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ABSTRACT ARTICLE HISTORY
“Soluble” type dietary fibre contains polysaccharides with monomer consti- Received 26 April 2022
tuents that play a major role in lowering the glycemic index of food (“low-GI”) Revised 15 June 2022
and improving colonic health through gut microbiome fermentation. Soluble Accepted 25 June 2022
fibres such as partially hydrolysed guar gum (PHGG), gum Arabic and psy- KEYWORDS

llium husk are of particular interest in gastrointestinal research, exploring HPLC-ESI-Q-ToF-MS; Soluble
their effects in motility disorders such as gastroparesis, constipation, diarrhea Fibre; Monomer Sugars
and irritable bowel syndrome (IBS) is important. The primary aim of this

research was to develop a rapid pre-column derivatized HPLC-ESI-Q-ToF-

MS method for the identification and quantification of monomer sugar

constituents in commercial dietary fibre supplements of PHGG, gum Arabic

and psyllium husk. Polysaccharides in the samples were hydrolysed and

derivatized using 1-phenyl-3-methyl-5-pyrazolone (PMP). A rapid 21 min

HPLC-ESI-Q-ToF-MS method separated nine different PMP-labelled monomer

sugars. Five different sugars (i.e., Galactose, Arabinose, Rhamnose, Mannose

and Xylose) were identified and quantified. Standard curve linearity was

excellent (R* > 0.999), with good intra-laboratory precision (< +5% SD for

concentrations, < £0.02 min peak shifting for retention times). The average

three-level (50%, 75% and 100%) spiking recoveries for the analytes was

acceptable (96.22-109.49%). Positive scanning mode ESI-MS/MS was used to

generate [M + HI* precursor ions and three (m/z) product ion fragments to

provide identity confirmation. The concentrations of monomer sugars in

gum Arabic and psyllium husk dietary fibres were consistent with literature

reports. In PHGG, the concentration of galactose was unexpectedly higher

than mannose, indicating that the commercial hydrolysis process of guar

gum during PHGG manufacturing affected monomer composition. The

method presented here provides the basis for the standardisation and label-

ling of commercial PHGG, gum Arabic and psyllium husk supplements.

Future research will need to explore the monomer variability in other pre-

biotic soluble fibres and their efficacy in the production of beneficial short-

chain fatty acids (SCFA) in the colonic environment.

Introduction

Dietary fibre is a critical component in a healthy and balanced diet.'~*! Dietary fibres are defined by
Food Standards Australia New Zealand (FSANZ) as “The fraction of edible parts of plants or their
extracts, or synthetic analogues, that are resistant to digestion and absorption in the small intestine,
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usually with complete or partial fermentation in the large intestine. This includes polysaccharides,
oligosaccharides (degree of polymerisation >2) and lignans”.!! There are two primary types of dietary
fibre, “soluble” and “insoluble,” with variable physiological effects.”!

Dietary fibre of the water “soluble” type is a glycemic index lowering (low-GI) macronutrient in the
upper gastrointestinal tract and plays a major role in the lower gastrointestinal tract (the colon) as
a prebiotic.[! Short-chain fatty acids (SCFA) such as acetate, propionate, and butyrate are released
into the colon by gut microbiome fermentation of soluble fibre polysaccharides, especially by gram-
positive Bifidobacterium. The release of SCFA has been proven to lead to better colonic health, reduced
inflammation, insulin sensitivity, renal function and bodyweight control, especially in patients with
Type-1/Type-2 diabetes.’~'”! The laxative effects of soluble fibres are variable with respect to con-
stipation, diarrhea, and irritable bowel syndrome (IBS),!"*2!! and these effects depend largely on
chemical structure and rheological behavior.?>%*!

Diets lacking in soluble fibre play speculated to play a notable role in gut dysbiosis (imbalance of the
gut microbiome), causing constipation and diarrhea with complex cellular and molecular pathways
being involved.?*! A recent study has reported that people with gastrointestinal motility disorders
such as gastroparesis suffer from slow transit constipation at higher rates (64.7%) compared to the
normal population (28.1%), but these patients avoid consuming dietary fibres due to detrimental
symptom effects.[*>?°! In order to find possible solutions for this situation, the rheological character-
istics and the clinical suitability of certain soluble fibres such as the “low-viscosity” type partially
hydrolysed guar gum (PHGG) and gum Arabic fibres and the commonly prescribed “high-viscosity”
type psyllium husk fibre have been studied by our group.?”*!

The chemistry of constituent polysaccharides in different soluble dietary fibres are known to vary greatly
not only in chain length, but also in monomer unit prevalence and composition. The variations in the
constituent monomer components of soluble fibre polysaccharides are known to produce varied physio-
logical and metabolic effects, affecting the proportions of SCFA release in the colon.?>**! In addition to
this, some people with gastrointestinal disorders suffer from sugar intolerances and rare genetic disorders
such as glucose-galactose malabsorption.”*" Therefore, a meticulously validated method for the analysis of
monomer constituents in the polysaccharides found in PHGG, gum Arabic and psyllium husk needed to be
developed. The analytical method validation of these soluble fibre supplements would also provide
manufacturers with a useful tool for commercial batch processing, standardisation and labelling.

