination of established midinfrared 

transmission spectroscopy principles, exhibiting a high degree of reliability .  
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The analysis of DHM samples is preceded by cleaning and calibration of the Miris HMA ®, 

according to the manufacturer's instructions.  

Before analysis, DHM samples are warmed to 40°C and ultrasonically homogenized. Energy 

and macronutrient content are expressed in densities (kcal/dL for energy; g/dL for fat, raw 

and true protein, carbohydrates).  

 

Interview with Donors  

A questionnaire covering sociodemographic, lifestyle and clinical data was developed and will 

be administered during a clinical appointment at the  Pediatrics/Obstetrics Service of ULSSJ. 

The questionnaire includes sociodemographic variables, such age, nat ionality, birthplace, 

educational level, occupation, and household composition.  

Clinical data to be collected includes the number of pregnancies and births, and assessment 

of gestational diabetes, hypertension and pre -eclampsia in the most recent pregnancy. Data 

from the most recent birth, including gestational age, delivery mode, inf ant gender, and birth 

weight and length, will also be collected.  

Lifestyle data encompasses information regarding physical activity and sleeping habits. 

Physical activity will be assessed through self -reported data on whether the donor practices 

any physical activity, what type of physical activity and the frequency (da ys and hours per 

week). 

Regarding sleep habits, data will be self -reported on the number of hours of sleep the donor 

gets during the week and on weekends.  

A comprehensive lactation and breastfeeding history will be recorded, including whether this 

is the donor's first breastfeeding experience, whether the infant is being exclusively breastfed, 

and breastfeeding frequency.   

   

Donors’ Dietary Intake Assessment  

Dietary intake will be assessed during the same interview using a semiquantitative Food 

Frequency Questionnaire (FFQ), validated for the Portuguese adult population 24, 25 .  

The FFQ is a retrospective tool for assessing food consumption, including a pre -defined list of 

86 food items. Consumption frequency is recorded in nine pre -specified categories ranging 

from ‘‘never or less than once per month” to ‘‘six or more times per d ay’’.  

http://creativecommons.org/licenses/by-nc-sa/4.0/


Rev Esp Nutr Hum Diet. 2026; 30(1).   Freely available online - OPEN ACCESS 
doi: 10.14306/renhyd.30.1.2569 [ahead of print] 
 

 
Esta obra está bajo una licencia de Creative Commons Reconocimiento-NoComercial-CompartirIgual 4.0 Internacional 

Consumption of each food item (in grams) is calculated by multiplying the frequency by the 

portion size reported. When appropriate, portion sizes may be adjusted for seasonal variation.  

Food intake will be converted into nutrient intake using a compilation of food nutritional 

composition databases: Food Processor Plus ® (with nutritional information from the US 

Department of Agriculture's food composition tables, adapted to typically Portuguese foods), 

information from the Portuguese Food Composition Table, and other European sources and 

specific bromatological dosages of  certain nutrients.  

 

Body Composition of Donors  

During the interview, anthropometric data will be collected. These include self -reported 

weight at the beginning and at the end of pregnancy, and the calculation of corresponding 

body mass index (BMI). Gestational weight gain will be calculated by subtract ing the end -of-

pregnancy weight from the beginning -of-pregnancy weight. BMI classification will follow WHO 

cut-off points, and adequacy of gestational weight gain will be classified according to the 

Institute of Medicine recommendations, adjusted for pregn ancy duration 26, 27 .  

Anthropometric measures will also be obtained following standard procedures 28.  Height will 

be measured in centimeters (with 0,1 cm of resolution) using a SECA 799 ultrasonic 

measuring station. The measurement is taken with the donor standing, with feet and knees 

together and head in the Frankfurt plane 28.   

Body weight (Kg), and fat mass (%) will be measured using the InBody270S bioimpedance 

scale. The measurement is taken with the donor barefoot and wearing light clothing, without 

jewelry or heavy accessories. The donor stands on the scale with bare feet and holds the 

electrodes; she must remain still during the process. BMI will be calculated and c ategorized 

according to WHO classification 26. Waist and hip circumferences will also be measured and 

analyzed according to WHO criteria 29. The measurement of waist and hip circumference is 

taken with the donor in a relaxed standing position with the arms folded across the thorax. 

The waist circumference will be measured at the level of the narrowest point between the 

lower costal (10th rib)  border and the iliac crest 28. The hip circumference will be measured at 

the level of the greatest posterior protuberance of the buttocks 28. 
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Statistical Analysis  

The study sample size was calculated based on the results obtained by Lopes da Silva et al. in 

the pilot study 30. Therefore, the sample was estimated considering an effect of 0.28 on the 

post-pasteurization fat value and a significance level of 0.05 and 80% power, thus, we 

estimated a required sample of 100 donors.  

