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Abstract
The acidic oligosaccharides of human milk are predominantly sialyloligosaccharides. Pathogens that
bind sialic acid-containing glycans on their host mucosal surfaces may be inhibited by human milk
sialyloligosaccharides, but testing this hypothesis requires their reliable quantification in milk.
Sialyloligosaccharides have been quantified by anion exchange HPLC, reverse or normal phase
HPLC, and capillary electrophoresis (CE) of fluorescent derivatives; in milk, these oligosaccharides
have been analyzed by high pH anion exchange chromatography with pulsed amperometric detection,
and, in our laboratory, by CE with detection at 205 nm. The novel method described herein uses a
running buffer of aqueous 200 mM NaH2PO4 at pH 7.05 containing 100 mM SDS made 45% (v/v)
with methanol to baseline resolve five oligosaccharides, and separate all 12. This allows automated
simultaneous quantification of the 12 major sialyloligosaccharides of human milk in a single 35-
minute run. This method revealed differences in sialyloligosaccharide concentrations between less
and more mature milk from the same donors. Individual donors also varied in expression of
sialyloligosaccharides in their milk. Thus, the facile quantification of sialyloligosaccharides by this
method is suitable for measuring variation in expression of specific sialyloligosaccharides in milk
and their relationship to decreased risk of specific diseases in infants.
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INTRODUCTORY STATEMENT
Human milk contains a large number of compounds that provide nutritional support and
contribute toward defense of the newborn. Human milk oligosaccharides (HMOS), a principal
component of human milk, are found in concentrations of 6 to 12 g/L, and these
oligosaccharides vary in size, structure, and abundance [1]. The oligosaccharides of milks from
other species vary widely, and the composition of oligosaccharides from human milk is unique
[2].

HMOS play a potentially protective role to nursing infants. Breastfed infants have a different
microbiota than infants fed artificially, and human milk glycans are thought to act as prebiotics
that promote the growth of Bifidobacterium bifidus [3]. Breast-fed infants have fewer or less
severe gastrointestinal and respiratory infections during the first year of life than formula-fed
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infants, and oligosaccharides in human milk contribute significantly to this phenomenon [4].
The adhesion of microbes to mucosal epithelial cells, an essential first step for pathogenesis
by Campylobacter jejuni, Escherichia coli, Vibrio cholerae, and many rotavirus and norovirus
strains, can be prevented by specific inhibition by HMOS. Such inhibition can result from
homology between epithelial cell surface receptor glycans and HMOS [5,6]. HMOS may also
modify glycan expression by intestinal epithelium. Exposure of Caco-2 intestinal epithelial
cells to 3'-sialyllactose, one of the predominant sialylated HMOS, changed the micro-array
glycan profiling of Caco-2 cells, and reduced the adhesion of enteropathogenic E. coli by 50%
[7].

HMOS are composed of 5 monosaccharides: D-glucose (Glc), D-galactose (Gal), N-
acetylglucosamine (GlcNAc), L-fucose (Fuc), and sialic acid (N-acetyl neuraminic acid,
Neu5Ac, NANA) [8]. HMOS are usually divided into two groups according to their chemical
structures: neutral compounds containing Glc, Gal, GlcNAc, and often Fuc, linked to a lactose
(Galβ1-4Glc) core, and acidic compounds including the same sugars, and often the same core
structures, plus NANA [9]. More than 130 different HMOS have been identified [8]. However,
the amounts of HMOS expressed in human milk change during the course of lactation and vary
among individuals [10,11]. To observe these differences, it is critical to have efficient, simple,
quantitative methods for routine measurement of HMOS in large numbers of samples.

