
Early life nutrition innovation from dsm-firmenich

Providing the best infant nutrition is vital for all families. 
That’s why dsm-firmenich is proud to offer GLYCARE® 
HMOs. These compounds are developed with science-
backed quality and safety at their core. As a fully 
integrated manufacturer with one of the broadest HMO 
offerings, dsm-firmenich can reliably provide ease-of-
scale no matter the size of your business. Partner with 
us to get your products one step closer to what nature 
intended.

Partner with dsm-firmenich for access to our broad 
portfolio of products, customized solutions, and expert 
services aimed at supporting your entire product life 
cycle, from concept to consumption. 

www.dsm-firmenich.com/health-nutrition-care
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Human Milk Oligosaccharides 
(HMOs): delivering the benefits 
nature intended

Uniquely human

•	 HMOs are complex carbohydrates found in human 
breastmilk

•	 No other mammal has near the concentration and 
complexity of structures in their milk1–6

 

Abundance and diversity in human milk

•	 3rd largest component of human milk7

•	 >200 different HMOs identified in human milk, a 
diversity not seen in other animal milks4-6

•	 Variation in concentration and diversity occurs over 
lactation period, by maternal genetics, geographic 
region, and ethnicity8,9

 

Complex structures with potential functional benefits

•	 Help establish a balanced early-life microbiota10,11

•	 Growing evidence suggests a link between the gut 
microbiota and the immune sysem12,13

•	 Contribute to immune system support14-18

 
Lacto-N-fucopentaose I (LNFP-I) may offer early 
protection to newborns18

•	 In certain women, LNFP-I appears in colostrum 
in higher concentrations than other HMOs.20,21 

Colostrum, produced in the first few days after 
birth, plays a role in supporting early immune 
development.22,23

•	 LNFP-I contributes significantly to HMO composition 
in the milk of most women.24–27

HMO functionality is structure-specific: not all HMOs 
serve the same purpose28,29

Potential functional benefits of 
GLYCARE® LNnT, as demonstrated 
primarily in pre-clinical studies

•	 May offer gut health benefits 
by contributing to a diverse 
microbiome30

 

•	 Stimulates the growth of 
beneficial bacteria, including 
bifidobacteria31,32

•	 May support a normal immune 
response33–35

•	 Potentially deflects undesirable 
micro-organisms from 
attaching to the intestinal cell 
wall33,37,38

•	 In vitro evidence suggests 
LNFP-I may hinder the growth of 
the undesirable micro-organism 
group B Streptococcus36

Breastmilk – the gold standard
Breastmilk provides nutrients that are vital 
for an infant’s growth and development and 
sets the standard in infant feeding.39,40 Human 
milk oligosaccharides (HMOs) are the third 
largest solid component of human milk after 
lipids and lactose and a key differentiating 
feature between human milk and cow’s milk. 
The unique structure, concentration, and 
variety of oligosaccharides in human milk sets 
them apart from those found in cow’s milk.41,42 
Differences in health outcomes between 
breastfed and formula- fed infants may partly 
be explained by these features.8,41,43,44
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HMOs may deflect adhesion of 
undesirable organisms to cell walls
•	 The adhesion of undesirable microbes to cell 

walls may be the first step in colonization of 
these organisms in the body. This may lead to an 
unfavorable abundance of non-commensal microbes, 
which could disrupt certain elements of human 
health13,47

•	 Preclinical evidence and human observational 
studies suggest HMOs may help deflect adhesion 
of undesirable microbes to the cell wall by acting 
as decoy receptors, mimicking cell surface 
receptors36,48-51

* We are continuously expanding our global approval footprint across application areas. For more details, please ask for our Regulatory Overview.
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information

 
•	 5 years of shelf life from production date

•	 Purity levels for combined 2’FL and LNFP-I 
from 75%

•	 White, homogenous, amorphous powder with 
a neutral to slightly sweet taste

•	 Contains up to 10% lactose§

•	 Manufactured without contact to latex, 
bisphenol A, or phthalates

•	 This product is free from: Animal derived 
ingredients (ADI), Allergens (except milk),§ 
Genetically modified organisms (GMO)¥

§    according to EC regulation 1169/2011 annex II  
¥    according to EC regulation 1829/2003 and 1830/2003



References
1.	 T. Urashima, T. Saito, T. Nakamura, and M. Messer, 

“Oligosaccharides of milk and colostrum in non-human 
mammals,” Glycoconjugate Journal, vol. 18, no. 5. Springer, pp. 
357–371, 2001, doi: 10.1023/A:1014881913541.

