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Abstract
Fridén, M. E. 2015. Development of Methods for Analysis of Valuable Compounds in By-
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A growing interest in sustainable development has made efficient utilisation of starting materials
and, if they occur, by-products become increasingly important. Vast amounts of by-products
are generated by the forestry and food industry. Incineration for energy production is one way
to make use of these by-products but some of them contain compounds that would have an
increased value if they were extracted, so called “high value species”. The by-products are often
very complex, so reliable methods for analysis of the high value species are required in the
development of processes to utilise them. A wide range of compounds can be analysed using
chromatographic separation coupled to mass spectrometry, making it a powerful tool in the
evaluation of methods for extracting high value species from industry by-products.

This thesis is based on four studies of potential high value species. In the first study, methods
were developed to differentiate isobaric flavonoids and then use this knowledge to determine
the identity of the flavonoids in three different plant extracts. In the second study, three different
methods to extract betulin from birch bark were evaluated regarding extracted amount and
purity of betulin. One of the methods was then investigated in industrial scale using a model
approach. In the third study, the flavonoid contents of lovage were determined and other major
extracted compounds were investigated by high performance liquid chromatography coupled
to electrospray ionisation mass spectrometry. Gas chromatography and supercritical fluid
chromatography were used to obtain complementary information about major components. In
the fourth study, high resolution mass spectrometry utilising two different types of fragmentation
was used with the purpose of overcoming the shortcomings of the methods developed in the
first study. The results indicated that it would be possible to develop methods compatible
with chromatographic separation for differentiating different types of isobaric substituents. The
ability of performing sequential fragmentation was used to investigate some isobaric aglycones
by creating spectral trees, and unique pathways were found for each of them.
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If we knew what it was we were doing, it would not be called research, 
would it? 

Albert Einstein 
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MS mass spectrometry 
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Aims 

The general aim of this thesis has been to develop methods for the analysis 
of potential high value species in food waste and by-products from various 
industries. A high value species can be defined as “a species that has added 
value compared to its raw material”1. 

The aim of Papers I, III and IV was to differentiate isobaric flavonoids 
by utilising mass spectrometric (MS) detection. In Paper I, two methods 
utilising chromatographic separation coupled to MS were developed. These 
methods were then used on extracts from three different plants. The possibil-
ity of overcoming the shortcomings of these methods by using high resolu-
tion instruments were investigated in Paper IV. In Paper III, the flavonoids 
in lovage were quantified, and the other major components were identified. 
To achieve a more complete characterisation, different extraction and sepa-
ration methods were utilised. In Paper II, different methods for extracting 
betulin from birch bark were investigated with the aim of creating a method 
that would be feasible for up-scaling to utilise in a paper mill. 
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Introduction 

Environmental aspects 
The concept of green chemistry was first introduced in the beginning of the 
1990’s with the aim to study and, if possible, improve the environmental and 
health impacts of processes and products. It is a useful tool in the struggle 
for sustainable development. To achieve this, the twelve principles of green 
chemistry,2 listed below with the principles applicable to Papers I-IV in 
bold, can be used as guidelines. The most quoted definition of sustainable 
development is probably from what is commonly called The Bruntland re-
port; “Sustainable development is development that meets the needs of the 
present without compromising the ability of future generations to meet their 
own needs”.3 A recent report estimated that roughly one third (1.3 billion 
tons) of the annual production of food for human consumption is wasted or 
lost.4 While completely avoiding losses is preferable, a more realistic alter-
native would be to minimise losses and utilise the losses as a source of high 
value species.  

