G Lt
) University

ANALYTICAL METHOD DEVELOPMENT FOR CARBOHYDRATES FROM
EGG WHITE PRODUCTS

Lappeenranta—Lahti University of Technology LUT

Master’s thesis in Chemical Engineering

Master’s programme in Biorefineries

2026

Maaret Karjalainen

Examiners: Professor Susana Rodriguez Couto
D.Sc. (Tech) Maaret Paakkunainen

M.Sc. Annakarin Kere.



ABSTRACT

Lappeenranta—Lahti University of Technology LUT
LUT School of Engineering Sciences

Chemical Engineering

Maaret Karjalainen

Analytical method development for carbohydrates from egg white products

Master’s thesis
2026
77 pages, 27 figures, 34 tables and 1 appendix

Examiners: Professor Susana Rodriguez Couto, D.Sc. (Tech) Maaret Paakkunainen and
M.Sc. Annakarin Kere

Keywords: method development, carbohydrate, egg white, colorimetry, HPLC

The objective was the development of analytical methods for the determination of total
carbohydrates and possible reducing sugars from egg white products, including products
produced through precision fermentation. There was a need to find an option for phenol-
sulfuric acid method that would be safer. There was no existing analytical method at Onego
bio for determining reducing sugars from the egg white products. The aim was to develop a
method for the determination of reducing sugars (free sugars and any di-/polysaccharides
that can change into reducing sugars during cooking or storage).

A colorimetric assay for the determination of total carbohydrate quantity using thymol and
sulfuric acid was developed to replace the existing phenol-sulfuric acid assay. Mannose,
glucose and Bioalbumen® samples were used during method development. Pretreatment
method using HCl and high temperature hydrolysis was developed for HPLC-RI
determination of carbohydrates using Bioalbumen® and hen egg white as samples. Mannose
and glucose were used for quantitation of monosaccharides. Series of reference chemicals
were analysed with the HPLC-RI method to determine the elution pattern of carbohydrates
and other relevant compounds.

The developed Thy-H2SO4 assays shows less deviation in the absorbance readings of most
samples compared to the Phe-H2SO4 assay. The assay displays consistent results throughout
the concentration range for analysed Bioalbumen® samples (RSD’s below 20%).

The developed hydrolysis method for HPLC-RI determination of carbohydrates gave
promising results for different Bioalbumen® and EW samples. The hydrolysis conditions
still need some optimisation to gain more certainty of the monosaccharide amounts in
different samples, especially the hen EW samples with more complex matrix.
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Tyon tavoitteena oli analyyttisten menetelmien kehitys kokonaishiilihydraattien ja
mahdollisten pelkistdvien sokereiden méiérittimiseksi kananmunanvalkuaistuotteista,
mukaan lukien tidsméfermentoinnilla valmistetut tuotteet. Menetelmikehityksen
tarkoituksena oli 16ytaa turvallisempi vaihtoehto fenoli-rikkihappomenetelmaille seké 16ytda
esikdsittelymenetelma pelkistidvien sokereiden méadrittimiseksi HPLC-RI laitteella.

Kolorimetrinen menetelméd kehitettiin hiilihydraattien kokonaismddrdn mittaamiseksi
tymolin ja rikkihapon avulla korvaamaan olemassa oleva fenoli-rikkihappomentelma.
Menetelmédn kehittdmisessd kéytettiln mannoosi- ja glukoosikalibrointiliuoksia seka
Bioalbumen®-niytteiti. Hiilihydraattien HPLC-RI-mééritykseen kehitettiin
esikdsittelymenetelmd, jossa hyddynnettiin HCl:a ja korkean ldmpdtilan hydrolyysid
kéayttden Bioalbumen®- ja kananmunanvalkuaisjauheita ndytteind. Mannoosia ja glukoosia
kiytettiin monosakkaridien kvantifiointiin. Useita referenssiyhdisteitd analysoitiin HPLC-
RI-menetelmélld hiilihydraattien ja muiden olennaisten yhdisteiden eluutiojérjestyksen
madrittimiseksi. Kehitetylld Thy-H>SOs-menetelmilld ndytteiden absorbanssilukemissa on
vihemmin variaatiota verrattuna Phe-H>SO4-menetelmélld saatuihin tuloksiin. Kehitetty
menetelmd antaa yhdenmukaisia tuloksia analysoiduille Bioalbumen®-ndytteille koko
pitoisuusalueella (RSD alle 20 %).

Kehitetty hydrolyysimenetelmé hiilihydraattien HPLC-RI-méédritykseen antoi lupaavia
tuloksia eri Bioalbumen®- ja kananmunanvalkuais-ndytteille. Hydrolyysiolosuhteita on
vield optimoitava, jotta monosakkaridimaéristi eri ndytteille, erityisesti monimutkaisemman
matriisin omaaville kananmunanvalkuaisndytteille, saadaan enemmaén varmuutta.
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SYMBOLS AND ABBREVIATIONS
ACN Acetonitrile
APCI Atmospheric Pressure Chemical Ionisation

AOAC Association of Analytical Chemists

Asn Asparagine

C Concentration

CAD Charged Aerosol Detector
DNS Dinitrosalicylic acid

DSP Downstream processing
ELSD Evaporative Light Scattering Detector
ESI Electrospray lonisation
EtOH Ethanol

EW Egg white

FLD Fluorescence detector

GC Gas Chromatography

GlcNAc N-Acetyl-D-glucosamine

HCl Hydrochloric acid

HILIC Hydrophilic interaction chromatography

HMDS Hexamethyl disilazane

HMF Hydroxymethyl furfural

HPAEC High-Performance Anion Exchange Chromatography
HPLC High Performance Liquid Chromatography

HRMS High Resolution Mass Spectrometry

IT Ion Trap
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TCA
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Liquid Chromatography

Liquid-Liquid Extraction

Limit of Detection

Limit of Quantitation

Identification number or code assigned for a product
Matrix-Assisted Laser Desorption Ionisation
Mass Spectrometry, Mass Spectrometer
Ultrapure, grade 1 water

Natural Deep Eutectic Solvent

Pulsed Amperometric Detection
p-hydroxybenzoic acid hydrazide
Phenol-Sulfuric acid

Triple Quadrupole

Research and Development

Refractive Index Detector

Rounds per minute

Relative Standard Deviation

Retention time

Standard Deviation

Serine

Solid-Phase Extraction

Trichoderma reesei

Trichloroacetic acid



TFA

Thr
Thy-H>SO4
TLC
TMSC1
TMSi

TOF

USP

uv

v

w/V

Trifluoroacetic acid
Threonine

Thymol-sulfuric acid

Thin Layer Chromatography
Trimethylsilylchloride
Trimethylsilylimedazole
Time of Flight

Upstream processing
Ultraviolet

Volume
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1 Introduction

The high-protein as a matrix is problematic and there are no directly applicable methods for
determining carbohydrates from a high-protein food ingredient that contains very low
amounts of carbohydrates such as the product in question here. Many times, the
carbohydrates are bound to the protein especially in the case of egg white proteins, namely
ovalbumin which is a glycoprotein (Aro et al. 2023). There are biochemical enzyme-based
assays for determining protein glycosylation (Bagdonaite et al. 2022) but in this thesis the
interest and aim is more on the monosaccharides which are all also reducing sugars that can

have an impact on the food ingredient quality.

At Onego Bio Ltd there was a need for analytical method development for carbohydrates
(e.g. reducing sugars, and total carbohydrates) from egg white products, including products
produced through precision fermentation. Onego bio had an existing method for total
carbohydrates that is based on the phenol-sulfuric acid by Dubois et al. (1956), but the desire
was to find an option for determining the total carbohydrate content that uses reagents that
would be safer than phenol. A comparison of the developed method for total carbohydrates

and existing method was made.

The reducing sugars that might be present in the final product can be beneficial concerning
food applications (e.g. browning and flavour), but they also can possess unwanted effects to
the product quality (e.g. formation of unwanted sensory attributes or hazardous substances
during storage and/or cooking). There was no existing analytical method at Onego bio for
determining reducing sugars from the egg white products. The goal was to optimize/develop
a simple and reliable method to determine the quantity of reducing sugars (free sugars and
any di-/polysaccharides that can change into reducing sugars during cooking or storage) with

the instrumentation available at the time.

The objective was to find and study conditions such as suitable reagent, reaction time, and
temperature for the colorimetric total carbohydrate assay. For the HPLC based method the
objective was to optimize a suitable sample pretreatment method and analysis conditions for
the HPLC. Hypothesis was that if the protein product can be dissolved in high quantity to

pretreatment solvents/reagents the carbohydrate amount will be sufficient for HPLC
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analysis. Other hypothesis was that most of the carbohydrates are bound to the protein and

only minor amount of the carbohydrates are free.

The thesis is structured in the following way: chapter 2 focuses on carbohydrates and their
characteristics as well as carbohydrates in egg white products. Chapter 3 concentrates on the
analytical methods. Final chapters 4 and 5 are focused on experimental design and execution,

results as well as conclusions.



13

2 Carbohydrates

Carbohydrates are one of the major components in foods and are important as energy and
dietary fibre sources. They also impact the flavour and texture of foods. (BeMiller 2019, 2-
3)

In the following chapters some examples of common mono-, di-, and polysaccharides are
given. In addition, the carbohydrates found in egg white products and how reducing sugars

and Maillard reaction are related to each other are described.

2.1 Mono- and disaccharides

Monosaccharides are so called simple sugars that cannot be hydrolysed into smaller
carbohydrate molecules (BeMiller 2019, p. 3). Monosaccharides can be divided into aldoses
and ketoses. Aldoses have a functional group in the first carbon, an aldehyde which is the
reactive centre of the molecule (coloured blue in figure 1). The highest numbered carbon
atom asymmetric centre of aldoses i.e. carbon farthest from the aldehyde group is also called
the reference carbon atom (coloured red in figure 1). (Wrolstad 2012, 19-20). Figure 1

describes D-aldoses that contain three, four, five and six carbon atoms.

CHO

H—C—OH

CH,OH
D-Glyceraldehyde (D-Glycerose)
-0
HC” Hc©
[}
H—(‘D—OH HO-C-H
1
H-C-OH H-C-OH
H,C
HaCu oy 2Coon
D-Erythrose D-Threose
H OH HO H H OH HO H
H OH H——0CH HO——H HO——H
OH OH OH OH
D-Ribose D-Arabinose D-Xylose D-Lyxose
OH HO——H H OH HO——H H OH HO—/—H  H——0H HO——H

H OH  H—/O0H HO——H HO—H H—+OH H—{—OHHO—{—H HO——H
H OH H——CH H——OH H——0H HO——H HO——H HO——H HO——H

e

OH OH OH OH OH OH OH OH
D-Allose D-Alirose D-Glucose D-Mannose  D-Gulose D-ldose  D-Galactose  D-Talose

Figure 1. D-aldoses. The aldehyde group is shown in blue and the highest numbered asymmetric centre shown in red.
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Ketoses have a carbonyl group (ketone) in the second carbon atom (coloured blue in figure
2). Ketoses have one less asymmetric centre compared to aldoses, although they have the

same number of carbons. (Berg, Tymoczko and Stryer 2007, 305-306)

CH;OH

CH,0H

Dihydroxyacetone

l

CHOH

CH,0H
D-Erythrulose

= ™
CH,OH CH,OH
H=OH HD=H

CH,OH CH,OH
D-Ribulose D-Xylulose
s Y v ~g
./CHzOH CH,0H CH,0H CH,OH
H——OH HO——H H——OH H——OH
H——OH H——0OH HO——H HO——H
CH,0H CH,OH CH,OH CH,OH
D-Psicose D-Fructose D-Sorbose D-Tagatose

Figure 2. D-Ketoses. The keto group is shown in blue and the highest numbered asymmetric centre shown in red.

D-sugars (figures 1 and 2) are mirror images of L-sugars which rarely occur in nature and
are handled differently in biological systems (Wrolstad 2012, 20). The simple aldoses and
ketoses which contain the same number of carbons are isomers of each other. Both the
carbonyl group and the neighbouring hydroxyl group are involved in the isomerisation of

monosaccharides. (BeMiller 2019, p. 11)

Disaccharides are carbohydrates that contain two monosaccharide units connected by acetal
or ketal linkages. They can be divided into reducing (hemiacetal or hemiketal functional
group). or non-reducing. Disaccharides form via acetal or ketal linkage (glycosidic linkage)
when an anomeric carbon atom and a hydroxyl group of another sugar react. (Wrolstad 2012,
22) Glycosidic bonds since they are part of the acetal structure can be hydrolysed by acid
(and heat) or by an enzyme. Examples of disaccharides are presented in table 1. (BeMiller

2019, 56-58, 62)
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Table 1. Examples of common disaccharides.

