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There is a growing interest in milk oligosaccharides (MOs)
because of their numerous benefits for newborns’ and long-
term health. A large number of MO structures have been
identified in mammalian milk. Mostly described in human
milk, the oligosaccharide richness, although less broad, has
also been reported for a wide range of mammalian species.
The structure of MOs is particularly difficult to report as it
results from the combination of 5 monosaccharides linked
by various glycosidic bonds forming structurally diverse and
complex matrices of linear and branched oligosaccharides.
Exploring the literature and extracting relevant information
on MO diversity within or across species appears promising
to elucidate structure-function role of MOs. Currently, given
the complexity of these molecules, the main issues in ex-
ploring literature to extract relevant information on MO di-
versity within or across species relate to the heterogeneity
in the way authors refer to these molecules. Herein, we pro-
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vide a thesaurus (MilkOligoThesaurus) including the names
and synonyms of MOs collected from key selected articles
on mammalian milk analyses. MilkOligoThesaurus gathers
the names of the MOs with a complete description of their
monosaccharide composition and structures. When available,
each unique MO molecule is linked to its ID from the NCBI
PubChem and ChEBI databases. MilkOligoThesaurus is pro-
vided in a tabular format. It gathers 245 unique oligosaccha-
ride structures described by 22 features (columns) includ-
ing the name of the molecule, its abbreviation, the chem-
ical database IDs if available, the monosaccharide composi-
tion, chemical information (molecular formula, monoisotopic
mass), synonymes, its formula in condensed form, and in ab-
breviated condensed form, the abbreviated systematic name,
the systematic name, the isomer group, and scientific arti-
cle sources. MilkOligoThesaurus is also provided in the SKOS
(Simple Knowledge Organization System) format. This the-
saurus is a valuable resource gathering MO naming variations
that are not found elsewhere for (i) Text and Data Mining
to enable automatic annotation and rapid extraction of milk
oligosaccharide data from scientific papers; (ii) biology re-
searchers aiming to search for or decipher the structure of
milk oligosaccharides based on any of their names, abbrevia-
tions or monosaccharide compositions and linkages.
© 2024 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/)

Specifications Table

Subject
Specific subject area

Data format
Type of data
Data collection

Data source location
Data accessibility

Biochemistry

Mammalian milk analysis, milk oligosaccharide names, milk oligosaccharide
monosaccharide composition, milk oligosaccharide isomer, milk oligosaccharide

structure, biochemistry
Raw, Analyzed
Table, Figure

A total of 245 milk oligosaccharide names were collected from 11 selected
scientific papers. To avoid confusion or misspellings in the naming of the MOs,

selected papers had to meet the following inclusion criteria: to report an

extensive list of milk oligosaccharides AND to report their monosaccharide

composition AND to detail their isomeric structures using the Symbol
Nomenclature for Graphical Representations of Glycans or Oxford symbol
nomenclature. Descriptive information such as chemical formula and
monoisotopic mass was obtained from chemical databases (ChEBi and
PubChem) and linked with unique identifiers.

GenPhySE, Université de Toulouse, INRAE, ENVT, 31326 Castanet-Tolosan, France

Repository name: https://entrepot.recherche.data.gouv.fr/dataverse/inrae
Data identification number (DOI) https://doi.org/10.57745/RA5DAC
Direct URL to data: https://doi.org/10.57745/RA5DAC

1. Value of the Data

« The first purpose of the thesaurus is to be used to automatically detect and normalize MO
mentions across the literature. In order to gain knowledge on the role of MOs it is necessary
to find, visualize and analyze MO patterns that are scattered in thousands of scientific papers.
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MilkOligoThesaurus covers a wide range of MO names and synonyms, and associates them to
a restricted and standardized terminology. Text-mining methods can use the standardization
proposed by MilkOligoThesaurus to normalize the variability of MO mentions in natural lan-
guage texts, thus facilitating data exchange and integration. The thesaurus is designed to be
human and computer-readable, making it easy to share and use.

Text mining is an automatic process that consists of automatic steps: 1) collecting relevant
documents, 2) recognizing in the documents’ content the named entities of MO type and
all other relevant types (e.g. species, lactation stages), 3) normalizing the named entities by
the reference, i.e. linking the MO mentions to the entries of the MilkOligoThesaurus. On one
hand, the MilkOligoThesaurus is the reference for MO normalization, on the other hand it
serves as a lexical resource to support named entity recognition and normalization. Several
strategies were developed and investigated to exploit external lexical and semantic resources
to improve machine learning models. These strategies include thematic masking [1], named
entity recognition by distant supervision [2], and ontology-based normalization [3].

