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Infant formula is designed to provide the human
infant with a sole source of nutrition and it is
intended to imitate breast milk. In recent years,
advances in the science of infant nutrition have led
to an increasing number of novel ingredients that
are supplemented into infant formula. As the list of
these nutritionally important nutrients is lengthy,
this review summarizes contemporary analytical
methods that have been applied to a representative
selection (lutein, carnitine, choline, nucleotides,
inositol, taurine, sialic acid, gangliosides,
triacylglycerides, oligosaccharides, a-lactalbumin,
and lactoferrin).

espite evolutionary adaptation to the species
Dspeciﬁcity of mammalian milk, there is abundant

evidence for the use of unmodified domesticated
animal milk in human infant feeding as far back as 2000 B.C.
Fast forward to the modern era, and since the early to mid-20th
century, the continual humanization of primarily bovine milk
has been the fundamental intent that supports the manufacture
of modern infant formulas that are designed to provide
the human infant with a sole source of nutrition that more
closely resembles breast milk. Indeed, such initiatives have
also been adopted where other sources, such as caprine milk
and soy, have been exploited. Other articles in this Special
Guest Editor Section discuss the significant compositional
differences between bovine milk and human milk and the
evolution of industry processing and formulation advances to
address this complex issue.

International legislation mandates a very wide range of
nutritional components (>30) that must be declared as within
accepted limits to ensure compliance with regulatory bodies
across borders, and many of these components with respect
to analytical considerations have been discussed elsewhere in
this Special Guest Editor Section. Additionally, many other
ingredients that are considered nutritionally important in the
humanization of infant formula are increasingly used during
manufacture to enhance the status of infant formula within the
medical community.

As the list of all potential ingredients is lengthy, we have
limited this review of analytical methods to a representative
selection that has been applied to the analysis of nutrients that
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are commonly used but that do not fall easily within convenient
or obvious classifications.

Lutein

Lutein belongs to the xanthophyll family of oxygenated
carotenoids and is naturally present in many foods, particularly
vegetables and fruits, as the all-E (all-frans) isomer. Lutein is a
dihydroxy derivative of a-carotene and its molecular structure
underlies its importance in protecting against oxidative and
blue-light damage in the retina (1-3). Of the carotenoids, only
lutein and its structural isomer zeaxanthin are specifically
accumulated in neonatal macular retinal epithelium tissue
within the eye. Research has confirmed further that lutein is the
predominant carotenoid in human brain tissue, with implications
for cognitive neural development (4).

As the carotenoid composition of mammalian milk is
significantly influenced by diet, bovine milk is dominated by
B-carotene and lutein, whereas, in contrast, human milk contains
a qualitatively wider range of carotenoids. The supplementation
of bovine-milk—based pediatric formulas with carotenoids
is increasingly being practiced, although not yet routinely.
Although the evidence for efficacy in infant visual development
is not unequivocal, lutein has been progressively added into
infant formula to levels that are equivalent to those found in
human milk, thereby facilitating elevated neonatal plasma
lutein concentrations that are comparable with those found in
breast-fed infants (5-9).

Analytical methods for carotenoids in foods have been
reviewed previously (10-15). In samples with high fat content,
such as milk and infant formula, alkaline or enzymatic
hydrolysis techniques have commonly been applied to remove
potentially interfering lipid, to improve recovery, and to convert
xanthophyll esters in advance of solvent extraction (8, 10, 11,
16-18).

Although reversed-phase HPLC (RPLC) and ultra-HPLC
(UHPLC) platforms with either C;g or C;, column chemistries
are most commonly used, normal-phase separations have
also been reported because of superior retention of polar
xanthophylls and enhanced resolution of carotenoid isomers
(13, 14, 19, 20). Because of subtle differences in the UV-visible
absorbance spectra of various carotenoids, photodiode array
(PDA) detection is considered essential for identification. More
recently, mass spectrometry (MS) detection methods have been
used increasingly to identify constituent carotenoids further (13,
15, 16,21, 22). Nonetheless, in view of the potential presence of
both multiple structural and cis-trans isomeric forms in foods,
UHPLC using an as-yet commercially unavailable UHPLC
C3 carotenoid column, coupled to both PDA detection and
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high-resolution MS, has been proposed for the unequivocal
analysis of all carotenoids, including lutein (23).

Methods for the analysis of lutein in infant formula to support
label claims have been reported as using RPLC following, most
commonly but not exclusively, saponification and solvent
extraction techniques (8, 24-26). The Stakeholder Panel on
Infant Formula and Adult Nutritionals (SPIFAN) membership
supported multianalyte testing of lutein with other carotenoids
to include a-carotene, f-carotene, and lycopene. A Standard
Method Performance Requirement (SMPR®) that mandates
both chromatographic resolution of lutein and zeaxanthin
and the differentiation of cis- and trans-lutein isomers has
been defined. Candidate methods for potential AOAC Official
Method status are currently under review for their potential to
achieve official dispute resolution method status.

Carnitine

L-Carnitine is a quaternary ammonium compound that is
biosynthesized from the amino acids lysine and methionine
and is considered a conditionally essential nutrient, with dietary
supplementation being particularly important during infant
development. The key functional role of carnitine is the transport
of fatty acids across the mitochondrial membrane where they
undergo B-oxidation for energy production (27). Carnitine is found
in milk as free carnitine and short-, medium-, and long-chain acyl
carnitine. However, as acid-insoluble long-chain acyl carnitines
are a minor component, total carnitine quantitation is usually
restricted to the sum of free carnitine and short- and medium-chain
acyl carnitine forms (28).

Strategies for sample preparation depend on which carnitine
forms are the targets of the analysis. For the purpose of routine
product release, analysis of infant formula is often limited to
analysis of supplemented and endogenous free carnitine. Sample
preparation for the analysis of free carnitine is straightforward,
with protein removal being achieved by the use of acid (29, 30)
or centrifugal ultrafiltration (31).

As carnitine lacks a chromophore, the analysis of carnitine
in infant formula in the past has commonly been performed by
an enzymatic assay (30). The method is based on the carnitine
acetyltransferase-initiated acetylation of carnitine and the
subsequent stoichiometric release of coenzyme A, which
reacts with dithio-nitrobenzoate to form the chromophore
detected at 412 nm. To detect total carnitine, different
saponification strategies allow soluble and insoluble esters
to be determined (28). This technique has been automated to
speed up the routine analysis of infant formulas using flow
injection analysis (FIA; 32).

The proliferation of LC-MS for routine analysis has led
to the development of less labor-intensive methods for the
detection and quantitation of carnitine. A microwave-assisted
acid hydrolysis technique was developed for the analysis of free
carnitine and total choline in four food-based certified reference
materials including infant formula (33). A simplified technique
for the analysis of free carnitine by dilution and filtering makes
use of the high degree of selectivity and sensitivity of modern
LC-MS/MS instruments (34).

Sample preparation for total carnitine typically consists of
acid precipitation of protein followed by alkaline hydrolysis
to release short- to medium-chain acyl carnitines (28, 30, 35),

although direct saponification without previous protein removal
is described in AOAC First Action Method 2014.17 (36).

Under reversed-phase conditions, chromatographic separation
of carnitine is challenging because of its ionic nature. Ion pair
(IP) chromatography using heptafluorobutyric acid has been
used to retain carnitine on Cg (34) and C,5 (29) stationary phases.
Alternative column chemistries can offer significant advantages
for the retention of polar and ionic analytes without the need for
IP reagents and hydrophilic interaction liquid chromatography
(HILIC) columns (36), and mixed-mode reversed-phase and
ion-exchange columns (33, 35) have been used. Mixed-mode
columns allow for a high degree of selectivity by modification
of mobile-phase pH, ionic strength, and organic solvent, which
may be beneficial, particularly in the analyses for which MS/MS
is not used. Electrospray ionization (ESI) in positive mode with
either MS (29, 33) or MS/MS (34-36) has been applied to the
quantitative analysis of carnitine.

Choline

Choline is a low molecular mass, quaternary amine,
zwitterionic compound that is considered a conditionally
essential nutrient, especially for the human infant dependent
on a single nutritional source. In the human, choline is the
precursor for the neurotransmitter acetylcholine, which is an
important structural and signaling component of cell membrane
phospholipids and, via betaine, functions as a significant source
of labile methyl groups in intermediate metabolism. Choline
plays a critical role during fetal neural tube development, stem
cell proliferation, and apoptosis, with significant consequences
for brain structure and lifelong function. Choline deficiency
can manifest as fatty liver and hemorrhagic kidney necrosis,
with prolonged deficiency leading to potential hepatic, renal,
pancreatic, memory, and growth disorders (37, 38).

Choline is present in a wide range of foods as free choline and
in various metabolically interrelated esterified forms including
phosphocholine, phosphatidylcholine, glycerophosphocholine,
sphingomyelin, and acetylcholine (39). Although choline
is biosynthesized endogenously in the human body, current
guidelines recommend an exogenous dietary intake for
infants and adults to maintain health (40). Choline is actively
transported from maternal blood to milk, and in recognition of
its nutritional importance, pediatric formulas are increasingly
supplemented with either the free salt or choline bound in the
form of lecithin (approximately 25% w/w phosphatidylcholine)
to enable infants to maintain serum levels that are equivalent to
those of breast-fed counterparts.

Analytical strategies for the estimation of the total choline
content of a food require the determination of either the
aggregate of free and individual esterified forms or free
choline following acid and/or enzymatic hydrolysis of choline
esters, and they have been comprehensively reviewed (41).
Early end-point analytical strategies based on gravimetric
determination of the reineckate complex, spectrophotometry of
the enneaiodide complex, microbial methods, and physiological
methods are no longer used. The analysis of choline and choline
esters in foods has been described using enzymatic—colorimetry
(42, 43), biosensor (44, 45), FIA-electron capture detection
(46, 47), NMR (48), GC-MS (49), and capillary electrophoresis
(CE)—indirect UV (50) methods. More recently, methods based
on HPLC-MS (29, 33, 51-53), HPLC—fluorescence (54, 55),
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and high-performance ion chromatography (HPIC)-suppressed
conductivity (56) have proliferated. HPLC-based methods using
HILIC columns have demonstrated enhanced capability for the
simultaneous separation of individual choline species that differ
widely in hydrophobicity, and the commercial availability of
isotope-labeled standards will facilitate the application of
isotope-dilution MS methods (41).

The AOAC INTERNATIONAL SPIFAN initiative has
adopted two procedures, based on HPLC-MS/MS (57) and
HPIC—conductivity (58), as Official First Action for application
to infant formulas and adult nutritionals, with the latter currently
being subject to a multilaboratory study for possible adoption as
a dispute resolution Final Action method.

Nucleotides

Nucleotides perform critical roles in cellular function as
components of coenzymes, as building blocks of nucleic
acids, and as key intermediaries of the transfer of metabolic
energy. Numerous studies have reported the physiological
benefits of nucleotide addition to infant formula (59), although
supplementation remains controversial as unequivocal clinical
evidence is lacking (60). However, infant formula products
are currently considered safe when supplemented to levels that
are equivalent to the free nucleotide concentrations in human
milk (61).

Methods for the analysis of nucleotides in infant formula
have been reviewed previously (62). In recent years, advances in
column and instrument technology have led to the development
of new methods that offer fast, reliable, and accurate analyses of
nucleotides in infant formulas.

Various approaches have been used to remove protein
material before chromatographic analysis. Protein precipitation
with acids, such as perchloric (63), formic (64), hydrochloric
(65), trichloroacetic (66), and acetic (67, 68), followed by
neutralization, filtering, or centrifugation steps, has been used.
Acid precipitation offers the advantage of a simple, rapid, and
inexpensive sample preparation, although interfering artifacts
that can complicate the chromatographic analysis may be
introduced. Strong anion exchange solid phase extraction
(SPE) (69) and physical removal by ultracentrifugation (70-72)
generally produce cleaner extracts for analysis although they
can add significantly to the cost per sample.

A variety of chromatographic techniques have been applied
to separate nucleotides in infant formula extracts. Because of the
anionic structure of nucleotides, ion-exchange chromatography
(IEC) is a suitable technique for the separation of nucleotides
with predictable retention behavior because the interactions
between the negatively charged analyte and the positively
charged stationary phase are predominantly electrostatic.
Anion-exchange chromatographic analysis of infant formula
extracts using quaternary amine stationary phases (66, 70) and a
dendrimer stationary phase (65) has been reported, although the
use of phosphate-containing mobile phases precludes its use in
LC-MS analyses. In the past, IP-RPLC was the most prevalent
technique for the analysis of nucleotides in infant formulas (62);
however, in recent years only one study has reported the use of
IP-RPLC to separate nucleotides in infant formula extracts (63).
Advances in column technologies have led to the availability
of more options for the retention of highly polar compounds
without the need for IP reagents. This is of particular advantage

in MS methods in which IP reagents either might be incompatible
or might significantly complicate spectra. RPLC and HILIC
methods have been developed to analyze nucleotides in infant
formula, with sufficient retention and resolution demonstrated
(64, 68, 69, 71). HILIC is particularly advantageous when
coupled to MS detectors, in that the high organic content of
the mobile phase enhances spraying and desolvation, thereby
increasing signal intensity; also, there is less need for gradient
elution, thereby reducing the impact of variances in the
composition of the mobile phase on ion suppression.