The analytical quantification of monomer sugar components in polysaccharides is a time consuming,
laborious and potentially expensive process. Phytochemical commercial supplements containing biolo-
gically-active molecules such as phenols and flavonoids (< 1200 Da) can be easily extracted using
organic/inorganic solvent combinations. Such compounds have detectable chromophores in the UV-
Vis fluorescence range (200-750 nm) when analysed using mass spectrometry (MS) and commonly
available carbon-18 (C18) columns. Polysaccharides are much more difficult to extract due to their larger
sizes (> 1200 Da), size-similarity and co-solubility with proteins (> 1200 Da) in aqueous phases.*?! In
addition to this, monomer sugars such as glucose, mannose and others possess epimers (aldohexoses) or
stereoisomers with no chromophores in the UV-Vis fluorescence range.

Various analytical techniques such as high-performance liquid chromatography (HPLC), s
chromatography mass spectrometry (GC-MS) and gas chromatography flame-ionization detection
(GC-FID),>*** capillary-gel electrophoresis (CE)****! and thin-layer chromatography'*®~*! have
been employed in the detection and analysis of monomer sugar constituents in complex matrices such
as mushrooms, plants and herbs. Specialized detection techniques such as high-performance liquid
chromatography refractive index (HPLC-RI)P*>* or high-performance liquid chromatography
charged aerosol detection (HPLC-CAD)"* or hydrophilic interaction chromatography evaporative
light scattering detection (HILIC-ELSD)®***! can be used without the need to derivatize monomer
sugar samples, but such detectors are highly specialized for sugar analysis and expensive to operate
exclusively in laboratory settings. The most sensitive technique among all of the above is HPLC, which
can assist in the separation of neutral, acidic and basic monomer constituents in complex samples such
as dietary fibre supplements.[**!

[33-38] ga
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Pre-column derivatization (or labelling) of monomer components creates chromophores, ensuring
rapid detection and analysis.*>*>**! Excellent derivatization methods in literature have described the
analysis of monomer sugars in the fungi P. umbellatus™* and the algae S. fusiforme!**! using the
highly-sensitive HPLC ESI-MS/MS (Electrospray-Ionization Mass Spectrometry) technique. The
derivatization agent 1-phenyl-3-methyl-5-pyrazolone (PMP) is well suited for the simultaneous
analysis of acidic (uronic acids), neutral and basic monomer sugars due to its ability to derivatize
under mild conditions, causing no inadvertent isomerization during sample preparation.!**~>"!
Derivatization also improves sensitivity and column binding due the increased hydrophobicity of
the PMP-derivative in comparison to the original monomer. When a suitable column such as
the charged surface hybrid (CSH C18) column is employed, rapid analyte separation can be achieved
for PMP-labelled monomers. In addition to these advantages, PMP-labelling of monomers produces
derivatives that are detectable at 245 nm (UV-Vis range).

An ideal high-performance liquid chromatography (HPLC) method of a phytochemical sample or
commercial dietary supplement possess these four characteristics in simultaneous combination:
A large number of monitored target analytes (> 5 analytes), a short run time (< 60 min), a repeatable
and reliable extraction method (n > 3 replicates), and an inexpensive and easily accessible method of
analysis. HPLC methods reported in literature are either rapid (< 60 min), using specialized instru-
mentation and techniques (HPLC-RI, HPLC-CAD, HILIC-ELSD)P**%°=52] o1 have very long run-times
(> 60 min)**** using the comparatively cheaper and more versatile technique HPLC-ESI-MS/MS.

For the all the stated reasons, a rapid pre-column derivatized HPLC-ESI-Q-ToF-MS method for the
analysis of monomer constituents in PHGG, gum Arabic and psyllium husk prebiotic dietary fibre
supplements was developed. Method validation parameters such as accuracy, intra-laboratory precision,
linearity, detection limit and stability were measured. The chemical structures of the major polysaccharides
found in PHGG, gum Arabic and psyllium husk are shown in Figure 1, Figure 2 and Figure 3 respectively.

Materials and methods
Instrumentation

A Waters SYNAPT G2-Si Q-ToF (Quadrupole Time-of-Flight) UPLC (Ultra Performance Liquid
Chromatography) system (Waters Corporation, Milford, MA, USA) coupled to a hybrid quadrupole
mass spectrometer was used for rapid method development and validation. Analyte separation was
achieved using an ACQUITY™ UPLC CSH (Charged Surface Hybrid) C18 Column (130 A, 1.7 pm,
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Figure 1. Structure of the main guar gum polysaccharide (galactomannan). PHGG is the enzymatic hydrolysed derivative of guar
gum.
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Figure 2. Structure of the main gum Arabic polysaccharide (arabinogalactan).
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Figure 3. Structure of the main psyllium husk polysaccharide (arabinoxylan).