Several methods for the separation and quantification of neutral compounds in human milk
have been described, including high-performance liquid chromatography (HPLC) [12-15] and
capillary electrophoresis (CE) of derivatized HMOS [16], and HPLC with high pH
amperometric detection of underivatized HMOS [17]. Acidic oligosaccharides have been
resolved by anion exchange HPLC of radiolabelled derivatives [18], derivatization of the
oligosaccharides followed by ion exchange LC with absorption at 200 nm [19] and capillary
electrophoresis of fluorescent derivatives [20,21]. Native acidic oligosaccharides of milk have
been resolved into monosialyl-, disialyl-, and trisialyloligosaccharide mixtures by medium-
pressure anion-exchange chromatography with absorption at 214 nm [22], but further
resolution was not achieved. A technique more commonly employed for native milk
oligosaccharide resolution and quantification is high pH anion exchange chromatography with
pulsed amperometric detection [17,23-26], but the electrochemical response factors for anionic
sialyloligosaccharides by this technique are not consistent, and differ by the linkage position
of the sialic acid [23]. Reverse- or normal-phase chromatography was able to resolve
derivatized or reduced acidic oligosaccharides, with detection by UV absorbance or
spectrofluorimetry as the basis for quantification [27,28]. In our laboratory, capillary
electrophoresis with detection at 205 nm was shown to be able to resolve human milk
sialyloligosaccharides effectively, and to have a linear response factor over a wide range of
concentrations. However, under conditions that resolved four sialyloligosaccharide standards,
this technique only partially resolved the three isomers of sialyllacto-N-tetraose. Conversely,
conditions that fully resolved the sialyllacto-N-tetraose isomers would only partially resolve
the other four sialyloligosaccharides; to quantify all seven of these glycans required two runs.
At that time only 7 acidic oligosaccharide standards were available to validate the resolution
and quantification of the milk acidic oligosaccharides [9].

Our objective was to develop, in a single assay with modest run time, a technique that would
be able to resolve, identify, and quantify 12 major acidic oligosaccharides simultaneously in
human milk. Twelve authentic standards were used to test for reproducibility, accuracy, and
sensitivity, both independently of and within the matrix of human milk. The utility of the
method was then confirmed by its ability to detect variation in sialyloligosaccharide expression
between less and more mature milk of the same mother, and variation among milks from
different mothers.
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MATERIALS AND METHODS
Reference standards

Monosialyl, monofucosyllacto-N-neohexaose, monosialyllacto-N-neohexaose I, monosialyl,
monofucosyllacto-N-hexaose I, sialyllacto-N-fucopentaose II, sialyllacto-N-tetraose b,
sialyllacto-N-tetraose c, sialyllacto-N-tetraose a, disialomonofucosyllacto-N-neohexaose, 3'-
sialyl-3-fucosyllactose, 3'-sialyllactose, and disialyllacto-N-tetraose were obtained from
Glycoseparations (Moscow, Russia). Authentic 6'-sialyllactose was purchased from Sigma
Chemical Company (St. Louis, MO, USA). Abbreviations and structures of the above twelve
sialyloligosaccharides are shown in Table 1. Monosodium phosphate (NaH2PO4) was obtained
from Sigma-Aldrich (Milwaukee, WI, USA), sodium dodecyl sulfate (SDS) from Bio-Rad
Laboratories (Richmond, CA, USA) and methanol (MeOH) and ethanol (EtOH) from Fisher
Scientific (Waltham, MA, USA). MilliQ deionized water was used in this study.

Milk
Surplus milk from Massachusetts mothers was used for validation of the method, as approved
by the IRB of Massachusetts General Hospital. Human milk was collected with a breast pump
from 13 healthy donors. Milk samples were stored at −20°C until use. Pooled milk used for
method development was a mixture of random amounts of milk samples from these 13 donors
at different stages of lactation, and these milks were analyzed individually after the method
had been standardized to determine variation of expression.

Preparation of Milk oligosaccharides
Milk samples were thawed and an aliquot of 550 μL was centrifuged at 4,000 × g for 15 minutes
at 4°C. While avoiding the upper, creamy layer, 400 μL of liquid was pipetted from the lower,
aqueous layer into a clean test tube. EtOH (800 μL) was added to each sample (to give 66.7%
EtOH), mixed and kept at 4°C overnight. The precipitate, containing mostly proteins, was
removed by centrifugation at 12,000 × g for 10 minutes at 4°C. The clear supernatant, consisting
primarily of oligosaccharides and lactose, was transferred to another test tube and dried under
nitrogen at room temperature. The dried residue was reconstituted with 100 μL of fresh 30%
MeOH solution and stored at −20°C until CE analysis.