The biological roles of MOs depend mainly on their structure. Numerous studies have been
carried out to elucidate these structure-function relationships. However, the heterogeneity in
the way authors have named and reported these molecules is the main pitfall for academic
and industrial researchers in having a clear overview of the published results. MilkOligoThe-
saurus is a valuable resource that will help the scientific community to navigate and explore
the various structural variations of MOs and easily identify unique biologically significant
MOs refered to with variable names or identifiers.

The thesaurus will enable academic and industrial researchers to identify the usual way of
naming MOs and provide them with a direct link to their monosaccharide composition and
isomeric structure, including glycosidic linkages.

The format of MilkOligoThesaurus allows it to be regularly updated with the latest discoveries
on milk oligosaccharides. In this way, the current version will continue to evolve alongside
with the availability of new data.

2. Background

Depending on the author’s scientific background, the names given to milk oligosaccha-
rides (MOs) in scientific publications are very heterogeneous and no consensus has yet been
reached. Some MOs have no or several designations. Thus, collecting MO characteristics is a
time-consuming process. To date, only two databases are dedicated to oligosaccharides found in
mammalian milk, the National Institute of Standards and Technology (NIST) mass spectral library
of free oligosaccharides in milk of mammals [4] as well as the recently published MilkOligoDB
[5]. The aim of these databases is to explore the MO structural diversity across mammals by
direct analysis of mammalian milk samples for the NIST database or through the harvest of
MOs from the literature for MilkOligoDB. Both are exhaustive MO databases but none of them
provide neither normalized names nor synonyms for most of the molecules registered. Some
MO names and their chemical description can be found in larger chemical databases such as
ChEBI, PubChem or GlyGen. Still none of these databases provides (i) all the naming variations
(ii) and classify the molecule as a constituent of milk. On the basis of these observations, we
built MilkOligoThesaurus that gathers the naming variations found in the literature.

3. Data Description

The names given to milk oligosaccharides (MOs) in scientific publications are very heteroge-
neous, probably due to their structural diversity and complexity, and the broad scientific area
they are related to. MilkOligoThesaurus lists the most commonly identified MOs by analyzing
selected reference scientific articles. Accordingly, MilkOligoThesaurus aims to:
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Fig. 1. Number of milk oligosaccharides extracted from the eleven sources used to build MilkOligoThesaurus.

- Associate each MO with its chemical properties (monoisotopic mass, formula, monosac-
charide composition, and linkages)

- Propose a consensus name for MOs with heterogenous names found in the eleven selected
articles and in the two chemical databases, or the MOs without names

- Index MO synonyms

- Build a FAIR (Findable, Accessible, Interoperable, Reusable) tool bound to evolve alongside
with milk oligosaccharide knowledge [6].

MilkOligoThesaurus is accessible in the public data repository https://entrepot.recherche.data.
gouv.fr/dataverse/inrae and registered with the following DOI: https://doi.org/10.57745/RA5DAC.
Table 1 lists the sources used to extract the vocabulary (name and abbreviation) of the MOs.
These sources were obtained from PubMed and Web of Science (WOS) databases. Four articles
are reviews that summarize the structures of several milk oligosaccharides from different species
including Human. The remaining articles are descriptive studies that analyze the MO composi-
tion of several individuals from different species. Each article provides an extensive list of milk
oligosaccharides.

Fig. 1 presents the number of MO names extracted from the eleven sources used to build the
thesaurus. Considering the redundancy of the information in the literature, a total of 11 articles
was used to harvest the most common milk oligosaccharides. As shown in Fig. 1, the major-
ity (95 %) of molecules have been extracted from three articles, illustrating the redundancy in
the molecule names found in the set of papers. Fig. 2 presents the distribution of the number
of names or abbreviations per oligosaccharide retrieved from the eleven sources, and from the
databases ChEBI, PubMed and MilkOligoDB [5]. Of the 245 MOs, most had more than one unique
name and more than one unique abbreviated name (127 MOs had three or more names or ab-
breviations Fig. 2). Nine had no name, one MO had only one denomination (B-tetrasaccharide
with its IUPAC abbreviated form Gal(1-3)Gal(81-4)[Fuc(x1-2)]Glc).