CE has been used to separate nucleotides in infant formula
(67, 72). Because of their inherent negative charge, CE
readily analyzes nucleotides, and such methods are generally
considered faster and cheaper than comparable LC methods,
because inexpensive buffer salts rather than organic solvents
are used.

Although LC detection using UV is still common (63,
65-70), MS and MS/MS with ESI in both positive (64, 71,
73) and negative (72) modes have increasingly been adopted.
The use of MS/MS with isotope-labeled internal standards
provides for a highly selective and accurate assay.

A method for the analysis of nucleotides in infant formula has
been studied collaboratively (74) as part of the SPIFAN process
to validate reference methods in infant formulas, and it is now
an AOAC Final Action method (75, 76).

Inositol

Inositol is a cyclohexitol sugar that can exist in nine
possible stereoisomeric forms, although only myo-inositol
has confirmed biochemical significance in eukaryotic cells
as the structural basis of several secondary messengers,
including multiple inositol phosphates, phosphatidylinositol,
and phosphatidylinositol phosphate lipids (77-79). In humans,
myo-inositol was initially classified as a B-group vitamin, as a
dietary source was originally considered essential. However, it
is now regarded as a conditionally essential nutrient, given that
most mammals, including humans, are capable of its in vivo
synthesis from glucose-6-phosphate (79).

Although present as free myo-inositol, the compound
is more commonly found in foods with various degrees of
phosphorylation. For example, inositol hexaphosphate (phytate),
which is present in many plant-based foods, is considered to be
unavailable in humans and has historically been described as an
antinutrient because of its binding of niacin and dietary minerals
with consequent potential deficiency symptoms. More recently,
however, it has been demonstrated that phytate may indeed
contribute to human health, and its prevalence in mammalian
neural tissue has also been confirmed, although its function
within the central nervous system remains poorly understood
(78, 80). Whereas phytate is not yet generally considered as
a nutritional source of myo-inositol for humans, other lower
phosphates such as inositol 1,4,5-trisphosphate probably are, as
evidenced by their common occurrence in blood (81). Further,
as the inositol bound within phosphatidylinositol is readily
available to humans because of phospholipase activity within the
digestive tract, analytical methodology for foods should ideally
include contributions from both phosphatidylinositol and inositol
phosphates (n=0-3), but should possibly exclude phytate.

Milk is a significant source of myo-inositol, with human milk
containing higher levels than bovine milk, and myo-inositol is
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therefore added to infant formulas to ensure against potential
deficiency during early neonatal development (82). Although
the Codex Alimentarius Commission legislates a minimum of
1 mg/100 kJ for infant formulas, it does not specify whether
inositol phosphates, including or excluding phytate, or
phosphatidylinositol molecular species are to be included.

The analysis of free myo-inositol in foods and biological
tissues has generally been facilitated following a simple protein
precipitation step in advance of end-point analysis. Methods
targeting the aggregate of free and bound forms have used acidic
or alkaline hydrolysis followed by traditional microbiological
assay (83), enzymatic assay (84), GC subsequent to
previous derivatization (85-88), HPLC or high-performance
anion-exchange chromatography (HPAEC) techniques using
UV, evaporative light-scattering detection (ELSD), or pulsed
amperometric detection (PAD) (82, 89-94), and HPLC or
UHPLC coupled with MS (95-97). A review has summarized
the techniques that are applicable for the analysis of inositol
and related compounds, albeit specific to soybean tissues (98).

A GC method for the compliance analysis of the total
myo-inositol content in milk, infant formula, and adult
nutritional products, using acid hydrolysis and conversion
to the volatile trialkylsilyl derivative, has been reported (88).
The AOAC INTERNATIONAL SPIFAN initiative has adopted
two procedures, both based on acid hydrolysis followed by
HPAEC-PAD, as Official First Action (99, 100) for application
to infant formulas and adult nutritionals. The methods
prescribe equivalent HPAEC-PAD conditions and, although
both yield comparable results when applied to the analysis
of free myo-inositol, there are differences when applied to
bound analyte because of fundamental differences in sample
preparation. AOAC 2012.12 (100) adopts an exhaustive acid
hydrolysis to recover total myo-inositol before end-point
analysis, whereas AOAC 2011.18 (99) aggregates free and
phosphatidyl-bound myo-inositol, which are estimated in two
separate determinations. The latter method has been adopted
as an AOAC Final Action method following a multilaboratory
study.

Taurine

Taurine, 2-aminoethanesulfonic acid, is prudently added to
infant formulations as part of the widespread strategy to match
infant formula with human breast milk, and to adult energy
drinks, perceivably to improve brain cognition. As it is involved
in many biochemical reactions, a deficiency of taurine can
have serious consequences for individuals who are unable to
process sufficient in vivo concentrations (101, 102). Sometimes
referred to as an amino acid, it is not found within protein
structures and it is easily extracted from milk, milk powders,
and infant formulations (103). As it is a small molecule without
a chromophore, detection of the extracted taurine requires
derivatization or electrochemistry in the same way as for many
other amino acids or carboxylic acids.

Traditional amino acid profiles were obtained using
ion-exchange columns to separate underivatized amino
acids, followed by postcolumn ninhydrin reaction in discrete
amino acid analyzers (104, 105). Similarly, AOAC 993.13
(106) describes a method for free amino acids in premixes using
ion-exchange separation and postcolumn ninhydrin detection
(107). Such devices are still useful, but they have largely
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been replaced by HPLC and UHPLC techniques that are less
expensive and more versatile.

Following deproteinization of liquid or reconstituted powder
with Carrez solutions, AOAC 997.05 (108) describes the
analysis of taurine in dairy products using a precolumn dansyl
chloride derivatization reaction and reversed-phase HPLC with
UV detection (254 nm) or fluorescence detection (ex: 330 nm,
em: 530 nm), a method that has been widely used (109). Biondi
et al. (110) also used dansyl chloride derivatization to detect
taurine in formulations, but used heat to accelerate the reaction.

Other derivatization chemistries in precolumn format, such as
4-fluoro-7-nitrobenzofurazan (111) and 2,4-dinitrofluorobenzene
(112), have been used for taurine detection in milk and beverages.
Taurine in cheese has also been separated from many other
free amino acids as phenylisocyanate derivatives (113). The
authors also describe many other derivatization reagents that
are available for the precolumn or postcolumn determination
of amino acids, many of which are potentially suitable for the
detection of taurine. In offline mode using manual derivatization,
slow-reacting derivatives are preferred, thereby improving
method performance. The increasing availability of injector
automation has provided new focus to instrumental precolumn
derivatization with o-phthalaldehyde, a technique that has been
successfully used with UV detection for infant formula and
breast milk (114), with fluorescence detection for biological
fluids (115), and electrochemically for tissues (116). If AOAC
997.05 (108) is to be replaced as the preferred SPIFAN method
for taurine, then an automated o-phthalaldehyde reaction
provides a potentially good option.

A viable alternative to precolumn derivatization is the
use of cation IEC with PAD, in which taurine is detected
electrochemically in its native state. This technology has been
demonstrated successfully for the quantitation of taurine in
dietary supplements and urine (117), various mammalian milks
(118), and a wide variety of foods (119).

Despite the advantages demonstrated by LC-MS for detecting
taurine in supplemented beverages (120) and the need for
ultimate sensitivity and selectivity for taurine and its metabolites
(121), routine quality assessments of taurine in infant formulas
are probably adequately provided by existing reversed-phase
HPLC or IEC technologies. This situation would change for
multicomponent testing or in matrices in which taurine is not
easily discriminated, such as protein hydrolysates.

Sialic Acid

Sialic acid is the trivial name for a family of acylated
derivatives of a 9-carbon carboxylated monosaccharide, with
the most common forms being NeuSAc (N-acetylneuraminic
acid) and Neu5Gc (N-glycolylneuraminic acid). Human milk
contains predominantly Neu5Ac bound to free oligosaccharides,
whereas bovine milk contains both Neu5Ac and significant
quantities of Neu5Gc bound to glycoproteins. Although the
nutritional importance of sialic acid is not yet well understood,
it might be a conditionally essential nutrient and may play a
role in brain development (122—124).

The analysis of sialic acids in dairy products has been
reviewed (122). Infant formula samples are typically
reconstituted in water; however, pretreatment by removal of
the fat layer post-centrifugation and protein precipitation with
trichloroacetic acid (10% w/v) has also been reported (125).
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Acid hydrolysis using sulfuric acid is typically performed with
sample digestion at 80°C for 1-2 h (125-130).

Sample cleanup using SPE anion-exchange resins (Dowex
1X8) has typically been used (127-129), although more recently,
the Dionex OnGuard II A SPE cartridge has been reported as
simplifying the analysis and reducing the test time (126).

Spectrophotometric methods using resorcinol (129) or
thiobarbituric acid (125) have been used for the analysis of
total sialic acid in infant formula. Because of its laborious
nature, poor precision, poor selectivity, and the limitation to
measuring total sialic acid, this technique has been superseded
by chromatographic methods. RPLC methods with fluorescence
detection of the 1,2-diamino-4,5-methylenedioxybenzene
derivatives of NeuSAc and Neu5Gc have been applied to the
analysis of infant formulas (127, 128). A comparison of a
UHPLC version of this method and an HPAEC-PAD method
illustrated that both methods were sensitive for the analysis
of Neu5Ac and Neu5Gc in infant formula (126). Of the two
methods, UHPLC with fluorescence detection was more
sensitive, although it required a derivatization step, whereas
HPAEC-PAD was the faster method. An HILIC-MS/MS
method for the determination of Neu5Ac and Neu5Gc in infant
formula (130) was developed. The use of MS/MS analysis of
NeuSAc and Neu5Gc ions afforded similar selectivity to that
afforded by fluorescence without the need for derivatization,
thereby simplifying the analysis and reducing the analysis
time. However, as isotope-labeled standards were not available,
calibration was achieved by the use of matrix-matched
standards, which can complicate quantitation.

Gangliosides

Gangliosides are a group of glycosphingolipids comprised
of a hydrophilic oligosaccharide chain with one or more sialic
acid moieties and a ceramide group consisting of sphingosine
and fatty acids with a variety of chain lengths and degrees of
saturation (122, 131). The ganglioside classes of GD3 and GM3
account for >80% of the total ganglioside content in bovine milk
(132), but comprise approximately 50% of the total ganglioside
content in human milk (133).

The extraction of gangliosides from dairy products is
complex because of the high fat content and their localization
in the milk-fat globule membrane. Typically the extraction of
gangliosides from infant formulas is based on modifications to
the extraction method described by Svennerholm and Fredman
(134), whereby the gangliosides are extracted twice from the
sample matrix, the supernatants are pooled, and the gangliosides
are separated from other lipids by phase partitioning with water
(131, 132, 135). A Folch extraction with methanol: chloroform:
0.01M KCl (132) or SPE (131, 135) has been used to purify the
crude lipid extracts further.

Total gangliosides can be quantitated in purified extracted
lipid by sialic acid determination, and this technique has been
used in the determination of gangliosides in infant formulas
(133). LC-MS affords a high degree of selectivity, sensitivity,
and robustness, and can be applied to the routine analysis
of analytes in difficult matrices, and such methods for the
determination of gangliosides in milk and infant formulas have
beenreported (131, 132). An RPLC separation of GD3 and GM3
was performed with ESI in negative mode, with compensation
for suppression effects, necessitating quantitation by multilevel

standard addition via the autosampler, adding a significant
burden to the test cost and the total analysis time (131). A
reduction in analysis time was achieved with the development
and validation of a HILIC-MS method for the analysis of GM3
and GD3. No matrix effects were observed with this method,
allowing for external standardization and thereby simplifying
and speeding the analysis (132). Further enhancements to
ganglioside analysis have been achieved, with the publication
of'a UHPLC-MS/MS method for the analysis of GD3 and GM3
in which the run time was reduced to 8 min and quantitation was
achieved by an internal standard using GM1 (135).

Triacylglycerides

The esters formed between glycerol and fatty acids produce
a vast array of potential mono-, di-, and triacylglycerides
that have been studied well because of their contribution to
energy production, body insulation, and as a source of specific
polyunsaturated fatty acids (136, 137).

Triacylglycerides, the predominant neutral lipid compounds,
have three regiospecific positions for esterification (described
as sn-1, sn-2, and sn-3), with the central sn-2 position being
optically active in either the S or R conformation. The carbon
number (CN) in a triacylglyceride is a convenient method of
categorization; thus tripalmitolein with three palmitic acids is
CN438, also described as PPP. The positions of the fatty acids
in triacylglycerides have assumed greater importance in infant
nutrition because pancreatic lipase removes sn-1 and sn-3
fatty acids more readily and leaves the sn-2 fatty acid as a
monoacylglyceride, which is subsequently readily absorbed and
is available for in vivo energy production (138). Additionally,
free long-chain fatty acids from the sn-1 and sn-3 positions are
reported to form calcium soaps, depleting the availability of this
essential bone mineral (139).