2.1 mm X 100 mm packing) coupled with ion mobility separation. Injection was performed using
a Waters ACQUITY™ UPLC H-Class autosampler. A positive electrospray ionization ((+)/(-) ESI-MS
/MS) scanning mode and argon collision gas were used.

All samples, reagents and analytical standards used in extraction, hydrolysis and derivatization
were weighed out using a Mettler Toledo Analytical Balance ME204 (Mettler Toledo, Port Melbourne,
VIC, Australia). A Vacuubrand PC 3001 Vario™ speedy vacuum concentrator with a CVC 3000
controller (BrandTech Scientific, Essex, CT, USA), a Dynamica Velocity 14R refrigerated centrifuge
(Dynamica Scientific, Livingston, UK), liquid nitrogen storage, and other assorted laboratory equip-
ment including glassware were used during extraction and sample preparation. All experiments were
performed in the PC2 (Physical Containment Level 2) laboratory facilities at the School of Medicine,
Campbelltown Campus, Western Sydney University (WSU, Sydney, Australia).

Reagents, Chemicals, and Samples

Reagent grade ethanol (95%), acetone (95%), n-butanol (98%), chloroform (98%), ammonia (4 M in
methanol), trifluoroacetic acid (TFA) (99%), glacial acetic acid (100%), phosphorous pentoxide (99%)
and formic acid (98%) were obtained from Sigma-Aldrich (St Louis, MO, USA). De-ionized water
used during extraction and reverse-phase chromatography (> 18 MQ.cm) was obtained from a Milli-
Q° Advantage A10 system with a Q-POD™ from Merck Millipore (Darmstadt, Germany). HPLC grade
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Figure 4. Structures of the nine monomer sugars (chair form) purchased as analytical standards for method validation.

acetonitrile solvent was purchased from Honeywell (Honeywell International, NC, USA). The neb-
ulizing gas argon, and other gases, including nitrogen, used in analytical method development and MS
analysis were provided by Coregas (Coregas, Sydney, NSW, Australia).

The derivatization reagent 1-Phenyl-3-methyl-5-pyrazolone (PMP) (99.0%), also known as edar-
avone, was obtained from Sigma-Aldrich (St Louis, MO, USA). The analytical standards of the
monomer sugars glucose, galactose, arabinose, rhamnose, glucuronic acid, galacturonic acid, man-
nose, xylose and fucose (all = 99.0%) were purchased from Sigma-Aldrich (St Louis, MO, USA). The
chemical structures of the monomer sugar standards are shown in Figure 4. The partially hydrolysed
guar gum (PHGG) (80%) brand name Sunfiber™ (Taiyo International, Minneapolis, MN, USA), gum
Arabic (80%) (New Directions Australia, Australia) and psyllium husk (80%) (SF Health Foods,
Australia) dietary fibre supplements were purchased from local suppliers in Australia.

Extraction and Purification of Polysaccharide

Polysaccharide extraction was based on methods reported in literature.">** Samples (1 g + 0.001 g
each) of the powdered dietary fibre supplement were finely ground using a mortar and pestle and
sieved (< 200 um) in a 250 mL conical flasks. 30 mL of de-ionized water was added, and each flask was
sealed with two layers of aluminum foil and autoclaved for 1.5 h at 121 °C. Water soluble poly-
saccharides were extracted into the supernatant. The flask were then cooled to room temperature 25
°C for 30 min. The supernatant was then carefully pipetted out into 50 mL Eppendorf tubes and
centrifuged at 4000 rpm (2683 x g) for 10 min. The aqueous supernatant was then precipitated with
120 mL 95% ethanol (supernatant: ethanol (1:4)) in a 250 mL conical flask with slow addition and
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stirring. The precipitate was then filtered in a Buchner flask (with a 0.45 pm Whatman paper) and
washed with acetone. The “wet” precipitate was then sealed in a 50 mL Eppendorf tube and placed in
a refrigerator (4.0 °C) for 24 h to complete the precipitation reaction. The precipitate was then
removed and pelleted in a centrifuge at 4000 rpm (2683 x g) for 40 min. The crude polysaccharide
pellet was then dissolved in de-ionized water (10 mg/mL). Protein in the crude polysaccharide pellet
was removed by the addition of % volume of Sevag reagent (n-butanol: chloroform (1:4)) using the
Sevag method for protein removal in polysaccharide samples.!®”! The protein gel layer was removed,
and the process was repeated twice. The de-proteinated polysaccharide aqueous layer was then
desiccated for 48 h using phosphorus pentoxide. After desiccation, the polysaccharide pellet was
freeze-dried for using liquid nitrogen and stored at 4.0 °C.