The 245 oligosaccharides identified in mammalian milk retrieved from these sources were
compiled in a 22-column tabular file. This tabular file is stored in the public data repository
https://entrepot.recherche.data.gouv.fr/dataverse/inrae and registered with the following DOI:
https://doi.org/10.57745/RA5DAC. Table 2 describes the content of each column of the tabular
file.

In order to share this work and make it machine-actionable, the data were converted into
the Simple Knowledge Organization System (SKOS) format and made available on the AgroPortal
ontology repository https://agroportal.lirmm.fr/ontologies/MILKOLIGO/. We selected the features
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Table 1
List of the eleven sources used to build MilkOligoThesaurus. These sources have been obtained from PubMed or Web
of Science (WOS) databases. MO = milk oligosaccharide.

First author, year

DOI

Title (targeted species)

Type of study

Urashima et al.,
2018

Remoroza et al.,
2020

Albrecht et al., 2014

Urashima et al.,
2001

Taufik et al., 2012

Remoroza et al.,
2018

Chen et al,, 2015

Zaiiiga, Monedero
& Yebra, 2018
Weng et al. 2022

Rostami et al., 2014

Lee et al., 2016

10.4052//tigg.1734.1SE

10.1021/acs.analchem.0c00342

10.1017/S0007114513003772

10.1023/a:1014881913541

10.1007/s10719-012-9370-9

10.1021/acs.analchem.8b01176

10.1016/bs.accb.2015.08.002

10.3389/fmicb.2018.01917

10.1038/541598-022-15140-7

10.1371/journal.pone.0099824

10.1021/acs.jafc.6b02039

Human milk oligosaccharides as
essential tools for basic and
application studies on galectins
(Human)

Increasing the coverage of a mass
spectral library of milk
oligosaccharides using a
hybrid-search-based bootstrapping
method and milks from a wide
variety of mammals (cow, goat,
asian buffalo, african lion)

A comparative study of free
oligosaccharides in the milk of
domestic animals (cow, goat, sheep,
pig, horse, dromedary camel)
Oligosaccharides of milk and
colostrum in non-human mammals
(brown capuchin, cow, buffalo, horse,
goat, sheep, Ezo brown bear,
Japanese black bear, Polar bear,
white nosed coati, crabeater seal,
hooded seal, elephant, rat, dog)
Structural characterization of
neutral and acidic oligosaccharides
in the milks of strepsirrhine
primates: greater galago, aye-aye,
Coquerel’s sifaka and mongoose
lemur (greater galago, aye-aye,
Coquerel’s sifaka, mongoose lemur)
Creating a mass spectral reference
library for oligosaccharides in
human milk (Human)

Chapter Four - Human Milk
Oligosaccharides (HMOS):
Structure, Function, and
Enzyme-Catalyzed Synthesis
(Human)

Utilization of host-derived glycans
by intestinal Lactobacillus and
Bifidobacterium species (Human)
Unusual free oligosaccharides in
human bovine and caprine milk
(Human, cow, goat)

Milk oligosaccharides over time of
lactation from different dog breeds
(dog)

Rapid screening of bovine milk
oligosaccharides in a whey
permeate product and domestic
animal milks by accurate mass
database and tandem mass spectral
library (cow, buffalo, sheep)

Review article

Research article

Research article

Review article

Research article

Research article

Review article

Review article

Research article

Research article

Research article

listed in Table 3. An intermediary tabular file was built to prepare the transformation into the
SKOS standard. This intermediate tabular file and the following SKOS processed file (.rdf and
.ttl) are available at https://entrepot.recherche.data.gouv.fr/dataverse/inrae and registered with
the following DOI: https://doi.org/10.57745/RA5DAC .
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https://doi.org/10.1371/journal.pone.0099824
https://doi.org/10.1021/acs.jafc.6b02039
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Description of the 22 columns of the MO thesaurus. (MO = milk oligosaccharide).