CE
Analysis was performed on a Hewlett Packed 3D capillary electrophoresis apparatus
(Waldbronn, German); parameters were controlled by Agilent Chemstation software, which
also acquired and processed data. Capillary dimensions were 56 cm effective length and 50
μm I.D. with extended light path geometry. Detection was by absorbance at 205 nm, and applied
voltage was 30 kV with normal polarity (sample was loaded at the anode and detected at the
cathode). Temperature was maintained at 25°C. In a typical run, injection was at 50 mbar for
6 s, loading approximately 2 nL into the column. The running buffer was 55% aqueous buffer
(200 mM NaH2PO4 at pH 7.05 with 100 mM SDS) mixed with 45% (v/v) pure MeOH as the
organic modifier.

Standard Curves
Primary stock solutions of the 12 oligosaccharide standards were dissolved in 30% MeOH at
20 mg/mL. Each stock solution was serially diluted with 30% MeOH to 2500, 1250, 625, 312,
156, 78, and 39 μg/mL to construct standard curves. The oligosaccharide peak area (Y) was
regressed against the nominal concentration of the test oligosaccharide (X, μg/mL) with
weighting of the reciprocal concentration (1/X) to create each standard curve, and its closeness
of fit was calculated as the regression coefficient r.
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Method Validation
To determine the precision and accuracy of the method, 30% MeOH solutions of each of the
12 test oligosaccharides were analyzed individually 5 times at three different nominal
concentrations (156, 625, and 1250 μg/mL). The measured value was calculated from the
standard curve (previously obtained as the regression equation), expressed as the mean of the
5 values. The accuracy was measured as the difference between the nominal value and
measured value expressed as a percentage of the nominal value. The precision was expressed
as the coefficient of variation (CV), i.e., the standard deviation divided by the mean value
multiplied by 100.

Recovery from milk
To evaluate the recovery of each test oligosaccharide from human milk, known amounts of
each authentic standard (156, 625, and 1250 μg/mL) were added individually to pooled human
milk. The measured concentration after addition of the standard to milk, minus the measured
value in the milk without the addition of standard, all divided by the value of the standard run
alone, multiplied by 100 gave the percent recovery at each concentration of each standard.

Measuring individual variation
Colostrum (d 2 to 4) samples were available from 5 mothers, milk (d 12 to 67) samples were
available from another 5 women, and matched less and more mature milk samples were
available from three mothers (d 4, 21; d 3, 15; d 5, 9). The acidic oligosaccharides were
measured in each sample to assess whether this method is able to detect natural variation in
the amount of sialyloligosaccharides expressed in human milk by different mothers, and in the
amount expressed in the same mother at different stages of lactation.

RESULTS
Method

The CE running conditions using a Tris-based buffer system that we had described previously
only marginally separated 3'-SL from 6'-SL, and did not afford separation of the LST isomers
or some of the other sialyloligosaccharides for which we now have standards. A phosphate-
based buffer system was explored for its ability to simultaneously separate these 12
sialyloligosaccharides of human milk, and 200 mM NaH2PO4 brought to pH 7.05 provided a
promising point of departure. However, without further modification, this system could not
resolve peaks 4 and 5 (SLNFP II and LST b), peaks 6 and 7 (LST c and LST a), peaks 8 and
9 (DSMFLNH and) and peaks 10 and 11 (6'-SL and 3'-SL). Incremental addition of MeOH to
the phosphate running buffer afforded increased resolution of peaks 4/5, 8/9, and 10/11. Figure
1 illustrates that the best resolution in the least time occurred when 55% buffer was mixed with
45% MeOH, the organic modifier. Addition of higher amounts of methanol caused increased
running time, broader peaks, and less resolution of peak 9 (3'-S-3-FL) from peak 10 (6'-SL).
Addition of methanol at any concentration did not improve the resolution of peaks 6/7 (LST c
and LST a).