1. Prevention 
2. Atom Economy 
3. Less Hazardous Chemical Syntheses 
4. Designing Safer Chemicals 
5. Safer Solvents and Auxiliaries 
6. Design for Energy Efficiency 
7. Use of Renewable Feedstocks 
8. Reduce Derivatives 
9. Catalysis 
10. Design for Degradation 
11. Real-time Analysis for Pollution Prevention 
12. Inherently Safer Chemistry for Accident Prevention 

Regulations and assessment of environmental impact 
Chemicals can be rated according to their effects, such as toxicity, to hu-
mans, animals and the environment. The use of some chemicals are regulat-
ed in laws, such as the Code of Statutes of the Swedish Chemicals Agency5-7 
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and the regulations concerning Registration Evaluation Authorisation and 
Restriction of Chemicals.8 

While Anastas and Warner give some general guidelines of how to evalu-
ate the effects to environment, health and safety (EHS) of a process,9 there 
are several methods for evaluating the EHS and economic aspects. Methods 
generating the most information will also require the most data input, which 
is not always available in the early stages of a process. To determine if there 
is an EHS and/or economic incentive in a process, such as extracting a high-
value species from a feedstock (for example food waste or an industry by-
product), a complete evaluation would be necessary. In life cycle assessment 
all steps from acquiring the raw material to final disposal are evaluated con-
sidering for example material and energy input, releases to air, water and soil 
and generated waste.10, 11 

High value species 
One way of utilising the by-products from different industries is incineration 
for energy production. These by-products are however potential sources for 
high value species. With some optimisation of the selectivity in the methods 
for extracting the high value species, it would still be possible to use the by-
products for incineration without a major decrease in their energy value. 

Phytochemicals (from the Greek word for plant, “phyto”) are not essential 
for human survival, yet are associated with many positive health effects if 
consumed regularly. Among these effects are reduced risks for cancer and 
cardiovascular diseases,12, 13 making them potential high value species to be 
used as food additives. Other potential high value species would be com-
pounds that can be used as active components in the pharmaceutical indus-
try. 

Flavonoids 
The flavonoids are a type of secondary plant metabolites that are ubiquitous 
in nature, and thus the residues from production in food industries would be 
a potential source. Structurally they are a type of polyphenols, consisting of 
two aromatic rings (A and B) connected by a heterocyclic pyran ring (C). 
The general structure of a flavonoid, along with numbering of the atoms and 
bonds according to the nomenclature introduced by Ma et al.14 (which is 
based on the nomenclature developed by Mabry and Markham15) can be 
found in Figure 1a). While there are reports of flavonoids without substitu-
ents,16-18 they most commonly occur as mono- or oligoglycosides.19 As a 
result of this the variety of flavonoids is vast; over 9000 different flavonoids 
have been reported.20 They have many health benefits, such as cardioprotec-
tive and anti-inflammatory activity,20-22 and can also be used as food authen-
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ticity indicators.23, 24 One of the subgroups, the anthocyanidins, see Figure 
1b), (or anthocyanins as the substituted forms are called), can be used as 
natural colorants as they exhibit strong colours at low pH.25, 26 Examples of 
other subgroups would be the flavonols and the flavones (see Figure 1c) and 
d)). 

 

Figure 1. a) The general structure of a flavonoid with the atoms (black numbers) 
and bonds (grey numbers) numbered according to the nomenclature of Ma et al.14 
Arrows represent common glycosylation positions; black for O-glycosides and grey 
for C-glycosides. The structures of some compounds belonging to different sub-
groups can be found in b) cyanidin (an anthocyanidin) c), kaempferol (a flavonol) 
and d) luteolin (a flavone), all isobaric. 

In Paper I, methods utilising multiple reaction monitoring (MRM) to dis-
tinguish between isobaric flavonoids were developed and used to examine 
the flavonoid composition of red onion (Allium Cepa L.), strawberry 
(Fragaria x ananassa) and sour cherry (Prunus cerasus). In Paper III, the 
flavonoids in lovage (Levisticum officinale) were determined using a more 
general method featuring a scan experiment followed by fragmentation. In 
Paper IV, sequential fragmentation was utilised for analysis of a number of 
isobaric flavonoids with the aim of overcoming the shortcomings of the 
methods developed in Paper I. These types of experiments will be explained 
in more detail in the Methods section. Figure 2 shows a few examples of 
how different bond cleavages in the aglycone yield different fragments and 
how these fragments are named. Figure 3 shows examples of bond cleavages 
of a substituent resulting in the loss of an entire substituent or parts of it and 
how such fragmentations are named according to the nomenclature intro-
duced by Domon and Costello.27 
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Figure 2. Different fragmentations of the aglycone (positively charged) with the 
bonds cleaved and fragments formed indicated by the arrows, superscript digits are 
used to describe what bonds are cleaved and letters (A or B) indicate on which 
fragment the charge is located. Solid black line: 0,2A+ or 0,2B+ fragment, solid grey 
line: 0,3A+ or 0,3B+ fragment and dashed black line: 1,3A+ or 1,3B+ fragment. 