Animal (140, 141) and human (142) studies have shown a
faster absorption rate of certain stereospecific triacylglyceride
isomers with a focus on the prevalent CN52 triacylglycerides.
1,3-Dioleoyl-2-palmitoylglycerol (OPO), created by the
transesterification of palm oil (143), is incorporated into
modern infant formulations such that the fatty acid profiles
and the sn-2 compositions become more closely aligned with
those in human milk (144-146). However, there is insufficient
evidence to establish a cause-and-effect relationship between
the consumption of sn-2 palmitate and an increase in calcium
absorption, and further nutritional studies are suggested (147).

As an ingredient of infant formula, a method of differentiating
OPO from the endogenous milk-fat triacylglycerides,
particularly other CN52 triacylglycerides, is desirable. AOAC
986.19 (148) uses gas chromatography with flame-ionization
detection (GC-FID) with packed column technology to
separate intact triacylglycerides, but it is unlikely to include
sufficient discrimination for OPO quality-control purposes.
An International Standards Organization (ISO) method
for the determination of the triacylglyceride composition
of fats and oils (149) uses GC-FID separation on a 25 m
phenylmethyl-polysiloxane capillary column. The underivatized
triacylglycerides elute in order of increasing CN and, for
similar CNs, triacylglycerides with greater unsaturation are
retained longer. Similarly, an ISO method for the determination
of milk-fat purity (150) separated groups of triacylglycerides,
although neither method specifically targeted OPO detection.
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Straarup et al. (151) used multidimensional chromatography
to study extensively the triacylglyceride composition of infant
formulations, and they compared sn-2 data with those for human
milk. Thin-layer chromatography (TLC) separated the extracted
fats before GC-FID, therefore providing consistently reliable
data. Similarly, Haddad et al. (146) used TLC to separate lipid
classes, but improved selectivity of minor compounds using
dual-column HPLC with fraction collection of the peaks.
Each fraction was examined for fatty acid and triacylglyceride
composition using GC-FID and LC-MS to identify the
individual compounds. The most abundant compound was a
dioleoyl-palmitoyl isomer OOP, CN52:2 (the :2 signifies the
total number of double bonds), although the stereochemistry
was not proven, with other CN52 compounds following in order
CN52:4 (PLL/PoOL/POLn)>CN52:3 (POL/PoOO)=CN52:1
(PSO)>CNS52:1 (PSS)>CNS52:2  (PSL/PoSO)>CN52:0
(PSS)=CN52:5 (PoLL) (L=linoleic acid, Ln=linolenic
acid, O=oleic acid, P=palmitic acid, Po=palmitoleic acid,
S=stearic acid), illustrating the difficulty of quantitative
testing of intact triacylglycerides. LC-refractive index detection
(RID) has demonstrated reliability for triacylglyceride
separations in vegetable oils, as illustrated in AOAC 993.24
(152). Under nonaqueous conditions with a C;g column, the
triacylglycerides were eluted with increasing effective carbon
number (ECN), a calculation that included a reduction in CN
by unsaturated double bonds. ECN was described in the method
as ECN=CN-(2.60x0,)—(2.35xL,)—(2.17 xLn,), where O,,,
L,, and Ln, are the number of double bonds of oleic, linoleic,
and linolenic acids, respectively, in the triacylglyceride. Using
this equation, as OPO has an ECN of 46.8, it should elute
just after triolein (OOO, ECN 46.2). Although it has not been
demonstrated, this method has the potential to quantitate OPO
in infant formulations.

The ELSD detector allows gradient elution with consequently
enhanced triacylglyceride separation (153), a procedure that
was optimized to study the natural composition of human
milk (154). Similar to AOAC 993.24, quantitation was by
area normalization assuming equal detector response, with the
identification of unknown triacylglycerides by the comparison
of selectivity factors (log a) relative to triolein and by LC-MS
with atmospheric pressure chemical ionization. The results
were comparable to those of Haddad et al. (146), with the most
abundant triacylglycerides being dioleoyl-palmitoyl (CN52:2,
27%) and oleoyl-palmitoyl-linolenoyl (CN52:3, 17%), but
acknowledging the variability between samples that is caused
by external factors such as dietary habit.

Other studies using MS detectors (155-157) for plant oils
suggest that this technique has future potential for targeted OPO
determinations. The need to detect a single analyte with known
structure and in a well-established matrix, coupled with available
standards, simplifies the analytical challenges (158). Future
official methods are likely to be derivatives of nonaqueous
argentation LC, permitting greater triacylglyceride separation
by exploiting Ag'—double-bond interactions, followed by
detection with ELSD, Charged Aerosol Detector, or MS (159).

Oligosaccharides
Carbohydrates are vital components in metabolism, as

individual monosaccharides, as polymers of various chain
lengths, or in combination with proteins (glycoproteins), lipids

(glycolipids), and many other biochemicals. Oligosaccharides
are typically 3-9 sugars in length, comprising one or several
simple sugars bonded through their hydroxyl groups. Thus
gluco-oligosaccharides are homopolymers of glucose with
a(l—4) or a(l—6) O-glycosidic links from maltotriose
upward, whereas hetero-oligosaccharides contain >2 sugars
such as pectic-oligosaccharides derived from fruits. Some
oligosaccharides, notably trisaccharides such as raffinose,
exist in nature although less predominantly than the long-chain
polysaccharides found throughout the plant kingdom. The
enzymatic hydrolysis of the polysaccharides can be controlled
commercially to produce a substantial array of oligosaccharides
for human dietary use (160, 161).

The principal purpose of supplementary oligosaccharides is
to improve intestinal health, which in turn can enhance physical
and immunological well-being. Such oligosaccharides, called
prebiotics, survive the digestion process and are fermented in
the colon, promoting the growth of beneficial bacteria such
as Bifidobacterium and Lactobacillus. Those most commonly
used for food fortification are fructo-oligosaccharides (FOS)
and galacto-oligosaccharides (GOS), both being water soluble
and easily incorporated into liquids or powders. The addition
of FOS or GOS at low-percentage concentrations to later-stage
infant formula is becoming increasingly common.

There are two general analytical approaches to
detecting FOS, one targeting the intact oligomers and the
other hydrolyzing the glycoside bonds with subsequent
measurement of liberated monosaccharides. Neither presents
an easy challenge in infant formulations and adult nutritionals
because of the presence of other carbohydrates at much higher
concentration. Thus FOS, with its linked B(2—1) fructose
(Fru) and terminal glucose (Glu) monomers, abbreviated Fru,
and Glu—Fru, (n typically 1-7), can be difficult to measure
in products with high sucrose or maltodextrin levels (162).
Methods for fructans are described in AOAC 997.08 (163)
and AOAC 999.03 (164), based on HPAEC-PAD (165)
and colorimetry, respectively (166). Both measure the net
increase in fructose after enzymatic hydrolysis, correcting for
non-FOS contributions. An enzymatic—spectrophotometric
approach has been reported for inulin/FOS in a wide range
of foods, including dairy products at 1% FOS, and this
approach has been compared with results using AOAC
997.08, demonstrating the usefulness of such methods without
expensive equipment (167). AACC method 32-31.01 (168) is
similar to AOAC 997.08, using HPAEC-PAD to detect fructan
oligomers before and after selective hydrolysis with separate
amyloglucosidase and fructanase hydrolyses.

GOS is manufactured by trans-galactosylation of lactose
with various bacterial enzymes, creating many variants of raw
materials, some of which will contain free glucose and galactose
(Gal) (169), making quality control even more complex. The
testing of GOS is more complex than that of FOS because of its
diverse linear B(1—3), B(1—4), and B(1—6) galactose chains,
usually with terminal glucose molecules (Glu—Gal,,). In products
with a significant lactose background, the analytical challenge
is increased because this (1—4) O-linked disaccharide will
dominate the liberation of monosaccharides after hydrolysis.
AOAC 2001.02 (170) describes a method for raw materials;
it hydrolyzes oligomers with B-galactosidase and compensates
for residual lactose by HPAEC-PAD (171), and it is similar to
AACC method 32-33.01 (172).
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HPAEC with integrated PAD and optimized wave-forms will
probably play a significant role in future AOAC internationally
harmonized methods for oligosaccharides, albeit challenged
for sensitivity and selectivity in infant formulations. Thus
AOAC 997.08/AACC 32-31.03 for FOS and AOAC 2001.02/
AACC 32-33.01 for GOS can potentially be updated with
respect to sample preparation and chromatography to improve
their reliability at low concentrations. For methods involving
oligomer hydrolysis, the average degree of polymerization
needs to be determined to calculate the contribution of water
at each linkage.

The detection of intact oligomers provides a viable alternative
method to enzymatic hydrolysis but relies on standard materials
being available for each component. In the case of FOS, the
major compounds are known, namely 1-kestose (Glu—Fru,),
nystose (Glu—Frus), and 1-fructofuranosyl-nystose (Glu—Fruy),
and are commercially available for investigational use (173,
174). The future availability of PB(2—6)-bonded neoFOS
isomers will also be helpful. In the absence of suitable standards,
response factors need to be determined by interpolation or by
involving oligomer profiles of the relevant FOS raw material
(175). The GC-FID profiles of volatile oxime trimethylsilyl
derivatives selectively separated Glu—Fru, and Fru, in the
presence of malto-, isomalto-, and galacto-oligosaccharides,
and this method is a viable candidate for the routine analysis
of infant formula, despite the need for previous derivatization.

The situation regarding GOS is more difficult, but Austin
et al. (176) tackled this using a Dionex IC system equipped
with a CarboPac PA 100 column to measure GOS in infant
formulations. Calibration was achieved using two common
marker peaks found in the sample and the raw ingredient
material.  Additionally, fluorescent derivatization with
2-aminobenzamide provided a promising quantitative method
for GOS in infant formulations, the molecular mass of each
oligomer being decided by flow splitting to a mass spectrometer.

MS detectors have been very successful in oligomer
identification based on fragmentation patterns (177-179) and
they lend themselves to the routine testing of infant formulations
in the future.

a-Lactalbumin

a-Lactalbumin is a single chain, Ca2+-binding protein
comprising 123 amino acids, no free thiols, and four disulfide
bonds, has a molecular mass of approximately 14 kDa, and is
present in all mammalian milks. It is the second most abundant
whey protein in bovine milk and the dominant whey protein
in human milk, with 74% sequence homology between these
species, and when bound to Caz+, it is relatively heat stable
compared with other whey proteins (180, 181).

a-Lactalbumin is a critical component of the lactose synthase
system within the mammary gland, and its structural similarity
to lysozyme suggests an evolutionary relationship (180,
182). Aggregated forms of human apo-o-lactalbumin have
been reported to be apoptotic to certain tumor cells, which is
speculated to be protective to the suckling neonate (183).

a-Lactalbumin is of high nutritional value to the neonate,
and it is a source of the essential amino acids tryptophan and
cysteine. Based on the accepted nutritional suitability of human
milk, infant formulas derived from bovine milk are increasingly
humanized by adding bovine whey protein fractions enriched

with a-lactalbumin to provide a plasma amino acid profile that
is comparable with that of breast-fed infants (184). Research
suggests that a-lactalbumin may also be physiologically active
by moderating gut microflora, mineral absorption, and immune
function (181).

The increasing trend toward the supplementation of infant
formulas with a-lactalbumin, and its potential as a marker of heat
treatment, have stimulated the need for reliable concentration
assays for its determination at endogenous levels in milk, at
supplemental levels in infant formula, and at pharmaceutical
levels in milk protein isolates. Many analytical techniques are
available for the determination of o-lactalbumin, either alone
or simultaneously with other whey proteins, with a range of
electrophoretic and LC strategies commonly described and
more recently incorporating MS detection (185-193).

In view of their inherent specificity for native protein
conformation and their sensitivity, immunological methods
offer an alternative quantitative approach, and they have
also found application in studies of the denaturation of
a-lactalbumin and species adulteration of milk-based products.
Radial immunodiffusion, nephelometric immunoassay,
immunoelectrophoresis, and enzyme-linked immunosorbent
assay (ELISA) techniques have commonly been described
for the determination of a-lactalbumin in milk, with surface
plasmon resonance (SPR) based biosensor methods being
reported more recently (193-203). A notable attribute of
biospecific biosensor immunoassays is the inherent sensitivity
of SPR detection, facilitating direct sample dilution in buffer in
advance of automated analysis.

