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Abstract

Oligosaccharides are relevant components of human milk, which have been quite well
studied for their pre-biotic effect and their capacity in stimulating the immune system.
Since oligosaccharides from milk of non-human mammals received so far less
attention, the aim of this work was the application of capillary electrophoresis (CE)
for the analysis of sialylated oligosaccharides in cow, goat and equine (mare and
donkey) milk to possibly identify potential sources of oligosaccharides to use as
health promoting ingredients in functional foods. Human milk was used as reference
milk. A recent CE technique was applied to resolve and quantify 3-sialyllactose (3-
SL), 6-sialyllactose (6-SL) and disialyl-lacto-N-tetraose (DSLNT). Analysis of non-
human milk samples confirmed differences among species and individuals: DSLNT,
which was the most abundant compound in human milk (455-805 pg/mL) was
missing in most of the samples. In most cases, 3-SL showed to be the most

concentrated of the quantified analytes, with values ranging from 12 to 77 pg/mL.
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1. Introduction

Milk is a complex food and the main source of nutrition for infants. Free
oligosaccharides (OS) are among the main human milk components, with a
concentration variable between 6 and 12 g/L in mature milk, and even higher values
in colostrum (nearly 24 g/L). On the contrary, in the milk of the more relevant
domestic mammals, the OS concentration is 10 to 100 times lower [1, 2]. OS divide
into two categories: neutral, often fucosylated at one end, and acidic, having a sialic
acid as terminal residual, which gives a negative charge to the molecule [3]. More
than 100 different OS have been characterized in human milk [4]; some of these have
also been found in the milk of other mammalian species, and they could be used as a
source of OS to supplement the diet in case of particular needs [5].

Many different explanations have been advanced concerning the biological roles of
individual classes of OS. The main OS in human milk help to protect breast-fed
infants from infection, by a pre-biotic action, promoting the selective growth of
microorganisms in the gut [4, 6]. They seem to inhibit the adhesion of pathogenic
micro-flora to the intestinal epithelial mucosa, since free OS act as receptor analogs
competing with epithelial ligands for bacterial binding [3]. Moreover, there is some
evidence that human milk OS influence the glycosylation pattern of epithelial cells,
and the immune system [7]. Furthermore, sialylated OS seem to play a role in
postnatal brain development, both as a source of galactose for galactocerebroside
synthesis, the predominant glycolipid in myelin [3] and as sialic acid supplement for
gangliosides and glycoproteins creation in brain’s grey matter [8, 9].

Anyway, it is difficult to predict a priori the functions a given OS might be
mediating, or its relative importance to the organism. At the same time, their
biological activity is dependent on individual structural characteristics, and
knowledge of OS conformation is very important. The qualitative and quantitative
composition of OS in milk of different species is variable [10, 11]. Intra- and inter-
species variations are due to genetic reasons and stages of lactation, to suit the
requirements of the developing young [1].

The improvement in extraction methods and analytical techniques has revealed more
and more a remarkable complexity of these molecules and has cast light on
differences and similarities among different species [12].

Analytical methods for quantification and structural analysis of OS include reverse-

and normal-phase high-performance liquid chromatography [13, 14], high-pH anion



exchange chromatography and pulsed amperometric detection (HPAEC-PAD) [15],
and various mass spectrometry platforms [16, 17, 18].

In addition, also capillary electrophoresis (CE) has demonstrated to be an interesting
technique for the analysis of human milk OS, requiring only simple sample
preparation, safe reagents and the use of a regular UV detector [19, 20, 21]. The aim
of this work was to test the applicability of a CE procedure for the analysis of 3-
sialyllactose (3-SL), 6-sialyllactose (6-SL) and disialyl-lacto-N-tetraose (DSLNT) in
cow, goat and equine (mare and ass) milk to possibly identify potential sources of
oligosaccharides to use as health promoting ingredients in functional foods. Human
milk was used as a reference.