 

Figure 3. The nomenclature used to describe fragmentation of substituents with Agl 
indicating the aglycone. The loss of an entire glycoside unit is indicated as Zn or Yn 
when the charge is located on the aglycan fragment where n is used to indicate 
which glycosidic bond is broken (0 being the bond to the aglycone). Bm is used 
when the charge is located on the glycoside fragment. Saccharide ring cleavages are 
indicated by superscript numbers to indicate what bonds are cleaved, followed by X 
or A with a subscript digit used to describe on which glycoside unit the cleavage 
occurs. X indicates that the aglycan part is charged whereas A is used when the 
glycoside part is charged. 

Betulin and betulinic acid 
Triterpenes are cyclisation products from squalene or related C30 com-
pounds.28, 29 One example of a triterpene is betulin which is among the first 
natural products to be isolated from plants, the earliest reference dates back 
to 1788.30 High amounts of betulin can be found in the outer bark of the 
birch tree, up to 30% dry content has been reported.31, 32 Betulinic acid, an-
other triterpene, is also present in the outer bark though in lower amounts.33 
The bark from paper and sawmills would thus be a potential source of these 
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compounds. Betulin, betulinic acid and derivatives thereof have been found 
to have anti-tumour,34, 35 anti-inflammatory36, 37 and anti-HIV38, 39 activity. 
Furthermore, in vivo studies indicate that these compounds can be used 
without toxic effects.40, 41 In Paper II, extracts from birch (Betula pendula) 
bark were analysed for betulin concentration and purity and tentative identi-
fication of other triterpenes by comparison of their mass spectra to those of 
betulin and betulinic acid. Figure 4 shows the structures of betulin, a), and 
betulinic acid, b). 

 

Figure 4. The structures of a) betulin, a major component in the outer bark of the 
birch tree, and b) betulinic acid, a minor component. 
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Methods 

The analytical procedure 
Analysing a sample requires more than just measurements with an instru-
ment; the process is sometimes called the analytical chain. This chain con-
tains every step from planning to evaluating and reporting the results, see 
Figure 5, where each step must be performed properly to obtain meaningful 
results. While a complete optimisation of every step can be time consuming, 
some evaluation and improvement of each step is usually necessary as sam-
ples can be quite complex. 

 

Figure 5. The steps in the process of analysing a sample, the analytical chain. 

Planning 
The first thing to do is to determine what information is needed from the 
analysis, as this will dictate how each of the following steps will be per-
formed. Other things to consider are if regulations or legislation requires 
certain techniques to be used and what equipment is available. 
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Sampling 
It is often necessary to limit the sampling (for example in space, time or 
number) to a smaller part of an entirety, and the aim of the sampling is to 
ascertain that the part is representative of the entirety. It is important to con-
sider if the entirety is homogeneous or heterogeneous, as this can determine 
how many samples and at what interval samples should be collected. Anoth-
er thing to consider is how many replicates should be collected at each sam-
pling point. 

Sample pre-treatment and extraction 
Usually some sort of removal of the analyte(s) from the matrix is required 
before detection. Pre-treatment of the starting material, like cutting or grind-
ing, can usually be used to increase the extracted amount of analyte(s), and 
depending on the location of the analyte(s) within the starting material could 
be a necessity. Using a different solvent or altering the properties of the sol-
vent used can also be used to increase extraction efficiency. Rather than 
using organic solvents, which could be hazardous and damaging to the envi-
ronment, water at elevated pressure and temperature can be used. At higher 
temperatures the dielectric constant of water is decreased,42 making it more 
suitable for the extraction of non-polar solvents. While requiring special 
instrumentation, the elevated pressure and temperature used in pressurised 
liquid extraction (PLE) and supercritical fluid extraction allow for reduced 
solvent consumption, shorter extraction times and more complete extrac-
tion.43-45 This was observed in Paper II, PLE resulted in the highest amount 
of extracted betulin. Depending on the instrumentation used in the following 
steps, certain solvents could be unsuitable. The supercritical fluid chroma-
tography (SFC) system used in Paper III cannot handle large amounts of 
water, so analysing the PLE extract would not be possible with that system. 
Instead ultrasonic extraction in octane was used. 