Lactoferrin

Lactoferrin is an approximately 80 kDa, basic (pl:
approximately 9.0), iron-binding, bilobal secretory transport
sialylated glycoprotein of known amino acid sequence, and is
a member of the transferrin family. It is characterized by the
carbonate-anion-dependent, high-affinity (Kp approximately
102 M) (204), and pH-reversible binding of two Fe'* ions
per molecule yielding a pink complex (A, 470 nm) (205,
206). Although lactoferrin is present in milk as a result of in
situ synthesis within the mammary gland, it is also present in
several other exocrine fluids. The fact that milk shares several
antimicrobial components, including lactoferrin, with other
glandular secretions might be evidence of functions that predate
the nutritional role of lactogenesis (207). In addition to its
antimicrobial activity, lactoferrin, and its proteolysis-generated
peptide lactoferricin, might function as a prebiotic in intestinal
iron uptake and regulation, immune response, growth-factor
activity, and antioxidant activity (205, 208, 209). The lactoferrin
content is species dependent, with significantly higher levels in
human milk and colostrum than in the bovine equivalent (210).
Based on the accepted nutritional suitability of human milk, infant
formulas derived from bovine milk are increasingly humanized
by their supplementation with fractionated lactoferrin isolated
from bovine milk or whey (recombinant human lactoferrin has
also been advocated) (211, 212), despite a 69% primary sequence
homology with human lactoferrin and a poorly characterized
understanding of its absorption in the infant gastrointestinal tract.

The increasing commercial interest in exploiting the
therapeutic value of lactoferrin has stimulated the need
for reliable concentration assays for its determination at
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endogenous levels in milk and colostrum, at supplemental
levels in infant formulas, and at pharmaceutical levels in milk
protein isolates. Analytical chromatographic techniques for
bovine whey proteins have been reviewed (187, 213), with
LC, UHPLC-MS/MS, and electrophoretic techniques for the
quantitation of lactoferrin in milk, whey, and infant formulas
being reported (214-219).

A review of the immunological techniques that are available
to estimate the concentration of lactoferrin concluded that
immunodiffusion techniques have inherently low sensitivity and
have generally been superseded by the more sensitive ELISA
techniques (220). More recently, enzymatic and nephelometric
immunoassays for lactoferrin in milk have been reported
(221-226). Conventional immunoassay techniques have been
further enhanced through the development of immunosensor
platforms exploiting electrochemical transduction techniques,
which have been applied to the determination of lactoferrin in
mammalian milk (227, 228). Alternative real-time, label-free
optical biosensor techniques based on SPR transduction have
also been reported for the quantitation of lactoferrin in bovine
milk and infant formula milk (194, 229). Such automated
biosensor immunoaffinity technologies exploit the specific and
reversible interaction between antibody and protein antigen,
and they are versatile, robust, and capable of producing rapid
and reliable data for the quantitative analysis of lactoferrin, and
other proteins, in complex food matrices with minimal sample
preparation.

References

(1) Bone, R.A., Landrum, J.T., Cao, Y., Howard, A.N., &
Alvarez-Calderon, F. (2007) Nutr. Metabol. (Lond.) 4, 12.
doi:10.1186/1743-7075-4-12

(2) Canfield, L.M., Clandinin, M.T., Davies, D.P., Fernandez, M.C.,
Jackson, J., Hawkes, J., Goldman, W.J., Pramuk, K., Reyes,
H., Sablan, B., Sonobe, T., & Bo, X. (2003) Eur. J. Nutr. 42,
133-141

3) mm, J.M., Bovier, E.R., Wong, J.C., & Hammond, B.R.
Jr. (2010) J. Food Sci. 75, R24-R29. doi:10.1111/j.1750-3841
.2009.01447 .x

(4) Johnson, E.J. (2014) Nutr. Rev. 72, 605-12. doi:10.1111/
nure.12133

(5) Bettler, J., Zimmer, J.P., Neuringer, M., & DeRusso, P.A. (2010)
Eur. J. Nutr. 49, 45-51. doi:10.1007/s00394-009-0047-5

(6) Capeding, R., Gepanayao, C.P., Calimon, N., Lebumfacil, J.,
Davis, A.M., Stouffer, N., & Harris, B. J. (2010) Nutr. J. 9, 22
doi:10.1186/1475-2891-9-22

(7) EFSA Panel on Dietetic Products, (2008) EFSA J. 823, 1-24

(8) Jewell, V.C., Mayes, C.B.D., Tubman, T.R.J., Northrop-Clewes,
C.A., & Thurnham, D.I. (2004) Eur. J. Clin. Nutr. 58, 90-97.
doi:10.1038/sj.ejen. 1601753

(9) Mackey, A.D., Albrecht, D., Oliver, J., Williams, T., Long,
A.C., & Price, P.T. (2013) J. Sci. Food Agric. 93, 1945-1952.
doi:10.1002/jsfa.5996

(10) Barua, A.B., Olson, J.A., Furr, H.C., & van Breemen, R.B.
(2000) in Modern Chromatographic Analysis of Vitamins, A.P.
De Leenheer, W.E. Lambert, & J.F. van Bocxlaer (Eds), Marcel
Dekker, New York, NY, pp 1-74

(11) Eitenmiller, R.R., Ye, L., & Landen, W.O. Jr. (2008) in
Vitamin Analysis for the Health and Food Sciences, 2nd Ed.,
R. R. Eitenmiller, L. Ye, & W. O. Landen Jr (Eds), CRC Press,
Boca Raton, FL, pp 3-81

(12) Oliver, J. & Palou, A. (2000) J. Chromatogr. A 881, 543-555.
doi:10.1016/S0021-9673(00)00329-0 -

(13) Rivera, S.M. & Canela-Garayoa, R. (2012) J. Chromatogr. A
1224, 1-10. doi:10.1016/j.chroma.2011.12.025

(14) Rodriguez-Amaya, D.B. (2010) J. Food Compost. Anal. 23,
726-740. doi:10.1016/j.jfca.2010.03.008

(15) Su, Q., Rowley, K.G., & Balazs, N.D.H. (2002) J. Chromatogr.
B Analyt. Technol. Biomed. Life Sci. 781, 393-418. doi:10.1016/
S1570-0232(02)00502-0

(16) Khachik, F., Spangler, C.J., Smith, J.C. Jr., Canfield, L.M.,
Steck, A., & Pfander, H. (1997) Anal. Chem. 69, 1873—1881.
doi:10.1021/ac9610851

(17) Liu, Y., Xu, M.J., & Canfield, L.M. (1998) J. Nutr. Biochem. 9,
178-83. doi:10.1016/S0955-2863(97)00183-6

(18) Schweigert, F.J., Hurtienne, A., & Bathe, K. (2000) /nt. J. Vitam.
Nutr. Res. 70, 79-83. doi:10.1024/0300-9831.70.3.79

(19) Li, L., Qin,J.,Yin, S., & Tang, G.W. (2007) Chromatographia
65, 91-94. doi:10.1365/s10337-006-0100-y

(20) Panfili, G., Fratianni, A., & Irano, M. (2004) J. Agric. Food
Chem. 52, 6373-6377. doi:10.1021/jf0402025

(21) Dachtler, M., Glaser, T., Kohler, K., & Albert, K. (2001) Anal.
Chem. 73, 667-674. doi:10.1021/ac000635¢ -

(22) Gentili, A., Caretti, F., Bellante, S., Ventura, S., Canepari, S., &
Curini, R. (2013) J. Agric. Food Chem. 61, 1628-1639.
doi:10.1021/j£302811a

(23) Bijttebier, S., D’Hondt, E., Noten, B., Hermans, N., Apers, S., &
Voorspoels, S. (2014) J. Chromatogr. A 1332, 46-56.
doi:10.1016/j.chroma.2014.01.042

(24) Gill, B.D. & Indyk, H.E. (2008) Int. Dairy J. 18, 894—-898.
doi:10.1016/j.idairyj.2008.02.004

(25) Wang, L., Huang, J., Zhang, L., Feng, F., Ling, Y., Chu, X., &
Li, H. (2013) Chin. J. Chromatogr. 31, 1228-1231. doi:10.3724/
SP.J.1123.2013.10007

(26) Yuhas, R., McCormick, M., Yachetti, S., Burgher, A.M.,
Kong, K., & Walsh, J. (2011) Food Nutr. Sci. 2, 145-149.
doi:10.4236/fns.2011.22020

(27) Rebouche, C.J. & Paulson, D.J. (1986) Annu.Rev. Nutr. 6,
41-66. doi:10.1146/annurev.nu.06.070186.000353

(28) Woollard, D.C., Indyk, H.E., & Woollard, G.A. (1997) Food
Chem. 59, 325-332. doi:10.1016/S0308-8146(96)00327-5

(29) Andrieux, P., Kilinc, T., Perrin, C., & Campos-Giménez, E.
(2008) J. AOAC Int. 91, 777785

(30) Indyk, H.E. & Woollard, D.C. (1995) J. AOAC Int. 78, 69-74

(31) Castro-Puyana, M., Garcia-Ruiz, C., Crego, A.L., &
Marina, M.L. (2009) Electrophoresis 30, 337-348. doi:10.1002/
elps.200800163

(32) Ferreira, LM.P.L.V.O., Macedo, M.N., & Ferreira, M.A. (1997)
Analyst (London) 122, 1539—1541. doi:10.1039/a704903;j

(33) Phillips, M.M. & Sander, L.C. (2012) J. AOAC Int. 95,
1479-1486. doi:10.5740/jacacint.1 2-137

(34) Starkey, D.E., Denison, J.E., Seipelt, C.T., & Jacobs, W.A.
(2008) J. AOAC Int. 91, 130-142

(35) Nadaoka, I., Hatakeyama, E., Tanada, C., Sakamoto, T.,
Fukaya, S., Akiba, T., Inoue, K., Yamano, Y., & Toyo’oka, T.
(2014) Anal. Sci. 30, 839-844. doi:10.2116/analsci.30.839

(36) Official Methods of Analysis (2012) 19th Ed., AOAC
INTERNATIONAL, Gaithersburg, MD, Method 2014.17

(37) Zeisel, S.H. (2006) Annu.Rev. Nutr. 26, 229-250. doi:10.1146/
annurev.nutr.26.061505.111156

(38) Zeisel, S.H. & da Costa, K.A. (2009) Nutr: Rev. 67, 615-623.
doi:10.1111/5.1753-4887.2009.00246.x

(39) Zeisel, S.H., Mar, M.H., Howe, J.C., & Holden, J.M. (2003)
J. Nutr. 133,2918-2919

(40) Institute of Medicine (US) Standing Committee on the Scientific
Evaluation of Dietary Reference Intakes and its Panel on Folate,
Other B Vitamins, and Choline (1998) Dietary Reference
Intakes for Thiamin, Riboflavin, Niacin, Vitamin B, Folate,
Vitamin B, Pantothenic Acid, Biotin, and Choline. National
Academies Press, Washington DC, pp 390-422



http://www.ingentaconnect.com/content/external-references?article=0021-9673(2000)881L.543[aid=9552458]
http://www.ingentaconnect.com/content/external-references?article=0021-9673(2000)881L.543[aid=9552458]
http://www.ingentaconnect.com/content/external-references?article=0021-9673(2000)881L.543[aid=9552458]
http://www.ingentaconnect.com/content/external-references?article=1570-0232(2002)781L.393[aid=10759316]
http://www.ingentaconnect.com/content/external-references?article=1570-0232(2002)781L.393[aid=10759316]
http://www.ingentaconnect.com/content/external-references?article=0955-2863(1998)9L.178[aid=10759315]
http://www.ingentaconnect.com/content/external-references?article=0955-2863(1998)9L.178[aid=10759315]
http://www.ingentaconnect.com/content/external-references?article=0300-9831(2000)70L.79[aid=2251032]
http://www.ingentaconnect.com/content/external-references?article=0300-9831(2000)70L.79[aid=2251032]
http://www.ingentaconnect.com/content/external-references?article=0003-2700(2001)73L.667[aid=10759312]
http://www.ingentaconnect.com/content/external-references?article=0003-2700(2001)73L.667[aid=10759312]
http://www.ingentaconnect.com/content/external-references?article=0003-2700(2001)73L.667[aid=10759312]
http://www.ingentaconnect.com/content/external-references?article=0199-9885(1986)6L.41[aid=1824704]
http://www.ingentaconnect.com/content/external-references?article=0199-9885(1986)6L.41[aid=1824704]
http://www.ingentaconnect.com/content/external-references?article=0308-8146(1997)59L.325[aid=5356757]
http://www.ingentaconnect.com/content/external-references?article=0308-8146(1997)59L.325[aid=5356757]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(2008)91L.777[aid=9834680]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(1995)78L.69[aid=493819]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(2012)95L.1479[aid=10681474]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(2012)95L.1479[aid=10681474]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(2008)91L.130[aid=9536953]
http://www.ingentaconnect.com/content/external-references?article=0199-9885(2006)26L.229[aid=8051382]
http://www.ingentaconnect.com/content/external-references?article=0029-6643(2009)67L.615[aid=10759306]
http://www.ingentaconnect.com/content/external-references?article=1436-6207(2003)42L.133[aid=10759322]
http://www.ingentaconnect.com/content/external-references?article=1436-6207(2003)42L.133[aid=10759322]
http://www.ingentaconnect.com/content/external-references?article=0029-6643(2014)72L.605[aid=10759321]
http://www.ingentaconnect.com/content/external-references?article=1436-6207(2010)49L.45[aid=10759320]
http://www.ingentaconnect.com/content/external-references?article=1436-6207(2010)49L.45[aid=10759320]
http://www.ingentaconnect.com/content/external-references?article=0954-3007(2004)58L.90[aid=9543362]
http://www.ingentaconnect.com/content/external-references?article=0003-2700(1997)69L.1873[aid=2358242]
http://dx.doi.org/10.1186/1743
http://dx.doi.org/10.1111/j
http://dx.doi.org/10.1007/s00394
http://dx.doi.org/10.1186/1475
http://dx.doi.org/10.1038/sj
http://dx.doi.org/10.1002/jsfa
http://dx.doi.org/10.1016/S0021
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1021/ac961085i
http://dx.doi.org/10.1016/S0955
http://dx.doi.org/10.1024/0300
http://dx.doi.org/10.1365/s10337
http://dx.doi.org/10.1021/jf0402025
http://dx.doi.org/10.1021/ac000635g
http://dx.doi.org/10.1021/jf302811a
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.4236/fns
http://dx.doi.org/10.1146/annurev
http://dx.doi.org/10.1016/S0308
http://dx.doi.org/10.1039/a704903j
http://dx.doi.org/10.5740/jaoacint
http://dx.doi.org/10.2116/analsci
http://dx.doi.org/10.1111/j