Column

Description

Entry_number
URI

Normalized_MO_name
Normalized_MO_name_source
Abbreviated_normalized_MO_name

Abbreviated_normalized_MO_name_source

InChiKey

CHEBL_ID

Composition_Hex_HexNAc_Fuc_NeuAc_NeuGc

Composition_Hex()HexNAc()dHex()NeuAc()NeuGce()

Formula

Monoisotopic_mass
Synonyms

Abbreviated_IUPAC_condensed_form
IUPAC_condensed_form
Abbreviated_IUPAC_extended_form
IUPAC_extended_form

Isomer_group
Isomer_group_abbreviation

Sourcing_MO_DOI
Author_year

PMID

Unique identifier assigned to each MO

Uniform Resource Identifier associates the scheme name
http://opendata.inrae.fr/holooligo/ to the Entry_number
Consensus full name of the MO

Source from which the full MO name has been extracted
Consensus abbreviation of the MO name (shorthand MO
annotation)

Source from which the abbreviation of the MO has been
extracted

MO International chemical identifier, a textual identifier for
chemical substances registered in the NCBI PubChem
database. Note that not all molecules are registered in this
database

MO ID of the chemical ontology ChEBI. Note that not all
molecules are registered in this database

Two common ways to indicate the monosaccharide
composition of MO with their respective number

The chemical formula of the molecule indicates the
number of each type of atom of the MO

MO molecular mass

There are several names for the same MO molecule. This
column lists synonyms, and includes spelling differences.
MO form according to nomenclature of the MO based on
the Symbol Nomenclature for Glycans (SNFG) guidelines
[7]. In abbreviated forms, symbols « and § have been
replaced by a and b respectively

MO isomers are oligosaccharides with the same
monosaccharide composition but differences in a linkage
or in the position of a fucose or sialyl acid. Generic terms
are used to gather those isomeric forms with the same
formula. Some oligosaccharide analytical techniques are
unable to distinguish between isomers; thus authors
indicate the presence of isomer groups.

It contains the identifier of the sources from which the MO
structure has been extracted

First author and year of publication of the sources from
which the MO structure has been extracted

PMID (PubMed Identifier) of the source from which the
MO structure has been extracted

Hex: glucose or galactose, HexNAc N-acetylglucosamine or N- acetylgalactosamine, Fuc or dHex: fucose; NeuAc: N-

acetylneuraminic acid; NeuGc: N-glycolylneuraminic acid.

Table 3
MO information collected in the SKOS properties.

SKOS properties

Tabulate file columns

URI
skos:prefLabel@en
skos:altLabel@en(separator=";")

skos:exactMatch
skos:notation
dct:source

URI

Normalized_MO_name
Abbreviated_normalized_MO_name
Synonyms
Abbreviated_IUPAC_condensed_form
CHEBLID

InChIKey

Normalized_MO_name_source
Sourcing_MO_DOI
Abbreviated_normalized_MO_name_source
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Fig. 2. Distribution of the number of names or abbreviations per oligosaccharide in MilkOligoThesaurus.

4. Experimental Design, Materials and Methods

The construction of MilkOligoThesaurus involved the following steps:

First, a query was formulated to retrieve articles about milk oligosaccharides from the
PubMed and WOS databases. Among the results, articles were selected based on the following
inclusion criteria. They had to:

« Deal with milk oligosaccharides (MOs) in mammalian species including Human.

+ Provide an extensive list of MOs, with structural details provided to clearly identify the
sequence and linkages of the constituting monosaccharides.

« Detail their isomeric structures using Symbol Nomenclature for Graphical Representations
of Glycans [7] or the Oxford symbol nomenclature [8].

Second, the molecules described in the sources had to meet the following definition adapted
from Chen et al. [9] for human MOs:

+ MOs are built from five monosaccharides including d-glucose (Glc), d-galactose (Gal), N-
acetyl-d-glucosamine (GIcNAc), I-fucose (Fuc), and a sialic acid either N-acetylneuraminic
acid or N-glycolylneuraminic (NeuAc or NeuGc, respectively).

« MOs are extended from lactose (GalB1-4Glc) with Glc at the reducing end with an ex-
isting mix of o and B anomers. While Gal and GIcNAc are always presented with -
d-glycosidic linkages, Fuc and NeuAc are always presented with «-1- and «- glycosidic
linkages, respectively.

Considering the importance of their occurrence in MO scientific literature, we added some
MOs with « deviant » structures according to Chen et al. [9]:

« Milk oligosaccharides containing a terminal N-acetylgalactosamine (GalNAc) such as
Fucosyl-galactosaminyllactose.