Disaccharide Structure Sub-units Reducing/non- | Found in
reducing
Maltose - on Two glucose units | Reducing Starch
OH e}
HO 0—<0OH
OH OH
OH
Lactose o o | Galactose and | Reducing Milk
¢}
HO OH
T o glucose
OH
Sucrose OHO oH Glucose and | Non-reducing Sugar cane
0.
Hoe o/@\ fructose
OH OH OH

2.2 Polysaccharides

Polysaccharides (glycans) are formed from multiple monosaccharide units that are joined
together by glycosidic linkages. Polysaccharides are either linear or branched that have one
reducing end and either one non-reducing (linear) or multiple reducing ends (branched).

(BeMiller 2019, 77)

When all the monosaccharide units in a polysaccharide molecule are the same it is called a
homopolymer, when the monosaccharide units are different it is called a heteropolymer. An
example of a homopolymer is glycogen, a storage form of glucose in the animal cells. Similar
storage function in plants is taken care of by starch (amylose or amylopectin). Cellulose on
the other hand takes care of the plants structure rather than nutrition. (Berg, Tymoczko and
Stryer 2007, 311-312) Chitin has a similar function as a structural support for insects and

some fungi as cellulose has for plants (BeMiller 2019, 341).

2.3 Reducing Sugars

All aldoses and ketoses are reducing sugars. Also 2-deoxy- and 2-acetamido sugars can be
considered as reducing sugars. (Sinnott 2023) Reducing sugars have desired effects e.g.
browning in baked goods and flavour in roasted coffee but also negative effects e.g.
formation of off-colours or -flavours during storage or formation of harmful compounds

during heating (Wrolstad 2012, 49).
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Reducing sugars can undergo multiple browning reactions; enzymatic and non-enzymatic.
Here the focus will be only on non-enzymatic browning and the reactions related to Maillard

Browning described in chapter 2.3.1.

2.3.1 Non-enzymatic and Maillard Browning

The French chemist Louis Maillard first described the browning reaction that was then
named after him. The Maillard reaction is a reaction between a carbonyl group and an amino
group through condensation and polymerization, basically a reducing sugar reacts with an
amino group (e.g. amino acid) forming a Schiff base (an imine) and a glycosyl amine is
formed with a loss of water (Wrolstad 2012, 50-51). The Shiff base can go through an
Amadori rearrangement to form an Amadori product. An example of the initial Maillard
reactions of D-glucose with a compound containing an amino group forming a Schiff base
followed by imine cyclisation into a glucosyl amine and isomerization to N-substituted 1-
amino-1-deoxy-D-fructose compound (Amadori compound) is presented in figure 3.

(BeMiller 2019, 352-353)

0 NHR

H——0OH H——0OH H——0H | om
HO——H sanH,. HO H -H:0 HO H HO H
H OH ™ H OH : H OH = H OH
H OH H OH H OH H OH
OH OH OH OH

D-Glucose Shiff base u
H / NHR

. MHR =

oM & HO‘ H

oH H OH

Glucosylamine H OH

CH

N-Substituted

1-Amino-1-deoxy-D-fructose

Figure 3. Initial stages of Maillard browning. (Modified from BeMiller 2019, 235)

Conditions such as pH, temperature, water activity and presence of inhibitors or catalysts
affect the Maillard reaction mechanism. The initial reactions are followed by dehydration,
deamination and fragmentation where various compounds such as hydroxymethyl furfural

(HMF), acrylamide and other carbonyl compounds are formed. In the final phase of Maillard



17

browning the formation of melanoidins occur. Melanoidins are brown coloured compounds

that contribute to the colour, texture and flavour. (EI Hosry et al., 2025)

Other browning reactions are e.g. caramelisation and ascorbic acid browning. In
caramelisation no amino group is present but sugars are dehydrated by heat to form brown
polymers (how reaction occurs is pH dependent). In ascorbic acid browning the acid forms

brown colour in the presence or absence of amino compounds and in the presence or absence

of oxygen. (Wrolstad 2012, 58-59).

2.4 Carbohydrates in Egg White Products

Carbohydrate content in eggs and egg white is very low compared to the other nutrients
present. The following sub-chapters will describe the nutritional composition of eggs more
thoroughly; it is to be noted that the nutritional values are for eggs and egg constituents from

hens.

2.4.1 Nutritional Composition of Eggs

Whole eggs are good source of nutrients such as proteins, but they also contain a lot of fat
for instance cholesterol, triglycerides and phospholipids. The main protein in egg white is
ovalbumin, but it also contains ovomucoid, ovotransferrin, ovomucin, and lysozyme as well
as some minor proteins e.g. ovoglycoprotein. (Caffa et al. 2025) The quantity of proteins in
the egg white is around 10% and, in the yolk approximately 16%. The egg white is low in
fat, whereas the yolk contains almost 30% of fat. The amount of carbohydrates in whole egg
on the other hand is very low, between 0.2-1%. It must be noted that all the aforementioned
values are for hen eggs. (Anses. 2025.; Mattilsynet 2026.; DTU National Food Institute
2026; Fineli 2019; Livsmedelsverket 2025)

The whole egg is composed of eggshell, eggshell membrane, air cell, chalazae, vitelline
membrane, egg yolk and egg white (Réhault-Godbert et al. 2019). A simplified schematic of
a whole egg is shown in figure 4 as well as the division of different nutrients between the

egg white and egg yolk.
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Whole Egg Egg white Egg yolk

Eggshell +
eggshell
membranes

Egg white Water 87- 88%
Water 49 -55%

Protein 10.2 -10.9% Protein 15.5 — 16%

Carbohydrates 0.2 - 0.9% Carbohydrates 0.2-1.1%

Fat0-0.17%

Air cell

a) b) c)

Figure 4. Hen egg constituents and nutrients. A) Whole egg consists of eggshell, eggshell membranes, egg white and yolk
as well as an air cell. b) Nutritional values (macronutrients) of egg white, and c) Nutritional values (macronutrients) of egg
yolk.

When the egg white is separated from the egg yolk and dried, the nutritional content of the
egg white changes since the water is almost completely evaporated. The dried product
contains protein almost 90%, carbohydrates between 3 and 8% but only 0 to 0.2% of fat
(Anses. 2025. Ciqual French food composition table; DTU National Food Institute 2026;

Fineli 2019). Figure 5 shows the composition of dried chicken egg white nutrients.

%
S
%
o
a
‘3 o
S
*6‘6‘0/
o
“0
(Vo

Figure 5. Nutritional values (macronutrients) of dried egg white (hen) powder.
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The major protein in the chicken egg white, ovalbumin, is a glycoprotein. Glycoproteins
have a carbohydrate group covalently attached to it. The carbohydrates are linked either
through asparagine (Asn) (N-linkage) or through serine (Ser) or threonine (Thr) (O-linkage).
The glycosylation site where asparagine can accept an oligosaccharide must be part of Asn-
X-Ser or Asn-X-Thr sequence (X can be any residue excluding proline). The glycosylation
sites depend e.g. on the protein structure. The N-linked oligosaccharides all have a
pentasaccharide core containing three mannose and two N-acetylglucosamine (GIcNAc)
residues. To this core additional sugars can be attached to form various oligosaccharides

found in glycoproteins. (Berg, Tymoczko and Stryer 2007, 316)

In ovalbumin a mannose glycan is linked to Asn293 (Asn = Asparagine). Ovalbumin consists
of 385 amino acids, and its mass is 45 kDa. (Huntington and Stein, 2001) About half of the
carbohydrates in egg white are linked to proteins. Free carbohydrates in chicken egg white
are mostly glucose. (Philips et al. 2011, 152) According to literature most of the glycans in
ovalbumin are mainly of the high mannose (Harvey et al. 2000) and that the carbohydrate
amount in the ovalbumin protein is approximately 3.5% (Udeshika Maggonage et al. 2024).

2.4.2 Egg White Protein Through Precision Fermentation

In precision fermentation the engineered microorganism is used to produce food ingredients
such as proteins, fats or flavours. The microorganisms can be e.g. yeast, bacteria or fungi
which have been genetically modified to produce the wanted ingredient. The microorganism
is placed into a fermentation bioreactor where it is fed a medium of macronutrients, like
carbon and nitrogen, as well as micronutrients, like minerals and vitamins. The conditions
such as temperature of the bioreactor and consumption of nutrients (like glucose) are
controlled carefully. How the organism consumes the carbon source (usually glucose) can
be monitored with e.g. chromatography. This is called upstream processing (USP). After the
USP the reactor contents continue to downstream processing (DSP) where the ingredient of
interest (e.g. protein) is isolated. The produced ingredient is purified using for example
filtration or centrifugation and is finally spray- or freeze-dried. The final dried product
usually goes through several different analytical determinations to verify the product fulfils

the specifications set for it. (Eastman et al. 2024)
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Onego bio uses the fungus Trichoderma reesei (T. reesei) which has been genetically
modified to produce ovalbumin (Bioalbumen®) through precision fermentation. The 7.
reesei organism has been used for years e.g. in enzyme manufacturing. 7. reesei has good
capacity to secrete proteins and it is able to utilize simple media: glucose for carbon,

ammonium for nitrogen, which makes the production more cost-efficient. (Landowski 2026)

With precision fermentation the goal is to produce ingredients sustainably and with the same

or better quality and functionality as the animal derived products (Knychala et al. 2024).



21

3 Analytical Methods

There are many official methods such as AOAC methods for determining the nutritional
content, like protein, fat and moisture, of food and food ingredients. Total carbohydrates in
food are often calculated by difference after the protein, fat, moisture and ash quantity have
been determined (See equation 1) (Aly et al. 2023). There are HPLC-based official methods
where more accurate information and quantities of carbohydrates can be determined e.g.
AOAC method 2018.16 utilizes High-Performance Anion Exchange Chromatography with
Pulsed Amperometric Detection (HPAEC-PAD) (Antec Scientific 2025).

Carbohydrate% = 100% — (Protein% + Fat% + Moisture% + Ash%) (1)

A wide variety of analytical methods have been developed and published for carbohydrates.
These methods vary from simpler colorimetric assays to more complex instrumental

methods. Some of these methods are gone through in the following sub-chapters.

3.1 Colorimetric methods

One of the most used colorimetric methods for determination of total carbohydrates is the
Phenol-Sulfuric acid (Phe-H2SO4) method by Dubois et al. (1956). This method gives the
total amount of carbohydrates -the sum of reducing and non-reducing sugars The Phe-H2SO4
method is based on the dehydration (figure 6.) of monosaccharides with concentrated
sulfuric acid (95%) to form furfurals (furfural or hydroxymethylfurfural, HMF). The
furfurals then react with phenol forming a yellow-orange colour-complex which can be then
read with a spectrophotometer at 490 nm (hexoses) or 480 nm (pentoses). (Kurzyna-Szklarek

et al. 2022)



HO

HO QH

Dethydration & o
—

H:50,.95%

22

Figure 6. Simplified illustration of phenol-sulfuric acid method reactions: the carbohydrate is hydrolyzed to a furfural, the
phenol then reacts with the furfural molecule to form a compund that gives a yellow-orange colour complex (modified

from Kurzyna-Szklarek et al. 2022).

Over the years this method has been applied to a large variety of sample matrices as well as

modified and miniaturised by many researchers. Some examples of applications are

presented in table 2.

Table 2. Examples of phenol-sulfuric acid method applications.

Application/Sample matrix Monosaccharide reference Calibration Reference
used range
Algal biomass Glucose 5-150 Chen et al.
nmol/well 2023
Plant-based beverages, drinks, and Glucose 0.1 to 1000 Reis et al.
extracts mg/L 2025
Cellulose nanofibers Glucose 0-50 mg/L Ogura et al.
2023
Fungal polysaccharides Xylose, ribose, mannose, Glucose: 0-80 | Ma et al.
galactose, arabinose and glucose | pg/mL 2013
Only reference chemicals Mannose 1-150 Masuko et al.
(optimization for microplate format) nmol/well 2005

Even though the Phe-H>SO4 method is used broadly for total carbohydrate determinations it

has some downsides; first is that phenol is carcinogenic, and it is suspected to cause genetic

defects, second is that the absorbance response to different sugar varies, and third often only
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one carbohydrate, usually glucose, is used for the calibration, and this can skew the results

when quantitating e.g. pentoses (Merck 2025; Kurzyna-Szklarek et al. 2022).

Very similar to the Phe-H2SO4 method is the Thymol-sulfuric acid method (Thy- H2SO4). It
is based on the same principle as the Phe-H>SO4 method, and it also gives the total
carbohydrate quantity including both reducing and non-reducing sugars. With the Thy-
H>SO4 the monosaccharides are dehydrated (figure 7.) with concentrated sulfuric acid
(~77%) to form furfurals (furfural or hydroxymethlylfurfural, HMF). The furfurals then react
with thymol forming a red colour-complex which can be then read with a spectrophotometer

at 510 nm. (Schulze et al. 2017; Vogel et al. 2025)
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Figure 7. Simplified illustration of thymol-sulfuric acid method reactions; the carbohydrate is hydrolyzed to a furfural, the
thymol then reacts with the furfural molecule to form a compund that gives a pink/red colour complex (modified from
Moulay Sahaka et al. 2021).