38 GILL ET AL.: JOURNAL OF AOAC INTERNATIONAL VOL. 99, No. 1, 2016

(41
(42)
(43)
(44
(45)
(46)
47
(4%)
(49)
(50)
(51

(52)

(53)
(54)

(55)

(56)
(57)
(58)
(59)

(60)

(61)

(62)
(63)

(64)

(65)

(66)

(67)
(68)
(69)
(70)

()

Phillips, M.M. (2012) Anal. Bioanal. Chem. 403,2103-2112.
doi:10.1007/s00216-011-5652-5

Rader, J.I., Weaver, C.M., & Trucksess, M.W. (2004) J. AOAC
Int. 87, 1297-1304 -
Woollard, D.C. & Indyk, H.E. (2000) J. AOAC Int. 83, 131-138
Panfili, G., Manzi, P., Compagnone, D., Scarciglia, L., &
Palleschi, G. (2000) J. Agric. Food Chem. 48, 3403-3407.
doi:10.1021/;1990803+

Pati, S., Palmisano, F., Quinto, M., & Zambonin, P.G. (2005)
J. Agric. Food Chem. 53, 6974-6979. doi:10.1021/jf0502770
Lima, J.L.F.C., Delerue-Matos, C., & Vaz, M.C.V.F. (2000)
Analyst (London) 125, 1281-1284. doi:10.1039/a910182i

Pati, S., Quinto, M., & Palmisano, F. (2007) Anal. Chim. Acta
594, 234-239. doi:10.1016/j.aca.2007.05.026

Holmes, H.C., Snodgrass, G.J., & Iles, R.A. (2000) Eur: J.
Pediatr. 159, 198-204. doi:10.1007/s004310050050
Holmes-McNary, M.Q., Cheng, W.L., Mar, M.H., Fussell, S., &
Zeisel, S.H. (1996) Am. J. Clin. Nutr. 64, 572-576.

Carter, N. & Trenerry, V.C. (1996) Electrophoresis 17,
1622-1626. doi:10.1002/elps. 1150171023

Fu, S.S., Tao, B.H., Lai, S.Y., Zhang, J.S., & Ren, Y.P. (2012)
J. AOAC Int. 95, 157-162. doi:10.5740/jacacint.10-1160
Koc, H., Mar, M.H., Ranasinghe, A., Swenberg, J.A., &

Zeisel, S.H. (2002) Anal. Chem. 74, 4734-4740. doi:10.1021/
ac025624x

Zhao, Y.Y., Xiong, Y.P., & Curtis, .M. (2011) J. Chromatogr. A
1218, 5470-5479. doi:10.1016/j.chroma.2011.06.025
McEntyre, C.J., Slow, S., & Lever, M. (2009) Anal. Chim. Acta
644, 90-94. doi:10.1016/j.aca.2009.04.014

Zhou, Y., Newman, T., Johnson, M., & Jobgen, E. (2014)
Poster presented at 3rd International Vitamin Conference,
Washington DC

Laikhtman, M. & Rohrer, J.S. (1999) J. AOAC Int. 82,
1156-1162

Official Methods of Analysis (2012) 19th Ed., AOAC
INTERNATIONAL, Gaithersburg, MD, Method 2014.04
Official Methods of Analysis (2012) 19th Ed., AOAC
INTERNATIONAL, Gaithersburg, MD, Method 2012.20
Hess, J.R. & Greenberg, N.A. (2012) Nutr. Clin. Pract. 27,
281-294. doi:10.1177/0884533611434933

Niers, L., Stasse-Wolthuis, M., Rombouts, F.M., & Rijkers, G.T.
(2007) Nutr. Rev. 65, 347-360. doi:10.1111/j.1753-4887.2007.
tb00313.x

Aggett, P., Leach, J.L., Rueda, R., & MacLean, W.C. Jr. (2003)
Nutrition 19, 375-384. doi:10.1016/S0899-9007(02)00999-1
Gill, B.D. & Indyk, H.E. (2007) J. AOAC Int. 90, 1354—1364
Krpan, M., Vah¢i¢, N., & Hruskar, M. (2009) J. Lig. Chromatogr.
Relat. Technol. 32, 2747-55. doi:10.1080/10826070903245896
Ren, Y., Zhang, J., Song, X., Chen, X., & L1, D. (2011)

J. Chromatogr. Sci. 49, 332-37. doi:10.1093/chrsci/49.4.332
Studzinska, S., Rola, R., & Buszewski, B. (2014) J.
Chromatogr. .B, Anal. Technol.Biomed. Life Sci. 949, 87-93.
doi:10.1016/j.jchromb.2014.01.012

Vinas, P., Campillo, N., Lopez-Garcia, 1., Martinez-Lopez, S.,
Vasallo, 1., & Hernandez-Cordoba, M. (2009) J. Agric. Food
Chem. 57, 7245-7249. doi:10.1021/jf901726¢

Ding, X., Li, Y., Song, B., Zhao, S., & Wang, Z. (2011) Dairy
Sci. Technol. 91, 759-770. doi:10.1007/s13594-011-0035-4
Gill, B.D. & Indyk, H.E. (2007) Int. Dairy J. 17, 596-605.
doi:10.1016/j.idairyj.2006.08.001

Gill, B.D., Indyk, H.E., Kumar, M.C., Sievwright, N.K., &
Manley-Harris, M. (2010) J. AOAC Int. 93, 966-973

Inoue, K., Obara, R., Akiba, T., Hino, T., & Oka, H. (2008)

J. Agric. Food Chem. 56, 6863—6867. doi:10.1021/j8012037
Inoue, K., Obara, R., Hino, T., & Oka, H. (2010) J. Agric. Food
Chem. 58, 9918-9924. doi:10.1021/jf102023p

(72)

(73)
74

(75)

(76)
a7
(78)
(79)
(80)
(81
(82)
(83)
(84
(85)
(86)

87)

(88)

(89)

(90)

©on

92)

93)

94)

95)

(96)

o7

(98)

Rodriguez-Gonzalo, E., Dominguez—Alvarez, J., Mateos-Vivas, M.,
Garcia-Gomez, D., & Carabias-Martinez, R. (2014)
Electrophoresis 35, 1677-1684. doi:10.10027elps.201300550
Gill, B.D., Indyk, H.E., & Manley-Harris, M. (2013) Anal.
Bioanal. Chem. 405, 5311-5319. doi:10.1007/s00216-013-6935-9
Gill, B.D., & Indyk, H.E. (2015) J.AOAC Int. Submitted for
publication. 98, 971-979

Gill, B.D., Indyk, H.E., Kumar, M.C., Sievwright, N.K.,
Manley-Harris, M., & Dowell, D. (2012) J. AOAC Int. 95,
599-602. doi:10.5740/jacacint.CS2011 20

Official Methods of Analysis (2012) 19th Ed., AOAC
INTERNATIONAL, Gaithersburg, MD, Method 2011.20
Beemster, P., Groenen, P., & Steegers-Theunissen, R. (2002)
Nutr. Rev. 60, 80-87. doi:10.1301/00296640260042748
Fisher, S.K., Novak, J.E., & Agranoff, B.W. (2002) J. Neurochem.
82, 736-754. doi:10.1046/j.1471-4159.2002.0104T.x
Michell, R.H. (2008) Nat. Rev. Mol. Cell Biol. 9, 151-161.
doi:10.1038/nrm2334

Chen, Q.C. (2004) J. Agric. Food Chem. 52, 4604—4613.
doi:10.1021/jf035294x

Shears, S.B. (2004) Biochemical J. 377, 265-280. doi:10.1042/
bj20031428

Indyk, H.E. & Woollard, D.C. (1994) Analyst (London) 119,
397-402. doi:10.1039/an9941900397

Baker, H., DeAngelis, B., Baker, E.R., Khalil, M., Reddi, A.S., &
Frank, O. (1990) J. Micronutr.Anal. 8, 223-232

Pereira, G.R., Baker, L., Egler, J., Corcoran, L., & Chiavacci, R.
(1990) Am. J. Clin. Nutr. 51, 589-593

de Koning, A.J. (1994) Analyst (London) 119, 1319-1323.
doi:10.1039/an9941901319

March, J.G., Forteza, R., & Grases, F. (1996) Chromatographia
42, 329-331. doi:10.1007/BF02290319

Troyano, E., Villamiel, M., Olano, A., Sanz, J., &
Martinez-Castro, 1. (1996) J. Agric. Food Chem. 44, 815-817.
doi:10.1021/j950260d

Woollard, D.C., Macfadzean, C., Indyk, H.E., McMahon, A., &
Christiansen, S. (2014) Int. Dairy J. 37, 74-81. doi:10.1016/].
idairyj.2014.03.004 -
Ellingson, D., Pritchard, T., Foy, P., King, K., Mitchell, B.,
Austad, J., Winters, D., & Sullivan, D. (2012) J. AOAC Int. 95,
1469-1478. doi:10.5740/jaoacint.12-028

Frieler, R.A., Mitteness, D.J., Golovko, M.Y., Gienger,

H.M., & Rosenberger, T.A. (2009) J. Chromatogr. .B, Anal.
Technol.Biomed. Life Sci 877, 3667-3672. doi:10.1016/].
jchromb.2009.09.015 -
Pazourek, J. (2014) Carbohydr. Res. 391, 55-60. doi:10.1016/].
carres.2014.03.010

Tagliaferri, E.G., Bonetti, G., & Blake, C.J. (2000) J. Chromatogr:
A 879, 129-135. doi:10.1016/S0021-9673(00)00323-X

Wang, W.T., Safar, J.R., & Zopf, D. (1990) Anal. Biochem. 188,
432-435. doi:10.1016/0003-2697(90)90632-J

Yang, N. & Ren, G.X. (2008) J. Agric. Food Chem. 56,
757-760. doi:10.1021/jf0717541

Flores, M.I.LA., Moreno, J.L.F., Frenich, A.G., & Vidal, J.L.M.
(2011) Food Chem. 129, 1281-86. doi:10.1016/j.foodchem.
2011.05.045

Kindt, E., Shum, Y., Badura, L., Snyder, P.J., Brant, A.,
Fountain, S., & Szekely-Klepser, G. (2004) Anal. Chem. 76,
4901-4908. doi:10.1021/ac049746w

Perello, J., Isern, B., Costa-Bauza, A., & Grases, F. (2004)