In order to simplify the separation, the extract can be purified from com-
pounds that would interfere with the detection. In Paper II two different 
steps were preformed to increase the purity of some extracts. The first step 
was to pre-boil the bark in water prior to the extraction, and the other was to 
precipitate compounds from the extraction solvent by mixing it with water. 

Separation 
Typically more than just the analyte(s) of interest is released from the matrix 
during extraction, so to ensure that just the analyte is detected these com-
pounds need to be separated. The works of the Russian botanist Mikhail 
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Tswett, considered to be the basis of chromatography, was published in 
1906.46, 47 In chromatography, separation is achieved by the distribution of 
compounds between two phases; the stationary phase and the mobile phase. 
Depending on the analyte properties, one type of chromatography could be 
more suitable than another. High performance liquid chromatography 
(HPLC) was used in Papers I-III. In Paper III gas chromatography (GC) 
and SFC were also used to obtain complementary results, as mentioned 
above other extraction strategies were used. 

High performance liquid chromatography 
In HPLC and variants thereof (such as nano HPLC and ultra-high perfor-
mance liquid chromatography), the stationary phase is packed in a column. 
One of the most common types of columns used today is the C18 column, 
which utilises octadecylsilane as stationary phase. When using C18 columns, 
the mobile phase typically consists of a mixture of water and an organic 
solvent. To improve the separation and shorten analysis time the composi-
tion of the mobile phase can be changed over time; commonly a lower per-
centage of organic modifier is used initially and the percentage is then in-
creased during the separation. The mobile phase can also contain some sort 
of additive, like an ion-pairing agent or a pH modifier. For example, the 
separation in flavonoid analysis is usually performed with a small percentage 
of a weak organic acid in the water and often also in the organic modifier.48 

Gas chromatography 
In GC the mobile phase is an inert gas and the stationary phase is either a 
solid or a liquid. Most GC columns have the stationary phase coated on the 
wall (and are thus referred to as wall-coated open-tubular columns), as was 
used in Paper III, but packed columns are also used. In GC the mobile 
phase is not involved in the retention of the compounds in the sample, but 
rather just carries them through the column, hence retention is determined by 
the interactions between the stationary phase and the analytes and to achieve 
separation temperature gradients are usually employed. While GC is limited 
to thermostable and volatile compounds, derivatisation can be used for non-
volatile analytes such as flavonoids.49 

Supercritical fluid chromatography 
Above a certain temperature and pressure, the critical point, the boundary 
between liquid and gas cease resulting in a supercritical state. The first report 
of this phenomenon was made in 1822.50 The properties, such as density, 
diffusivity and viscosity of a supercritical fluid are intermediate between 
those of gases and liquids. This allows higher flow rates and longer columns 
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than HPLC along with the ability to separate thermally unstable analytes 
unsuitable for GC. Carbon dioxide is the most common mobile phase in 
SFC, but it requires a modifier such as methanol or isopropanol for the elu-
tion of highly polar compounds. The modifier can thus be used to improve 
the selectivity of the separation, as in Paper III where the methanol percent-
age was varied between 2% and 30% during the separation. 

Detection 
To obtain information about the compounds in a sample some sort of detec-
tor is needed. As different detectors give different types of information about 
the compounds, utilising more than one detector will typically result in more 
information about the compounds in the sample. Medical companies usually 
use a three detector system to analyse their products; ultraviolet/visible 
(UV/vis) spectrophotometric detection, usually observing several wave-
lengths or a range of wavelengths, for determining the purity of the active 
substance followed by MS to confirm the identity.51 One limitation with 
these detectors is that quantification requires a standard of the actual com-
pound or at the very least a similar compound.51 To overcome this the third 
detector is of a type that gives a similar response, regardless of the analyte 
properties.52 One such detector is the charged aerosol detector (CAD). 