2. Materials and Methods

2.1 Standards and Samples

Commercial crystalline standards of 3-sialyllactose (3-SL), 6-sialyllactose (6-SL) and
disialyl-lacto-N-tetraose (DSLNT) (Sigma-Aldrich, Milan, Italy) were used to create
dedicated linear calibration curves in the range 39 - 2500 pg/mL. Each standard was
diluted in 30% methanol (Sigma-Aldrich) to obtain the most concentrated standard
solution at 2500 pg/mL, then diluted again and progressively for the preparation of
the 1250, 625, 156, and 39 pg/mL standard solutions. Individual milk samples from
different species (mare, donkey and human milk) and two bulk milks (cow and goat
milk) were stored at — 20° + 1°C immediately after collection, then thawed overnight
at 4°+1°C before analysis. Samples were prepared according to Bao et al. [20].
Briefly, aliquots of 550 pL were defatted by centrifugation at 4000*g for 15 min
(microcentrifugette ALC 4214). Defatted milk (400 pL) was mixed with 800 pL of
pure ethanol (Sigma-Aldrich) and stored overnight at 4°+1°C. Protein precipitate was
removed by centrifugation and the clear supernatant, mainly containing
oligosaccharides and lactose, was evaporated to dryness under N, at room
temperature. The dried extracts were solubilised by adding 100 puL of 30% methanol
and immediately analysed or stored at —20°+1°C until CE analysis.

2.2 Capillary Electrophoresis

CE analyses were carried out according to Bao et al. [20]. A P/ACE MDQ
Glycoprotein System (Beckman Coulter, Brea, CA, USA), with an uncoated capillary
(ID = 50 um; effective length = 50 cm; Beckman Coulter, Brea, CA, USA) was used.
The run buffer solution was 55% aqueous (200 mM NaH>PO4, pH 7.05, containing



100 mM SDS) and 45% methanol. Sample injection was performed by pressure at 0.7
psi for 6 s and electrophoretic conditions were positive to negative (+30 kV) at 25°C.
Detection wavelength was 200 nm.

3. Results and Discussion

The three sialylated OS which were selected, 3-sialyllactose (3-SL), 6-sialyllactose
(6-SL) and disialyl-lacto-N-tetraose (DSLNT), are some of the major human milk
oligosaccharides for which commercial standards exist and can be easily found on the
market. The electrophoretic procedure applied for their separation showed high peak
resolution. The three considered OS, showed specific retention times and separated in
less than one hour. Calibration curves for the each standard solution set showed good

linearity and good determination coefficients (R?>0.99).

Based on these results, the same CE procedure was applied to real milk samples from
different species in order to evaluate both the presence of OS and their relative
concentrations.

Insert Figure 1

Examples of the electropherograms of both standards and samples are reported in
Figure 1: the electrophoretic pattern of human and equine milk (donkey and mare
milk) is shown in comparison with 3-SL, 6-SL and DSLNT standards. A good
separation of the three main OS was also guaranteed in real milk samples. In some
cases the migration time of the different OS in real samples was slightly faster than in
standard solutions: this can be explained by matrix differences influencing the
retention time. The correct identification of the three OS was proven by carrying out
supplementary electrophoretic runs, adding each standard to real samples, and the
assignment was confirmed (data not shown).

Table 1 shows the quantitative results of sialylated OS detected in milk samples.
Insert Table 1

Analysis of human milk confirmed a significant presence of the three identified OS
with some differences in quantity according to donor. Urashima et al. [4] indicated
DSLNT, 6-SL and 3-SL among the most predominant acidic OS in many studies.
They also highlighted that the concentration of each compound varied between

studies, due to the quantification methods used, the donor’s ethnicity and the lactation



stage at which the milk samples were obtained. Anyway, Bode [11] evidenced that
sialylated human milk OS contribute to the majority of sialic acid in human milk, an
essential nutrient for brain development and cognition. He reported that sialic acid
concentrations are significantly higher in the brains of breast-fed infants, compared
with formula-fed ones.

Since bovine milk is a common ingredient in infant formula and a common ingredient
in human diet, OS content was studied also in that contest. Studies on bovine milk
carbohydrates have recently deepened [1], but, it was confirmed that the
oligosaccharide composition of bovine milk is simple in comparison to human breast
milk. The cow milk sample we analysed showed one of the lowest concentrations of
OS, both quantitatively and qualitatively, if compared to the other samples. Only 3-SL
was detected at 27.9 pg/mL. Tao et al. [22] studied variations in bovine milk OS
during early and middle lactation stages: he found that bovine milk contains
significantly less free OS compared with human milk, and that sialylated OS represent
about 70% of the total OS. The predominant peak they found in colostrum
chromatogram was 3-SL, which concentration rapidly decreased during the first 24 h
of lactation. Similar results were obtained by Nakamura et al. [23].