2.	 D. S. Newburg et al., “Milk oligosaccharides across species,” 
Pediatr. Res., vol. 45, no. 5, pp. 745–745, May 1999, doi: 
10.1203/00006450- 199905010-00044.

3.	 S. Albrecht et al., “A comparative study of free 
oligosaccharides in the milk of domestic animals,” Br. J. 
Nutr., vol. 111, no. 7, pp. 1313–1328, Apr. 2014, doi: 10.1017/
S0007114513003772.

4.	 N. Tao et al., “Evolutionary glycomics: Characterization of milk 
oligosaccharides in primates,” J. Proteome Res., vol. 10, no. 4, 
pp. 1548–1557, 2011, doi: 10.1021/pr1009367.

5.	 T. Urashima, S. Asakuma, F. Leo, K. Fukuda, M. Messer, and O. 
T. Oftedal, “The Predominance of Type I Oligosaccharides Is 
a Feature Specific to Human Breast Milk,” Am. Soc. Nutr. Adv. 
Nutr., vol. 3, pp. 473S-482S, 2012, doi: 10.3945/an.111.001412.

6.	 P. Gagneux et al., “Human-specific Regulation of α2-6-linked 
Sialic Acids,” J. Biol. Chem., vol. 278, no. 48, pp. 48245–48250, 
2003, doi: 10.1074/jbc.M309813200.

7.	 Hegar, B., Wibowo, Y., Basrowi, R. W., Ranuh, R. G., Sudarmo, S. 
M., Munasir, Z., Atthiyah, A. F., Widodo, A. D., Supriatmo, Kadim, 
M., Suryawan, A., Diana, N. R., Manoppo, C., & Vandenplas, 
Y. (2019). The Role of Two Human Milk Oligosaccharides, 
2’-Fucosyllactose and Lacto-N-Neotetraose, in Infant 
Nutrition. Pediatric gastroenterology, hepatology & nutrition, 
22(4), 330–340. https:// doi.org/10.5223/pghn.2019.22.4.330

8.	 Vandenplas, Y., Berger, B., Carnielli, V. P., Ksiazyk, J., Lagström, 
H., Sanchez Luna, M., Migacheva, N., Mosselmans, J., Picaud, 
J., Possner, M., Singhal, A., & Wabitsch, M. (2018). Human Milk 
Oligosaccharides: 2’-Fucosyllactose (2’-FL) and Lacto-N-
Neotetraose (LNnT) in Infant Formula. Nutrients, 10(9)10.3390/
nu10091161

9.	 Soyyılmaz, Buket, et al. “The Mean of Milk: A Review of Human 
Milk Oligosaccharide Concentrations throughout Lactation.” 
Nutrients, 2021, doi:10.3390/nu13082737

10.	 Berger, Bernard, et al. “Linking Human Milk Oligosaccharides, 
Infant Fecal Community Types, and Later Risk to Require 
Antibiotics.” MBio, vol. 11, no. 2, 2020, pp. 1–18, doi:10.1128/
mBio.03196-19.

11.	 Bezirtzoglou, Eugenia, et al. “Anaerobe Microbiota pro Fi Le 
in Feces of Breast- and Formula-Fed Newborns by Using 
Fl Uorescence in Situ Hybridization ( FISH ).” Anaerobe, 
vol. 17, no. 6, Elsevier Ltd, 2011, pp. 478–82, doi:10.1016/j.
anaerobe.2011.03.009.

12.	 Illiano P, Brambilla R, Parolini C. The mutual interplay of gut 
microbiota, diet and human disease. Febs j. 2020;287(5):833-
855.

13.	 Altveş S, Yildiz HK, Vural HC. Interaction of the microbiota with 
the human body in health and diseases. Biosci Microbiota 
Food Health. 2020;39(2):23-32.

14.	 Zhang, Bin, et al. “Human Milk Oligosaccharides and Infant 
Gut Microbiota: Molecular Structures, Utilization Strategies 
and Immune Function.” Carbohydrate Polymers, vol. 276, 
no. October 2021, Elsevier Ltd, 2022, p. 118738, doi:10.1016/j.
carbpol.2021.118738.