Further modification of the running buffer with incremental concentrations of the ionic
detergent SDS resulted in the changes in resolution depicted in Figure 2. Increasing amounts
of SDS increased the resolution of peaks 6/7 (LST c and LST a), but at the expense of decreasing
the resolution of peaks 4/5 (SLNFP II and LST b) and peaks 9/10 (3'-S-3-FL and 6'-SL). To
be able to measure all of these sialyloligosaccharides simultaneously, the most effective
compromise seemed to be a concentration of 100 mM SDS.

The result of using these conditions on standards and on milk samples is demonstrated in Figure
3. The twelve standards (electropherogram A, figure 3) are well resolved, but not all to baseline.
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The three monosialylhexoses (peaks 1, 2, and 3) are resolved close to baseline. Sialyllacto-N-
fucopentaose II (peak 4) did not totally separate from sialyllacto-N-tetraose b (peak 5), nor did
the sialyllacto-N-tetraose c (peak 6) fully separate from its isomer, sialyllacto-N-tetraose a
(peak 7). All of the remaining standards were baseline resolved. However, in typical colostrum
(electroperogram B, figure 3) and milk samples (electropherogram C, figure 3) this resolution
results in individual peaks that are readily quantifyable.

Validation
The regression equations vary for the twelve standards, as seen in Table 2. However, the
relationship between concentration and response for each of the twelve standards is remarkably
linear over the entire range tested, between 32 and 64-fold (Table 2). The sensitivity (signal to
noise ratio ≥ 3) is between 39 and 78 μg/mL. The extreme linearity of the curve over the entire
dynamic range (to 2500 μg/mL) is evident by the correlation coefficient (r) approaching 1 for
all twelve standards.

The precision and accuracy of the method were tested at three different concentrations,
representing low, intermediate, and high portions of the dynamic range for each standard (Table
3). Each measurement for each standard was repeated in 5 independent analyses, and the
precision expressed as the coefficient of variation (CV), i.e., the SD/Mean × 100%. The range
of CVs for all of the concentrations of standards is between 2 to 9 %. The accuracy, a
comparison between the nominal and measured concentrations, was measured at low,
intermediate, and high concentrations, and ranges from 93 to 109%, but with a strong central
tendency about 100%.

Authentic standards were added to a normalized pooled milk sample to measure any effects of
milk matrix on the response factor, and any loss of oligosaccharide upon extraction from milk.
The data in Table 4 indicate that there is little interference by milk components after extraction
of the oligosaccharides from the milk, and that the recovery is approximately 90 to 100%.

Ability of method to discern natural variation of human milk sialyloligosaccharides
Three sets of matched milks from the same mothers, one from days 4 and 21 of lactation, one
from days 3 and 15, and one from days 5 and 9, were used to determine whether this technique
discern differences in sialyloligosaccharide expression from less and more mature milk
samples. The data in table 5 indicate that the measured concentrations of some
sialyloligosaccharides were consistently lower in the more mature milks, including
MSMFLNH I, LST b, LST c, LST a, 3'-SL, and DSLNT. In contrast, MSMFLNnH,
DSMFLNH, SLNFP II, and 6'-SL were found to increase in concentration in the more mature
milk.

Five random samples of colostrums and 5 random samples of milks from 10 unrelated mothers
were used to determine if this technique could measure individual variation in
sialyloligosaccharide expression in milk samples. Table 6 illustrates that there is variation in
expression of sialyloligosaccharides among mothers that is readily measured by this technique.
Even within the colostrum samples and within the mature milk samples, there was high
variation in sialyloligosaccharides that could not be accounted for by the variation intrinsic to
this method, suggesting significant biological differences in expression of acidic milk
oligosaccharides. Thus, this method shows promise for defining variation in milk
sialyloligosaccharide expression and its biological consequences.
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DISCUSSION
The CE analytical technique described herein is a major advance over our previous CE method
for analysis of human milk sialyloligosaccharides. The original method could not
simultaneously resolve and quantify LST a from LST c and 3'-SL from 6'-SL. Therefore we
developed two separate conditions for CE: The first condition could resolve 3'-SL from 6'-SL
but not the isomers LST a, b, and c (originally labeled SLNT a, b, and c) [9]. The second
condition could resolve the isomers LST a, b, and c, but not to baseline, and could not
simultaneously resolve 3'-SL from 6'-SL [29]. This report describes new CE conditions that
simultaneously resolve not only these two pairs of closely eluting sialyloligosaccharides, but
also the rest of the 12 human milk sialyloligosaccharides for which we now have standards.