Thymol has been used also with thin layer chromatographic (TLC) analysis of
carbohydrates; the thymol is dissolved in ethanol and sprayed on to a TLC plate then
concentrated H2SO4 is added and the plate is heated at 120 °C for 15-20 minutes. The thymol,
ethanol and sulfuric acid can also be mixed beforehand, and the TLC plate dipped into the
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mixture. The sugars appear as pink spots on the plate. (EPLF 2018; Moulay Sahaka et al.
2021)

Some examples of Thy-H2SO4 method applications are presented in table 3 below.

Table 3. Examples of Thymol-sulfuric acid method applications.

Application/Sample matrix Monosaccharide Calibration Reference
reference used range
Microalgae (B-glucan) Glucose 0.01-0.1 Schulze et al. 2016;
mg/mL Schulze et al. 2017

Activated sugar donors: NDP-glucose, | Glucose, mannose and | Up to 5 mM Vogel et al. 2025

NDP-galactose and NDP-mannose galactose

Vogel et al. found that thymol reacts most specifically with mannose but also with gulose
and talose. The developed method uses 77% H>SO4 to hydrolyse the sugars at 37 °C for 30
minutes following the addition of thymol solution and further incubation for 180 min at 37

°C. (Vogel et al. 2025)

Compared to phenol. thymol is a safer option since it does not cause similar harm to human
health. Thymol can be found in plants such as thyme, oregano and marjoram. Thymol
exhibits antimicrobial and antifungal activity and could also be used as insecticide and in

pharmaceutical and food applications. (Merk 2025-2; Liu et al. 2026)

Similarly to the two methods described above anthrone-H2SO4 assay is based on the reaction
of furfurals which have been generated by the monosaccharides in the presence of
concentrated sulfuric acid (70-95%) with anthrone (figure 8.). The colour complex is blue-

green and can be read with 625 nm.
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Figure 8. Simplified illustration of anthrone-sulfuric acid method reactions: the carbohydrate is hydrolyzed to a furfural,
the anthrone then reacts with the furfural molecule to form a compund that gives a blue-green colour complex (modified

from Kurzyna-Szklarek et al. 2022).

Examples of anthrone-H>SO4 applications are presented in table 4.

Table 4. Examples of Anthrone-sulfuric acid method applications.

oligosaccharides and commercial soluble

starch

Application/Sample matrix Monosaccharide Calibration Reference
reference used range
Plant-based beverages, drinks, and extracts Glucose 0.1 to 1000 | Reis et al.
mg/L 2025
Potato pyrodextrin, commercial Glucose 0.05-0.4 g/L Laurentin et
glucose-based maltodextrin-like al. 2003

The anthrone-H>SO4 assay has some limitations since the reagent is not stable (due to

oxidation). When the analysed polysaccharides contain mixtures of uronic acids and

hexosamines (e.g. glucosamine, mannosamine) the colour development is low, but this has

more significance when the complex mixture of both monomeric and polymeric sugars is

being determined. (Kurzyna-Szklarek et al. 2022)

For the determination of reducing sugars there are multiple assays available. One of the most

used is the dinitrosalisylic acid (DNS) method where a DNS-reagent, a mixture of DNS,
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sodium potassium tartrate (Rochelle salts) and sodium hydroxide (NaOH), is used for the
reaction. The method is based on the oxidation of the aldehyde functional group present to
the corresponding acid while DNS is simultaneously reduced to 3-amino-5-nitrosalicylic
acid under alkaline conditions. The absorbance of this aromatic compound can be

determined at 540 nm. (Saqib et al. 2011)

Some examples of reducing sugar methods and their applications are presented in table 5.

Table 5. Examples of reducing sugar assays.

Method

Application/Sample

matrix

Monosaccharide

reference used

Short

description

Reference

Dinitrosalisylic

acid (DNS)

Glucose in urine

Glucose

Original

application

Summer

1925

Fermentation samples

Glucose

Modification of
the DNS assay to
96-well plates.

Goncalves et

al. 2010

Biomass hydrolysates

Glucose

Automatization of
liquid handling,
optimization of
reaction
temperature, time

and wavelength.

Wood et al.
2012

Somogyi-Nelson

assay

Only reference

chemicals

Glucose, maltose,
maltotriose,
maltotetraose and

maltoheptaose

Miniaturization of
Somogyi-Nelson

assay.

Shao et al.
2018

Potato

Glucose

Ethanol
precipitation of
potato proteins
and analysis of
reducing sugars
with Somogyi-
Nelson assay and

HPAEC-PAD.

Sadeghi et al.
2021

Benedict’s test

Urine

Qualitative test
for reducing sugar
determination
from urine.

Original test.

Benedict
1908.
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Method Application/Sample Monosaccharide Short Reference
matrix reference used description
Injectable serum, Glucose, maltose, Utilizing the Hernandez-
beverage fructose, and lactose | qualitative Lopez et al.

Benedict’s test 2020
(and its reagents)
for the
development of
quantitative

assay.

A comparison study made by Coddens et al. (2026) found that the DNS assay along with p-
hydroxybenzoic acid hydrazide (PAHBAH) assay overestimates the reducing sugar content
due to alkaline degradation effecting the degree of polymerisation, this together with the

choice of the calibration curve leads to overestimation. (Coddens et al. 2026)

The DNS reagent performs differently with mono- and di-saccharides which according to
Saqib et al. (2011) is sometimes misinterpreted that the assay is not as sensitive towards
disaccharides as it is towards monosaccharides. They suggest that making the calibration
solutions in molar quantities rather than in g/L (or mg/mL) concentrations might help but
the hydrolysis of reducing sugars during the assay can still affect the colour reaction and the

interpretation of the results. (Saqib et al. 2011)

Determination of reducing sugars from hydrolysed biomass like lignocellulosic biomass
with the DNS assay has some limitations. The hydrolysed biomass contains furans, furfurals
like HMF that can react with the DNS reagent leading to incorrect results. (Deshavath et al.
2020)

3.2 Chromatographic Methods

Analysis of carbohydrates can be difficult because they have similar physical and chemical
characteristics, and do not have an appropriate chromophore for Ultra violet (UV) detection.
Several different High Performance Liquid Chromatography (HPLC) methods using various
detectors (pulsed amperometric electrochemical (PAD), fluorescence (FLD), charged

aerosol detection (CAD) and mass spectrometry (MS) have been developed. Multiple
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different HPLC columns are available for carbohydrate analysis e.g. cation exchange and

HILIC columns. (Brunt 2014)

Gas chromatography (GC) can also be utilized for the analysis of carbohydrates. For GC,
the carbohydrates need to be derivatized to increase their volatility and thermal stability,
common derivatisation reagents are e.g. trimethylsilylchloride (TMSCI), hexamethyl

disilazane (HMDS) and trimethylsilylimedazole (TMSI). (Kurzyna-Szklarek et al. 2022)

In this thesis the focus will be on the liquid chromatography methods.

3.2.1 Pretreatment of samples for HPLC

Samples need to be pretreated for HPLC techniques, most common pretreatment methods
for carbohydrates are hydrolysis and extraction. For samples with simpler matrices and
higher concentration of carbohydrates dilution and syringe filtration can be sufficient.

Examples of pretreatment methods are listed in table 6.

Table 6. Pretreatment methods for carbohydrates.

Pretreatment Method Sample matrix Additional Reference
treatment
Hydrolysis with | Sugarcane Soxhlet extraction | Cardodoso de Sa et
H,SO4 Bagasse before hydrolysis. al.2017
Hydrolysis with | Herbal liquors Fractionation Meyer et al. 2022
Hydrolysis
TFA before hydrolysis.
Hydrolysis with | Algae Cation/anion-SPE Schulze et al. 2017
HCI after hydrolysis

Methanol-water | Potato tuber, Incubation at 80 °C

strawberry and vortexing.
dilution. Georgelis et al.

2018

Ethanol-Water Potato tuber, Incubation at 80 °C

Liquid-Liquid

extraction (LLE)

strawberry and vortexing.
dilution.
Isopropanol- Corn and soybean | Homogenisation Ikegami et al. 2008
Acetonitrile- before extraction.

H>O
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Pretreatment Method Sample matrix Additional Reference
treatment
Water Food samples (e.g. | Stirring and Soyseven et al.
fruits, honey, sonication 2022
hazelnut spread)
Natural deep Lignocellulosic Biomass washing, Kumar et al. 2016
eutectic solvent | biomass drying and cutting.
(NADES)
SPE -C18 Yeast Protein Lowenthal et al.
(glycoprotein) precipitation, 2015
Solid-Phase hydrolysis with
TFA or HCI before
Extraction (SPE)
SPE.
Cation/anion- Algae Hydrolysis with Schulze et al. 2017
SPE HCl before SPE.

3.2.2 Columns for carbohydrate analysis

Multiple columns exist that are specifically made for carbohydrate analysis with HPLC-

techniques. Some examples of columns are listed in table 7 below.

Table 7. Examples of columns for carbohydrate analysis.

divinylbenzene with
counter ions such as
sodium (Na®), hydrogen
(H"), potassium (K*),
lead (Pb*"), silver (Ag"))

Column Application Typical mobile phase Reference
Ligand exchange Carbohydrates, sugar Water, Agilent 2026;
(sulfonated styrene alcohols, organic acids dilute acid (H2SOs), Phenomenex 2026;

organic modifier (e.g.
ACN)

Isocratic conditions

Thermo Fisher

Scientific 2023.

HILIC (Hydrophilic

Carbohydrates

Water-ACN with

Lowenthal et al.

derivatisation

interaction modifier (e.g. acid, 2015; Meyer et al.
chromatography) buffer) 2022; Schulze 2017
Reversed phase C18 Carbohydrates after Water-ACN with Meyer et al. 2022

modifier (e.g. acid,

buffer)
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Refractive index (RI) detector is used to analyse components that have no or have limited

UV absorption. The RI measures the refractive index of the eluted component in relation to

the reference cell. The assumption is that both solvent and dissolved component cannot have

the same refractive index and the dissolved component causes a difference when reaching

the detector. One of the biggest disadvantages of the RID is that it can only be used with

isocratic elution. (Raessler 2011)

Examples of HPLC-RID methods applied for carbohydrates are listed in table 8.

Table 8. Examples of HPLC-RID methods.

Sample Analyte(s) Column and Mobile Phase Calibration Reference
matrix range
Algae Glucose, Sigma-Aldrich Supercogel C610-H 0.1-4 mg/mL Hammann
galactose, organic acid column and 0.1% et al. 2024
mannose, and H3POs.
arabinose Agilent Hi-Plex H organic acid
column and 5 mM H,SOg4.
Eggless Fructose, glucose, | Phenomenex Luna amino and 75:25 0.05-10.0 Tiwari et
mayonnaise | lactose and ACN-H,O0. mg/mL al. 2023
sucrose
Biomass Glucose, xylose, MetaCarb-87H carbohydrate column | 0.4-1 mg/mL Deshavath
hydrolysate | arabinose and and 0.013 N H,SOs, et al. 2020.
furans
Food Salts, sugars, Agilent Hi-Plex H and 0.005 N Reported only | Zaky et al.
organic acids and | H>SOs. for NaCl 2017
alcohols
Rice straw Glucose HPX-87H Aminex ion exclusion Not reported Kumar et
column and 5 mM H,SOg4. al. 2016
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The evaporative light scattering detector (ELSD) is considered as a universal detector. The

detector response depends more on the shape, size, and surface properties of the formed

particle than the properties (physical or chemical) of the analyte. If the compound has lower

volatility than the eluent, the compound can be detected. (Soyseven et al. 2022)

Operation principle of the ELSD is as follows (Zeng et al. 2014):

1. Nebulization of the mobile phase using nitrogen or air

2. The produced “spray” passes through a heated tube where the mobile phase is

evaporated at fairly low temperature (from sub-ambient to 120 °C, the set nebuliser

temperature depends on solvent system and analyte properties).

3. The non-volatile residual particles then scatter the light when they pass through a

beam of light.

Examples of HPLC-ELSD methods for carbohydrates are listed in table 9.

Table 9. Examples of HPLC-ELSD methods.

glucose and

Sucrose

Sample matrix Analyte(s) Column and Mobile Phase Calibration | Reference
range
Food samples (e.g. | Fructose, Phenomenex Luna NH> column | 40-2000 Soyseven et al.
fruits, honey, glucose and and ACN:H,0 (78:22). pg/mL 2022
hazelnut spread) sucrose
Wolfberry fruits Xylitol, Acquity UPLC™ BEH Amide - Qian et al. 2017
fructose, column and H,0:0.2% (v/v)
glucose, triethylamine in ACN.
sucrose and
maltose
Mesocarp tissues Fructose, Phenomenex Luna NH; and 1-3000 Ma et al. 2014
of fruits sorbitol, ACN:H>O (82.5:17.5). mg/L
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3.2.5 HPLC-CAD

The charged aerosol detector (CAD) is a universal detector which can be used to analyse
compounds that do not have UV absorption. Despite of the chemical properties of the
compounds if they are non-volatile or semi-volatile, they can be analysed with CAD. The
response of the detector is based on the sum of charges deposited on the surface of the dried

particles; this sum is proportional to the analyte concentration. (Barnhart et al. 2024)
The operating principle of CAD is as follows (Barnhart et al. 2024):
1. Nebulization of the mobile phase using nitrogen.

