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Introduction

Breast milk is the best food for an infant in their early life. This is not only because breast milk has complete nutrients that the baby needs but also contains immunological substances that can protect babies from various kinds of infections. Exclusive breastfeeding for the first 6 months as recommended by the WHO can prevent various conditions, such as malnutrition and allergies, improve the cognitive development of the baby, and reduce infant mortality (1–3). Feeding breast milk can create a bond between mothers and their babies (4).

The overall quality of breastmilk is highly conserved, but it is directly influenced by maternal dietary habits (5). Unlike formulas, the composition of breast milk will change based on various factors. The content of breast milk can be influenced by genetics, environment, food intake of the mother, and nutritional and infective status (6). Food intake containing macronutrients turns into liquid breast milk when the food is digested in the body and then carried by blood cells throughout the body. The intake of macronutrients in food during breastfeeding needs to be increased because the mother needs extra energy for recovery after childbirth and the metabolic process of milk formation. The food consumed by the mother indirectly affects the quality and the amount of milk produced (7).

The gut microbiota is formed in the early days of life and could directly affect the development of the immune system later in life (8). The gut microbiota of the mother is one of the essential factors that influence the microbiota of an infant through active transport from the mother's gastrointestinal (GI) tract to the human milk using the intramammary pathway. Therefore, human milk produced by healthy women contains several microbiotas, including Streptococcus and Staphylococcus, which were successfully identified as the dominant genera (9). The function of gut microbiota is highly dependent on the dietary compounds found in the GI tract. One of the factors influencing gut microbiota is a sterol, and due to its functional ability, it is called a functional sterol. Plant sterols, also known as phytosterols or functional sterols, play an important role in the modulation of gut microbiota (10) and are therefore considered potential functional sterols based on the abovementioned health effects. The main purpose of this opinion article is to interpret the latest findings about potential sterols as functional foods in breastfeeding mothers in improving the quality of breast milk by modulating the gut microbiota.



Functional sterol

Functional foods are foods that possess constructive effects on target functions in humans, beyond nutritional effects, with aim of promoting health and well-being and/or reducing the risk of chronic disease (11). Phytochemicals are bioactive compounds generated from secondary plant metabolism in response to environmental changes, including carotenoids, indoles, glucosinolates, organosulfur compounds, phytosterols, polyphenols, and saponins (12). Plant sterols and stanols, which are collectively referred to as plant sterols or phytosterols of the phytochemicals, are cholesterol homologs that are found naturally in all plant foods including nuts, fruits, vegetables, grains, legumes, and seeds (13). The highest concentration of phytosterols is found in unrefined plant oils, including vegetables, nuts, and olive oils, such as sesame, safflower, soybeans, peas, macadamia, and almonds (14).

As a plant-derived fatty compound, plant sterols are non-nutritive compounds and represent the greatest portion of unsaponifiable matter in plant lipids (15). The characteristic of their steroid skeleton is a saturated bond between C-5 and C-6 of the sterol moiety and the attachment of an aliphatic side chain to the C-17 atom, along with a hydroxyl group attached to the C-3 atom. The only difference in its structure from cholesterol is methyl or an ethyl group at C-24. The saturation of these plant sterols generates plant stanols that have no double bond in the sterol ring (14, 16).

The most frequently found plant sterols in food are sitosterol and campesterol which constitute about 60 and 35%, respectively. The normal western-type diet contains about 200–500 mg of cholesterol, 200–400 mg of plant sterols, and about 50 mg of plant stanols (16). The intestinal absorption rate of plant sterols is estimated to range from 0.4 to 5% and for their saturated counterparts, it is estimated to range from 0.02 to 0.3% (17). Consequently, the serum concentration of plant sterol is about 10 times higher than plant stanol. In addition, due to their lower absorbability rate, and the fact that they are not synthesized in the human body results in 1,000 times lower concentrations than cholesterol (18–20).

Phytosterols and cholesterol are taken up in micelles to be absorbed and then interact with the intestinal brush layer, enabling absorption into enterocytes. The absorption of cholesterol is competitively inhibited by phytosterols (21). There is increasing scientific evidence showing the health benefits of plant sterols, such as reducing total low-density lipoprotein (LDL) cholesterol levels (22) and possessing antioxidant, antiulcer, immunomodulatory, antibacterial, antifungal, and antiplatelet effects (23, 24). Yasin showed that the consumption of Moringa leaves rich in phytosterols can increase breast milk production in breastfeeding mothers (25).