A database will be created  and statistical analyses will be performed using IBM® SPSS® 

Statistics, version 30.0 (Statistical Package for the Social Sciences).  

Initially, the distribution of continuous variables will be assessed to determine the most 

appropriate statistical tests using the histogram or the Kolmogorov -Smirnov test. Descriptive 

statistics will be used to characterize the variables: categorical vari ables will be summarized 

using absolute and relative frequencies, while continuous variables will be reported as mean 

and standard deviation or as median and interquartile range, depending on the data 

distribution.  

Associations between variables will be evaluated using parametric tests (T -test for 

independent samples or ANOVA test) or non -parametric tests (Mann -Whitney or Kruskal -

Wallis), as appropriate. Hypotheses regarding categorical variables will be  tested usin g a Chi -

square test or a Fisher’s exact test, as appropriate.  

To have a more thorough understanding of the factors associated with the outcomes defined, 

multivariate linear or logistic regression will be performed. Potential confounding factors will 

be considered, such as lactation time, gestational age, donor age, p arity, and type of delivery. 

The coefficient regression (beta) or odds ratio (ln (beta)) associated with 95% confidence 

intervals (95% CI) will be  presented.  

All models will be built using a stepwise selection approach. Model goodness -of-fit will be 

assessed using the Hosmer –Lemeshow test, and discriminative performance will be 

evaluated using receiver operating characteristic (ROC) curve analysis for logistic regression 

and coefficient of determination (R 2) for linear regression.  

In all statistical tests, a level of statistical significance of α=0.05 (5%) will be considered.  

 

Ethical Issues  

The present study was approved by the institutional ethics committee (no.88/2024). 

Recruitment requires written informed consent obtained from the donors. The study is 

registered at www.clinicaltrials.gov ID: NCT06904924.  
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3. DISCUSSION  

This prospective cohort study will evaluate the effect of three factors on DHM nutritional 

composition: pasteurization, donors’ dietary habits and donors’ body composition. The study 

will include healthy lactating women who were recruited at HMBN. Data wil l be collected not 

only on maternal diet and body composition, but also on weight gain during pregnancy, 

physical activity and sleeping habits, which may also influence DHM nutritional composition.  

For the study of donor’s dietary habits, the FFQ, which is a valid and reliable tool for assessing 

nutrient consumption, will be applied by an interviewer. The FFQ version applied by an 

interviewer has an extra section for recording the portion consumed (e qual to, greater than 

or less than the standard average portion described). This survey has been validated for the 

adult population by comparing the information reported in it with 7 -day food diaries collected 

at four different times of the year and with a dipose tissue samples from the buttock region 

25. Conversion of food consumption to nutrients intake will use a compilation of food 

nutritional composition databases, including information from the Portuguese Food 

Composition, improving nutrient intake estimates given country -specific differences in foo d 

composition.  

Anthropometric measures will follow the International Standards for Anthropometric 

Assessment. Body composition analysis will be assessed using the InBody270S bioimpedance 

scale, a non -invasive and rapid method considered convenient for donors. To minimize the 

limitations of this method, the same equipment will be used throughout the study, and 

measurements will be taken at the same time of the da y.   

HM is a comprehensive source of macro - and micronutrients and bioactive factors essential 

for infant growth and development. Nutrient composition and volume of expressed HM vary 

between and within mothers. To reduce intra -individual variability, milk from each donor is 

mixed and homogenized.  

Nutrient composition of HM changes with the nutritional status of mothers, including food 

consumption and body composition 12, 16, 31 -33. However, the relationship between these 

factors is not consistently reported, and, hence, further investigation is required.  

Nutrient composition analysis of DHM will be performed using the Miris HMA ®, which is a valid 

method 34, 35 .  
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There are several limitations of the study that are described below. First, the feasibility of the 

study depends on recruitment of a sufficient number of donors for the HMBN who are willing 

to participate in this study. Second, nutritional composition asse ssment of DHM will be carried 

out on a single donation. Third, the use of the FFQ as a substitute for food diaries, which are 

the reference method, may also represent a limitation. However, given the characteristics of 

the study population, it is probable to observe a low response rate if food diaries are 

employed. Finally, the participants are likely healthier than the general population because 

they were recruited as DHM, so caution is required when extrapolating results to the general 

population. It shou ld be noted that according to the characteristics of the study, selection 

bias is to be expected, more specifically volunteer bias, which has been described in several 

studies as being more likely to occur in this type of sampling. All data collected will be used 

to develop a model. There are currently no plans for external validation, as this is a project 

for the future.  