2. Medium-sized and small droplets are directed towards a drying tube for removal of

excess solvent. Large droplets will be drained to waste.

3. The dry particles then move to a reaction chamber where the nitrogen gas transfers

positive charge to the analyte.
4. All the excess charges are removed when the particles go through an ion trap.
5. In the final step the charged particles are measured via electrometer.

Examples of HPLC-CAD methods for carbohydrates are listed in table 10.

Table 10. Examples of HPLC-CAD methods.

Sample matrix Analyte(s) Column and Mobile Phase | Calibration Reference
range
Fermented and Fructose, Shodex Asahipak NH»P-50 0.1-30 mg/mL | Gil et al. 2020
dried samples of glucose, 4E column and ACN:H,O
cocoa sucrose, and (75:25).
mannitol
Plant material Glucose, BEH amide column and 22 0.05-2.5 Yan et al. 2015
galactose, mM ammonium acetate (pH | mg/mL
arabinose, 10.8) in 88% ACN.
rhamnose,
mannose,
xylose, fucose,
fructose
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Sample matrix Analyte(s) Column and Mobile Phase | Calibration Reference
range

Fruit juices, Xylitol, Shodex Asahipak NH2P-50 | 1-100 pg/mL Grembecka et
nectars, fruit mannitol, 4E column and H,O: ACN al. 2014
beverages and sucrose, (Gradient elution).
syrups fructose,

sorbitol,

glucose,

maltitol, meso-

erythritol and

maltose

3.2.6 HPLC-MS

Mass spectrometry (MS) is based on the separation of molecules based on their mass/charge
ratio. Mass spectrometers can be used for quantitation of known compounds, identifying
unknowns and for the structural analysis of different molecules. Before mass spectrometric
analysis the analytes are separated e.g. with HPLC, then the molecules need to be ionised
with an appropriate technique, for example electrospray ionisation (ESI), atmospheric
pressure chemical ionisation (APCI) or Matrix-Assisted Laser Desorption Ionisation
(MALDI). The resulting ions are separated and detected in a mass analyser. There are
different mass analysers available e.g. triple quadrupole (QqQ), time of flight (TOF) and ion
trap (IT). (Ketola et al. 2012, 15; 27; 34; 39; 68; 84)

Figure 9 shows the schematic illustration of a mass spectrometer.

Sample Syringe pump)
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Figure 9. Schematic graph of MS system.
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Examples of HPLC-MS methods used for carbohydrate analysis are presented in table 11.

Table 11. Examples of HPLC-MS methods.

Sample Analyte(s) Column and Mobile MS Calibrat | Reference
matrix Phase analyser ion
range

Microalgae (B- | Ribose, xylose, | Phenomenex Luna HILIC | QqQ with - Schulze et
glucan) arabinose, and 0.2 M ammonium APCI al. 2017

rhamnose, formate:0.2% formic acid

fucose, in ACN.

mannose,

galactose and

glucose.
Potato tuber, Fructose, Accucore 150 Amide Q-orbitrap 0.05-10 Georgelis et
strawberry glucose, and HILIC and 84:16 ACN: 10 | High mg/mL al. 2018

sucrose. mM ammonium formate. | resolution

MS (HRMS)
with ESI

Yeast Galactose, XBridge BEH amide XP QqQ with - Lowenthal et
(glycoprotein) | glucose, and 0.1% ammonium ESIL al. 2015

mannose, hydroxide in H2O; 0.1%

fructose, ammonium hydroxide in

fucose, xylose. | ACN.
Herbal Glucose, AdvanceBio MS QqQ with - Meyer et al.
liquors, fruit mannose, Spent Media column and | ESI 2022
pectin xylose, fucose, | 10 mM ammonium

glucose, formate:10% 100 mM

rhamnose, ammonium formate buffer

galactose, in 90% ACN.

ribose and

arabinose.
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4 Experimental Section

The basis for the Thy-H>SO4 assay development was an article by Vogel et al. (2025) where
they applied the thymol and sulfuric acid to e.g. mannose.

For the HPLC determination of monosaccharides the main focus was on the sample
preparation method development and the literature described earlier in this thesis was used
as the starting point for optimization of the pretreatment method. Various compounds were
screened with the HPLC-RI method to find out the elution pattern of the sugars, sugar
alcohols and organic acids to ensure that the routine analytics can still be carried out without
issues since the method is used for routine in-process sample analysis on top of other R&D

samples.

4.1 Thymol-Sulfuric acid method development

The reagents, reference chemicals, consumables and equipment used for the development of

the assay are listed in table 12.

Table 12. Reagents, reference chemicals, consumables and equipment for Thy-H,SO4 assay development.

Reagent/Equipment Manufacturer Product Code LOT/Serial number

Sulphuric acid 95.0-97.0% (AnalaR | VWR BDH 20700.265 N/A

NORMAPUR® analytical reagent) | Chemicals

Thymol, 99% Thermo Scientific 150331000 A0473047
Acros

Phenol Sigma Aldrich 33517 STBL2444

D-(+)-Mannose >99% Sigma Aldrich M8574 WXBDS8647V

D-(+)-Glucose >99.5% Sigma Aldrich 49139 BCCJ0760

Ethanol (ETAX A) Altia Oyj N/A N/A

Ultrapure, grade 1 water (pure Purified in-house N/A N/A

water)

Thermomixer C Eppendorf 5382000015 N/A

Absorbance 96 Byonoy GmbH Absorbance 96 BYOABSO01421

Varioskan LUX Thermo Fisher VLBL00DO 3020-82188
Scientific




36

Reagent/Equipment Manufacturer Product Code LOT/Serial number
Multi-channel pipettes (1-10 pL, Thermo Fisher N/A N/A

10-100 pL, 30-300 uL) Scientific

Single-channel pipettes (1-10 pL, Sartorius N/A N/A

2-20 uL, 20-200 pL, 100-1000 uL)

Pipette tips Sarsted, Sartorius N/A N/A

96-well plates (black) Corning CLS3631 N/A

Reagent reservoirs Integra 4317 N/A

Tubes (1.5 mL, 2 mL) Sarsted N/A N/A

Glass bottles N/A N/A N/A

Graduated cylinder N/A N/A N/A

Analytical balance Shimadzu AP125WD-AD | N/A

Bioalbumen® samples Onego Bio Ltd N/A Bioalbumen® pilot 1

Bioalbumen® pilot 2

Bioalbumen demo

77% H2SO4 was prepared as follows:

e 23 mL of pure water was measured with a graduated cylinder and poured it into a

Duran bottle.

e 77 mL of acid was measured with a graduated cylinder and carefully decanted into

the bottle with pure water.

5% Thymol in Ethanol (w/v) was prepared as follows:

e 2 g ofthymol was weighed into a Duran bottle with the analytical balance.

e The thymol was dissolved into 40 mL of EtOH (graduated cylinder was used to

measure the EtOH).

For the reference monosaccharides, mannose and glucose, 10 mg/mL (w/v) stock solutions

were prepared by weighing the reference chemicals with an analytical balance and dissolving

them to pure water. The calibration solutions were diluted from the stock solution as

described in table 13.
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Table 13. Preparation of calibration solutions.

C1 = Concentration of V1 = Volume of V2 =Final C2 = Concentration of
Stock (mg/mL) stock (mL) volume (mL) calibration solution (mg/mL)

0.13 1.3

0.1 1.0

0.08 0.8

0.06 0.6

10 0.04 ! 0.4

0.02 0.2

0.01 0.1

0.005 0.05

About 10 mg of Bioalbumen® samples were weighed using the analytical balance. The

samples were dissolved into 1 mL of pure water in room temperature and vortexed until

dissolved completely.

All calibration and sample solutions were prepared fresh just before analysis to avoid any

deviation that could occur due to storage and/or freeze-thaw cycles.

4.1.1 Optimization

The following initial tests were performed with the Thy-H>SOj4 assay:

1.

To test the method by Vogel et al. (2025) the conditions were repeated as described
in their article: 20 pL of sample was mixed with 80 pL 77% H2>SO4 and incubated
for 30 minutes at 37 °C. Then 2.5 pL of thymol (5% (w/v) in EtOHI) was added and
the incubation continued for 180 minutes at 37 °C. The absorbance was measured at
510 nm. Mannose was used as reference monosaccharide and Bioalbumen® as

samples.

The same conditions were applied as above except the incubation temperature was

increased to 90 °C and incubation time dropped to 20 minutes.

The Thy-H2SO4 method was tested with the same conditions that are used in the
existing Onego method but replacing the phenol with thymol and the 95% H2SO4
with 77% H>SOs4. Short description of the existing Phe-H>SO4 method: 30 pL of
sample was mixed with 150 pL 95% H>SO4. Then 30 pL of phenol (5% (w/v) in
H>0) was added and incubated for 5 minutes at 90 °C with shaking speed of 300 rpm

using Thermomixer (Eppendorf).
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After the initial testing it was decided to continue with the highest temperature and no

incubation between the addition of acid and thymol.

Using the following conditions, 20 uL of sample, 80 uL of 77% H2S0O4, 2.5 uL of 5% thymol
and the temperature of 90 °C with 300 rpm shaking speed, the incubation time was
optimized. Mannose calibration solutions 0.05, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0 and 1.3 mg/mL
were used in this experiment. To have more data points, two separate calibration curves were
prepared, and all individual calibration solutions were analysed as triplicate. The colour
development was followed by measuring the absorbance at 510 nm using the Varioskan Lux
instrument in five-minute increments up till 40 minutes of incubation and then every ten

minutes until 60 minutes of incubation was full.

The heating at 90 °C was repeated with 30 minutes and 60 minutes incubation using mannose
and glucose calibration solutions, respectively at concentrations 0.05, 0.1, 0.2, 0.4, 0.6, 0.8
and 1.0 mg/mL. Finally, these conditions were repeated with mannose calibration curve and
Bioalbumen® samples. The 10 mg/mL Bioalbumen® samples were diluted 1:10, 1:5 and
1:1 with pure water. These same calibration solutions and samples were analysed

additionally with the existing Phe-H2SO4 assay for comparison.

4.1.1.1 Comparison of final Thymol-H2SO4 and Phenol-H>SO4 assay

The final Thy-H>SOy4 assay is as follows:
e 20 pL of each calibration solution and sample is pipetted to a 96-well plate.

e Using a multichannel pipette 80 uL of 77% H2SOs is added to each well carefully

aspirating and dispensing 3x to mix the acid.

e Using a multichannel pipette 2.5 pL of 5% thymol in EtOH is added to each well
carefully aspirating and dispensing 3x to mix the Thymol-EtOH solution.

e The plate is incubated at +90 °C with the shaking speed of 300 rpm for 30 minutes

and cooled in an ice bed to room temperature before measurement.

o Absorbance is measured at 510 nm after plate has reached room temperature

conditions using the Varioskan LUX instrument.
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The Phe-H>SO4 assay was conducted as follows 30 pL of each calibration solution and 30
nL of samples are mixed with 150 pL. 95% H2SO4. Then 30 pL of phenol (5% (w/v) in H20)

is added and the plate is incubated for 5 minutes at 90 °C (speed 300 rpm). The absorbance

is measured at 490 nm with Byonoy Absorbance 96 -reader.

The calibration solutions and samples analysed during method comparison are described in

table 14.

Table 14. Standards and samples used in method comparison.

Standard/Sample

Description

Preparation

Blank

pure water

N/A.

Mannose calibration solutions

0.05,0.1,0.2,0.4,0.6, 0.8 and 1.0
mg/mL

Diluted from 10 mg/mL stock as described
in table 13.

Bioalbumen® pilot sample 1

Final product from pilot process

Diluted with pure water 1:10, 1:5 and 1:1

Bioalbumen® pilot sample 2

Final product from pilot process
with different DSP than in pilot

sample 1.

Diluted with pure water 1:10, 1:5 and 1:1

Bioalbumen® demo sample

Final product from demo process.

Diluted with pure water 1:10, 1:5 and 1:1

4.2 Method Development for HPLC-RID

The reagents, reference chemicals, consumables and equipment used during development

are listed in table 15.

Table 15. Reagents, reference chemicals, consumables and equipment used in method development.

grade, >99.0%)

Reagent/Equipment Manufacturer Product Code LOT/Serial number
Sulphuric acid 95.0-97.0% (AnalaR VWR BDH 20700.265 N/A

NORMAPUR® analytical reagent) Chemicals

Hydrochloric acid 37% (~12 M) for Supelco 1.00317 70955517

analysis EMSURE® ACS,ISO,Reag.