15.	 Zuurveld, Marit, et al. “Immunomodulation by Human Milk 
Oligosaccharides: The Potential Role in Prevention of Allergic 
Diseases.” Frontiers in Immunology, vol. 11, no. May, 2020,

16.	 Derya, S. M., Spiegel, H., Hanisch, F. G., Morozov, V., Schroten, 
H., Jennewein, S., & Parschat, K. (2020). Biotechnologically 

produced fucosylated oligosaccharides inhibit the binding 
of human noroviruses to their natural receptors. Journal 
of Biotechnology, 318(November 2019), 31–38. https://doi. 
org/10.1016/j. jbiotec.2020.05.001

17.	 Koromyslova, A., Tripathi, S., Morozov, V., Schroten, H., & 
Hansman, G. S. (2017). Human norovirus inhibition by a human 
milk oligosaccharide. Virology, 508(April), 81–89. https://doi. 
org/10.1016/j.virol.2017.04.032

18.	 Yang, B., Chuang, H., & Yang, K. D. (2009). Sialylated glycans 
as receptor and inhibitor of enterovirus 71 infection to DLD-1 
intestinal cells. Virology J

19.	 Davis JC, Lewis ZT, Krishnan S, et al. Growth and Morbidity 
of Gambian Infants are Influenced by Maternal Milk 
Oligosaccharides and Infant Gut Microbiota. Sci Rep. 
2017;7:40466.

20.	 Asakuma S, Urashima T, Akahori M, et al. Variation of major 
neutral oligosaccharides levels in human colostrum. Eur J Clin 
Nutr. 2008;62(4):488-494.

21.	 Sumiyoshi W, Urashima T, Nakamura T, et al. Determination of 
each neutral oligosaccharide in the milk of Japanese women 
during the course of lactation. Br J Nutr. 2003;89(1):61-69.

22.	 Cacho NT, Lawrence RM. Innate Immunity and Breast Milk. 
Front Immunol. 2017;8:584.

23.	 Tlaskalova-Hogenova H, Kverka M, Hrdy J. Immunomodulatory 
Components of Human Colostrum and Milk. Nestle Nutr Inst 
Workshop Ser. 2020;94:38-47.

24.	 Thurl S, Munzert M, Boehm G, Matthews C, Stahl B. Systematic 
review of the concentrations of oligosaccharides in human 
milk. Nutr Rev. 2017;75(11):920-933.

25.	 McGuire MK, Meehan CL, McGuire MA, et al. What’s normal? 
Oligosaccharide concentrations and profiles in milk produced 
by healthy women vary geographically12. Am J Clin Nutr. 
2017;105(5):1086-1100.

26.	 Thurl S, Munzert M, Henker J, et al. Variation of human milk 
oligosaccharides in relation to milk groups and lactational 
periods. Br J Nutr. 2010;104(9):1261-1271.

27.	 Soyyilmaz, Buket, et al. “Mean of Milk: A Review of Human Milk 
Concentrations throughout Lactation.” Nutrients, 2021.

28.	 Jantscher-Krenn E, Bode L. Human milk oligosaccharides and 
their potential benefits for the breast-fed neonate. Minerva 
Pediatr. 2012;64(1):83-99.

29.	 Bode L, Jantscher-Krenn E. Structure-function relationships of 
human milk oligosaccharides. Adv Nutr. 2012b;3(3):383s-391s.

30.	 Borewicz K, Gu F, Saccenti E, et al. Correlating Infant Faecal 
Microbiota Composition and Human Milk Oligosaccharide 
Consumption by Microbiota of One-Month Old Breastfed 
Infants. Mol Nutr Food Res. 2019;63(13):e1801214.

31.	 Asakuma S, Hatakeyama E, Urashima T, et al. Physiology of 
consumption of human milk oligosaccharides by infant gut-
associated bifidobacteria. J Biol Chem.2011;286(40):34583-
34592.

32.	 Zhao C, Wu Y, Yu H, et al. The one-pot multienzyme 
(OPME) synthesis of human blood group H antigens and 
a human milk oligosaccharide (HMOS) with highly active 
Thermosynechococcus elongates α1-2-fucosyltransferase.
Chem Commun (Camb). 2016;52(20):3899-3902.

33.	 Crane JK, Azar SS, Stam A, Newburg DS. Oligosaccharides from 
human milk block binding and activity of the Escherichia coli 
heat-stable enterotoxin (STa) in T84 intestinal cells. J Nutr. 
1994;124(12):2358-2364.