The modulation of gut microbiota improves breast milk quality

Maternal microbiota influences the early-life microbiota and has a lasting impact on childhood development, which can regulate the health of a person (26). Kalbermatter et al. and Nyangahu and Jaspan highlighted that the innate immune system of a growing fetus can be effectively influenced by the mother's microbiota during pregnancy (27, 28). We proposed that maternal gut microbiota may affect the quality of breast milk. Certain maternal gut microbiota compositions may promote the secretion of immunoglobulin A (IgA) in breast milk (29). Secretory IgA is the main antibody found in breast milk and plays an important role in an infant's growth (30). Moreover, Avershina et al. suggested that there was a “microbiota sharing” across the maternal gut and breast milk although in low quantity (31). The diet type of mothers, especially one that is rich in fibers or proteins, can modify the microbiota profile and diversity of breast milk (32). In addition, Staphylococcus, lactic acid bacteria, and Streptococcus are the most abundant bacteria in colostrum (33). Therefore, regulating maternal gut microbiota as the precursor of breast milk microbiome may present chances to eventually improve the health and development of the infant's microbiome which ultimately improves the quality of breast milk. Based on this opinion, in the future, further clinical evidence is needed to explore gut microbiota with breast milk quality.



Functional sterol in modulating gut microbiota

Several studies highlighted that sterol may modulate gut microbiota, resulting in beneficial health effects. Phytosterols from sweet potatoes regulated gut microbiota and prevented breast cancer by upregulating the abundance of Bacteroides, decreasing Firmicutes, and increasing the production of short-chain fatty acids (SCFAs) (34). These changes are beneficial since microbial composition will also change during lactation as evidenced by an increase in Proteobacteria and a decrease in Firmicutes (35). Stigmasterol, which is one of the most abundant plant sterols, showed anti-inflammatory effects, restored gut microbiota equilibrium, and enhanced the production of SCFAs mainly butyrate (36). Studies using in vitro model found that plant sterol changed the microbiota composition in the colon by increasing Parabacteroides, Synergistaceae, and Lachnospiraceae, along with a higher sterol metabolism and organic acid byproducts (10). Cuevas-Tena et al. (37) observed an increase in the Erisipelotrichaceae and Eubacterium. B-sitosterol is the most abundant plant sterol found in breast milk. B-sitosterol improves the expression of the JAK2/STAT5 signaling pathway by activating the GH axis and inhibiting SOCS2, further promoting the synthesis of β-casein. It promotes mTOR expression by activating IGF-1 and HIF-1α/EPO and increasing the downstream factor of mTOR S6K1, thereby influencing the synthesis of β-casein and aiding in infant growth (38). In addition, β-sitosterol increases the diversity of Staphylococcus and Streptococcus, which are found in colostrum and are very nutritious for babies (33). Campesterol showed a beneficial role in preventing metabolic syndrome and inflammation (39). Moreover, the supplementation of plant sterols may also increase the abundance of Firmicutes and the production of SCFAs in obese subjects based on an in vitro model (40), which may be useful for obese breastfeeding mothers. An in vivo study observed that phytosterol esters increased the abundance of Bacteroidetes and Anaerostipes while preventing non-alcoholic fatty liver disease (41), attenuating inflammation, and modulating gut microbiota (42). The consumption of phytosterol esters may also increase both monounsaturated and polyunsaturated fatty acid levels (43). The transformation of unabsorbed plant sterols, which is similar to that of cholesterols, plays a significant role in many biological processes related to health due to the modulation of gut microbiota and the produced metabolites (44).