The original method used Tris buffer at 376 mM, the new method is based on phosphate buffer
at 200 mM; this lower concentration of inorganic buffer allowed resolution of the 12
sialyloligosaccharides within a shorter run time. The pH of 7.05 used in the current running
buffer conditions provided superior resolution from the 7.9 that was used previously. Using
this inorganic buffer, however, required 45% methanol as an organic modifier with 100 mM
SDS to achieve the separation of the 12 oligosaccharides. In our former method, 6% of
methanol with 150 mM SDS separated 7 oligosaccharides, but required two independent runs
using different conditions.

More MeOH as an organic modifier in the running buffer increased resolution between most
oligosaccharides, but reduced the separation between 3'-S-3-FL and 6'-SL; the addition of 45%
MeOH to the aqueous buffer seemed to be the best balance for overall performance. Addition
of the surfactant SDS in the running buffer improved resolution for LST c and LST a, but
degraded other resolutions; 100 mM of SDS represents the compromise to balance these
resolutions. Note that the aqueous buffer was 200 mM NaH2PO4 at pH 7.05 containing 100
mM SDS before mixing this buffer with MeOH to create the mixture of 55% buffer to 45%
(v/v) MeOH for formulating the final running buffer. Further systematic modifications of the
buffer did not improve resolution in a 35 minute run.

This new method uses different separation principals from methods previously described from
other laboratories for analysis of human milk oligosaccharides. In 1987, Parkkinen and Finne
isolated acidic oligosaccharides from bovine milk and human urine by DEAE ion exchange
followed by paper chromatography, and quantified the isolated oligosaccharides by gravimetry
[30]. This method was quite effective for samples of 2 liters or more. In 1999, Charlwood et
al. analyzed acidic and neutral human milk oligosaccharides by reverse and normal phase
chromatography of their 2-aminoacridone derivatives [27]. Although this method allowed
simultaneous analysis of both acidic and neutral species, many of the individual
oligosaccharides could not be resolved. Martin-Sosa and associates described a method in 2003
of desialylating sialyloligosaccharides with neuraminidase, resolving them on an amino
column, and detecting them at 206 nm [28]. Eight peaks were detected and quantified, but
isomers of sialic acid attachment could not be resolved after desialylation, and the samples
required extensive manipulation before analysis. Anion exchange with pulsed amperometric
detection (HPAEC-PAD) has been used for analysis of acidic oligosaccharides by three groups.
Townsend et al. (1988) separated the oligosaccharides on the basis of the number of sialic acids
per molecule at pH 4.6, and further resolved them by desialylation and resolution of the
resulting neutral oligosaccharides at pH 13 [23]. This two-step process overcame the
inconsistent response factors for sialyloligosaccharides with different linkages by the
electrochemical detector. In 1996 an HPAEC-PAD method for acidic oligosaccharides was
described that utilized a two step sample work-up of ion exchange and size exclusion
chromatography and required 5-10 mL of milk [26]. Musumeci et al. (2006) used a similar
technique, but with a modified mobile phase [17]. The CE analytical method that we describe
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herein improves upon these methods: sample preparation is simple, and the method resolves
and quantifies many more milk oligosaccharides. The method was validated for the twelve
major sialyloligosaccharides of human milk for which standards are available; this is more than
any of the preceding methods.