Ph Eur

Sodium hydroxide (for analysis (max. Supelco 1.06469 MB2000369211
0.02% K) EMSURE® ACS,Reag. Ph

Eur,ISO)

Trichloroacetic acid (ACS reagent Sigma Aldrich T6399 MKCV5184
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Reagent/Equipment Manufacturer Product Code LOT/Serial number
D-(+)-Mannose >99% Sigma Aldrich M8574 WXBDS8647V
D-(+)-Glucose >99.5% Sigma Aldrich 49139 BCCJ0760
Sorbose >98.0% TCI TCIAS0066 77GWI-MD
D-Glucose 6-phosphate sodium salt, Sigma Aldrich G7879 0000455870
98%
D-Mannitol >98% Sigma Aldrich M4125 WXBF7393V
L-(-)-Arabitol Sigma Aldrich A3506 BCCM4635
>98% (GC)
Xylitol, 99+% Thermo Scientific | 225980250 A0474034
Acros

D-(-)-fructose >99.0%, (AnalaR VWR Chemicals | 103674Y 25H054115
NORMAPUR® analytical reagent)
Lactic acid >98% Sigma Aldrich L6402 0000517519
Succinic acid (ACS reagent grade, Sigma Aldrich 398055 0000482058
>99.0%)
Acetic acid (glacial, ACS reagent, Sigma Aldrich 695092 MKCW5082
>99.7%)
N-Acetyl-D-glucosamine (GlcNAc) Sigma Aldrich A8625 N/A
Ultrapure, grade 1 water (pure water) Purified in-house | N/A N/A
Thermomixer Eppendorf 5382000015 N/A
Single-channel pipettes (1-10 pL, 2-20 | Sartorius N/A N/A
uL, 20-200 pL, 100-1000 pL, 500-5000
uL)
Pipette tips Sarsted, Sartorius | N/A N/A
Tubes (1.5 mL, 2 mL, 5 mL, 15 mL) Sarsted N/A N/A
Glass bottles N/A N/A N/A
Graduated cylinder N/A N/A N/A
Volumetric flask/s N/A N/A N/A
Analytical balance Shimadzu AP125WD-AD | N/A
Centrifuge Eppendorf 5420 542013501037
Bioalbumen® samples Onego Bio Ltd N/A Bioalbumen® pilot 1

Bioalbumen® pilot 2

Bioalbumen demo
Eggylicious, Commercial Egg white Green Heights N/A 08/21/2026
(EW) powder
Miniprep PVDF filters, 0.2 pm Cytiva US203NPEAQU | 17638593
Autosampler vials (SureSTART™) Thermo Scientific | 6ESV9-04PP 00369420-4
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Reagent/Equipment Manufacturer Product Code LOT/Serial number

Vial caps (SureSTART™) Thermo scientific | CHSC9-30UBS | 8000062310

HyperREZ™ XP Carbohydrate H+ - Thermo Fisher 69008-307780 0006786149

column, 300x7.7 mm; 8§ um Scientific

HyperREZ™ XP Carbohydrate H+ - Thermo Fisher 69008-903027 N/A

guard cartridge Scientific

Vanquish RI detector Thermo Fisher VC-D60-A-01 4300590
Scientific

Vanquish Autosampler Thermo Fisher VC-Al12-A 8380966
Scientific

Vanquish HPLC pump Thermo Fisher VC-P40-A-01 8377732
Scientific

Vanquish Column Compartment Thermo Fisher VC-C10-A 6541812
Scientific

H>SO4 eluents were prepared as follows:

For the 0.1% solution, 1800 mLof pure water was dispensed to a 2000 mL volumetric
flask. 2 mL of acid was measured with a pipette and carefully dispensed the into the
flask with pure water. The volumetric flask was filled up to mark with water, and the

solution was mixed by inverting the flask.

The 0.01% H2SO4 was prepared by diluting the 0.1% solution 1:10 with pure water.

The solutions used in the sample pretreatment tests were prepared in the following way:

The 0.1 M hydrochloric acid (HCI) solution (V=500 mL) was prepared in a
volumetric flask by adding 4.15 mL of acid to 400 mL of water and filling the flask
up to mark. The 2 M HCI solution was prepared in a similar way but adding 33 mL

of acid to final volume of 200 mL.

The 0.1 M sodium hydroxide (NaOH) was diluted from ready-made 5 M solution by
adding 2 mL of 5 M solution to final volume of 100 mL.

The 2 M NaOH (MW=40 g/mol) solution (V=200 mL) was prepared by weighing 16
g of pellets and dissolving them to 200 mL of pure water.

10% trichloroacetic acid (TCA) (w/v) was prepared by weighing 10 g of TCA and

dissolving it to 100 mL of pure water.
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o The TCA was chosen for protein precipitation since it should not in the
conditions used here break the link between protein and sugar. The TCA
denatures the protein but since the precipitation method used here is fast and
done on ice the sugar-protein linkage should stay intact, enabling the

determination of free carbohydrates.

For the reference chemicals of monosaccharides, sugar alcohols and acids, 10-20 mg/mL
(w/v) solutions were prepared by weighing the reference chemicals with an analytical
balance and dissolving them to pure water. The mannose calibration solutions were diluted

from the stock solution as described in table 16.

Table 16. Preparation of mannose calibration solutions.

C1 = Concentration of V1 = Volume of V2 = Final C2 = Concentration of
Stock (mg/mL) stock (uL) volume (uL) Standard (mg/mL)

2.5 0.05

5 0.1

10 0.2

25 0.5

10 50 500 10

125 2.5

250 5.0

500 10

The Bioalbumen® and commercial egg white samples were weighed using the analytical
balance. The samples were dissolved into pure water or acid at room temperature and

vortexed until dissolved completely.

4.2.1 Chromatographic Conditions

The chromatographic experiments were performed on Thermo Fisher Scientific Vanquish
HPLC-RI system (see table 15 for all components). Data processing was carried out with
Chromeleon 7.3.2 software. The HPLC-RI instrument is used also for routine analytics from
in-process samples thus the chromatographic conditions were tested mainly with glucose
and glycerol, but number of compounds were screened with the final method (see chapter

422).

Since the normal sample flow contains in-process samples which in addition to sugars may

contain metabolites such as organic acids, it was decided that at this point the column is not
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changed but it will remain the same -HyperREZ™ XP Carbohydrate H+ -column which is
designed for analysis of carbohydrates, saccharides, organic acids and alcohols. The

optimization focused on sulfuric acid concentration in the eluent, flow rate and column

temperature.

In the end the most beneficial change without compromising efficiency (time and solvent
consumption) and quality of data (separation of components) was the sulfuric acid
concentration in the eluent. Changing the HoSO4 concentration from 0.1% to 0.01% resolved
the issue with interfering components such as phosphates since their retention time shifted

to the start of the chromatography but almost the same retention time remained for sugars

and acids.
Final chromatographic conditions are listed in table 17.

Table 17. Final HPLC-RI method conditions.

Eluent flow rate 0.7 mL/min

Column temperature | 58 °C

Eluent composition 0.01% Sulfuric acid

Elution mode Isocratic

Injection volume 20 uL

Total runtime 14 minutes (20 minutes if ethanol needs to be analysed).

4.2.2 Screening of Reference Standards

To confirm the separation of different analytes the compounds listed in table 18 were

analysed with the method described earlier.

Table 18. Screened reference compounds and their retention times.

Compound Retention time (min)
Glucose-6-phosphate 6.44
Lactose 7.42
Glucose 8.47
Sorbose 8.67
Mannose 8.9
Fructose 9.17
Mannitol 9.25
Arabitol 9.90
Xylitol 10.09
Succinic acid 10.83
Lactic acid 11.39
Glycerol 11.77
Acetic acid 13.23
Ethanol 18.65
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In addition to the compounds mentioned above a solution of N-Acetyl-D-glucosamine
(GlcNAc) was prepared and analysed. The reason for this is that the samples that are
prepared and analysed within this study contains glycoproteins and the GIcNAc is a part of
the linkage between saccharides and protein (described in chapter 2.4.1.). When the retention
time of GIcNAc is known, the possible cleavage of this structure can be monitored. The
determined retention time of GIcNAc is 10.51 min. Chromatograms of analysed reference

chemicals are in appendix 1.

4.2.3 Optimization of Sample Preparation Method

Description of all the samples used during the optimisation is presented in table 19.

Table 19. Standards and samples used during method development.

Standard/Sample Description Preparation

Sample preparation blank pure water Prepared as the hydrolysis samples
(Hydrolysis)

Sample preparation blank pure water Prepared as the precipitated samples
(Precipitation)

Mannose calibration solutions 0.05, 0.1, 0.2, 0.5, 1.0,2.5,5.0 | Diluted from 10 mg/mL stock as
and 10 mg/mL described in table 16.

Glucose control sample Control for hydrolysis. 32 mg of glucose was weighed with an
analytical balance and dissolved in 1

mL of pure water.

Mannose control sample Control for hydrolysis. 12 mg of mannose was weighed with
an analytical balance and dissolved in 1

mL of pure water.

Bioalbumen® pilot sample 1  |Final product from pilot process| 0.5 g of sample was weighed and
dissolved in 10 mL of pure water
(C=50 mg/mL)

1 g of sample was weighed and
dissolved in 10 mL of pure water
(C=100 mg/mL)

500 mg of sample was weighed and
dissolved directly to HCI before
hydrolysis.
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Standard/Sample

Description

Preparation

100 mg of sample was weighed and
dissolved directly to HCI before
hydrolysis.

Bioalbumen® pilot sample 2

Final product from pilot process
with different DSP than in pilot

sample 1.

0.5 g of sample was weighed and
dissolved in 10 mL of pure water
(C=50 mg/mL)

1 g of sample was weighed and
dissolved in 10 mL of pure water
(C=100 mg/mL)

500 mg of sample was weighed and
dissolved directly to HCI before
hydrolysis.

100 mg of sample was weighed and
dissolved directly to HCI before
hydrolysis.

Bioalbumen® demo sample

Final product from demo

[PrOCCSS.

1 g of sample was weighed and
dissolved in 10 mL of pure water
(C=100 mg/mL)

100 mg of sample was weighed and
dissolved directly to HCI before
hydrolysis.

EW powder (Eggylicious)

Commercial egg white powder

1 g of sample was weighed and
dissolved in 10 mL of pure water
(C=100 mg/mL)

100 mg of sample was weighed and
dissolved directly to HCI before
hydrolysis.

The subsequent initial tests were made for the Bioalbumen® samples:

1. To the I mL of Bioalbumen® (concentration 50 mg/mL) samples 1 mL of 0.1 M HCl

was added and the 15-minute hydrolysis was carried out using a thermomixer set at

95 °C and shaking speed of 300 rpm. After cooling the samples on ice, neutralisation

was done with 1 mL of 0.1 M NaOH. The same preparation was done for glucose

reference chemical. Samples were analysed with the HPLC-RI method together with

50 mg/mL Bioalbumen® solution without treatment.
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2. Mannose calibration curve (see table 16 for preparation) was prepared and
Bioalbumen® samples were analysed together with the calibration solutions to

confirm the presence of mannose.

After the initial tests it was decided to increase the acid concentration to 2 M and test the 15-

minute hydrolysis again. The following samples were prepared:

e One gram of Bioalbumen® was weighed and dissolved into 10 mL of pure water in
room temperature while mixing (C=100 mg/mL). The hydrolysis was carried out in
the same way as in the initial tests. After cooling the samples on ice 1 mL of 2 M

NaOH was added to neutralise the solution.

e 500 mg of Bioalbumen® was weighed and this was dissolved into 5 mL of 2 M HCI
just before hydrolysis. The hydrolysis was carried out in the same way as in the initial
tests. After cooling the samples on ice 5 mL of 2 M NaOH to 500 mg powder-acid

mixture.

A portion of the hydrolysed samples were transferred to new tubes and centrifuged for 10
minutes at 9400 xg. The supernatants were filtered with 0.2 um Miniprep-filter before

analysis.

A sample preparation blank and a control sample of mannose reference solution was

prepared in the same way as samples.

Samples were analysed with the HPLC-RI method together with 100 mg/mL Bioalbumen®

solution without treatment.

For the next experiment it was decided to keep the Bioalbumen® quantity at 100 mg since
the 500 mg did not dissolve completely to the acid solution. In this experiment 15, 30 and
60 minutes hydrolysis time was tested, and all the other parameters (acid concentration,
volume) were kept the same. Samples used for this experiment were the same as before,
except that the powder quantity was limited to 100 mg for all samples. A sample preparation
blank and a control sample of mannose reference solution was prepared in the same way as

samples.