Hydrolysis, Derivatization and Preparation of Calibrated Stock Solution

Analytical standards (2 mg +0.1 mg each) of the glucose, galactose, arabinose, rhamnose, glucuronic
acid, galacturonic acid, mannose, xylose and fucose were carefully weighed into clean 10 mL glass
vials. 5 mL of ammonia was then pipetted into each vial and the stock solution (400 pg/mL) was
sonicated for 10 min at 40 °C and cooled at room temperature (25 °C) for 5 min. The stock was then
serially diluted to 80 pg/mL using 4 mL of ammonia. This monomer stock solution was then PMP-
labelled and derivatized using an existing method described in literature.[**

The derivatization procedure is described as follows. 100 pL of analytical calibrated stock (80 pg/
mL) was added to a clean 10 mL glass vial. Table 1 shows the serial dilutions of the initial stock for the
generation of the calibration curve. 100 uL of PMP was then added and the solution was mixed. The
calibrated stock solution was allowed to react on a hot plate for 30 min at 40 °C, cooled to room
temperature and neutralized with 20 pL of 1% glacial acetic acid. This was followed by the addition of
1.5 mL of de-ionized water and 1.5 mL of chloroform. The immiscible two-layer solution was shaken
vigorously, and the cap was opened repeatedly to release any gas pressure formed during mixing. The
top aqueous layer (1.72 mL) and bottom chloroform layer (1.5 mL) solution were allowed to rest for
10 min under a fume hood. The aqueous layer, containing the PMP-labelled monomers was then
carefully pipetted out into a 1.7 mL Eppendorf tube for vortexing (1 min) and micro-centrifugation at
12000 rpm (1610 g) for 5 min. The aqueous layer was diluted by % (0.5 pg/mL -> 0.025 pg/mL) and
then transferred into clean slit HPLC vials for overnight refrigeration storage (4 °C) and mass
spectrometry (MS) analysis. The derivatization reaction for mannose is shown in Figure 5.

Hydrolysis and Derivatization of Purified Polysaccharide

1.2 mg (0.1 mg) of PHGG polysaccharide, 2.1 mg (0.2 mg) of gum Arabic polysaccharide and
1.1 mg (£0.1 mg) of psyllium husk polysaccharide were carefully weighed out into three separate
1.7 mL Eppendorf tubes. 700 pL of 4 M TFA was added to each tube and sealed at room
temperature for 15 min. 175 pL of de-ionized water was then added. The sample tubes were then
sealed and placed in a 120 °C boiling water bath for 2 h to allow hydrolysis to occur. At the 2-hour
time point, a further 350 pL of de-ionized water was added to each tube and then placed back in the

Table 1. Serial dilutions for the construction of the calibration curve.

Concentration Stock Volume Ammonia Volume
(ng/mL) (uL) (HL)

2.0 43.00 57.00
1.5 32.25 67.25
1.0 21.50 78.50
0.5 10.75 89.25
0.25 5.40 94.60

0.10 2.15 97.85
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OH /

Mannose

MW: 180.156 g/Mol PMP

MW: 174.20 g/Mol

Double PMP-labeled mannose
MW: 510.54 g/Mol

Figure 5. Derivatization reaction of mannose with PMP resulting in the PMP-labelled mannose adduct (chromophore). Carbon
positions are labelled C1, C2 etc., on the PMP-labellled mannose derivative.

water bath for 1 h. At the 3-hour time point, the sample tubes were removed from the water bath,
cooled back to room temperature (25 °C) and micro-centrifuged at 12000 rpm (1610 g) for 10 min.
The samples were then evaporated overnight (4 h) in 1.7 mL Eppendorf tubes using a vacuum
concentrator.

The samples were then dissolved in 1 mL of ammonia and vortexed for 2 min. 10 pL of stock
was transferred into a clean glass vial and 990 pL of ammonia was then added to produce the
sample stock solution (1/100 serial dilution). The derivatization procedure for the polysaccharide
samples is the exactly as described in the previous section, except in this case, the water-layer was
not diluted by % in the penultimate step of the procedure, before the transfer of the layer into
a clean slit HPLC vial.

Recovery Solution Preparation

To determine the extraction efficiency of monomers in this method, careful amounts of each dietary
polysaccharide sample were weighed out in the manner described in the previous section. 10 pL of
a sample-specific stock solution (i.e., containing monomers only found in each dietary fibre poly-
saccharide sample) was added to create the 100% spike level. 5 pL of stock solution was added for the
50% spike level and 7.5 pL of stock solution was added for the 75% spike level. The spiking solutions
were then evaporated using a nitrogen gas manifold in the fume hood. Hydrolysis and derivatization
were performed as described in the previous section. Seven replicates were used for each spike level to
obtain average recoveries.