 

4. CONCLUSIONS  

Previous research has demonstrated the impact of several factors on HM  nutritional 

composition. This research project, the first of its kind in Portugal, aims to elucidate the 

influence of specific factors on DHM nutritional composition, including donors’  body 

composition and eating habits, as well as the impact of pasteurization. The study will generate 

useful data to improve our understanding of DHM nutritional composition, leading to 

improvements in the quality of care provided. It is imperative to unde rstand the influence of 

these factors on the nutritional profile of DHM, in order to optimize its benefits for vulnerable 

infants. This is of pertinence in the context of the management of preterm infants, and it can 

be employed to enhance growth rates and  facilitate optimal development. In addition, the 

knowledge acquired through this study can be applied to breastfeeding mothers, with the 

goal of promoting their children's health.  

  

AUTHORS’ CONTRIBUTIONS  

All authors contributed to the writing and editing of the study protocol.  

 

 

 

http://creativecommons.org/licenses/by-nc-sa/4.0/


Rev Esp Nutr Hum Diet. 2026; 30(1).   Freely available online - OPEN ACCESS 
doi: 10.14306/renhyd.30.1.2569 [ahead of print] 
 

 
Esta obra está bajo una licencia de Creative Commons Reconocimiento-NoComercial-CompartirIgual 4.0 Internacional 

FUNDING  

The authors declare that no funding was received for the conduct of this study. All the 

material and human resources will be provided by the financial resources of the Unidade 

Local de Saúde de São João.  

 

CONFLICTS OF INTEREST  

The authors declare that there are no conflicts of interest regarding writing this manuscript.  

 

STUDY REGISTRATION  

The study is registered at www.clinicaltrials.gov ID: NCT06904924.  

 

 
REFERENCES  

1. Victora CG, Bahl R, Barros AJ, Franca GV, Horton S, Krasevec J, et al. Breastfeeding in the 

21st century: epidemiology, mechanisms, and lifelong effect. Lancet. 

2016;387(10017):475 -90, doi:10.1016/S0140 -6736(15)01024 -7. 

2. Andreas NJ, Kampmann B, Mehring Le -Doare K. Human breast milk: A review on its 

composition and bioactivity. Early Hum Dev. 2015;91(11):629 -35, 

doi:10.1016/j.earlhumdev.2015.08.013.  

3. DeMarchis A, Israel -Ballard K, Mansen KA, Engmann C. Establishing an integrated human 

milk banking approach to strengthen newborn care. J Perinatol. 2017;37(5):469 -74, 

doi:10.1038/jp.2016.198.  

4. Haiden N, Ziegler EE. Human Milk Banking. Ann Nutr Metab. 2016;69 Suppl 2:8 -15, 

doi:10.1159/000452821.  

5. Riskin A. Immunomodulatory Constituents of Human Donor Milk. Breastfeed Med. 

2020;15(9):563 -7, doi:10.1089/bfm.2020.0192.  

6. Hallowell SG, Rogowski JA, Spatz DL, Hanlon AL, Kenny M, Lake ET. Factors associated 

with infant feeding of human milk at discharge from neonatal intensive care: Cross -

sectional analysis of nurse survey and infant outcomes data. Int J Nurs Stud. 

2016;53:1 90 -203, doi:10.1016/j.ijnurstu.2015.09.016.  

http://creativecommons.org/licenses/by-nc-sa/4.0/
http://www.clinicaltrials.gov/


Rev Esp Nutr Hum Diet. 2026; 30(1).   Freely available online - OPEN ACCESS 
doi: 10.14306/renhyd.30.1.2569 [ahead of print] 
 

 
Esta obra está bajo una licencia de Creative Commons Reconocimiento-NoComercial-CompartirIgual 4.0 Internacional 

7. Wu X, Jackson RT, Khan SA, Ahuja J, Pehrsson PR. Human Milk Nutrient Composition in 

the United States: Current Knowledge, Challenges, and Research Needs. Curr Dev Nutr. 

2018;2(7):nzy025, doi:10.1093/cdn/nzy025.  

8. Wu T, Jiang PP, Luo P, Chen Y, Liu X, Jiang YN, et al. Availability of donor milk improves 

enteral feeding but has limited effect on body growth of infants with very -low birthweight: 

Data from a historic cohort study. Matern Child Nutr. 2022;18(2):e13319,  

doi:10.1111/mcn.13319.  