Spectrophotometric detection 
Compounds with chromophores can readily be detected by UV/vis detection 
however compounds lacking chromophores will go undetected. The antho-
cyanins can easily be differentiated from other flavonoids as they have ab-
sorbance maxima in the visible region. A detector capable of monitoring 
several wavelengths or a range of wavelengths can be of great use for the 
analysis of complex samples; in case of compounds overlapping with the 
analyte there is the possibility to investigate if there is a different wavelength 
where the interfering compounds have little or no absorbance. By comparing 
the absorbance at several wavelengths it would be possible to differentiate 
between flavonoids other than anthocyanins, as they have absorbance maxi-
ma at different wavelengths. Different substitution patterns tend to result in a 
shift in absorbance maxima,53 and by adding different reagents a shift in the 
maxima can be induced.54 Another advantage is the possibility of using the 
absorbance at a wavelength different from the one monitored to compensate 
for changes in mobile phase composition during gradient elution. 
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Charged aerosol detector 
The CAD is a universal detector capable of detecting non-volatile and semi-
volatile compounds (the volatility should be lower than the mobile phase). 
An additional feature is that the response does not depend on the spectral or 
physicochemical properties of the analyte,52, 55, 56 making it a suitable choice 
for analytes lacking chromophores. The response does vary with mobile 
phase composition,55, 57 but gradient compensation can be employed to keep 
the composition of the mobile phase reaching the CAD constant.55 Figure 6 
shows such an example, the chromatograms of a birch bark extract analysed 
in Paper II without and with gradient compensation along with an illustra-
tion of how this was performed. While the response tends to be non-linear, 
this can be overcome by log-log transformation of the data. When a narrow 
concentration range is used to create the calibration curve the response be-
comes more linear,58 which was also observed in Paper II. 

 

Figure 6. Chromatogram recorded by the CAD without using a counter gradient 
(black) and using a counter gradient (grey) and a schematic view of the instrument 
setup for gradient compensation. 

The principle of the detector is that the mobile phase effluent is nebulised 
by a flow of nitrogen and an aerosol is formed. The solvent and more vola-
tile sample components are then evaporated and the remaining stream is 
charged by a second stream of nitrogen, which has been charged by passing 
a high voltage platinum wire. Finally the charge is measured, and the re-
sponse is dependent on the amount of analyte. 
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Mass spectrometry 
MS is often mentioned as a detection technique, although it is more than 
merely a detector. An instrument can be divided into ionisation, mass analy-
sis and detection. 

Ion sources 
In order to separate and detect the compounds, they must first be ionised. 
One way to divide ionisation techniques is whether they operate at atmos-
pheric or reduced pressure. Separation and detection of the ions require them 
to be introduced to high vacuum as gases. This is not an issue when coupled 
to GC, as the sample is already evaporated. When coupled to HPLC, the 
sample must first be evaporated and transferred from atmospheric pressure 
to high vacuum. To address this, an orifice plate is used. This plate has a 
small opening and leads to a region of reduced pressure. However the pres-
sure is still not low enough for mass separation, so a skimmer is used as 
interface to another region where the pressure is reduced further. 

Electrospray ionisation 
In electrospray ionisation (ESI), a strong electrical field is applied to the 
analyte solution passing through a capillary. This induces accumulation of 
charge at the surface of the liquid, causing highly charged droplets to be 
formed. The solvent is removed by heating, and to assist evaporation a gas 
flowing in the opposite direction can be used. This gas is sometimes called 
curtain gas. As the droplet size decreases the Coulombic repulsion will even-
tually balance the surface tension, a state called the Rayleigh limit. Even 
smaller droplets will then form through jet fission, and after repeated evapo-
ration/fission highly charged droplets in nanometer size will eventually pro-
duce the gaseous ions that are detected.59, 60 A schematic drawing of the 
principle of ESI (in positive mode) along with the interface allowing the 
transition from atmospheric pressure to high vacuum is shown in Figure 7. 
ESI is typically considered to be a “soft” ionisation technique, resulting in 
little fragmentation, although depending on the instrument settings the de-
gree of fragmentation can be increased. One of the methods developed in 
Paper I utilised up-front fragmentation (also called in-source fragmentation 
or “poor man’s MS3”) to remove any substituents from the flavonoids before 
they entered the mass analyser. 