J. Chromatogr. B Anal. Technol. Biomed. Life Sci 802, 367-370.
doi:10.1016/j.jchromb.2003.12.005

Campbell, J.A., Goheen, S.C., & Donald, P.A. (2011) in

Recent Trends for Enhancing the Diversity and Quality of
Soybean Products, D .Krezhova (Ed), InTechOpen, http://www.
intechopen.com/books, pp 421-446 -



http://www.intechopen.com/books
http://www.intechopen.com/books
http://www.ingentaconnect.com/content/external-references?article=0021-8561(1996)44L.815[aid=5847261]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(2012)95L.1469[aid=10759330]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(2012)95L.1469[aid=10759330]
http://www.ingentaconnect.com/content/external-references?article=0021-9673(2000)879L.129[aid=9549814]
http://www.ingentaconnect.com/content/external-references?article=0021-9673(2000)879L.129[aid=9549814]
http://www.ingentaconnect.com/content/external-references?article=0002-9165(1996)64L.572[aid=7246860]
http://www.ingentaconnect.com/content/external-references?article=0173-0835(1996)17L.1622[aid=9551276]
http://www.ingentaconnect.com/content/external-references?article=0173-0835(1996)17L.1622[aid=9551276]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(2012)95L.157[aid=10681475]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(2012)95L.157[aid=10681475]
http://www.ingentaconnect.com/content/external-references?article=0003-2700(2002)74L.4734[aid=9536958]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(1999)82L.1156[aid=9834681]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(1999)82L.1156[aid=9834681]
http://www.ingentaconnect.com/content/external-references?article=0029-6643(2007)65L.347[aid=10759342]
http://www.ingentaconnect.com/content/external-references?article=0899-9007(2003)19L.375[aid=9537883]
http://www.ingentaconnect.com/content/external-references?article=0899-9007(2003)19L.375[aid=9537883]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(2007)90L.1354[aid=9534617]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(2010)93L.966[aid=9950992]
http://www.ingentaconnect.com/content/external-references?article=0021-8561(2008)56L.6863[aid=9534620]
http://www.ingentaconnect.com/content/external-references?article=0021-8561(2008)56L.6863[aid=9534620]
http://www.ingentaconnect.com/content/external-references?article=0173-0835(2014)35L.1677[aid=10759337]
http://www.ingentaconnect.com/content/external-references?article=0173-0835(2014)35L.1677[aid=10759337]
http://www.ingentaconnect.com/content/external-references?article=1618-2642(2013)405L.5311[aid=10759336]
http://www.ingentaconnect.com/content/external-references?article=1618-2642(2013)405L.5311[aid=10759336]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(2012)95L.599[aid=10759335]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(2012)95L.599[aid=10759335]
http://www.ingentaconnect.com/content/external-references?article=0029-6643(2002)60L.80[aid=3420053]
http://www.ingentaconnect.com/content/external-references?article=0029-6643(2002)60L.80[aid=3420053]
http://www.ingentaconnect.com/content/external-references?article=1471-0072(2008)9L.151[aid=9364918]
http://www.ingentaconnect.com/content/external-references?article=0264-6021(2004)377L.265[aid=8719557]
http://www.ingentaconnect.com/content/external-references?article=0002-9165(1990)51L.589[aid=2731575]
http://www.ingentaconnect.com/content/external-references?article=1618-2642(2012)403L.2103[aid=10759348]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(2004)87L.1297[aid=9536950]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(2004)87L.1297[aid=9536950]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(2000)83L.131[aid=9536964]
http://www.ingentaconnect.com/content/external-references?article=0021-8561(2000)48L.3403[aid=9536961]
http://www.ingentaconnect.com/content/external-references?article=0340-6199(2000)159L.198[aid=9556647]
http://www.ingentaconnect.com/content/external-references?article=0340-6199(2000)159L.198[aid=9556647]
http://www.ingentaconnect.com/content/external-references?article=0022-3042(2002)82L.736[aid=6368405]
http://www.ingentaconnect.com/content/external-references?article=0022-3042(2002)82L.736[aid=6368405]
http://dx.doi.org/10.1007/s00216
http://dx.doi.org/10.1021/jf990803
http://dx.doi.org/10.1021/jf050277o
http://dx.doi.org/10.1039/a910182i
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1007/s004310050050
http://dx.doi.org/10.1002/elps
http://dx.doi.org/10.5740/jaoacint
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1177/0884533611434933
http://dx.doi.org/10.1111/j
http://dx.doi.org/10.1016/S0899
http://dx.doi.org/10.1080/10826070903245896
http://dx.doi.org/10.1093/chrsci
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1021/jf901726e
http://dx.doi.org/10.1007/s13594
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1021/jf8012037
http://dx.doi.org/10.1021/jf102023p
http://dx.doi.org/10.1002/elps
http://dx.doi.org/10.1007/s00216
http://dx.doi.org/10.5740/jaoacint
http://dx.doi.org/10.1301/00296640260042748
http://dx.doi.org/10.1046/j
http://dx.doi.org/10.1038/nrm2334
http://dx.doi.org/10.1021/jf035294x
http://dx.doi.org/10.1039/an9941900397
http://dx.doi.org/10.1039/an9941901319
http://dx.doi.org/10.1007/BF02290319
http://dx.doi.org/10.1021/jf950260d
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.5740/jaoacint
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1016/S0021
http://dx.doi.org/10.1016/0003
http://dx.doi.org/10.1021/jf0717541
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1021/ac049746w
http://dx.doi.org/10.1016/j
http://www.intechopen.com/books
http://www.intechopen.com/books

GILL ET AL.: JOURNAL OF AOAC INTERNATIONAL VOL. 99, No. 1,2016 39

(99) Official Methods of Analysis (2012) 19th Ed., AOAC

INTERNATIONAL, Gaithersburg, MD, Method 2011.18

(100) Official Methods of Analysis (2012) 19th Ed., AOAC
INTERNATIONAL, Gaithersburg, MD, Method 2012.12

(101) Hayes, K.C. & Sturman, J.A. (1981) Annu.Rev. Nutr. 1,
401-425. doi:10.1146/annurev.nu.01.070181.002153

(102) Wright, C.E., Tallan, H.H., Lin, Y.Y., & Gaull, G.E. (1986)
Annu. Rev. Biochem. 55, 427-453. doi:10.1146/annurev.
bi.55.070186.002235

(103) Woollard, D.C. & Indyk, H.E. (1993) Food Chem. 46, 429—437.
doi:10.1016/0308-8146(93)90017-A

(104) Erbersdobler, H.F., Trautwein, E., & Greulich, H.G. (1984) Eur.
J. Pediatr. 142, 133-134. doi:10.1007/BF00445594—

(105) Nicolas, E.C., Pfender, K.A., Aoun, M.A., & Hemmer, J.E.
(1990) J. AOAC Int. 73, 627-631

(106) Official Methods of Analysis (2012) 19th Ed., AOAC
INTERNATIONAL, Gaithersburg, MD, Method 993.13

(107) Fontaine, J. & Eudaimon, M. (2000) J. AOAC Int. 83, 771-783

(108) Official Methods of Analysis (2012) 19th Ed., AOAC
INTERNATIONAL, Gaithersburg, MD, Method 997.05

(109) Woollard, D.C. & Indyk, H.E. (1997) J. AOAC Int. 80, 860-865

(110) Biondi, P.A., Negri, A., & loppolo, A. (1986) J.Chromatogr:
A 369, 431-434. doi:10.1016/S0021-9673(00)90153-5

(111) Sawabe, Y., Tagami, T., & Yamasaki, K. (2008) J. Health Sci.
54, 661-64. doi:10.1248/jhs.54.661

(112) Yan, H.Y., Qiao, F.X., Tian, M., & Row, K.H. (2012) J. Lig.
Chromatogr: Relat. Technol. 36, 35-43

(113) Aristoy, M.-C. & Toldra, F. (2010) Handbook of Dairy Foods
Analysis, LM.L. Nollet & F. Toldra (Eds), CRC Press, Boca
Raton, FL, 9-32

(114) Ferreira, LM.P.L.V.O., Nunes, M.V., Mendes, E., Remido, F., &
Ferreira, M.A. (1997) J. Liq. Chromatogr. Relat. Technol. 20,
1269-1278. doi:10.1080/10826079708010975

(115) Waterfield, C.J. (1994) J. Chromatogr: B Biomed.Appl. 657,
37-45. doi:10.1016/0378-4347(94)80067-7

(116) Murai, S., Saito, H., Masuda, Y., & Itoh, T. (1990) J. Pharmacol.
Methods 23, 195-202. doi:10.1016/0160-5402(90)90063-Q

(117) Qu, E.,, Qi, Z.H., Liu, K.N., & Mou, S.F. (1999) J. Chromatogr.
B Biomed. Sci. Appl. 730, 161-166. doi:10.1016/S0378-
4347(99)00148-6

(118) Cataldi, T.R.I., Telesca, G., & Bianco, G. (2004) Anal. Bioanal.
Chem. 378, 804-810. doi:10.1007/s00216-003-2388-x

(119) Cataldi, T.R.I., Telesca, G., Bianco, G., & Nardiello, D. (2004)
Talanta 64, 626-630. doi:10.1016/j.talanta.2004.03.029

(120) Ricciutelli, M., Caprioli, G., Cortese, M., Lombardozzi, A.,
Strano, M., Vittori, S., & Sagratini, G. (2014) J. Chromatogr. A
1364, 303-307. doi:10.1016/j.chroma.2014.08.083

(121) Chaimbault, P., Albéric, P., Elfakir, C., & Lafosse, M. (2004)
Anal. Biochem. 332, 215-225. doi:10.1016/j.ab.2004.06.014

(122) Lacomba, R., Salcedo, J., Alegria, A., Lagarda, M.J.,
Barber4, R., & Matencio, E. (2010) J. Pharm. Biomed. Anal. 51,
346-57. doi:10.1016/j.jpba.2009.04.023

(123) Sprenger, N. & Duncan, P.I. (2012) Adv. Nutr. 3, 392S-397S.
doi:10.3945/an.111.001479

(124) Wang, B. & Brand-Miller, J. (2003) Eur: J. Clin. Nutr. 57,
1351-1369. doi:10.1038/sj.ejen. 1601704

(125) Wang, B., Brand-Miller, J., McVeagh, P., & Petocz, P. (2001)
Am. J. Clin. Nutr. 74, 510-515 -

(126) Hurum, D.C. & Rohrer, J.S. (2012) J. Dairy Sci. 95, 1152-1161.
doi:10.3168/jds.2011-4988

(127) Martin, M.J., Vazquez, E., & Rueda, R. (2007) Anal. Bioanal.
Chem. 387, 2943-2949. doi:10.1007/s00216-007-1160-z

(128) Salcedo, J., Lacomba, R., Alegria, A., Barbera, R., Matencio, E., &
Lagarda, M.J. (2011) Food Chem. 127, 1905-1910. doi:10.1016/}.
foodchem.2011.02.069 -

(129) Sanchez-Diaz, A., Ruano, M.J., Lorente, F., & Hueso, P. (1997)
J. Pediatr: Gastroenterol. Nutr. 24, 405-410. doi:10.1097/
00005176-199704000-00009

(130) Serensen, L.K. (2010) Biomed. Chromatogr. 24, 1208—1212.
doi:10.1002/bmc.1429

(131) Serensen, L.K. (2006) Rapid Commun. Mass Spectrom. 20,
3625-33. doi:10.1002/rcm.2775

(132) Fong, B., Norris, C., & McJarrow, P. (2011) /nt. Dairy J. 21,
42-47. doi:10.1016/j.idairyj.2010.07.001

(133) Pan, X.L. & Izumi, T. (2000) Early Hum. Dev. 57,25-31.
doi:10.1016/S0378-3782(99)00051-1

(134) Svennerholm, L. & Fredman, P. (1980) Biochim. Biophys. Acta
617, 97-109. doi:10.1016/0005-2760(80)90227-1

(135) Zhang, J.S., Ren, Y.P., Huang, B.F., Tao, B.H., Pedersen, M.R., &
Li, D. (2012) J. Sep. Sci. 35, 937-946. doi:10.1002/jssc.201101039

(136) Athenstaedt, K. & Daum, G. (2006) Cell. Mol. Life Sci. 63,
1355-1369. doi:10.1007/s00018-006-6016-8

(137) Christie, W.W. (1995) Advanced Dairy Chemistry, ..2nd ed.,
P.F.Fox (Ed), Chapman & Hall, London, 1-36

(138) Bar-Yoseph, F., Lifshitz, Y., & Cohen, T. (2013) Prostaglandins
Leukot. Essent. Fatty Acids 89, 139-143. doi:10.1016/j.
plefa.2013.03.002

(139) Nowacki, J., Lee, H.C., Lien, R., Cheng, S.-W., Li, S.-T.,
Yao, M., Northington, R., Jan, I., & Mutungi, G. (2014) Nutr. J.
13, 105. doi:10:1186/1475-2891-13-105

(140) Aoe, S., Yamamura, J., Matsuyama, H., Hase, M., Shiota, M., &
Miura, S. (1997) J. Nutr. 127, 1269-1273

(141) Redgrave, T.G., Kodali, D.R., & Small, D.M. (1988) J. Biol.
Chem. 263, 5118-5123

(142) Summers, L.K.M., Fielding, B.A., Herd, S.L., Ilic, V., Clark,
M.L., Quinlan, P.T., & Frayn, K.N. (1999) J. Lipid Res. 40,
1890-1898

(143) Chen, M.-L., Vali, S.R., Lin, J.-Y., & Ju, Y.-H. (2004) J. Am. Oil
Chem. Soc. 81, 525-32. d0i:10.1007/s11746-006-0935-2

(144) Angers, P., Tousignant, E., Boudreau, A., & Arul, J. (1998)
Lipids 33, 1195-201. doi:10.1007/s11745-998-0323-6

(145) Gresti, J., Bugaut, M., Maniongui, C., & Bezard, J.
(1993) J. Dairy Sci. 76, 1850-69. doi:10.3168/jds.S0022-
0302(93)77518-9