34.	 El-Hawiet A, Kitova EN, Kitov PI, et al. Binding of Clostridium 
difficile toxins to human milk oligosaccharides. Glycobiology. 
2011;21(9):1217-1227.

35.	 El-Hawiet A, Kitova EN, Klassen JS. Recognition of human 
milk oligosaccharides by bacterial exotoxins. Glycobiology. 
2015;25(8):845-854.

36.	 Lin AE, Autran CA, Szyszka A, et al. Human milk 
oligosaccharides inhibit growth of group B Streptococcus. J 
Biol Chem. 2017;292(27):11243-11249.

37.	 Lindenberg S, Sundberg K, Kimber SJ, Lundblad A. The milk 
oligosaccharide, lacto-N-fucopentaose I, inhibits attachment 
of mouse blastocysts on endometrial monolayers. J Reprod 
Fertil. 1988;83(1):149-158.

38.	 Brassart D, Woltz A, Golliard M, Neeser JR. In vitro inhibition 
of adhesion of Candida albicans clinical isolates to human 
buccal epithelial cells by Fuc alpha 1----2Gal beta-bearing 
complex carbohydrates. Infect Immun. 1991;59(5):1605-1613.

39.	 Lessen R, Kavanagh K. Position of the academy of nutrition and 
dietetics: promoting and supporting breastfeeding. J Acad 
Nutr Diet. 2015;115(3):444-449.

40. Johnston M., Landers S., Noble L., Szucs K., L. V. Breastfeeding 
and the use of human milk. Pediatrics. 2012;129(3):e827-841.

41.	 Urashima T, Taufik E, Fukuda K, Asakuma S. Recent advances in 
studies on milk oligosaccharides of cows and other domestic 
farm animals. Biosci Biotechnol Biochem. 2013;77(3):455-466.

42.	 Bode L. Human milk oligosaccharides: every baby needs a 
sugar mama. Glycobiology. 2012a;22(9):1147-1162.

43.	 Chouraqui JP. Does the contribution of human milk 
oligosaccharides to the beneficial effects of breast milk allow 
us to hope for an improvement in infant formulas? Crit Rev 
Food Sci Nutr. 2020:1-12.

44. Cheng L, Akkerman R, Kong C, Walvoort MTC, de Vos P. More 
than sugar in the milk: human milk oligosaccharides as 
essential bioactive molecules in breast milk and current 
insight in beneficial effects. Crit Rev Food Sci Nutr. 2020:1-17.

45. Ballard O, Morrow AL. Human milk composition: nutrients and 
bioactive factors. Pediatr Clin North Am. 2013;60(1):49-74.

46.	 Haug A, Hostmark AT, Harstad OM. Bovine milk in human 
nutrition--a review. Lipids Health Dis. 2007;6:25.

47.	 Saavedra JM, Dattilo AM. Early development of intestinal 
microbiota: implications for future health. Gastroenterol Clin 
North Am. 2012;41(4):717-731.

48. Weichert S, Jennewein S, Hufner E, et al. Bioengineered 
2’-fucosyllactose and 3-fucosyllactose inhibit the adhesion of 
Pseudomonas aeruginosa and enteric pathogens to human 
intestinal and respiratory cell lines. Nutr Res. 2013;33(10):831-
838.

49.	 Coppa GV, Zampini L, Galeazzi T, et al. Human milk 
oligosaccharides inhibit the adhesion to Caco-2 cells of 
diarrheal pathogens: Escherichia coli, Vibrio cholerae, and 
Salmonella fyris. Pediatr Res. 2006;59(3):377-382.

50. 50. Yu ZT, Nanthakumar NN, Newburg DS. The Human Milk 
Oligosaccharide 2’-Fucosyllactose Quenches Campylobacter 
jejuni-Induced Inflammation in Human Epithelial Cells 
HEp-2 and HT-29 and in Mouse Intestinal Mucosa. J Nutr. 
2016;146(10):1980- 1990.

51.	 51. Morrow AL, Ruiz-Palacios GM, Jiang X, Newburg DS. 
Human-milk glycans that inhibit pathogen binding protect 
breast-feeding infants against infectious diarrhea. J Nutr. 
2005;135(5):1304-1307.

For more information, get in touch with your 
dsm-firmenich representative, or visit  
www.dsm-firmenich.com/health-nutrition-care

dsm-firmenich GLYCARE® HMOs are produced to 
the highest quality of certifications, approvals, 
and procedures

The full GLYCARE® HMO 
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