HPLC-ESI-Q-ToF-MS Conditions and Data Analysis

The PMP-labelled monomers were separated using a CSH C18 column attached in series with the ToF
(Time of Flight) detector. The autosampler injection volume for each sample was 1.0 uL. The mobile
phase flow rate was set at 0.5 mL/min. The sample pre-injection temperature was set at 4 °C, with the
column temperature set at 35 °C. The weak and strong volumes for the autosampler wash in-between
injections was 600 pL and 200 uL, respectively. Each run was 21.0 min long including a 1.5 min wash.
The mobile phase gradient program for the method is shown in Table 2. All standards and samples
were injected in triplicate.

The ESI (Electro-spray Ionization) source conditions were set with the desolvation gas (nitrogen) at
800 L/h, the source block temperature at 120 °C and the desolvation temperature at 500 °C. The
collision gas flow (argon) was set at 0.15 mL/min. Pressure was maintained in the column with the
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Table 2. Mobile phase gradient program for the LC-ESI-MS/MS method.

% Water (A) % Acetonitrile (B)
Time (min) (with 0.1% v/v formic acid) (with 0.1% v/v formic acid)
Initial 95.0 5.0
1.50 95.0 5.0
12.50 75.0 25.0
16.50 70.0 30.0
17.50 5.0 95.0
19.50 95.0 5.0
21.00 95.0 5.0

high-pressure warning limit set at 15000 psi. The MS inter-scan delay was set at 0.005 s with both
polarity mode delay and enhanced inter-scan delay set at 0.02 s. The extractor voltage was set at 3 V,
and the cone gas flow (L/h) was set to OFF status. The capillary voltage for the positive (+) ESI
scanning mode was 0.50 kV.

Multiple reaction monitoring (MRM) dwell times (0.050 s for all reaction channels) were auto-
calculated by the in-built MassLynx™ v4.2 software and data points of interest were carefully selected
for the peak determination. Any m/z ions below 1200 Da in size were scanned. In total, four reaction
channels for the ions m/z 525.21, m/z 511.23, m/z 495.24 and m/z 481.23 were monitored down to m/z
175.09. Tuning for optimal cone voltages and collision energies was performed by the IntelliStart™
microfluidics system built into the SYNAPT G2-Si mass spectrometer. In the MRM of all four
channels, the cone voltage was set at 30 V, and the collision energy was set at 25 eV. Multiple m/z
product ions were identified for each target analyte for identity confirmation in both the analytical
standard and the samples. The European Commission Directorate for Agriculture guidelines of
a minimum of two product ions from a precursor ion with matching intensities between standard
and sample peaks were to be met for all target analytes.®"

Initial analysis of MS fragmentations and chromatographic data was performed using the
MassLynx™ software v4.2 (Waters Corporation, Milford, MA, USA). Integrated peak area values and
retention times were obtained from chromatographic data using the in-built TargetLynx™ software
v4.2. All method validation parameters such as the standard curve, analyte concentrations, LOD, LOQ
and spiked recoveries of target analytes were calculated using Microsoft Excel (Office 2016).

Results
MS Identity Confirmation and Precision

Of the nine monomer analytes scanned for in the samples, only five were found among the dietary
fibre polysaccharides. Method validation parameters including linear range, linearity, precision, LOD,
LOQ and stability calculated from 7 = 7 replicates are shown in Table 3. Excellent linearity (R* > 0.999)
for all analytes are observed within their respective linear ranges.

The precision RSD for the analytes found in the samples are < 5%, which is excellent. Glucose,
glucuronic acid, galacturonic acid and fucose were not present in any of the three polysaccharide
samples, therefore the precision measurements for these analytes was not possible. For all the
standards and samples, the extraction and instrumental standard deviation (SD) are the two primary
contributors to the relative standard deviation (RSD) observed in the analyte sample concentrations
and peak retention times. The method precision shown in Table 3 is an aggregate of both the
extraction and instrumental precision, with the instrumental precision contributing to one-third of
the SD. Analytes found within the sample were stable for 72 h when stored at 4 °C, wrapped in
aluminum foil (< 2% degradation in peak area). The stability of analytes present only in the
calibrated stock solution, and not within any of the three samples was higher at 96 h (in the
mixed standard).
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Table 3. Precision of quantitation.

Linear Precision @
Range LOD (mg/ LOQ (mg/ Stability

Analyte (uMol/L) @ Linearity (R?) Amount (mg/g) + % RSD RT (min) + SD g)° g) € (h)