Future prospects by optimizing the consumption of functional sterol

Dietary habits are strongly associated with the composition and function of gut microbiota and will directly affect the health of humans (37). Natural plant sterol is easy to consume daily, such as in vegetables, nuts, cereal, seeds, some fruits, and legumes. Therefore, functional food contains functional sterol which has a cholesterol-lowering ability and could be consumed together with daily food. Based on the study conducted by Martianto et al. functional sterol, eaten together with daily food lowered the risk of cholesterol-related diseases (45) and improved the modulation of gut microbiota and the produced metabolites (44). Unlike dietary cholesterol, sterol's intestinal absorption rate is only 2–3%, while dietary cholesterol's intestinal absorption rate is 20–80%. Moreover, the cholesterol profile levels of mothers were associated with breast milk cholesterol concentrations, reflecting its important implications for the growth and health of the offspring (46). Cuevas-Tena et al. (44) showed that functional sterol is more preferred as the substrate for gut microbiota. Functional sterols, which exhibited prebiotic properties, may also become an alternative to probiotics in increasing breast milk quality since both of them have gut modulation activity (47, 48). Functional sterols include β-sitosterol, stigmasterol, sitosterol, campesterol, and phytosterol esters and are abundant in rice bran, wheat seeds, peanuts, corn oil, and soybeans (38, 49). Functional food researchers may also be interested in developing ready-to-eat products from abundant ingredients and functional sterols such as cookies through isolation and the application of phytosterol delivery nanotechnology, which may result in the higher bioavailability of functional sterols.



Conclusion

Functional sterols are plant-based sterols or phytosterols, including β-sitosterol, stigmasterol, sitosterol, campesterol, and phytosterol esters, which have the potential to be good agents in improving the quality of breast milk, directly or indirectly by modulating the composition of gut microbiota (Figure 1). Consumption of functional sterols increases the diversity of bacteria, such as Bacteroidetes, Anaerostipes, Staphylococcus, Streptococcus, and Firmicutes, which results in an improvement in the quality of colostrum and microbiome diversity in the breast milk of nursing mothers. The breastmilk microbiome is a probiotic environment that modulates the intestinal flora and affects the innate and adaptive immune response in infants (Figure 1). Breastfeeding mothers should consume functional sterols to improve the quality of breast milk given to their infants to aid in their growth. Some food sources of functional sterols include wheat seeds, peanuts or legumes, corn, and soybeans (Figure 1). Furthermore, in the future, there is a need for functional food specifically designed to enrich functional sterols through various processing methods and innovations. On the other hand, clinical research examining the effects of foods rich in functional sterols in modulating maternal gut microbiota and their relationship with breast milk quality is important.
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FIGURE 1
 Possible scheme to improve breast milk quality through functional sterols via the modulation of the gut microbiota.




Author contributions

JM, FN, WG, GL, JH, HN, SP, and RR contributed to the conception and design of opinion studies and drafting manuscripts in advance. JM, FN, WG, and KT edited, revised, and approved the final version of the submitted manuscript. All authors contributed to the article and approved the submitted version.



Acknowledgments

We offer a great thank you to the Chairman of the Indonesian Association of Clinical Nutrition Physicians, Professor Nurpudji Astuti Taslim, MD., MPH., PhD., Sp.GK(K), and the President of the Federation of Asian Nutrition Societies (FANS), Professor Hardinsyah, Ph.D. for reviewing and providing suggestions, as well as input on the draft of this opinion article. We also thank Dr. Nelly Mayulu, MD., who has given her views on the nutrition programs that are important to be performed now and in the future. We also express our gratitude to the two institutions, namely Sam Ratulangi University and the Ministry of Education, Culture, Research, and Technology of the Republic of Indonesia.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Scherbaum V, Srour ML. The role of breastfeeding in the prevention of childhood malnutrition. World Rev Nutr Diet. (2016) 115:82–97. doi: 10.1159/000442075

 2. Nuzzi G, Trambusti I, DI Cicco ME, Peroni DG. Breast milk: more than just nutrition! Minerva Pediatr. (2021) 73:2. doi: 10.23736/S2724-5276.21.06223-X

 3. Wallenborn JT, Levine GA, Carreira Dos Santos A, Grisi S, Brentani A, Fink G. Breastfeeding, physical growth, and cognitive development. Pediatrics. (2021) 147:5. doi: 10.1542/peds.2020-008029

 4. Brown PA, Kaiser KL, Nailon RE. Integrating quality improvement and translational research models to increase exclusive breastfeeding. J Obstetric Gynecol Neonatal Nursing. (2014) 43:545–53. doi: 10.1111/1552-6909.12482

 5. Ballard O, Morrow AL. Human milk composition: nutrients and bioactive factors. Pediatr Clin North Am. (2013) 60:49–74. doi: 10.1016/j.pcl.2012.10.002