« Structures in which the glucose or lactose at the reducing end have been replaced by
N-acetyllactosamine such as 3-Fucosyllactosamine and Disialyllactosamine.



8 M. Rumeau, F. Fenaille and A. Girard et al./Data in Brief 54 (2024) 110404

+ Milk oligosaccharides including a succession of galactose monosaccharides («- or B-
linked) such as Isoglobotriose and 6’-Galactosyllactose

MilkOligoThesaurus also contains 2 oligosaccharides that are bound to lipids as they were
found in their free form in several non-human milks (Asialo-GM1 and Asialo-GM2) [10].

Third, oligosaccharides were manually searched in two databases: NCBI PubChem (https:
/[pubchem.ncbi.nlm.nih.gov/) and ChEBI (https://www.ebi.ac.uk/chebi/). If the oligosaccharide
was found, relevant information was collected and included: monoisotopic mass, chemical for-
mula, database ID and, if available, synonyms. Whenever the oligosaccharide was not registered
in a database, these properties were obtained directly from the scientific articles. As a last resort,
some properties could be inferred from the structure of the milk oligosaccharides and compar-
isons with similar milk oligosaccharides for which properties were available.

Fourth, the data obtained were gathered in the thesaurus. An important number of molecules
were found in several of the selected articles, but data were not always consistent regarding the
following properties: name, and abbreviated name. Thus, a comparison was made between the
sources supported by the chemical database information when available. Consequently, three
sources are available for each molecule, analogous or not: the source where the oligosaccha-
ride structure was found (Sourcing_MO_DOI), the source we have chosen for the oligosaccharide
name (Normalized_MO_name_source) as well as the source we have chosen for the oligosaccha-
ride name abbreviation (Abbreviated_normalized_MO_name_source).

We encountered two situations: (i) MO had several names. We prioritized the name and ab-
breviation that allowed relative homogeneity within the same structural group (the other names
being included in the “Synonyms” column). In some cases, although the molecule had a name,
to make the thesaurus easier to read, we have suggested names considering the similarity of
the structure in the same structural group. The names from the scientific source were thus
added in the “Synonyms” column. (ii) A few molecules had no names. For some of them, we
proposed names based on their structure and/or the names of the closest oligosaccharides. All
proposed names are identified in the name and abbreviation source columns by the mention
“Author_proposal” to ensure traceability.

The prime symbol (’) in the names of the oligosaccharides indicates that the monosaccharide
residue is not linked on the reducing end monosaccharide but on the immediately following
residue. The double prime symbol () indicates that the monosaccharide residue is linked to
the residue immediately following the first prime residue (for example 2’-Fucosyllactose stands
for Fuc(al-2)Gal(b1-4)Glc; 3-Fucosyllactose stands for Gal(b1-4)[Fuc(a1-3)]Glc and 3”-Neu5Ac-
6’-Neu5Ac-galactotriose stands for NeuAc(a2-3)Gal(b1-3)[NeuAc(a2-6)]Gal(b1-4)GIc) [11].

Finally, the thesaurus has been converted into the SKOS format using the SKOSplay! con-
verter function (https://skos-play.sparna.fr/play/convert) following the recommendations of [12].
And the quality was checked using https://skos-play.sparna.fr/skos-testing-tool/. Results are
made available on AgroPortal [13] (https://agroportal.lirmm.fr/ontologies/MILKOLIGO/), an on-
tology repository for the agronomy domain. The SKOS format is used to standardize the data
and allocate an URI (Unique Ressource Identifier) to each concept (milk oligosaccharide) of the
thesaurus. This makes MilkOligoThesaurus both machine-readable and humans-friendly, funda-
mental elements of FAIR principles [6].

Limitations

None.

Ethics Statement

The MilkOligoThesaurus construction process did not involve experiments on humans or an-
imals, and no social media data was collected.


https://pubchem.ncbi.nlm.nih.gov/
https://www.ebi.ac.uk/chebi/
https://skos-play.sparna.fr/play/convert
https://skos-play.sparna.fr/skos-testing-tool/
https://agroportal.lirmm.fr/ontologies/MILKOLIGO/

M. Rumeau, F. Fenaille and A. Girard et al./Data in Brief 54 (2024) 110404 9

Data Availability

MilkOligoThesaurus: A milk oligosaccharide thesaurus (HoloOLIGO project) (Original data)
(https://entrepot.recherche.data.gouv.fr/).
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