9. Perrin MT, Belfort MB, Hagadorn JI, McGrath JM, Taylor SN, Tosi LM, et al. The Nutritional 

Composition and Energy Content of Donor Human Milk: A Systematic Review. Adv Nutr. 

2020;11(4):960 -70, doi:10.1093/advances/nmaa014.  

10. Marchi J, Berg M, Dencker A, Olander EK, Begley C. Risks associated with obesity in 

pregnancy, for the mother and baby: a systematic review of reviews. Obes Rev. 

2015;16(8):621 -38, doi:10.1111/obr.12288.  

11. Panagos PG, Vishwanathan R, Penfield -Cyr A, Matthan NR, Shivappa N, Wirth MD, et al. 

Breastmilk from obese mothers has pro -inflammatory properties and decreased 

neuroprotective factors. J Perinatol. 2016;36(4):284 -90, doi:10.1038/jp.2015.199.  

12. Leghi GE, Netting MJ, Middleton PF, Wlodek ME, Geddes DT, Muhlhausler ABS. The impact 

of maternal obesity on human milk macronutrient composition: A systematic review and 

meta-analysis. Nutrients. 2020;12(4), doi:10.3390/nu12040934.  

13. Prentice P, Ong KK, Schoemaker MH, van Tol EA, Vervoort J, Hughes IA, et al. Breast milk 

nutrient content and infancy growth. Acta Paediatr. 2016;105(6):641 -7, 

doi:10.1111/apa.13362.  

14. Barrera C, Valenzuela R, Chamorro R, Bascunan K, Sandoval J, Sabag N, et al. The Impact 

of Maternal Diet during Pregnancy and Lactation on the Fatty Acid Composition of 

Erythrocytes and Breast Milk of Chilean Women. Nutrients. 2018;10(7), 

doi:10.3390/nu10070839.  

15. Keikha M, Bahreynian M, Saleki M, Kelishadi R. Macro - and Micronutrients of Human Milk 

Composition: Are They Related to Maternal Diet? A Comprehensive Systematic Review. 

Breastfeed Med. 2017;12(9):517 -27, doi:10.1089/bfm.2017.0048.  

http://creativecommons.org/licenses/by-nc-sa/4.0/


Rev Esp Nutr Hum Diet. 2026; 30(1).   Freely available online - OPEN ACCESS 
doi: 10.14306/renhyd.30.1.2569 [ahead of print] 
 

 
Esta obra está bajo una licencia de Creative Commons Reconocimiento-NoComercial-CompartirIgual 4.0 Internacional 

16. Binder C, Baumgartner -Parzer S, Gard LI, Berger A, Thajer A. Maternal Diet Influences 

Human Milk Protein Concentration and Adipose Tissue Marker. Nutrients. 2023;15(2), 

doi:10.3390/nu15020433.  

17. Weaver G, Bertino E, Gebauer C, Grovslien A, Mileusnic -Milenovic R, Arslanoglu S, et al. 

Recommendations for the Establishment and Operation of Human Milk Banks in Europe: 

A Consensus Statement From the European Milk Bank Association (EMBA). Front Pediatr . 

2019;7:53, doi:10.3389/fped.2019.00053.  

18. Chang FY, Fang LJ, Chang CS, Wu TZ. The Effect of Processing Donor Milk on Its Nutrient 

and Energy Content. Breastfeed Med. 2020;15(9):576 -82, doi:10.1089/bfm.2020.0076.  

19. Adhisivam B, Vishnu Bhat B, Rao K, Kingsley SM, Plakkal N, Palanivel C. Effect of Holder 

pasteurization on macronutrients and immunoglobulin profile of pooled donor human 

milk. J Matern Fetal Neonatal Med. 2019;32(18):3016 -9, 

doi:10.1080/14767058.2018.145 5089.  

20. Wada Y, Lonnerdal B. Bioactive peptides released from in vitro digestion of human milk 

with or without pasteurization. Pediatr Res. 2015;77(4):546 -53, doi:10.1038/pr.2015.10.  

21. Peila C, Moro GE, Bertino E, Cavallarin L, Giribaldi M, Giuliani F, et al. The Effect of Holder 

Pasteurization on Nutrients and Biologically -Active Components in Donor Human Milk: A 

Review. Nutrients. 2016;8(8), doi:10.3390/nu8080477.  