Glucose 0.56- 0.9990 N.P. 12.92 £ 0.01 N.P. N.P. 96
11.10

Galactose (*) 0.56- 0.9995 425.03 £ 0.69 12.83 £ 0.02 8.86 29.53 72
11.10

Arabinose 0.67- 0.9992 658.82 + 2.10 13.05 + 0.02 41.42 138.07 72
(**) 13.32

Rhamnose 0.61- 0.9991 3191 £1.32 12.62 + 0.01 1.26 4.20 72
(**) 12.18

Glucuronic 0.52- 0.9991 N.P. 13.04 £ 0.01 N.P. N.P. 96
acid 10.30

Galacturonic 0.52- 0.9994 N.P. 13.15 £ 0.02 N.P. N.P. 96
acid 10.30

Mannose (*) 0.56- 0.9993 269.04 = 1.52 12.06 + 0.02 12.24 40.79 72
11.10

Xylose (***) 0.67- 0.9991 723.89 =+ 1.03 13.18 £ 0.01 2247 7491 72
13.32

Fucose 0.61- 0.9990 N.P. 13.32 £ 0.02 N.P. N.P. 96
12.18

(*) Validated in PHGG, (**) Validated in gum Arabic, (***) Validated in psyllium husk, (N.P.) Not present in samples. (a) Average,
standard deviation (SD) and relative standard deviation (RSD) calculated from n = 7 replicates injected in triplicate. (b) The limit of
detection (LOD) is three times the standard deviation (SD) for each analyte in the corresponding validation sample. (c) The limit of
quantitation (LOQ) is ten times the standard deviation (SD) for each analyte in the corresponding validation sample. (d) The
calibration range for all target analytes was 0.1-2.0 ug/mL, shown here in pMol/L units, accounting for the different molecular
weights of individual monomers.

For all five analytes found in the samples, the relative intensity ratios of three product ions from the
[M + H]" precursor m/z ion were measured. The most useful product ions were formed by C2-C3 (m/z
373) and C5-C6 (m/z 271) cleavages, and by [M + H - PMP - 2H,0]" and [M + H - PMP - 3H,0]"
fragmentations which varied depending on the precursor mass. In Figure 6, which compares the MS/
MS breakdowns for galactose in the mixed standard and the PHGG sample, it can be observed that
the m/z 175 [PMP + H]" fragment is of higher relative intensity than the precursor ion [M + H]*. Such
a phenomenon occurs due to the breakdown of the precursor into the major PMP fragment during
MS/MS. Fragments from the C4-C5 cleavage (m/z 241), the C2-C3 cleavage (/2 217), and the C1-C2
cleavage (m/z 187) were also observed, but the ionic masses for these m/z fragments were common
across all monomer sugars and not distinct, therefore, they were ignored for the purpose of identity
confirmation. It can be observed in Table 4 that all m/z fragments used for identity confirmation are
well within the tolerances described by the European Commission Directorate for Agricultural
guidelines,®! providing good identity confirmation for monomers found in the polysaccharide
samples.

Chromatographic Data, Recoveries and Analyte Concentrations

Chromatograms for the calibrated stock solution, including the four scanned MRM channels
and the total ion chromatogram (TIC) are shown in Figure 7. Representative chromatograms
for the PHGG, gum Arabic and psyllium husk method validation samples are shown in
Figure 8. As reported in Table 5, good average recoveries were observed for the five monomer
analytes that were quantified in three method validation samples (96.22-109.49%). The 100%
spike level produced slightly higher recoveries than the 50% and 75% levels, but this can be
attributed to the higher proportion of glassware adsorption of analytes at the 50% and 75%
spike levels.[®”) Average recovery RSD values were < 10% for most target analytes. The
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Table 4. Labelled MRM fragmentations of analytes in tested dietary fibre supplements.

Relative Intensity Tolerances
Relative Permitted
Precursor & Product lon Standard  Sample Difference  Tolerance Pass/
Analyte Fragmentations * b m/z (%) (%) +(%) ¢ +(%) © Fail
Glucose M+ HI* 511.2183 100 N.P. - Base peak N/A
Galactose (*)  [M + H]* 511.2281 100 100 - Base peak N/A
C2-C3 cleavage - H,0 373.1682 96.1 91.3 4.8 20 Pass
[M + H - PMP - 3H,01" 283.1098 17.6 1.3 6.3 30 Pass
Previous — C5-C6 cleavage € 271.1122 16.1 12.8 33 30 Pass
Arabinose (**) [M + H]* 481.2203 100 100 - Base peak N/A
C2-C3 cleavage - H,0 373.1682 127.5 130.1 2.6 20 Pass
[M + H - PMP - 2H,01" 271.1122 62.5 45.2 17.3 20 Pass
[M + H - PMP - 3H,0]" 253.0989 62.9 52.7 10.2 20 Pass
Rhamnose (**) [M + H]* 495.2361 100 100 - Base peak N/A
C2-C3 cleavage - H,0 373.1682 98.5 103.5 5.0 20 Pass
[M + H - PMP - 2H,01" 285.1261 52.6 49.8 2.8 20 Pass
[M + H - PMP - 3H,0]" 267.1159 74.7 78.1 35 20 Pass
Glucuronic M+ H]* 525.2108 100 N.P. - Base peak N/A
acid
Galacturonic M+ HI* 525.2108 100 N.P. - Base peak N/A
acid
Mannose (*) M+ H]* 511.2380 100 100 - Base peak N/A
C2-C3 cleavage - H,0 373.1766 100.7 834 173 20 Pass
[M + H - PMP - 3H,01" 283.1172 20.0 171 29 25 Pass
Previous — C5-C6 cleavage € 271.1122 30.6 259 47 25 Pass
Xylose (***) M+ H]* 481.2203 100 100 Base peak N/A
C2-C3 cleavage - H,0 373.1766 101.7 107.3 5.6 20 Pass
[M + H - PMP - 2H,01" 271.1122 57.0 52.7 43 20 Pass
[M + H - PMP - 3H,0]" 253.1058 54.0 60.1 6.1 20 Pass
Fucose M+ H]* 495.2361 100 N.P. - Base peak N/A