(146) Haddad, 1., Mozzon, M., Strabbioli, R., & Frega, N.G. (2012)
Dairy Sci. Technol. 92, 37-56. doi:10.1007/s13594-011-0042-5

(147) EFSA Panel on Dietetic Products, Nutrition, and Allergies
(2011) EFSA J. 9, 1-16

(148) Official Methods of Analysis (2012) 19th Ed., AOAC
INTERNATIONAL, Gaithersburg, MD, Method 986.19

(149) Reference Method (2014) International Standards Organisation,
Geneva, Switzerland, Method ISO/TS 17383:2014

(150) Reference Method (2010) International Standards Organisation,
Geneva, Switzerland, Method ISO 17678:2010

(151) Straarup, E.M., Lauritzen, L., Faerk, J., Hoy, C.E., &
Michaelsen, K.F. (2006) J. Pediatr. Gastroenterol. Nutr. 42,
293-299. doi:10.1097/01.mpg.0000214155.51036.4f

(152) Official Methods of Analysis (2012) 19th Ed., AOAC
INTERNATIONAL, Gaithersburg, MD, Method 993.24

(153) Letter, W.S. (1993) J. Lig. Chromatogr. 16, 225-239.
doi:10.1080/10826079308020908

(154) Morera, S., Castellote, A.I., Jauregui, O., Casals, 1., &
Lopez-Sabater, M.C. (2003) Eur: J. Clin. Nutr. 57, 1621-1626.
doi:10.1038/sj.ejen. 1601733

(155) Dorschel, C.A. (2002) J. Am. Oil Chem. Soc. 79, 749-753.
doi:10.1007/s11746-002-0553-z

(156) Holcapek, M., Lisa, M., Jandera, P., & Kabatova, N. (2005)
J. Sep. Sci. 28, 1315-1333. doi:10.1002/jss¢c.200500088

(157) Lisa, M. & Holcapek, M. (2008) J. Chromatogr: A. 1198,
115-130. doi:10.1016/j.chroma.2008.05.037

(158) Ruiz-Gutiérrez, V. & Barron, L.J.R. (1995) J. Chromatogr.
B Biomed. Appl. 671, 133-168. doi:10.1016/0378-4347
(95)00093-X

(159) Laakso, P. & Voutilainen, P. (1996) Lipids 31, 1311-1322.
doi:10.1007/BF02587918



http://www.ingentaconnect.com/content/external-references?article=0022-2275(1999)40L.1890[aid=6598334]
http://www.ingentaconnect.com/content/external-references?article=0022-2275(1999)40L.1890[aid=6598334]
http://www.ingentaconnect.com/content/external-references?article=0024-4201(1998)33L.1195[aid=10759356]
http://www.ingentaconnect.com/content/external-references?article=0024-4201(1998)33L.1195[aid=10759356]
http://www.ingentaconnect.com/content/external-references?article=0022-0302(1993)76L.1850[aid=10759355]
http://www.ingentaconnect.com/content/external-references?article=0148-3919(1993)16L.225[aid=10759353]
http://www.ingentaconnect.com/content/external-references?article=0024-4201(1996)31L.1311[aid=519377]
http://www.ingentaconnect.com/content/external-references?article=0378-3782(2000)57L.25[aid=10759363]
http://www.ingentaconnect.com/content/external-references?article=0006-3002(1980)617L.97[aid=2628184]
http://www.ingentaconnect.com/content/external-references?article=0006-3002(1980)617L.97[aid=2628184]
http://www.ingentaconnect.com/content/external-references?article=0021-9258(1988)263L.5118[aid=6679307]
http://www.ingentaconnect.com/content/external-references?article=0021-9258(1988)263L.5118[aid=6679307]
http://www.ingentaconnect.com/content/external-references?article=0021-9258(1988)263L.5118[aid=6679307]
http://www.ingentaconnect.com/content/external-references?article=0066-4154(1986)55L.427[aid=120417]
http://www.ingentaconnect.com/content/external-references?article=0066-4154(1986)55L.427[aid=120417]
http://www.ingentaconnect.com/content/external-references?article=0340-6199(1984)142L.133[aid=6729390]
http://www.ingentaconnect.com/content/external-references?article=0340-6199(1984)142L.133[aid=6729390]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(2000)83L.771[aid=9554166]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(1997)80L.860[aid=10759381]
http://www.ingentaconnect.com/content/external-references?article=1387-2273(1999)730L.161[aid=10759377]
http://www.ingentaconnect.com/content/external-references?article=1387-2273(1999)730L.161[aid=10759377]
http://www.ingentaconnect.com/content/external-references?article=1618-2642(2004)378L.804[aid=10759376]
http://www.ingentaconnect.com/content/external-references?article=1618-2642(2004)378L.804[aid=10759376]
http://www.ingentaconnect.com/content/external-references?article=0002-9165(2001)74L.510[aid=10759371]
http://www.ingentaconnect.com/content/external-references?article=0002-9165(2001)74L.510[aid=10759371]
http://www.ingentaconnect.com/content/external-references?article=1618-2642(2007)387L.2943[aid=10759369]
http://www.ingentaconnect.com/content/external-references?article=1618-2642(2007)387L.2943[aid=10759369]
http://www.ingentaconnect.com/content/external-references?article=0277-2116(1997)24L.405[aid=10759367]
http://www.ingentaconnect.com/content/external-references?article=0277-2116(1997)24L.405[aid=10759367]
http://www.ingentaconnect.com/content/external-references?article=1420-682x(2006)63L.1355[aid=10759361]
http://www.ingentaconnect.com/content/external-references?article=1420-682x(2006)63L.1355[aid=10759361]
http://dx.doi.org/10.1146/annurev
http://dx.doi.org/10.1146/annurev
http://dx.doi.org/10.1016/0308
http://dx.doi.org/10.1007/BF00445594
http://dx.doi.org/10.1016/S0021
http://dx.doi.org/10.1248/jhs
http://dx.doi.org/10.1080/10826079708010975
http://dx.doi.org/10.1016/0378
http://dx.doi.org/10.1016/0160
http://dx.doi.org/10.1016/S0378
http://dx.doi.org/10.1007/s00216
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.3945/an
http://dx.doi.org/10.1038/sj
http://dx.doi.org/10.3168/jds
http://dx.doi.org/10.1007/s00216
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1002/bmc
http://dx.doi.org/10.1002/rcm
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1016/S0378
http://dx.doi.org/10.1016/0005
http://dx.doi.org/10.1002/jssc
http://dx.doi.org/10.1007/s00018
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1007/s11746
http://dx.doi.org/10.1007/s11745
http://dx.doi.org/10.3168/jds
http://dx.doi.org/10.1007/s13594
http://dx.doi.org/10.1097/01
http://dx.doi.org/10.1080/10826079308020908
http://dx.doi.org/10.1038/sj
http://dx.doi.org/10.1007/s11746
http://dx.doi.org/10.1002/jssc
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1016/0378
http://dx.doi.org/10.1007/BF02587918

40 GILL ET AL.: JOURNAL OF AOAC INTERNATIONAL VOL. 99, No. 1, 2016

(160) Plou, F.J., Gomez de Segura, A., & Balesteros, A. (2007) in
Industrial Enzymes: Structure, Function and Applications,
J.Polaina & A.P.MacCabe (Eds), Springer, Dordrecht, pp
141-157

(161) Rastall, R.A. (2013) Curr. Opin. Clin. Nutr. Metab. Care 16,
675-678. doi:10.1097/MCO.0b013e328365b5fd

(162) Bornet, F.R.J. (2000) in Advanced Dietary Fibre Technology,
B.V.McCleary & L.Prosky (Eds), Blackwell Science, London,
pp 480-493

(163) Official Methods of Analysis (2012) 19th Ed., AOAC
INTERNATIONAL, Gaithersburg, MD, Method 997.08

(164) Official Methods of Analysis (2012) 19th Ed., AOAC
INTERNATIONAL, Gaithersburg, MD, Method 999.03

(165) Prosky, L. & Hoebregs, H. (1999) J. Nutr. 129, 1418S-1423S

(166) McCleary, B.V., Murphy, A., & Mugford, D.C. (2000) J. AOAC
Int. 83, 356-364 -

(167) Steegmans, M., Iliaens, S., & Hoebregs, H. (2004) J. AOAC Int.
87, 1200-1207 -

(168) Approved Methods of Analysis (2015) 11th Ed., AACC
International, St.Paul, MN, Method 32-31.01

(169) Franck, A. (2008) Handbook of Prebiotics, G.R.Gibson &
M.Roberfroid (Eds), CRC Press, Boca Raton, FL, 437-448.
doi:10.1201/9780849381829.ch22

(170) Official Methods of Analysis (2012) 19th Ed., AOAC
INTERNATIONAL, Gaithersburg, MD, Method 2001.02

(171) de Slegte, J. (2002) J. AOAC Int. 85, 417-423

(172) Approved Methods of Analysis (2015) 11th Ed., AACC
International, St.Paul, MN, Method 32-33.01

(173) Benkeblia, N. & Shiomi, N. (2009) Fresh Prod. 3, 44-50

(174) Hogarth, A.J.C.L., Hunter, D.E., Jacobs, W.A., Garleb, K.A., &
Wolf, B.W. (2000) J. Agric. Food Chem. 48, 5326-5330.
doi:10.1021/;f00011Th

(175) Joye, D. & Hoebregs, H. (2000) J. AOAC Int. 83, 1020-1025

(176) Austin, S., Bénet, T., Michaud, J., Cuany, D., & Rohfritsch, P.
(2014) Int. J. Anal. Chem. 2014, 1-10. doi:10.1155/2014/768406

(177) Harrison, S., Fraser, K., Lane, G., Hughes, D., Villas-Boas,

S., & Rasmussen, S. (2011) Anal. Bioanal. Chem. 401,
2955-2963. doi:10.1007/s00216-011-5374-8

(178) Hernandez-Hernandez, O., Calvillo, I., Lebron-Aguilar, R.,
Moreno, F.J., & Sanz, M.L. (2012) J. Chromatogr. A 1220,
57-67. doi:10.1016/j.chroma.2011.11.047

(179) Verspreet, J., Hansen, A.H., Dornez, E., Delcour, J.A.,
Harrison, S.J., & Courtin, C.M. (2014) Rapid Commun. Mass
Spectrom. 28, 2191-2200. doi:10.1002/rcm.7013

(180) Brew, K. (2003) in Advanced Dairy Chemistry, 3rd Ed.,
P.F.Fox & P.L.H.McSweeney (Eds), Kluwer Academic/Plenum
Publishers, New York, NY, pp 387419

(181) Lonnerdal, B. & Lien, E.L. (2003) Nutr: Rev. 61, 295-305.
doi:10.1301/nr.2003.sept.295-305

(182) Permyakov, E.A. & Berliner, L.J. (2000) FEBS Lett. 473,
269-274. doi:10.1016/S0014-5793(00)01546-5

(183) Svensson, M., Hakansson, A., Mossberg, A.K., Linse, S., &
Svanborg, C. (2000) Proc. Natl. Acad. Sci. U. S. A. 97,
4221-4226. doi:10.1073/pnas.97.8.4221

(184) Chatterton, D.E.W., Smithers, G., Roupas, P., & Brodkorb, A.
(2006) Int. Dairy J. 16, 1229-1240. doi:10.1016/j.idairyj.
2006.06.001 -

(185) Butikofer, U., Meyer, J., & Rehberger, B. (2006)
Milchwissenschaft. 61, 263-266

(186) Ding, X.J., Yang, Y.Y., Zhao, S., Li, Y., & Wang, Z. (2011) Dairy
Sci. Technol. 91, 213-225. doi:10.1007/s13594-011-0006-9

(187) Elgar, D.F., Norris, C.S., Ayers, J.S., Pritchard, M., Otter,

D.E., & Palmano, K.P. (2000) J. Chromatogr. A 878, 183—-196.
doi:10.1016/S0021-9673(00)00288-0

(188) Ferreira, LM.P.L.V.O. (2007) J. Liq. Chromatogr. Relat.
Technol. 30, 499-507. doi:10.1080/10826070601093796

(189) Jackson, J.G., Janszen, D.B., Loénnerdal, B., Lien, E.L.,
Pramuk, K.P., & Kuhlman, C.F. (2004) J. Nutr. Biochem. 15,
517-521. doi:10.1016/j.jnutbio.2003.10.009

(190) Mierzejewska, D., Panasiuk, R., & Jedrychowski, L. (2002)
Milchwissenschaft 57, 9-13

(191) Ren, Y.P,, Han, Z., Chu, X.J., Zhang, J.S., Cai, Z.X., &

Wu, Y.J. (2010) Anal. Chim. Acta 667, 96-102. doi:10.1016/j.
aca.2010.04.015 -

(192) Santos, L.H.L.M.L.M. & Ferreira, LM.P.L.V.O. (2007) Anal.
Biochem. 362, 293-295. doi:10.1016/j.ab.2006.12.002