To find out the quantity of the free carbohydrates (carbohydrates not bound to protein) a
precipitation with 10% TCA was made:
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e To the 1 mL of 100 mg/mL sample 1 mL of TCA was added and the proteins were
precipitated on ice for 15 minutes. After this the samples were centrifuged for 10
minutes at 9400 xg and the supernatant was collected. The supernatant was
neutralised with NaOH and filtered with 0.2 um Miniprep-filter before analysis. A
sample preparation blank was prepared in the same way. Samples were analysed with

the HPLC-RI method.

For the finalisation of hydrolysis method parameters, the 60 minutes hydrolysis was repeated
for all the samples analysed previously (these samples were made in triplicate) as well as
additional samples of Bioalbumen® and commercial EW powder (see table 19 for samples).
To be sure of the hydrolysis time, the same set of samples were prepared for 90-minute

hydrolysis.

To find the quantity of all free carbohydrates and not only monosaccharides the TCA
precipitation was repeated for Bioalbumen® and EW samples, and the supernatant was
subjected to 60-minute hydrolysis. A sample preparation blank was prepared in the same

way as samples. All samples were filtered before HPLC analysis.

4.3 Results and discussion

The Thy-H2SOg4 assay data processing was carried out with Skanit™ software which uses
the calibration curve to calculate the sample concentrations. The Phe-H2SO4 assay data
processing was done with Absorbance96 software which uses the calibration curve to
calculate the sample concentrations. The averages and standard deviations (SD) were
calculated in Microsoft Excel using commands “Average”, and “STDEV”, respectively.

Excels “LINEST” function was used to pull out R? values for calibration curves.

The HPLC data processing was carried out with Chromeleon 7.3.2 software. Chromeleon
uses the set calibration curves for the calculation of sample concentrations. The averages and
standard deviations were calculated in Microsoft Excel using commands “Average”, and

“STDEV”, respectively.

RSD values were calculated by dividing the SD with average value and multiplying with
100.
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Limit of detection (LoD) and limit of quantitation (LoQ) for the colorimetric method was
determined by analysing a minimum of 10 replicate blank samples (reagents without

analyte). The LoD and LoQ were calculated in the following way:
LoD = Mean of blanks + (3 X SD of blanks) 2)

LoQ = Mean of blanks + (10 X SD of blanks) 3)

4.3.1 Thymol-Sulfuric acid assay

The first initial test of repeating the method conditions of Vogel et al. (2025) was not
successful and no results were achieved for Bioalbumen® samples. It was concluded that
the conditions (especially the temperature) are not sufficient for the sulfuric acid to hydrolyse
the sugars (most of which are linked to the proteins in the sample), and this prevents the

reaction between the furfurals and thymol, therefore no colour formation occurs.

The second initial testing was conducted at a higher temperature (90 °C) and reaction time
of 20 minutes. With this modification to the method conditions the calibration solutions and
samples showed a visible colour change. The calibration solutions and samples were
analysed as triplicate. See below a calibration curve for mannose (figure 10).

y=0.7833x+0.0598
R?=0.9849

Mannose St curve (90°C, 20 min)

0.5000

0.8000

0.7000

0.6000

0.5000

0.4000

A (510 nm)

0.3000

0.2000

0.1000

0.0000
0 0.2 04 0.6 0.8 1 12

C (mg/mL)

Figure 10. Mannose calibration curve (0.05, 0.1, 0.2, 0.4, 0.6, 0.8, and 1.0 mg/mL) from second initial test with Thy-H,SO4
assay using 90 °C and incubation time of 20 minutes. Varioskan instrument and wavelength 510nm was used for analysis.
Calibration standards were analysed as triplicate and average absorbance values were used for the calibration plot.
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The absorbance values for calibration solutions and tested Bioalbumen® samples had some
variation, see table 20 for relative standard deviation (RSD) values for calibration solutions

and sample absorbances.

Table 20. Absorbance (at 510 nm) RSD% values from second initial test for mannose calibration solutions and
Bioalbumen samples analysed in triplicate.

Standard/Sample Absorbance
RSD%

St 0.05 mg/mL 16 %
St 0.1 mg/mL 18 %
St 0.2 mg/mL 14 9%
St 0.4 mg/mL 11 %
St 0.6 mg/mL 24 9%,
St 0.8 mg/mL 7 %
St 1.0 mg/mL 11%
Bioalbumen® pilot 1 9-18%
Bioalbumen® demo 6-7%

Third and final initial test was done with 150 pL of 77% H2SO4 and 30 pl of 5% thymol in
EtOH and 5 minutes of incubation at 90 °C. After addition of 30 pL of thymol in EtOH the
protein in the Bioalbumen® samples started precipitating. After 5 minutes of incubation in
the high temperature some precipitate was still visible in the samples. The calibration

solutions and samples were analysed as triplicate. See below a calibration curve for mannose

(figure 11).

Mannose St curve (H2504 150 pL, Thymol 30 pl, 80 °C, 5 min) y= O-F:1?9_5§’;;‘5)-50731
0.6000 -

0.5000
0.4000

0.3000

A (510 nm)

0.2000

0.1000

0.0000
0 0.2 04 06 08 1 12

C (mg/mL)

Figure 11. Mannose calibration curve (0.05, 0.1, 0.2, 0.4, 0.6, 0.8, and 1.0 mg/mL) from third initial test with Thy-H,SO,
assay using higher H2504 and thymol volumes and 90 °C incubation temperature for 5 minutes. Varioskan instrument and
wavelength 510nm was used for analysis. Calibration standards were analysed as triplicate and average absorbance
values were used for the calibration plot
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The absorbance values for calibration solutions and tested Bioalbumen® samples had
considerable amount of variation, see table 21 for RSD values for calibration solutions and

sample absorbances.

Table 21. Absorbance (at 510 nm) RSD% values from third initial test for mannose calibration solutions and Bioalbumen
samples analysed in triplicate.

Standard/Sample Absorbance
RSD%
St 0.05 mg/mL 19 %
St 0.1 mg/mL 18 %
St 0.2 mg/mL 22 %
St 0.4 mg/mL 33 %
St 0.6 mg/mL 28 %
St 0.8 mg/mL 26 %
St 1.0 mg/mL 33 %
Bioalbumen® pilot 1 | 18-28%
Bioalbumen® demo 15-17%

The volumes of H>SO4 and thymol and the incubation temperature were decided to keep the

same as in the second test and focus on the optimisation of the incubation time.

Mannose calibration solutions 0.05, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, and 1.3 mg/mL were used in
the optimisation of the incubation time. Two separate curves were prepared, and all
individual calibration solutions were analysed as triplicate. Measurements at 510 nm were
made after every five minutes until 40 minutes and then after every ten minutes until 60

minutes was full. The calibration curve 1 over 60 minutes is presented in figure 12.
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Figure 12. Mannose standard curve #1 (0.05, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, and 1.3 mg/mL) with the Thy-H2504 assay
measured using Varioskan instrument and wavelength 510nm over 60 minutes of incubation at 90 °C. Calibration
standards were analysed as triplicate and average absorbance values were used for the calibration plot.

The correlation coefficient (R?) of the curve over time and calibration solutions RSD values

are presented in table 22.

Table 22. R? of curve 1 and RSD values of calibration solutions over 60 minutes of incubation at 90 °C. Calibration
standards were analysed as triplicate.

Time | R? Standard absorbance RSD% over 60 minutes
(min) St0.05 | St0.1 St0.2 St0.4 St 0.6 St0.8 St1 St1.3
(mg/mL) (mg/mL) (mg/mL) (mg/mL) (mg/mL) (mg/mL) (mg/mL) | (mg/mL)

5 0.759 | 2% 14 % 13 % 6 % 3% 3% 8 % 7 %
10 0935 | 3% 7 % 3% 3% 1 % 7% 1% 1 %
15 0978 | 2% 3% 6 % 14 % 10 % 27 % 8 % 4%
20 0.986 | 2% 3% 10 % 17 % 13 % 32% 9% 4%
25 0.989 | 3% 4% 10 % 17 % 12 % 29 % 7% 6 %
30 0989 | 3% 4% 9 % 16 % 12 % 27 % 7% 6 %
35 0.989 | 4% 4% 9% 13% 17 % 25 % 5% 6 %
40 0983 | 14 % 11 % 15 % 18 % 21 % 31 % 7% 2%
50 0.886 | 13 % 14 % 12 % 22 % 30 % 35 % 14 % 6 %
60 0984 | 7% 9 % 7 % 10 % 9 % 10 % 2% 7 %




The calibration curve 2 over 60 minutes is presented in figure 13.
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Figure 13. Mannose standard curve #2 (0.05, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, and 1.3 mg/mL) with the Thy-H2504 assay
measured using Varioskan instrument and wavelength 510nm over 60 minutes of incubation at 90 °C. Calibration
standards were analysed as triplicate and average absorbance values were used for the calibration plot.

The correlation coefficient (R?) of the curve over time and calibration solutions RSD values

are presented in table 23.

Table 23. R? of curve 2 and RSD values of calibration solutions over 60 minutes of incubation at 90 °C. Calibration
standards were analysed as triplicate.

Time | R? Standard absorbance RSD% over 60 minutes
(min) St0.05 | St0.1 St0.2 St0.4 St 0.6 St0.8 St1 St1.3
(mg/mL) (mg/mL) (mg/mL) (mg/mL) (mg/mL) (mg/mL) (mg/mL) (mg/mL)

5 0.705 | 1% 16 % 10 % 10 % 3% 8% 6 % 8%
10 0915 [ 2% 3% 11 % 13% 13 % 16 % 14 % 19 %
15 0.908 | 15% 20 % 44 % 42 % 40 % 35% 35% 43 %
20 0973 | 17% 21 % 44 % 43 % 39 % 32 % 40 % 49 %
25 0.964 | 18 % 20 % 44 % 39% 38 % 31 % 34 % 47 %
30 0.965 | 15% 16 % 43 % 32% 35 % 29 % 31 % 41 %
35 0962 | 12% 12 % 35% 26 % 31 % 25% 28 % 34 %
40 0945 | 9% 17 % 25% 22 % 25% 17 % 21 % 25%
50 0941 | 7% 6 % 16 % 20 % 16 % 6 % 12 % 17 %
60 0939 [ 1% 8% 8% 7% 13 % 6 % 4% 2%

Since the incubation at 30 minutes gave the best correlation (R?) and low RSD for curve 1

although having high RSD in curve 2 it was decided to repeat the analysis with this




53

incubation time. In addition, the incubation time of 60 minutes was repeated as it had low

RSD values for the calibration solutions throughout the range.

The heating at 90 °C was repeated with 30 minutes and 60 minutes incubation using mannose
and glucose calibration solutions, respectively at concentrations 0.05, 0.1, 0.2, 0.4, 0.6, 0.8
and 1.0 mg/mL. The 1.3 mg/mL concentration was left out since samples are always diluted
for analysis and they will not reach concentrations over 1 mg/mL. The mannose calibration

curve after 30 minutes and 60 minutes of incubation is presented in figure 14.

Mannose curve at 30 and 60 minutes
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Figure 14. Mannose standard curve (0.05, 0.1, 0.2, 0.4, 0.6, 0.8, and 1.0 mg/mL) with the Thy-H2504 assay measured
using Varioskan instrument and wavelength 510nm after 30 and 60 minutes of incubation at 90 °C. Calibration standards
were analysed as triplicate and average absorbance values were used for the calibration plots.

The RSD values of absorbances for mannose calibration solutions after 30 and 60 minutes

of incubation are presented in table 24.

Table 24. RSD values of absorbances for mannose calibration solutions after 30 and 60 minutes of incubation at 90 °C.
Calibration standards were analysed as triplicate.

Standard | RSD%, | RSD%,

(mg/mL) | 30 min 60 min
0.05 15 % 10 %
0.1 15% 6 %
0.2 13 % 5%
0.4 12 % 6 %
0.6 11 % 4%
0.8 18 % 7%
1.0 16 % 6 %
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Glucose calibration solutions were tested with the method to find out how the assay functions

with another monosaccharide. The glucose calibration curve after 30 minutes and 60 minutes

of incubation is presented in figure 15.
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Figure 15. Glucose calibration curve (0.05, 0.1, 0.2, 0.4, 0.6, 0.8, and 1.0 mg/mL) with the Thy-H2504 assay measured
using Varioskan instrument and wavelength 510nm after 30 and 60 minutes of incubation at 90 °C. Calibration solutions
were analysed as triplicate and average absorbance values were used for the calibration plots.

The RSD values for glucose calibration solutions after 30 and 60 minutes of incubation are

presented in table 25.

Table 25. RSD values of absorbances for glucose calibration solutions after 30 and 60 minutes of incubation at 90 °C.

Calibration standards were analysed as triplicate.