(*) Validated in PHGG, (**) Validated in gum Arabic, (***) Validated in psyllium husk, (N.P.) Not present in samples, (N/A) Not
applicable. (a) The precursor ion for each analyte shown as [M + HI*. (b) Carbon atoms to be labelled C1, C2 etc., from the terminal
carbon, top to bottom, as shown in Figure 5, with carbon cleavage, PMP and H,O fragmentations occurring as indicated in the
table. (c) [M + H — PMP - 3H,0 - C6]* where the terminal 2H,O molecules re-attach on carbons C2 and C3. (d) Relative
difference = [intensity of sample - intensity of analytical standard) / (intensity of analytical standard)] x 100. (e) Maximum
permitted tolerance from the European Commission Directorate for Agricultural guidelines.’®"

recovery RSD for galactose in PHGG was slightly higher at 10.63%, but this is still an
acceptable value (< 15%). The concentration of the five analytes measured in the three dietary
fibre polysaccharide samples are shown in Table 6. As expected, galactose and mannose was
present in PHGG, galactose, arabinose and rhamnose was present in gum Arabic, arabinose
and xylose were present in psyllium husk. Galactose and rhamnose residues were detected in
psyllium husk, but the concentration of these residues were well below the LOQ.

Discussion

A rapid pre-column derivatized 21 min method was developed for the quantification of five monomer
sugar constituents in PHGG, gum Arabic and psyllium husk commercial supplements. During
extraction optimization, solvent combinations such as methanol/water and dichloromethane/water
were tested, but ethanol/water combinations consistently produced the highest amounts of precipitate.
Besides its greater yield, ethanol is more suitable as a food-grade extraction solvent when compared
against methanol or acetonitrile. During the gradient program optimization, several analytical col-
umns with C18 and amide stationary phases were tested, but the CSH C18 column consistently
produced optimal analyte resolution, separation and the shortest method run times. The MS/MS
conditions for the identification and confirmation of the selected monomer sugars was optimized and
developed on an ad hoc basis, for the HPLC-ESI-Q-ToF instrument without relying exclusively on
literature sources.
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Figure 7. Representative HPLC-ESI-MS/MS chromatograms of the target analytes in mixed standard (calibrated stock solution). MRM

channels at m/z 525, m/z 511, m/z 495 and m/z 481 shown along with total ion chromatogram (TIC).
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Figure 8. Representative HPLC-ESI-MS/MS chromatograms for analytes found in the purified polysaccharide of PHGG, gum Arabic
and psyllium husk samples. Note the common PMP residue at 17.42 min in all three samples. The run is 21 min long, including

a 1.5 min terminal wash phase.

When compared to recent pre-column derivatized HPLC-ESI-ToF-MS/HPLC-MS methods, the
method presented here is more than three times faster,”>**) using the HPLC-ESI-Q-ToF-MS technique
for the quantitation of five monomers, and the identification and separation of nine monomers. The analyte
recoveries (96.22-109.49%) of the quantitated monomers in PHGG, gum Arabic and psyllium husk also
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Table 5. Table of analyte recoveries.

Spike Levels @

Level 1 (50%) Level 2 (75%) Level 3 (100%) Cumulative Results
Analyte % Recovery % RSD % Recovery % RSD % Recovery % RSD % Average Recovery b 9% RSD
Galactose (¥) 95.73 13.15 92.85 9.66 100.07 9.08 96.22 10.63
Arabinose (**) 100.54 5.25 110.13 5.75 117.80 6.39 109.49 5.80
Rhamnose (**) 103.09 4.63 110.40 9.12 112.50 4.42 108.66 6.05
Mannose (*) 101.46 13.20 109.11 10.14 115.92 6.02 108.83 9.78
Xylose (***) 92.45 6.94 103.50 1.94 100.10 2.59 98.68 3.82

(*) Validated in PHGG, (**) Validated in gum Arabic, (***) Validated in psyllium husk. (a) % Recovery + % RSD calculated from n =7
replicates injected in triplicate. (b) Average recovery of all three spiking levels + % RSD.

Table 6. Concentration of target analytes in samples.