22. Moro GE, Billeaud C, Rachel B, Calvo J, Cavallarin L, Christen L, et al. Processing of Donor 

Human Milk: Update and Recommendations From the European Milk Bank Association 

(EMBA). Front Pediatr. 2019;7:49, doi:10.3389/fped.2019.00049.  

23. Hartmann BT, Pang WW, Keil AD, Hartmann PE, Simmer K, Australian Neonatal Clinical 

Care U. Best practice guidelines for the operation of a donor human milk bank in an 

Australian NICU. Early Hum Dev. 2007;83(10):667 -73, 

doi:10.1016/j.earlhumdev.2007.07.012.  

24. Lopes C. Reprodutibilidade e Validação de um questionário semiquantitativo de 

frequência alimentar. Alimentação e enfarte agudo do miocárdio: um estudo caso -

controlo de base populacional.: Universidade do Porto; 2000.  

http://creativecommons.org/licenses/by-nc-sa/4.0/


Rev Esp Nutr Hum Diet. 2026; 30(1).   Freely available online - OPEN ACCESS 
doi: 10.14306/renhyd.30.1.2569 [ahead of print] 
 

 
Esta obra está bajo una licencia de Creative Commons Reconocimiento-NoComercial-CompartirIgual 4.0 Internacional 

25. Lopes C, Aro A, Azevedo A, Ramos E, Barros H. Intake and adipose tissue composition of 

fatty acids and risk of myocardial infarction in a male Portuguese community sample. J 

Am Diet Assoc. 2007;107(2):276 -86, doi:10.1016/j.jada.2006.11.008.  

26. WHO. Obesity: preventions and managing the global epidemic. Geneva: WHO; 1997.  

27. Institute of Medicine (US) and National Research Council (US) Committee to Reexamine 

IOM Pregnancy Weight Guidelines. Weight gain during pregnancy: reexamining the 

guidelines.: Washington (DC): National Academies Press; 2009. Report No.: 978 -0-309 -

13113-1. 

28. Stewart A, Marfell -Jones M, Olds T, De Ridder J. International Standards for 

Anthropometric Assessment. International Society for the Advancement of 

Kinanthropometry ed. Glasgow, UK2011 2011.  

29. WHO. Waist circumference and waist -hip ratio: report of a WHO expert consultation. 

Geneva; 2008.  

30. Lopes da Silva S, Teixeira B, Pissarra S, Fraga S, Moita R, Soares H, et al. Impact of diet 

and body composition on donor human milk: a cross -sectional pilot study. Portuguese 

Journal of Pediatrics. 2025, doi:10.24875/PJP.24000076.  

31. Ureta-Velasco N, Montealegre -Pomar A, Keller K, Escuder -Vieco D, Fontecha J, Calvo MV, 

et al. Associations of Dietary Intake and Nutrient Status with Micronutrient and Lipid 

Composition in Breast Milk of Donor Women. Nutrients. 2023;15(15), 

doi:10.3390/nu15153486.  

32. Adhikari S, Kudla U, Nyakayiru J, Brouwer -Brolsma EM. Maternal dietary intake, 

nutritional status and macronutrient composition of human breast milk: systematic 

review. Br J Nutr. 2022;127(12):1796 -820, doi:10.1017/S0007114521002786.  

33. Bravi F, Di Maso M, Eussen S, Agostoni C, Salvatori G, Profeti C, et al. Dietary Patterns of 

Breastfeeding Mothers and Human Milk Composition: Data from the Italian MEDIDIET 

Study. Nutrients. 2021;13(5), doi:10.3390/nu13051722.  

34. Groh-Wargo S, Valentic J, Khaira S, Super DM, Collin M. Human Milk Analysis Using Mid -

Infrared Spectroscopy. Nutr Clin Pract. 2016;31(2):266 -72, 

doi:10.1177/0884533615596508.  

http://creativecommons.org/licenses/by-nc-sa/4.0/


Rev Esp Nutr Hum Diet. 2026; 30(1).   Freely available online - OPEN ACCESS 
doi: 10.14306/renhyd.30.1.2569 [ahead of print] 
 

 
Esta obra está bajo una licencia de Creative Commons Reconocimiento-NoComercial-CompartirIgual 4.0 Internacional 

35. Parat S, Groh -Wargo S, Merlino S, Wijers C, Super DM. Validation of mid -infrared 

spectroscopy for macronutrient analysis of human milk. J Perinatol. 2017;37(7):822 -6, 

doi:10.1038/jp.2017.52.  

 

http://creativecommons.org/licenses/by-nc-sa/4.0/