 6. Bravi F, Wiens F, Decarli A, Dal Pont A, Agostoni C, Ferraroni M. Impact of maternal nutrition on breast-milk composition: a systematic review. Am J Clin Nutr. (2016) 104:646–62. doi: 10.3945/ajcn.115.120881

 7. Aumeistere L, Ciproviča I, Zavadska D, Andersons J, Volkovs V, Celmalniece K. Impact of maternal diet on human milk composition among lactating women in Latvia. Medicina. (2019) 55:E173. doi: 10.3390/medicina55050173

 8. Boudry G, Charton E, Le Huerou-Luron I, Ferret-Bernard S, Le Gall S, Even S, et al. The relationship between breast milk components and the infant gut microbiota. Front Nutr. (2021) 8:629740. doi: 10.3389/fnut.2021.629740

 9. Demmelmair H, Jiménez E, Collado MC, Salminen S, McGuire MK. Maternal and perinatal factors associated with the human milk microbiome. Curr Dev Nutr. (2020) 4:nzaa027. doi: 10.1093/cdn/nzaa027

 10. Blanco-Morales V, Garcia-Llatas G, Yebra MJ, Sentandreu V, Lagarda MJ, Alegría A. Impact of a plant sterol- and galactooligosaccharide-enriched beverage on colonic metabolism and gut microbiota composition using an in vitro dynamic model. J Agric Food Chem. (2020) 68:7. doi: 10.1021/acs.jafc.9b04796

 11. Konstantinidi M, Koutelidakis AE. Functional foods and bioactive compounds: a review of its possible role on weight management and obesity's metabolic consequences. Medicines. (2019) 6:94. doi: 10.3390/medicines6030094

 12. Monjotin N, Amiot MJ, Fleurentin J, Morel JM, Raynal S. Clinical evidence of the benefits of phytonutrients in human healthcare. Nutrients. (2022) 14:9. doi: 10.3390/nu14091712

 13. Yang W, Gage H, Jackson D, Raats M. The effectiveness and cost-effectiveness of plant sterol or stanol-enriched functional foods as a primary prevention strategy for people with cardiovascular disease risk in England: a modeling study. Eur J Health Econ. (2018) 19:7. doi: 10.1007/s10198-017-0934-2

 14. Salehi B, Quispe C, Sharifi-Rad J, Cruz-Martins N, Nigam M, Mishra AP, et al. Phytosterols: from preclinical evidence to potential clinical applications. Front Pharmacol. (2021) 14:11. doi: 10.3389/fphar.2020.599959

 15. Witkowska AM, Waśkiewicz A, Zujko ME, Mirończuk-Chodakowska I, Cicha-Mikołajczyk A, Drygas W. Assessment of plant sterols in the diet of adult Polish population with the use of a newly developed database. Nutrients. (2021) 13:8. doi: 10.3390/nu13082722

 16. Köhler J, Teupser D, Elsässer A, Weingärtner O. Plant sterol enriched functional food and atherosclerosis. Br J Pharmacol. (2017) 174:11. doi: 10.1111/bph.13764

 17. Weingärtner O, Böhm M, Laufs U. Controversial role of plant sterol esters in the management of hypercholesterolaemia. Eur Heart J. (2009) 30:4. doi: 10.1093/eurheartj/ehn580

 18. Fransen HP, de Jong N, Wolfs M, Verhagen H, Verschuren WM, Lütjohann D, et al. Customary use of plant sterol and plant stanol enriched margarine is associated with changes in serum plant sterol and stanol concentrations in humans. J Nutr. (2007) 137:5. doi: 10.1093/jn/137.5.1301

 19. Weingärtner O, Pinsdorf T, Rogacev KS, Blömer L, Grenner Y, Gräber S, et al. The relationships of markers of cholesterol homeostasis with carotid intima-media thickness. PLoS ONE. (2010) 5:10. doi: 10.1371/journal.pone.0013467

 20. Silbernagel G, Baumgartner I, März W. Mutations in NPC1L1 and coronary heart disease. New England J Med NEJM. (2015) 372:9. doi: 10.1056/NEJMc1500124