Concentrations of sialyloligosaccharides in human milk measured by the CE method described
herein were compared with the concentrations reported in prior publications using other
methods. The range of our CE results overlaps with the range of oligosaccharides reported by
Kunz et al. [8] for LST c, 6′-SL, and DSLNT (Table 7). Our range of results also overlaps with
the results of the report of Martin-Sosa et al. [28] for 6′-SL, 3′-SL, and DSLNT. There was a
wide discrepancy between the values for LST a between these other two reports. Thus, our CE
method is in agreement with many of the previously published values for the human milk
oligosaccharides. A notable exception is 3′-S-3-SL, which was reported to be between 2 and
5 g/L of milk by Martin-Sosa et al., but which our CE analysis indicated was less than 10 mg/
L in samples from donors in the Boston area.

The CE method described herein was tested for its ability to detect and quantify acidic
oligosaccharide variance in milk of human populations. The expression of MSMFLNH I, LST
a, and possibly DSLNT, LST b, LST c, and 3′-SL decreased as lactation progressed from
colostrum to mature milk. There was also a tendency for 6′-SL, DSMFLNH, SLNFP II, and
MSMFLNnH expression in milk to increase as lactation progressed. A comparison of five
random samples of colostrum with five random samples of more mature milk demonstrated
that expression of acidic oligosaccharides in milk varies by individual. These data indicate that
populations of lactating mothers exhibit individual variation in their expression of acidic
oligosaccharides, and that our CE method can measure this variation. The relatively
straightforward sample preparation and the throughput of this CE method are sufficient to allow
of this variation to be fully studied and documented in future studies on larger human cohorts.
These may allow the biological significance of the variation in silayloligosaccharide expression
in milk to be studied in relation to medical outcomes in nursing infants.
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Figure 1.
Resolution of twelve sialyloligosaccharides with increasing concentrations of the organic
modifier methanol. The running buffer consisted of 200 mM NaH2PO4 (pH 7.05) containing
up to 50% MeOH as an organic modifier. 1, MSMFLNnH; 2, MSLNnH I; 3, MSMFLNH I;
4, SLNFP II; 5, LST b; 6, LST c; 7, LST a; 8, DSMFLNH; 9, 3'-S-3-FL; 10, 6'-SL; 11, 3'-SL;
12, DSLNT.
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Figure 2.
Effect of sodium dodecyl sulfate (SDS) on the resolution of twelve sialyloligosaccharides. The
running buffer was the mixture of 200 mM NaH2PO4 (pH 7.05) and MeOH (55:45, v/v)
containing up to 150 mM SDS. 1, MSMFLNnH; 2, MSLNnH I; 3, MSMFLNH I; 4, SLNFP
II; 5, LST b; 6, LST c; 7, LST a; 8, DSMFLNH; 9, 3'-S-3-FL; 10, 6'-SL; 11, 3'-SL; 12, DSLNT.
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Figure 3.
Electropherograms of sialyloligosaccharides from: (A) mixture of 12 standard
sialyloligosaccharides; (B) colostrum sample from one mother in Boston area; (C) mature milk
sample from one mother in Boston area. 1, MSMFLNnH; 2, MSLNnH I; 3, MSMFLNH I; 4,
SLNFP II; 5, LST b; 6, LST c; 7, LST a; 8, DSMFLNH; 9, 3'-S-3-FL; 10, 6'-SL; 11, 3'-SL; 12,
DSLNT.
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Table 1
Structures of sialyloligosaccharides quantified in this study

Abbreviation Trivial name Structure

MSMFLNnH Monosialyl,
monofucosyllacto-N-neohexaose

NANAα2-6Galβ1-4GlcNAcβ1-3(Galβ1-4GlcNAcβ1-6)
Galβ1-4Glc

MSLNnH I Monosialyllacto-N-neohexaose I NANAα2-6Galβ1-3GlcNAcβ1-3(Galβ1-4GlcNAcβ1-6)
Galβ1-4Glc