(193) Tremblay, L., Laporte, M.F., Léonil, J., Dupont, D., & Paquin, P.
(2003) in Advanced Dairy Chemistry, 3rd Ed., PF.Fox &
P.L.H.McSweeney (Eds), Kluwer Academic/Plenum Publishers,
New York, NY, pp 49-138

(194) Billakanti, J.M., Fee, C.J., Lane, F.R., Kash, A.S., &
Fredericks, R. (2010) Int. Dairy J. 20, 96-105. doi:10.1016/j.
idairyj.2009.08.008 -

(195) Dupont, D., Rolet-Répécaud, O., & Muller-Renaud, S. (2004)
J. Agric. Food Chem. 52, 677-681. doi:10.1021/j1034722w

(196) Duranti, M., Carpen,_A_.,Iametti, S., & Pagani, S. (1991)
Milchwissenschaft 46, 230-232 -

(197) El-Hatmi, H., Levieux, A., & Levieux, D. (2006) J. Dairy Res.
73, 288-293. doi:10.1017/S0022029906001713

(198) Indyk, H.E. (2009) Int. Dairy J. 19, 36-42. doi:10.1016/j.
idairyj.2008.07.007

(199) Jeanson, S., Dupont, D., Grattard, N., & Rolet-Répécaud, O.
(1999) J. Agric. Food Chem. 47, 2249-2254. doi:10.1021/
719809232

(200) Levieux, D. & Ollier, A. (1999) J. Dairy Res. 66, 421-430.
doi:10.1017/S0022029999003581

(201) Marchal, E., Collard-Bovy, C., Humbert, G., Linden, G.,
Montagne, P., Duheille, J., & Varcin, P. (1991) J. Dairy Sci. 74,
3702-3708. doi:10.3168/jds.S0022-0302(91)78560-3

(202) Wehbi, Z., Pérez, M.D., Sanchez, L., Pocovi, C., Barbana, C., &
Calvo, M. (2005) J. Agric. Food Chem. 53, 9730-9736.
doi:10.1021/jf050825y

(203) Yang, A.S., Zheng, Y.C., Long, C.Y., Chen, H.B., Liu, B., Li, X.,
Yuan, J.L., & Cheng, F.F. (2014) Food Chem. 150, 73-79.
doi:10.1016/j.foodchem.2013.10.137

(204) Baker, H.M. & Baker, E.N. (2004) Biometals 17, 209-216.
doi:10.1023/B:BIOM.0000027694.40260.70

(205) Steijns, J.M. & van Hooijdonk, A.C.M. (2000) Br. J. Nutr. 84,
S11-S17. doi:10.1017/S0007114500002191

(206) Weinberg, E.D. (2001) J. Pharm. Pharmacol. 53, 1303-1310.
doi:10.1211/0022357011777792 ST

(207) Blackburn, D.G. (1993) J. Dairy Sci. 76, 3195-3212.
doi:10.3168/jds.S0022-0302(93)77658-4

(208) Coppa, G.V., Zampini, L., Galeazzi, T., & Gabrielli, O. (2006)
Dig. Liver Dis. 38, S291-S294. doi:10.1016/S1590-8658(07)
60013-9

(209) Pakkanen, R. & Aalto, J. (1997) Int. Dairy J. 7, 285-297.
doi:10.1016/S0958-6946(97)00022-8

(210) Lonnerdal, B. (2003) in Advanced Dairy Chemistry, 3rd Ed.,
P.F.Fox & P.L.H.McSweeney (Eds), Kluwer Academic/Plenum
Publishers, New York, NY, pp 449-466

(211) Aly, E., Ros, G., & Frontela, C. (2013) J. Food Res. 2, 25-36.
doi:10.5539/jfr.v2n4p25

(212) Stevenson, L. & Knowles, G. (2003) Aust. J. Dairy Technol. 58,
135-139

(213) Strange, E.D., Malin, E.L., Van Hekken, D.L., & Basch, J.J.
(1992) J. Chromatogr: A 624, 81-102. doi:10.1016/0021-
9673(92)85675-J

(214) Drackova, M., Borkovcova, 1., Janstova, B., Naiserova, M.,
Ptidalova, H., Navratilova, P., & Vorlova, L. Czech (2009)

J. Food Sci. 27, S102-S104



http://www.ingentaconnect.com/content/external-references?article=0021-9673(2000)878L.183[aid=9540844]
http://www.ingentaconnect.com/content/external-references?article=0021-8561(1999)47L.2249[aid=9552411]
http://www.ingentaconnect.com/content/external-references?article=0022-0299(1999)66L.421[aid=9540864]
http://www.ingentaconnect.com/content/external-references?article=0022-3573(2001)53L.1303[aid=5924928]
http://www.ingentaconnect.com/content/external-references?article=0022-3573(2001)53L.1303[aid=5924928]
http://www.ingentaconnect.com/content/external-references?article=0022-3573(2001)53L.1303[aid=5924928]
http://www.ingentaconnect.com/content/external-references?article=0022-3573(2001)53L.1303[aid=5924928]
http://www.ingentaconnect.com/content/external-references?article=0022-3573(2001)53L.1303[aid=5924928]
http://www.ingentaconnect.com/content/external-references?article=0022-0302(1993)76L.3195[aid=490794]
http://www.ingentaconnect.com/content/external-references?article=0958-6946(1997)7L.285[aid=4753765]
http://www.ingentaconnect.com/content/external-references?article=0021-9673(1992)624L.81[aid=9532758]
http://www.ingentaconnect.com/content/external-references?article=0021-8561(2004)52L.677[aid=9552410]
http://www.ingentaconnect.com/content/external-references?article=0021-8561(2004)52L.677[aid=9552410]
http://www.ingentaconnect.com/content/external-references?article=0021-8561(2004)52L.677[aid=9552410]
http://www.ingentaconnect.com/content/external-references?article=0021-8561(2004)52L.677[aid=9552410]
http://www.ingentaconnect.com/content/external-references?article=0021-8561(2004)52L.677[aid=9552410]
http://www.ingentaconnect.com/content/external-references?article=0026-3788(1991)46L.230[aid=10759392]
http://www.ingentaconnect.com/content/external-references?article=0026-3788(1991)46L.230[aid=10759392]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(2000)83L.356[aid=6980658]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(2000)83L.356[aid=6980658]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(2004)87L.1200[aid=9549156]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(2004)87L.1200[aid=9549156]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(2002)85L.417[aid=9543067]
http://www.ingentaconnect.com/content/external-references?article=0021-8561(2000)48L.5326[aid=10759402]
http://www.ingentaconnect.com/content/external-references?article=1060-3271(2000)83L.1020[aid=9549147]
http://www.ingentaconnect.com/content/external-references?article=1618-2642(2011)401L.2955[aid=10759401]
http://www.ingentaconnect.com/content/external-references?article=1618-2642(2011)401L.2955[aid=10759401]
http://www.ingentaconnect.com/content/external-references?article=0951-4198(2014)28L.2191[aid=10759399]
http://www.ingentaconnect.com/content/external-references?article=0951-4198(2014)28L.2191[aid=10759399]
http://www.ingentaconnect.com/content/external-references?article=0029-6643(2003)61L.295[aid=9364990]
http://www.ingentaconnect.com/content/external-references?article=0014-5793(2000)473L.269[aid=7758809]
http://www.ingentaconnect.com/content/external-references?article=0014-5793(2000)473L.269[aid=7758809]
http://www.ingentaconnect.com/content/external-references?article=0027-8424(2000)97L.4221[aid=5296414]
http://www.ingentaconnect.com/content/external-references?article=0027-8424(2000)97L.4221[aid=5296414]
http://dx.doi.org/10.1097/MCO
http://dx.doi.org/10.1201/9780849381829
http://dx.doi.org/10.1021/jf000111h
http://dx.doi.org/10.1155/2014
http://dx.doi.org/10.1007/s00216
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1002/rcm
http://dx.doi.org/10.1301/nr
http://dx.doi.org/10.1016/S0014
http://dx.doi.org/10.1073/pnas
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1007/s13594
http://dx.doi.org/10.1016/S0021
http://dx.doi.org/10.1080/10826070601093796
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1021/jf034722w
http://dx.doi.org/10.1017/S0022029906001713
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1017/S0022029999003581
http://dx.doi.org/10.3168/jds
http://dx.doi.org/10.1021/jf050825y
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1023/B
http://dx.doi.org/10.1017/S0007114500002191
http://dx.doi.org/10.1211/0022357011777792
http://dx.doi.org/10.3168/jds
http://dx.doi.org/10.1016/S1590
http://dx.doi.org/10.1016/S0958
http://dx.doi.org/10.5539/jfr
http://dx.doi.org/10.1016/0021

GILL ET AL.: JOURNAL OF AOAC INTERNATIONAL VOL. 99, NoO. 1,2016 41

(215) Francis, G.L., Regester, G.O., Webb, H.A., & Ballard, F.J.
(1995) J. Dairy Sci. 78, 1209-1218. doi:10.3168/jds.
S0022-0302(95)76740-6

(216) Law, A.J.R., Leaver, J., Banks, J.M., & Horne, D.S. (1993)
Milchwissenschaft 48, 663—-666

(217) Li, J., Ding, X.J., Chen, Y.Y., Song, B.H., Zhao, S., & Wang, Z.
(2012) J. Chromatogr: A 1244, 178-183. doi:10.1016/j.
chroma.2012.05.004 -

(218) Palmano, K.P. & Elgar, D.F. (2002) J. Chromatogr. A 947,
307-311. doi:10.1016/S0021-9673(01)01563-1

(219) Zhang, J.S., Lai, S.Y., Cai, Z.X., Chen, Q., Huang, B.F., &
Ren, Y.P. (2014) Anal. Chim. Acta 829, 33-39. doi:10.1016/].
aca.2014.04.025 -

(220) Desmazeaud, M. (1993) Bull. Int. Dairy Fed. 284, 29-42

(221) Cheng, J.B., Wang, J.Q., Bu, D.P,, Liu, G.L., Zhang, C.G.,
Wei, H.Y., Zhou, L.Y., & Wang, J.Z. (2008) J. Dairy Sci. 91,
970-976. doi:10.3168/jds.2007-0689

(222) Lindmark-Mansson, H., Svensson, U., Paulsson, M., Aldén, G.,
Frank, B., & Johnsson, G. (2000) /nt. Dairy J. 10, 423-433.
doi:10.1016/S0958-6946(00)00081-9

(223) Montagne, P.M., Trégoat, V.S., Cuilliere, M.L., Béné, M.,
& Faure, G.C. (2000) Clinical Biochemistry 33, 181-86.
doi:10.1016/S0009-9120(00)00059-X -

(224) Soejima, T., Yamauchi, K., Yamamoto, T., Ohara, Y.,
Nagao, E., Kanbara, K., Fujisawa, M., Okuda, Y., &
Namba, S. (2007) J. Dairy Res. 74, 100-105. doi:10.1017/
S0022029906002081

(225) Yamauchi, K., Soejima, T., Ohara, Y., Kuga, M., Nagao, E.,
Kagi, K., Tamura, Y., Kanbara, K., Fujisawa, M., &
Namba, S. (2004) Biometals 17, 349-352. doi:10.1023/
B:BIOM.0000027716.96028.84

(226) Chen, P.W. & Mao, F.C. (2004) J. Food Drug Anal. 12, 133-139

(227) Campanella, L., Martini, E., Pintore, M., & Tomassetti, M.
(2009) Sensors (Basel, Switzerland) 9, 2202-2221. doi:10.3390/
$90302202

(228) Campanella, L., Martini, E., & Tomassetti, M. (2008) J. Pharm.
Biomed. Anal. 48, 278-287. doi:10.1016/j.jpba.2007.12.010

(229) Indyk, H.E. & Filonzi, E.L. (2005) Int. Dairy J. 15, 429-438.
doi:10.1016/j.idairyj.2004.09.003



http://www.ingentaconnect.com/content/external-references?article=0009-9120(2000)33L.181[aid=10759408]
http://www.ingentaconnect.com/content/external-references?article=0009-9120(2000)33L.181[aid=10759408]
http://www.ingentaconnect.com/content/external-references?article=0009-9120(2000)33L.181[aid=10759408]
http://www.ingentaconnect.com/content/external-references?article=0958-6946(2000)10L.423[aid=10759409]
http://www.ingentaconnect.com/content/external-references?article=0021-9673(2002)947L.307[aid=10759412]
http://www.ingentaconnect.com/content/external-references?article=0021-9673(2002)947L.307[aid=10759412]
http://www.ingentaconnect.com/content/external-references?article=0022-0302(1995)78L.1209[aid=10759415]
http://dx.doi.org/10.3168/jds
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1016/S0021
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.3168/jds
http://dx.doi.org/10.1016/S0958
http://dx.doi.org/10.1016/S0009
http://dx.doi.org/10.1016/j
http://dx.doi.org/10.1016/j