 21

 

Figure 7. A schematic view of the ESI source operating in positive mode with the 
interface for the transition from atmospheric pressure to high vacuum. 

Atmospheric pressure chemical ionisation 
In atmospheric pressure chemical ionisation (APCI) the sample solution is 
introduced into a nebuliser where it is converted to a thin fog by a high speed 
nitrogen beam. The droplets that are formed are moved through a tube by the 
gas flow and the heat transferred to the droplets cause the solvent and ana-
lyte to evaporate. A corona discharge electrode is then used to form ions, and 
since the solvent exists in surplus the formed ions will be products of reac-
tions with the solvent. These primary ions, typically N2

•+ or O2
•+ in positive 

mode, will react with the solvent gas causing the formation of secondary 
solvent ions (reagent ions) and eventually the analyte is ionised.59, 61 Like 
ESI, APCI is considered a “soft” ionisation technique. Figure 8 shows a 
schematic drawing of the APCI source. 

 

Figure 8. The principle of APCI shown in a schematic drawing. 

Electron ionisation 
Electron ionisation (EI) is a technique operating under reduced pressure. The 
sample is evaporated, and the resulting gaseous neutrals are ionised by colli-
sions with electrons. The high energy of these electrons usually causes in-
tense fragmentation; the precursor ion is often of very low intensity (if ob-
served at all) compared to the fragments.61 Because of this EI is considered a 
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“hard” ionisation technique. While EI commonly is used in connection with 
GC, ion sources compatible with HPLC are being developed.62, 63 Due to the 
highly reproducible fragmentation patterns obtained by EI at ionisation ener-
gies above 40 eV, comparison with reference spectra greatly simplifies com-
pound identification.61, 64 Figure 9 shows a schematic view of the EI source. 

 

Figure 9. A sketch of the EI source. 

Mass analysis 
Prior to detection, the analyte ions need to be separated. While a number of 
mass analysers exist, some which have been used in Papers I-IV will be 
described below. 

Quadrupole and triple quadrupole 
The quadrupole mass analyser consists of four rods where the opposite rods 
have the same potential and adjacent rods have opposite potential. Ions en-
tering the field will be attracted to one of the rods with opposite charge, so 
ions of a certain mass to charge ratio (m/z) can be directed to pass though the 
field by alternating the potential at a certain frequency. Other ions of differ-
ent m/z will collide with one of the rods.60 

A triple quadrupole analyser contains three quadrupoles in series with the 
first and third acting as mass analysers while the second serve as collision 
cell. Such a setup offers some advantages, for example the ability to select 
one m/z in the first quadrupole and another in the third, thus reducing back-
ground noise. A schematic view of this is shown in Figure 10. 
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Figure 10. An example of an experiment possible with the triple quadrupole mass 
analyser. In the first quadrupole, the m/z of a flavonoid with substituent(s) is moni-
tored. The substituents are removed in the second quadrupole (collision cell) and the 
m/z of the free aglycone is monitored in the third quadrupole. 

Fourier transform ion cyclotron resonance 
In the ion cyclotron resonance (ICR) mass analyser, the combination of a 
strong magnetic field and an electric field is used. The ions are trapped in the 
magnetic field where all ions of the same m/z will have the same frequency 
in their rotation. The plates generating the electric field are connected to a 
radio-frequency transmitter and by increasing the electric field, ions of a 
corresponding frequency (and thus m/z) are excited to a trajectory with a 
greater radius in the magnetic field. During this time, the ions are detected 
by two electrodes on opposite sides of the trajectory. The frequencies are 
then Fourier transformed into m/z, resulting in a mass spectrum.65 

Orbitrap 
The Orbitrap mass analyser is one of the newest mass analysers. The outer 
electrode is shaped like two halves of a barrel separated by a narrow gap and 
the inner electrode is shaped like a spindle. The ions injected are trapped 
around the inner electrode and due to its shape, the ions start oscillating 
along the axis of the inner electrode with a period dependent of m/z. In im-
age current detection mode the outer electrodes act as receiver plates to de-
tect the oscillations and Fourier transformation is used to convert the image 
into a mass spectrum.66, 67 Figure 11 shows a schematic view of the ion op-
tics. 