MSMFLNH I Monosialyl,
monofucosyllacto-N-hexaose I

NANAα2-6Galβ1-4GlcNAcβ1-6(Fucα1-2Galβ1-3GlcNAcβ1-3)
Galβ1-4Glc

SLNFP II Sialyllacto-N-fucopentaose II NANAα2-3Galβ1-3(Fucβ1-4)GlcNAcβ1-3Galβ1-4Glc
LST b Sialyllacto-N-tetraose b NANAα2-6(Galβ1-3)GlcNAcβ1-3Galβ1-4Glc
LST c Sialyllacto-N-tetraose c NANAα2-6Galβ1-4GlcNAcβ1-3Galβ1-4Glc
LST a Sialyllacto-N-tetraose a NANAα2-3Galβ1-3GlcNAcβ1-3Galβ1-4Glc
DSMFLNH Disialyl,

monofucosyllacto-N-neohexaose
NANAα2-3Galβ1-3(NANAα2-6)GlcNAcβ1-3(Galβ1-4(Fucα1-)
GlcNAcβ1-6)Galβ1-4Glc

3′-S-3-FL 3′-Sialyl-3-fucosyllactose NANAα2-3Galβ1-4(Fucα1-3)Glc
6′-SL 6′-Sialyllactose NANAα2-6Galβ1-4Glc
3′-SL 3′-Sialyllactose NANAα2-3Galβ1-4Glc
DSLNT Disialyllacto-N-tetraose NANAα2-6Galβ1-3(NANAα2-6) GlcNAcβ1-3Galβ1-4Glc
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Table 2
Linearity of peak areas obtained for various concentrations of sialyloligosaccharides

Oligosaccharide Regression
equationa

Correlation
coefficient

(r)
Dynamic range

(μg/mL)

MSMFLNnH Y = 0.217 X + 0.79 0.999 39 ∼ 2500
MSLNnH I Y = 0.090 X + 2.27 0.999 78 ∼ 2500
MSMFLNH I Y = 0.092 X + 1.47 0.999 78 ∼ 2500
SLNFP II Y = 0.127 X + 1.70 0.999 78 ∼ 2500
LST b Y = 0.155 X + 2.88 0.998 39 ∼ 2500
LST c Y = 0.239 X − 0.59 0.999 39 ∼ 2500
LST a Y = 0.170 X + 2.66 0.999 39 ∼ 2500
DSMFLNH Y = 0.070 X + 1.50 0.998 78 ∼ 2500
3′-S-3-FL Y = 0.067 X + 4.45 0.996 78 ∼ 2500
6′-SL Y = 0.128 X − 1.02 0.999 78 ∼ 2500
3′-SL Y = 0.293 X − 1.69 0.999 39 ∼ 2500
DSLNT Y = 0.072 X + 0.95 0.999 78 ∼ 2500

X, nominal standard concentration (μg/mL).

a
Y, peak area
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Table 4
Recovery of sialyloligosaccharides from pooled samples of human milka

Oligosaccharide
Recovery (%)

Low
(156 μg/mL)

Intermed.
(625 μg/mL)

High
(1250 μg/mL) Mean

MSMFLNnH 97 94 101 97
MSLNnH I 98 94 96 96
MSMFLNH I 93 89 91 91
SLNFP II 98 96 98 97
LST b 95 95 99 96
LST c 87 93 98 93
LST a 91 92 94 92
DSMFLNH 98 97 108 101
3′-S-3-FL 94 99 93 95
6′-SL 96 86 89 90
3′-SL 94 97 103 98
DSLNT 97 94 98 96

a
Standards were added to pooled milk from 13 donors.
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Table 7
Concentrations of oligosaccharides from three donors (μg/mL)

Oligosaccharide
Concentration (μg/mL)

Kunz's dataa Martin-Sosa's datab Current data

LST b n.r.c 1,400-3,000 9-202
LST c 100-600 12-298
LST a 30-200 1,700-3,800 n.d.-33d
3′-S-3-FL n.r. 2,100-5,400 n.d.
6′-SL 100-300 200-300 43-441
3′-SL 300-500 100-300 42-140
DSLNT 200-600 700-1,500 236-1,882

a
Data are obtained from Reference 8

b
Data are obtained from Reference 28

c
n.r., not reported

d
n.d., not detected.
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