 21. Yuan L, Zhang F, Jia S, Xie J, Shen M. Differences between phytosterols with different structures in regulating cholesterol synthesis, transport, and metabolism in Caco-2 cells. J Funct Foods. (2020) 65:103715. doi: 10.1016/j.jff.2019.103715 

 22. Gylling H, Simonen P. Phytosterols, phytostanols, and lipoprotein metabolism. Nutrients. (2015) 7:9. doi: 10.3390/nu7095374

 23. Dutta PC. Phytosterols as Functional Food Components and Nutraceuticals. Flodira: CRC Press (2003). doi: 10.1201/9780203913413

 24. Ogbe RJ, Ochalefu DO, Mafulul SG, Olaniru OB. A review on dietary phytosterols: their occurrence, metabolism and health benefits. Asian J Plant Sci Res. (2015) 5:4.

 25. Yasin Z. The effect of Moringa leaf vegetables on increasing breast milk for breastfeeding mothers 0–2 years old. Indonesian J Health Sci. (2021) 13:2. 

 26. McDonald B, McCoy KD. Maternal microbiota in pregnancy and early life. Science. (2019) 365:6457. doi: 10.1126/science.aay0618

 27. Kalbermatter C, Fernandez Trigo N, Christensen S, Ganal-Vonarburg SC. Maternal microbiota, early life colonization, and breast milk drive immune development in the newborn. Front Immunol. (2021) 12:683022. doi: 10.3389/fimmu.2021.683022

 28. Nyangahu DD, Jaspan HB. Influence of maternal microbiota during pregnancy on infant immunity. Clin Exp Immunol. (2019) 198:1. doi: 10.1111/cei.13331

 29. Usami K, Niimi K, Matsuo A, Suyama Y, Sakai Y, Sato S, et al. The gut microbiota induces Peyer's-patch-dependent secretion of maternal IgA into milk. Cell Rep. (2021) 36:10. doi: 10.1016/j.celrep.2021.109655

 30. Czosnykowska-Łukacka M, Lis-Kuberka J, Królak-Olejnik B, Orczyk-Pawiłowicz M. Changes in human milk immunoglobulin profile during prolonged lactation. Front Pediat. (2020) 8:428. doi: 10.3389/fped.2020.00428

 31. Avershina E, Angell IL, Simpson M, Storrø O, Øien T, Johnsen R, et al. Low maternal microbiota sharing across gut, breast milk and vagina, as revealed by 16S rRNA gene and reduced metagenomic sequencing. Genes. (2018) 9:5. doi: 10.3390/genes9050231

 32. Cortes-Macías E, Selma-Royo M, García-Mantrana I, Calatayud M, González S, Martínez-Costa C, et al. Maternal diet shapes the breast milk microbiota composition and diversity: Impact of mode of delivery and antibiotic exposure. J Nutr. (2021) 151:2. doi: 10.1093/jn/nxaa310

 33. Van den Elsen LW, Garssen J, Burcelin R, Verhasselt V. Shaping the gut microbiota by breastfeeding: the gateway to allergy prevention? Front Pediatrics. (2019) 47:47. doi: 10.3389/fped.2019.00047

 34. Han B, Jiang P, Jiang L, Li X, Ye X. Three phytosterols from sweet potato inhibit MCF7-xenograft-tumor growth through modulating gut microbiota homeostasis and SCFAs secretion. Food Res Int. (2021) 141:110147. doi: 10.1016/j.foodres.2021.110147

 35. Wan Y, Jiang J, Lu M, Tong W, Zhou R, Li J, et al. Human milk microbiota development during lactation and its relation to maternal geographic location and gestational hypertensive status. Gut Microbes. (2020) 11:5. doi: 10.1080/19490976.2020.1760711

 36. Wen S, He L, Zhong Z, Zhao R, Weng S, Mi H, et al. Stigmasterol restores the balance of Treg/Th17 cells by activating the butyrate-PPARγ axis in colitis. Front Immunol. (2021) 12:741934. doi: 10.3389/fimmu.2021.741934

 37. Cuevas-Tena M. del Pulgar EM, Benitez-Paez A, Sanz Y, Alegria A, Lagarda MJ. Plant sterols and human gut microbiota relationship: an in vitro colonic fermentation study. J Funct Foods. (2018) 44:322–9. doi: 10.1016/j.jff.2018.03.023 