Standard | RSD%, | RSD%,

(mg/mL) | 30 min 60 min
0.05 13 % 17 %
0.1 12 % 6 %
0.2 17 % 10 %
0.4 17 % 8%
0.6 14 % 7%
0.8 17 % 15%
1.0 20 % 11 %

If analysis with glucose as the reference carbohydrate is needed the incubation time should

be 60 minutes, since both the R? and absorbance RSD values are better than with 30-minute
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incubation and there is a significant difference in the response after 60 minutes when with

mannose the difference in response after 30 or 60 minutes is not that excessive.

For the purpose of repeatability of the assay, the 30- and 60-minute incubation were repeated
with mannose calibration curve. In addition, Bioalbumen® samples were analysed to
determine how the Bioalbumen® samples behave in these conditions. The 10 mg/mL
Bioalbumen® samples were diluted 1:10, 1:5 and 1:1 with pure water. The mannose

calibration curve after 30 minutes and 60 minutes of incubation is presented in figure 16.

Mannose curve at 30 and 60 minutes

2.5000
y=1.7365x+0.1966

2.0000 R*=0.9536
E 15000
c
[a=]
o
= 1.0000
< y=1.7664x+0.0094

R’=0.9796
0.5000
0.0000
0 02 04 06 08 1 1.2

C (mg/mL)

Linear (Man 60 min)

® Man30min ® Man60min Linear {Man 30 min)

Figure 16. Mannose calibration curves (0.05, 0.1, 0.2, 0.4, 0.6, 0.8, and 1.0 mg/mL) with the Thy-H2504 assay measured
using Varioskan instrument and wavelength 510nm after 30 and 60 minutes of incubation at 90 °C. Calibration solutions
were analysed as triplicate and average absorbance values were used for the calibration plots.

The RSD values of absorbances for mannose calibration solutions after 30 and 60 minutes

of incubation are presented in table 26.

Table 26. RSD values of absorbances for mannose calibration solutions after 30 and 60 minutes of incubation at 90 °C.
Calibration standards were analysed as triplicate.

Standard | RSD%, | RSD%,
(mg/mL) | 30 min 60 min
0.05 9 % 7%
0.1 24 % 3%
0.2 6 % 8%
0.4 12 % 5%
0.6 5% 1%
0.8 14 % 7%
1.0 2% 5%
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The average, standard deviation (SD) and RSD values of absorbances and the calculated

concentrations as well as total carbohydrate percentages for Bioalbumen® samples after 30

minutes of incubation are presented in table 27.

Table 27. Results for Bioalbumen® samples after 30-minute incubation at 90 °C.

Sample Average SD RSD% C mg/mL % of

(dilution) absorbance (absorbance) (absorbance) (dilution carbohydrates
taken into in original
account) sample

Bioalbumen® | 0.20 0.02 12 % 0.9 9 %

pilot 1 (1:10)

Bioalbumen® | 0.43 0.01 3% 1.1 11 %

pilot 1 (1:5)

Bioalbumen®_ | 0.95 0.12 13 % 1.0 10 %

pilot 1 (1:1)

Bioalbumen® | 0.27 0.004 2% 1.3 13%

pilot 2 (1:10)

Bioalbumen® | 0.48 0.03 6 % 1.2 12 %

pilot 2 (1:5)

Bioalbumen® | 1.14 0.09 8% 1.2 12 %

pilot 2 (1:1)

Bioalbumen® | 0.16 0.005 3% 0.6 6 %

demo (1:10)

Bioalbumen® | 0.24 0.04 18 % 0.5 5%

demo (1:5)

Bioalbumen® | 0.56 0.03 5% 0.6 6 %

demo (1:1)

The average, SD and RSD values of absorbances and the calculated concentrations as well

as total carbohydrate percentages for Bioalbumen® samples after 60 minutes of incubation

are presented in table 28.

Table 28. Results for Bioalbumen® samples after 60-minute incubation at 90 °C.

Sample Average SD RSD% C mg/mL % of

(dilution) Absorbance (absorbance) (absorbance) (dilution carbohydrates
taken into in original
account) sample

Bioalbumen® | 0.36 0.01 3% 0.4 4%

pilot 1 (1:10)

Bioalbumen®_ | 0.68 0.07 10 % 1.2 12 %

pilot 1 (1:5)

Bioalbumen®_ | 1.41 0.13 9 % 1.3 13 %

pilot 1 (1:1)

Bioalbumen® | 0.40 0.066 16 % 0.7 7%

pilot 2 (1:10)

Bioalbumen®_ | 0.63 0.04 7% 1.0 10 %

pilot 2 (1:5)

Bioalbumen® | 1.42 0.19 14 % 1.3 13%

pilot 2 (1:1)
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Sample Average SD RSD% C mg/mL % of

(dilution) Absorbance (absorbance) (absorbance) (dilution carbohydrates
taken into in original
account) sample

Bioalbumen®_ | 0.24 0.061 25 % Below N/A

demo (1:10) calibration
range-0.2

Bioalbumen® | 0.32 0.01 3% 0.1 1%

demo (1:5)

Bioalbumen® | 0.72 0.14 19 % 0.5 5%

demo (1:1)

Considering only the mannose calibration solutions, the 60-minute curve had lower
absorbance RSD values compared to the 30-minute curve, but when looking at the sample
results there were more discrepancies with the longer incubation time in the final
carbohydrate percentage depending on the dilution factor. The 30-minute incubation time
displays more consistent results throughout the concentration range in the samples, therefore

it was decided to keep the 30-minute incubation time for the final method.

LoD and LoQ for the method was determined from blank samples (n = 10) by calculating
the average absorbance and the SD for absorbance values. The absorbance SD was used to
calculate the absorbance LoD and LoQ (equations 2 and 3). These values were converted to
mg/mL values using the calibration curve equation from average calibration solutions

absorbance values of mannose (figure 17).

y=1.4481x+0.0536

Average Mannose curve (n=9) .
R*=0.9963

2.0000
1.8000
1.6000
1.4000
1.2000

1.0000
0.8000

0.6000 }

0.4000 §

A (510 nm)

0.2000 "
0.0000
0 02 0.4 0.6 0.8 1 12
C (mg/mL)

Figure 17. Average mannose calibration curve (n=9) with error bars (+20%). The average absorbance values were
calculated from standards after 30 minutes of incubation at 90 °C. The average calibration curve was used in the
calculation of LoD and LoQ from blank samples (reagent blanks).
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The calculated LoD for the assay is 0.065 mg/mL and the calculated LoQ is 0.073 mg/mL.

Comparison between the developed method and the existing Phe-H>SO4 method was made
using the same calibration solutions and samples described earlier. The goal was to achieve
similar or more precise results with the new method compared to the existing method. By
experience when analysing Bioalbumen® samples with the Phe-H>SO4 method, there is an
overestimation of the total carbohydrate amount for some Bioalbumen® samples. This can
also be seen in the results obtained during the testing, especially with Bioalbumen® pilot
sample 2. The Thy-H2SO4 assays shows less deviation in the absorbance readings of most

samples compared to the Phe-H>SOj4 assay.

The results of method comparison are compiled to table 29.

Table 29. Comparison between Phenol and Thymol assay using Bioalbumen® samples.

Sample Phe-H2SO4 Thy-H2SO4 %

(dilution)  VRTRSD [ C | % of AVR[RSD [ C | %of difference
G % (mg/ | carbohydrates | G % (mg/ | carbohydrates between
(Ab) | (Abs | mL) | in original (Abs | (Abs) | mL) | in original methods
s ) sample ) sample

Bioalbumen | 0.16 8% 1.3 13% 0.20 12% 0.9 9% 42%

® pilot 1

(1:10)

Bioalbumen | 0.24 | 4% 1.0 10% 0.43 3% 1.1 11% 11%

® pilot 1

(1:5)

Bioalbumen | 0.97 | 11% 1.5 15% 0.95 13% 1.0 10% 39%

® pilot 1

(1:1)

Bioalbumen | 0.35 | 22% 2.8 28% 0.27 2% 1.3 13% 75%

® pilot 2

(1:10)

Bioalbumen | 0.56 5% 22 22% 0.48 6% 1.2 12% 57%

® pilot 2

(1:5)

Bioalbumen | 0.79 | 3% 1.2 12% 1.14 8% 1.2 12% 0.3%

® pilot 2

(1:1)

Bioalbumen | 0.19 | 47% 1.6 16% 0.16 3% 0.6 6% 87%

® demo

(1:10)

Bioalbumen | 0.17 | 41% 0.7 7% 0.24 18% 0.5 5% 28%

®_demo

(1:5)

Bioalbumen | 0.32 8% 0.5 5% 0.56 5% 0.6 6% 10%

® demo

(1:1)
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Initial hydrolysis testing was conducted with 50 mg/mL Bioalbumen® solutions, 0.1 M HCI

and 15 minutes hydrolysis time in 95 °C. Example chromatogram of hydrolysed

Bioalbumen® solution is presented in figure 18.

2- wamnose
T-Glcose |

4

650 700 50 1) 850 abn

Figure 18. Example chromatogram from HPLC-RI instrument coupled to HyperREZ™ XP Carbohydrate H+ -column (300x7.7
mm; 8 um) of hydrolysed Bioalbumen® solution (50 mg/mL). Mannose signal at RT = 8.9 min and glucose at RT 8.5 min
can be identified. 0.01% sulfuric acid eluent was used as a mobile phase.

With the initial testing the presence of mannose was confirmed as well as minor amount of

glucose. Mannose calibration solutions were analysed, and calibration was applied to the

samples to quantify the amount of mannose. Mannose calibration curve is presented in figure

19. Chromatograms of mannose calibration solutions are in appendix 1.
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y=4.2888x - 0.0005
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Figure 19. Mannose calibration curve (0.05, 0.1, 0.2, 0.5, 1.0, 2.5, 5, and 10 mg/mL) analysed with HPLC-RI instrument
coupled to HyperREZ™ XP Carbohydrate H+ -column (300x7.7 mm; 8 um). 0.01% sulfuric acid eluent was used as a mobile

phase.
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Existing calibration of glucose was applied to quantify glucose amount, but in this case the

concentration was below the lowest calibration point 0.08 mg/mL. Glucose calibration curve

is presented in figure 20.

Glucose calibration curve
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Figure 20. Glucose calibration curve (0.08, 0.20, 0.50, 1.30, 3.20, 8.0 and 20.0 mg/mL) analysed with HPLC-RI instrument
coupled to HyperREZ™ XP Carbohydrate H+ -column (300x7.7 mm; 8 um). 0.01% sulfuric acid eluent was used as a mobile

phase.

After the initial tests it was decided to increase the acid concentration to 2 M and test the 15-

minute hydrolysis again. With the higher concentration of HCl the mannose and glucose as

well as some unidentified signals were more detectable. See example chromatogram of

hydrolysed Bioalbumen® powder sample in figure 21.
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Figure 21. Example chromatogram from HPLC-RI instrument coupled to HyperREZ™ XP Carbohydrate H+ -column (300x7.7

mm; 8 um) of hydrolysed Bioalbumen® powder sample. Mannose signal at RT = 8.9 min and glucose at RT 8.5 min can be

identified. 0.01% sulfuric acid eluent was used as a mobile phase.
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Hydrolysis time of 15, 30 and 60 minutes was tested with 2 M HCl and 95 °C temperature
for Bioalbumen® powders dissolved in water and Bioalbumen® powders by dissolving
them directly to 2 M HCI. The mannose and glucose amounts were quantified using the
previously made calibration curves. The change in mannose quantity in Bioalbumen®

solution over 15, 30 and 60 minutes hydrolysis are presented in figure 22.

Bioalbumen®in H20 - mg/mL mannose after hydrolysis

4.50
4.00
3.50
3.00
2.50
2.00
1.50

mg/mL mannose

1.00
0.50

0.00
0 10 20 30 40 50 60

Hydrolysis time (minutes)
—@— mg/mL (Man) Bicalbumen®_pilot_1 —8— mg/mL (Man) Bicalbumen®_pilot_2
Figure 22. Mannose quantity in hydrolysed 100 mg/mL Bioalbumen® solution after 15, 30 and 60 minutes of hydrolysis

with 2 M HCl at 95 °C. Hydrolysed samples were analysed with HPLC-RI instrument coupled to HyperREZ™ XP Carbohydrate
H+ -column (300x7.7 mm; 8 um). 0.01% sulfuric acid eluent was used as a mobile phase.

The change in glucose quantity in Bioalbumen® solution over 15, 30 and 60 minutes

hydrolysis are presented in figure 23.
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Bioalbumen®in H20 -mg/mL Glucose after hydrolysis
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Figure 23. Glucose quantity in 100 mg/mL Bioalbumen® solution after 15, 30 and 60 minutes of hydrolysis with 2 M HCI at
95 °C. Hydrolysed samples were analysed with HPLC-RI instrument coupled to HyperREZ™ XP Carbohydrate H+ -column
(300x7.7 mm; 8 um). 0.01% sulfuric acid eluent was used as a mobile phase.

The change in mannose quantity in Bioalbumen® powder over 15, 30 and 60 minutes

hydrolysis are presented in figure 24.