 

Figure 11. A schematic view of some key components of an Orbitrap instrument. 
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Experiments 
The objective of the analysis will determine if it is desirable to obtain as 
much information as possible about all components in the sample or if only 
information about a specific analyte is needed. With certain instrumentation, 
it could be possible to combine several types of experiments in the same 
analysis. 

Scan 
To obtain a response from as many compounds as possible, monitoring a 
wide range of m/z is a good idea. Since there could be a lot of background 
signals, interpreting the resulting spectra can be time consuming, particularly 
if a total ion chromatogram (TIC) is to be correlated with data from another 
detector. 

Selected ion monitoring 
To monitor a specific analyte, selecting only the appropriate m/z will result 
in a greatly increased signal-to-noise ratio as only a narrow range of m/z will 
pass the analyser. Such an experiment is called selected ion monitoring 
(SIM) and is well-suited for analysing low level compounds with known 
m/z. 

Multiple stage mass spectrometry 
To characterise partially or fully unknown compounds, their fragmentation 
patterns are of great value. When the analytes are somewhat known the 
fragmentation patterns of isobaric compounds can allow for the differentia-
tion between them. Experiments where compounds are fragmented are called 
multiple stage mass spectrometry, tandem mass spectrometry or MSn, where 
n indicates the number of ion stages. The term MS/MS is also used, though 
rarely for ion stages greater than three (MS/MS/MS). 

Selected reaction monitoring 
In a sample with many similar compounds, such as the flavonoids in Paper 
I, it can be difficult to differentiate between them; compounds with similar 
structures are likely to generate similar fragments. Some fragments can how-
ever be unique or occur at different relative intensities.68 It would then be 
desirable to monitor only the relevant pairs of precursor ion and product ion. 
This type of experiment is called selected reaction monitoring experiment or 
MRM when several pairs of precursor ion/product ion are monitored. 

Spectral trees 
Certain instruments have the ability to perform sequential fragmentation; by 
repeated detection and fragmentation of the ions, so-called spectral trees69, 70 
can be obtained. In Paper IV this was investigated and fragmentation path-
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ways of the isobaric flavonoids cyanidin, kaempferol and luteolin were in-
vestigated. 

Information dependent acquisition 
Rather than waiting for the first analysis to complete and then interpret the 
results from the first stage to determine what to do in the second stage, this 
can be done automatically. For example the most intense signal (regardless 
of m/z) can be selected for fragmentation. Restrictions can be added such as 
setting a threshold value before fragmentation is performed or including and 
excluding specific m/z values. This approach is called information dependent 
acquisition or data dependent acquisition. 

Detection 
The detectors in mass spectrometry can be classified according to whether 
direct measurement, such as for Faraday cage detectors, or amplification of 
the signal, as for example electron multiplier detectors, is utilised. Although 
amplification typically is used in image current detection used by Fourier 
transform ICR and Orbitrap instruments, this could be considered a separate 
type of detector. 

Data evaluation 
Evaluation of the collected data is necessary before it becomes meaningful 
information. Simple quantification by comparison to calibration standards 
can usually be performed by the software used to collect the data, but might 
require some modification of integration parameters to give correct and re-
producible results. 

Rather than just the concentration (or quantity) of an analyte, the purity 
can be of interest. In Paper II the betulin purity of the various extracts was 
determined by the three detectors used; UV/vis at 210 nm, CAD and MS. 
Additionally, purity was determined gravimetrically by quantifying betulin 
by UV/vis and relating the amount (mass) to the total mass of the extract. 
One of the extraction methods were also evaluated for industrial feasibility, 
and some key points such as the ethanol/water percentage of the extraction 
solvent were identified. 