Among analysed samples, goat milk gave results similar to cow milk. Only 3-SL was
detected at a slightly higher concentration. Few previous studies exist on goat milk.
Oliveira et al. [24] applied a method similar to our procedure and found the presence
of 3-SL in caprine whey, although they did not quantify it. Others researchers [2, 25,
26] analysed goat milk and found the presence of both 3-SL and 6-SL. In addition,
Albrecht et al. [2] evidenced that caprine sialyl oligosaccharides contain Neu5Gc as
well as NeuSAc, with even higher proportions of 3- and 6-glycolyl-lactose (3-GL and
6-GL). Claps et al. [25] also found high values of disialyllactose and evidenced
significant differences between two analysed goat breeds and the effect of sampling
time.

Results on equine milk were very interesting. To our knowledge, no reference data
exist on donkey milk: our values showed in most cases the presence of the same
compounds as in human milk, but in less amounts. Donkey milk is usually considered
to be a good substitute of human milk, especially for babies suffering from multiple
food intollerance who cannot be breast-fed. Its OS profile seems to confirm once

more its safe and valid use as infant food. The constant presence of 3-SL



characterized mare milk samples, while 6-SL and DSLNT were found just in few
samples and at very low concentrations. Some researchers studied horse colostrum
and found three neutral OS [27, 28] and 3-SL as the major acidic component, along
with Gal(B1-4)GlcNAcal-phosphate [29], an unusual OS that so far has been found
only in the milk/colostrum of cow [1]. In mare colostrum 3-SL was identified as
preponderant component also by Nakamura et al. [30] and Albrecht et al. [2]. 6-SL
was evidenced, too, although in minor proportion. It is known that colostrum secreted
in the first few days postparturition has a composition quite different from that of
mature milk. Normally, colostrum contains many biologically active molecules, to
provide nutrition and protection to the newborn, but its composition quickly changes.
No reference data on OS in mare milk are available, but we could suppose that 3-SL
and 6-SL are present at higher concentrations in colostrum and decline rapidly to
lower values in milk, as we detected

From our results, it seems that milk from monogastric animals contained more OS
than ruminants’ milk; at the same time, high OS variability inside the single milk
specie was observed, due probably to the stage of lactation and other individual

factors.

4. Conclusions

The CE procedure applied in this preliminary study confirmed its suitability for the
detection, the identification, and the quantification of selected syalilated OS in milk
samples from different species, with satisfactory results. The calculated amounts
confirmed the high variability of these compounds in milk from different species,
according to stage of lactation and individual factors. Further studies need to be
developed in order to suggest some milk species as potential sources of
oligosaccharides to use as health promoting ingredients in functional foods. Anyway,
mare milk seemed to be a very promising font of OS, and its study should be

deepened.
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Figure captions:

Fig. 1 — Electropherograms of OS standard solutions and samples (See Materials and
Methods for CE conditions). a) standard solution containing 6-SL (1), 3-SL (2),
DSLNT (3); b) an individual donkey milk sample; c) an individual mare milk sample;

d) an individual human milk sample.
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Table 1

Content of sialylated oligosaccharides in samples of milk from different species;
values are expressed in pg/mL; (3-SL: 3-sialyllactose; 6-SL: 6-sialyllactose; DSLNT:

disialyl-lacto-N-tetraose); n.d.: not detectable.

Species Samples 3-SL 6-SL DSLNT
1 16.9 12.9 11.8
Donkey 2 14.3 233 5.0
3 12.4 20.0 n.d.
1 77.2 0.9 3.8
Mare 2 55.7 0.4 n.d.
3 72.5 2.6 n.d.
1 196.3 98.0 455.5
Human
2 839.6 46.4 805.7
Goat 67.4 n.d. n.d.
Cow 27.9 n.d. n.d.
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