Bioalbumen® powder - mg/mL mannose after hydrolysis

mannose

0 10 20 30 40 50 60

Hydrolysis time (minutes)

—@— mg/mL (Man) Bioalbumen®_pilot_1 =@— mg/mL (Man) Bioalbumen(R)_pilot_2
Figure 24.Mannose quantity in hydrolysed Bioalbumen® powder sample dissolved directly into 2 M HCI after 15, 30 and

60 minutes of hydrolysis at 95 °C. Hydrolysed samples were analysed with HPLC-RI instrument coupled to HyperREZ™ XP
Carbohydrate H+ -column (300x7.7 mm; 8 um). 0.01% sulfuric acid eluent was used as a mobile phase.
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The change in glucose quantity in Bioalbumen® powder over 15, 30 and 60 minutes

hydrolysis are presented in figure 25.

Bioalbumen® powder-mg/mLglucose after hydrolysis
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Figure 25. Glucose quantity in hydrolysed Bioalbumen® powder sample dissolved directly into 2 M HCl after 15, 30 and 60
minutes of hydrolysis at 95 °C. Hydrolysed samples were analysed with HPLC-RI instrument coupled to HyperREZ™ XP
Carbohydrate H+ -column (300x7.7 mm; 8 um). 0.01% sulfuric acid eluent was used as a mobile phase.

The 60 minutes hydrolysis was repeated for the following samples:
e Bioalbumen® pilot sample 1 100 mg/mL solution, made in triplicate

¢ Bioalbumen® pilot sample 1 100 mg of powder dissolved directly to 2 M HCI, made

in triplicate.
e Bioalbumen® pilot sample 2 100 mg/mL solution, made in triplicate

e Bioalbumen® pilot sample 100 mg of powder dissolved directly to 2 M HCI, made

in triplicate.
¢ Bioalbumen® demo sample 100 mg/mL solution
e Bioalbumen® demo sample 100 mg of powder dissolved directly to 2 M HC1
e Commercial EW sample, 100 mg/mL solution

e Commercial EW sample 1 100 mg of powder dissolved directly to 2 M HCI
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To be sure of the hydrolysis time, the same set of samples were prepared for 90-minute

hydrolysis.

The results for Bioalbumen® and EW solutions for mannose quantity are presented in table
30. The glucose concentration in these samples was below the lowest calibration point 0.08

mg/mL and could not be accurately calculated.

Table 30. Mannose quantity, SD and RSD% for Bioalbumen® and EW sample solutions after 60- and 90-minute
hydrolysis.

Hydrolysis | Sample (dissolved in H2O before Average (Man) | SD RSD%
time (min) | hydrolysis) mg/mL

60 Bioalbumen® pilot 1 3.0 0.2 7%

60 Bioalbumen® pilot 2 2.7 0.1 5%

60 Bioalbumen® demo 1.4 N/A N/A
60 EW_powder 0.8 N/A N/A
90 Bioalbumen® pilot 1 3.9 0.2 6%

90 Bioalbumen® pilot 2 4.4 0.1 3%

90 Bioalbumen® demo 1.9 N/A N/A
90 EW_powder 1.3 N/A N/A

The results for Bioalbumen® and EW powders for mannose quantity are presented in table
31. The glucose concentration in some of the samples was below the lowest calibration point

0.08 mg/mL and could not be accurately calculated.

Table 31. Mannose and glucose quantity, SD and RSD% for Bioalbumen® and EW powder samples after 60- and 90-
minute hydrolysis.

Hydrolysis Sample (in powder Average SD RSD% | Average | SD RSD%
time (min) form) (Man) (Glu)
mg/mL mg/mL

60 Bioalbumen® pilot 1 5.6 0.8 15% 0.12 0.05 43%
60 Bioalbumen® pilot 2 5.7 0.5 10% 0.10 0.02 25%
60 Bioalbumen® demo 2.5 N/A N/A N/A N/A N/A
60 EW_powder 1.6 N/A N/A N/A N/A N/A
90 Bioalbumen® pilot 1 6.9 0.2 3% 0.13 0.02 17%
90 Bioalbumen® pilot 2 6.8 0.2 4% 0.11 0.01 11%
90 Bioalbumen® demo 2.9 N/A N/A N/A N/A N/A
90 EW_powder 2.1 N/A N/A N/A N/A N/A

Example chromatogram of hydrolysed Bioalbumen® pilot sample 1 is presented in figure

26.



65

716 - ROCKY 20260424 Analytics #13 5H20_B0min_hydiol_1

VieroRl A
100
o 5 ROCKY N Aoy #18 SN AT s
e > oy ry
o o NS
#,
e AN
& o
/ v =N
e se i
=3 i )
o
g
& S
& &
I o s .- ; 1
R W =)
CE=D T Y
s & A
3 e\‘f +
S v » T
=i ———— e =
50
ViR L Yy
& o
& ‘d
#
o o
¥ i
S 2 4 : ey i
[ 2 = A
a K
o &
& &
& s
— = —— = L | — i ain

Figure 26. Example chromatogram of Bioalbumen® pilot sample 1 dissolved in water and then hydrolysed (three upper
chromatograms). Bioalbumen pilot 1 powder sample dissolved directly into 2 M HCl and then hydrolysed (three lower
chromatograms). Hydrolysed samples were analysed with HPLC-RI instrument coupled to HyperREZ™ XP Carbohydrate H+
-column (300x7.7 mm; 8 um). 0.01% sulfuric acid eluent was used as a mobile phase. . Mannose signal at RT = 8.9 min and
glucose at RT 8.5 min can be identified.

The EW solution and powder differed from the Bioalbumen® samples already in the
preparation phase. The EW powder was very difficult to solubilise in water and some bigger
aggregates of undissolved material remained in the solution even after extensive mixing.
Similarly, the EW powder did not solubilise better when directly applying the 2 M HCI.
After hydrolysis the appearance of the EW powder solutions was different from the
Bioalbumen® samples — the solution was grey when the Bioalbumen® solutions were beige
or off-white. The EW powder is made from hen egg white where the yolk has been separated
from it and then dried, therefore the EW can still contain some traces of the yolk. The yolk
contains among other things fats and these can influence the preparation. In addition, the
EW powder is not only ovalbumin but contains other proteins as is described earlier in the
literature section. All these combined, the EW powder preparation needs more optimisation.

Example chromatogram of EW hydrolysis samples is presented in figure 27.
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Figure 27. Example chromatograms of EW sample dissolved in water and then hydrolysed (two upper chromatograms).
EW powder sample dissolved directly into 2 M HCI and then hydrolysed (two lower chromatograms). Hydrolysed samples
were analysed with HPLC-RI instrument coupled to HyperREZ™ XP Carbohydrate H+ -column (300x7.7 mm; 8 um). 0.01%
sulfuric acid eluent was used as a mobile phase. Mannose signal at RT = 8.9 min can be identified and small signal for
glucose at RT 8.45 min. There are unidentified peaks at RT 7.6, 10.5 and 11.3 minutes.

To determine the quantity of free carbohydrates a TCA precipitation of proteins was
executed for Bioalbumen® and EW samples, and the supernatant was subjected to 60-minute
hydrolysis with 2 M HCI. The results for Bioalbumen® and EW powders for mannose
quantity are presented in table 32. The glucose concentration in the samples was below the
lowest calibration point 0.08 mg/mL and could not be accurately calculated. Some
unidentified peaks were present in the chromatogram, especially with the EW powder, but

none of the retention times matched to any carbohydrates analysed previously.

Table 32. Quantity of free carbohydrates (expressed as mannose) of sample fraction without proteins.

Sample Average | SD RSD%
(mg/mL)

Bioalbumen® pilot 1 1.5 0.07 5%

Bioalbumen® _pilot 2 1.5 0.08 6%

Bioalbumen®_ demo 0.4 0.02 6%

EW_powder 0.1 0.002 2%

The total sugar content expressed as mannose and the percentage of free carbohydrates

compared to the total quantity are presented in table 33.
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Table 33. Total carbohydrates expressed as mannose and percentage of carbohydrates not bound to protein.

Sample Total Total % of Free
carbohydrate | carbohydrate | carbs of
amount amount % total
mg/mL

Bioalbumen® pilot 1 5.6 6% 26%

Bioalbumen® pilot 2 5.7 6% 26%

Bioalbumen® demo 2.5 2% 14%

EW_powder 1.6 2% 7%

The Bioalbumen® pilot samples have been analysed earlier for nutritional content, and the
carbohydrate determination has been done by calculation (see equation 1). Comparison of

nutritional analysis and hydrolysis with HPLC analysis is presented in table 34.

Table 34. Comparison of hydrolysis (HPLC-RI) data and nutritional analysis data.

Sample (in powder Average (Man) Total % Total % Reported
form) mg/mL (via (via (via error % of
hydrolysis) hydrolysis) | calculation) | calculation
method
Bioalbumen® pilot 1 5.6 (60 min) 6 % 9 % 3%
Bioalbumen® pilot 2 5.7 (60 min) 6 % 9 % 3%
Bioalbumen® pilot 1 6.9 (90 min) 7 % 9% 3%
Bioalbumen® pilot 2 6.8 (90 min) 7 % 9 % 3%

The limits for hydrolysis method need to be determined separately by making repeatability

tests, at this point the data set is too scarce for determining reliable error margins.
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5 Conclusions

The thymol-sulfuric acid assay is suitable for total carbohydrate determination from egg
white protein powder samples and with safer reagents is a valid substitute for the phenol-
sulfuric acid assay. The Thy-H2SO4 method does not overestimate the carbohydrate quantity
for certain Bioalbumen® samples as the Phe-H>SO4 assay does. Even though analysis time
with the thymol-sulfuric acid assay is longer compared to the phenol-sulfuric acid assay, it
can still be conducted within a reasonable amount of time: 30 minutes for mannose and 60
minutes for glucose. If other carbohydrates than mannose or glucose is to be used as
reference chemicals the incubation time needs to be optimised. The developed assay needs
to be validated for selected parameters such as limit of detection/quantitation, repeatability
and reproducibility. During validation maximum allowable error limits should be

determined.

The developed hydrolysis method for HPLC-RI determination of carbohydrates gave
promising results for different Bioalbumen® and EW samples. The hydrolysis conditions
such as temperature and/or time still need some optimisation to be able to be certain of the
monosaccharide amounts in different samples. This concerns especially the chicken EW
samples where the matrix is more complex since it contains not only ovalbumin but other
proteins and traces of egg yolk components. The results for the determination of
carbohydrates that are not bound to protein through precipitation with TCA and hydrolysis
with HCI were encouraging even though not all signals in the chromatogram could be
identified. For protein containing samples hydrolysis with a different acid such as
trifluoroacetic acid could be more suitable than HCI. One of the limitations is that usually
the TFA needs to be evaporated rather than neutralised, and the evaporation then needs

specialised equipment that is not always available.

The HPLC-RI method is able to resolve number of mono- and disaccharides as well as
organic acids if the concentration is high enough to be detected reliably and a reference
chemical is available. Better results could be achieved with different column chemistry such
as ligand exchange column with Ca+ counter ion or HILIC column. In the future the method
will be transferred to UHPLC-CAD instrument that has more sensitive detection capabilities

and more options for solvent systems (e.g. the possibility for gradient elution).
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Appendix 1.

Chromatograms of analysed reference chemicals:
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Figure 1. Chromatograms of analysed reference chemicals: a) Lactose 7.42 min, glucose 8.47 min, glycerol 11.78 min and
EtOH 18.65 min; b) Sorbose 8.67 min; c) Glucose-6-phosphate 6.44 min; d) Mannitol 9.25 min; e) Arabiltol 9.90 min; f)
Xylitol 10.09 min; g) Lactic acid 11.39 min; h) Acetic acid 13.23 min. Reference chemicals were analysed with HPLC-RI
instrument coupled to HyperREZ™ XP Carbohydrate H+ -column (300x7.7 mm; 8 um). 0.01% sulfuric acid eluent was used
as a mobile phase.
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Figure 2. Chromatograms of analysed reference chemicals: a) Fructose 9.17 min; b) Succinic acid 10.83 min. Reference
chemicals were analysed with HPLC-RI instrument coupled to HyperREZ™ XP Carbohydrate H+ -column (300x7.7 mm; 8
um). 0.01% sulfuric acid eluent was used as a mobile phase.
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Figure 3. Chromatogram of N-Acetyl-D-glucosamine (GlcNac) 10.51 min. Reference chemical were analysed with HPLC-RI

instrument coupled to HyperREZ™ XP Carbohydrate H+ -column (300x7.7 mm; 8 um). 0.01% sulfuric acid eluent was used
as a mobile phase.
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Figure 4. Chromatogram of mannose calibration solutions (RT 8.87 min). Mannose solutions were analysed with HPLC-RI

instrument coupled to HyperREZ™ XP Carbohydrate H+ -column (300x7.7 mm; 8 um). 0.01% sulfuric acid eluent was used
as a mobile phase.
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