 38. Liu X, Shen J, Zong J, Liu J, Jin Y. Beta-sitosterol promotes milk protein and fat syntheses-related genes in bovine mammary epithelial cells. Animals. (2021) 11:11. doi: 10.3390/ani11113238

 39. Shan K, Qu H, Zhou K, Wang L, Zhu C, Chen H, et al. Distinct gut microbiota induced by different fat-to-sugar-ratio high-energy diets share similar pro-obesity genetic and metabolite profiles in prediabetic mice. mSystems. (2019) 4:5. doi: 10.1128/mSystems.00219-19

 40. Cuevas-Tena M, Alegria A, Lagarda MJ, Venema K. Impact of plant sterols enrichment dose on gut microbiota from lean and obese subjects using TIM-2 in vitro fermentation model. J Funct Foods. (2019) 54:164–74. doi: 10.1016/j.jff.2019.01.005 

 41. Song L, Li Y, Qu D, Ouyang P, Ding X, Wu P, et al. The regulatory effects of phytosterol esters (PSEs) on gut flora and faecal metabolites in rats with NAFLD. Food Funct. (2020) 11:1. doi: 10.1039/C9FO01570A

 42. Han H, Wang L, Xue T, Li J, Pei L, Zheng M. Plant sterol ester of α-linolenic acid improves NAFLD through modulating gut microbiota and attenuating lipopolysaccharide-induced inflammation via regulating TLR4/NF-κB signaling pathway. J Funct Foods. (2022) 94:105137. doi: 10.1016/j.jff.2022.105137 

 43. Song L, Zhou H, Yu W, Ding X, Yang L, Wu J, et al. Effects of phytosterol ester on the fatty acid profiles in rats with non-alcoholic fatty liver disease. J Med Food. (2020) 23:2. doi: 10.1089/jmf.2019.4468

 44. Cuevas-Tena M, Alegría A, Lagarda MJ. Relationship between dietary sterols and gut microbiota: a review. Eur J Lipid Sci Technol. (2018) 120:12. doi: 10.1002/ejlt.201800054 

 45. Martianto D, Bararah A, Andarwulan N, Srednicka-Tober D. Cross-sectional study of plant sterols intake as a basis for designing appropriate plant sterol-enriched food in Indonesia. Nutrients. (2021) 13:2. doi: 10.3390/nu13020452

 46. Yang Z, Jiang R, Li H, Wang J, Duan Y, Pang X, et al. Human milk cholesterol is associated with lactation stage and maternal plasma cholesterol in Chinese populations. Pediatr Res. (2022) 91:4. doi: 10.1038/s41390-021-01440-7

 47. Baldassarre ME, Di Mauro A, Mastromarino P, Fanelli M, Martinelli D, Urbano F, et al. Administration of a multi-strain probiotic product to women in the perinatal period differentially affects the breast milk cytokine profile and may have beneficial effects on neonatal gastrointestinal functional symptoms. Random Clin Trial Nutr. (2016) 8:11. doi: 10.3390/nu8110677

 48. Awaisheh SS, Khalifeh MS, Al-Ruwaili MA, Khalil OM, Al-Ameri OH, Al-Groom R. Effect of supplementation of probiotics and phytosterols alone or in combination on serum and hepatic lipid profiles and thyroid hormones of hypercholesterolemic rats. J Dairy Sci. (2013) 96:1. doi: 10.3168/jds.2012-5442

 49. Ashraf R, Bhatti HN. “Stigmasterol”. In: A Centum of Valuable Plant Bioactives. Cambridge: Academic Press (2021). p. 213–32. doi: 10.1016/B978-0-12-822923-1.00019-4 





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Functional sterol improves breast milk quality by modulating the gut microbiota: A proposed opinion for breastfeeding mothers



		Introduction



		Functional sterol



		The modulation of gut microbiota improves breast milk quality



		Functional sterol in modulating gut microbiota



		Future prospects by optimizing the consumption of functional sterol



		Conclusion



		Author contributions



		Acknowledgments



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Nutrition

Functional sterol improves
breast milk quality by
modulating the gut microbiota:
A proposed opinion for
breastfeeding mothers





OPS/images/fnut-09-1018153-g001.gif









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Nutrition