Analyte Concentration (mg/g) + SD °

Analyte Galactose Arabinose Rhamnose Mannose Xylose
PHGG (*) 425.03 £ 2.95 N.P. N.P. 269.04 + 4.08 N.P.
Gum Arabic (**) 14119 £ 2.24 658.82 + 13.81 31.91 £ 042 N.P. N.P.
Psyllium husk (***) < LOQ 135.64 £ 2.18 < LOQ N.P. 723.89 +7.49

(¥) Validated sample PHGG, (**) Validated sample gum Arabic, (***) Validated sample psyllium husk, (N.P.) Analyte was not present in
the validation sample, (LOQ) Analyte was present in sample but below limit of quantitation. (a) Analyte concentration calculated
from n = 7 replicates injected in triplicate.

compares favorably against reported un-derivatized methods. In addition to this, the large number (nine) of
monomer analytes identified and separated here can be used as the basis for the development and validation
of polysaccharides in dietary fibre supplements other than PHGG, gum Arabic and psyllium husk.
Therefore, the method presented here represents a considerable saving in run time, mobile phase use and
other costs and expenses for manufacturers looking to standardise polysaccharide constituents in batches of
commercial dietary fibre supplements. Standardisation and labelling by manufacturers will provide ade-
quate clarity about product efficacy and allergen warnings to consumers purchasing commercial prebiotic
dietary fibre supplements.

As expected, mannose and galactose were identified in the partially hydrolysed guar gum
polysaccharide (galactomannan). What was unexpected was the higher amount of galactose
(425.03 mg/g) in comparison to mannose (269.04 mg/g). This result is curious, since guar
gum, the dietary fibre from which PHGG is enzymatically derived, is known to have a 1:2
ratio of galactose to mannose.[ This result suggests that the enzymatic hydrolysis of guar gum
by Endo-B-D-mannanase breaks the mannose backbone more frequently than the galactosyl side
chain residue. The conventional assumption is that the proportional monomeric composition of
guar gum is very similar to PHGG, but this result seems to suggest otherwise. In gum Arabic,
arabinose (658.82 mg/g) predominated greatly over the concentration of galactose (141.19 mg/g)
and rhamnose (31.91 mg/g) residues. This result is unsurprising since gum Arabic polysacchar-
ide arabinogalactan is extensively branched and these branches primarily consist of arabinosyl
side chains.[**! Residues containing galacturonic and glucuronic acid have been reported in gum
Arabic, but neither of these uronic residues were found in the dietary fibre supplement. Psyllium
husk is less extensively branched and primarily consists of a xylose backbone with some residues
of arabinose and galactose. Xylose (723.89 mg/g) is present in large quantities, accompanied by
noticeable arabinose (135.64 mg/g). Smaller residues of galactose and rhamnose were detected as
shown in Figure 8, but both these monomers were below the LOQ. This result conforms with
what has been reported in literature regarding the structure of arabinoxylan.!*”’

In theory, any potential variability in the monomer chemical composition of PHGG (galactomannan),
gum Arabic (arabinogalactan) and psyllium husk (arabinoxylan) polysaccharides found in the analysed
dietary fibre supplements are bound to have an effect on their gut microbiome fermentation ability and
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subsequent release of short-chain fatty acids (SCFA) in the caecum section of the colon./***”®! Therefore,
the variability of monomer composition in commercial dietary fibre polysaccharides might have significant
implications for manufacturer claims of action against gastrointestinal disorders such as constipation,
diarrhea and IBS.

There are some limitations to the method presented here. Only five monomers were quanti-
fied in the dietary fibre supplements of PHGG, gum Arabic and psyllium husk. There may have
been other monomer residues (fructose, erythrose, lyxose etc.) present in the samples that were
not analysed in this method. Furthermore, method validation for different dietary supplements
using this method as a basis might require further analyte identification, separation and method
development. Another unavoidable limitation of this method is the need for the additional
derivatization step during sample preparation, but fortuitously, that step is a very short one
(~1-2 hours).

Conclusion

In summary, a rapid 21.0 min HPLC-ESI-Q-ToF method with MS/MS was developed and validated for the
identification and quantitation of five monomer analytes found in PHGG, gum Arabic and psyllium husk
commercial dietary fibre supplements. Expected monomer units were identified and quantified in PHGG
(galactose, mannose), gum Arabic (arabinose, galactose, rhamnose) and psyllium husk (arabinose, xylose).
Although some other residues were reported in existing literature, they were either not present or below the
limit of quantitation (LOQ). The developed method provides manufacturers with a tool for batch standar-
disation, labelling and allergen warning screening in PHGG, gum Arabic and psyllium husk commercial
dietary fibre supplements. The compositional variability of monomers in the analysed supplements has
interesting implications for SCFA release efficacy in the colon. The developed method can also be used as the
basis or starting point for identifying and quantifying monomer sugar components in other commercial
soluble dietary fibre supplements.
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