Comparison of the obtained data to one or more databases can be of use 
when screening for unknown compounds. While perhaps not enough for 
certain assignment a, good match between an unknown compound and a 
compound in a database can at least give a general idea of the identity. The 
number of potential identities could then be greatly reduced. One of the ma-
jor peaks detected by HPLC-MS in Paper III was tentatively assigned after 
database comparison. Database comparison was also used for identification 
of the major peaks observed by GC-EI-MS. 
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Differentiation of flavonoids 
Figure 12a) shows absorbance spectra of cyanidin, kaempferol and luteolin. 
Cyanidin can easily be distinguished as it has an absorbance maximum at 
528 nm. The absorbance maxima of kaempferol and luteolin are located at 
different wavelengths, so by comparing the absorbance at 350 nm and 366 
nm it would be possible to distinguish them. Figure 12b) shows the spectra 
of que and the 3-O-glu, 4’-O-glu and the 3,4’-di-O-glu. The locations of the 
absorbance maxima are affected by what positions contain substituents. In a 
mixture of 60% water and 40% methanol, both acidified with 0.1% formic 
acid, que showed an absorbance maximum at 370 nm. This maximum was 
located at 366 nm for the 4’-O-glu, at 354 nm for the 3-O-glu and at 346 nm 
for the 3,4’-di-O-glu. 

While UV/vis is a useful tool for the identification of flavonoids samples 
are often complex, and with methods having reasonable separation times 
coelution of analytes can be hard to avoid. MS can then be used as a means 
of differentiating the overlapping analytes. In Paper I, only positive mode 
was utilised as anthocyanins were among the compounds investigated; an-
thocyanins carry a positive charge at low pH where they are more stable and 
are thus not well suited for analysis in negative mode. Two methods utilising 
MRM in the first stage were developed; one where up-front fragmentation 
was utilised to remove the substituents prior to analysis and selecting the 
free aglycones as precursor ions and fragments reported by others71, 72 as 
product ions followed by fragmentation of the most intense signal (method 
1) and the other where aglycones with common substituents73 were selected 
as precursor ions and the free aglycones were selected as product ions fol-
lowed by fragmentation of the most intense signal followed by further frag-
mentation of the most intense fragment (method 2). 

With method 1 chromatographic profiles of the fragmentation of the fla-
vonoids were obtained and could be used to differentiate between the isobar-
ic aglycones, though some isobars required monitoring more than one transi-
tion for differentiation. Figure 13 shows such profiles of some transitions for 
delphinidin, hesperetin and quercetin (each with m/z 303 in positive mode). 
With method 2 it was possible to differentiate between monosubstitution 
with diglycosides and disubstitution with monoglycosides. The trend is that 
an entire substituent is lost rather than parts of it,74, 75 as could be seen when 
comparing the 3-O-rutinoside and the 3,5-di-O-glu of cyanidin. The intensity 
of the transition monoglucoside to free aglycone relative to the transition 
intact flavonoid to free aglycone was higher for the diglucosides. 
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Figure 12. a) Spectra of cyanidin (solid black line), kaempferol (dashed black line) 
and luteolin (grey line). b) Spectra of quercetin (solid black line) and the 3-O-
glucoside (dashed black line), 4’-O-glucoside (solid grey line) and 3,4’-di-O-
glucoside (dashed grey line) of quercetin. The location of the absorbance maximum 
is different for each of the flavonoids. 

The major drawback with method 2 is that only flavonoids with substitu-
ent(s) included in the MRM transition list would be detected, whereas no 
such exclusion would be done with method 1. Another limitation with meth-
od 2 is that the position and exact identity of substituents could not be de-
termined; no differences between que-3-O-glu and que-4’-O-glu and cya-
nidin-3-O-glu and cyanidin-3-O-galactoside were observed. 

O and C substituents could be differentiated though; in both methods 1 
and 2 a difference was seen between the O-glu at the 7 position of luteolin 
and the C-glu at the 8 position. With method 1, the C-glu was not observed 
in the TIC, which could be expected as C-glycosides are more resistant to 
acid hydrolysis than O-glycosides.76 When examining the chromatographic 
MRM profiles mentioned above, a low intensity signal corresponding to the 
1,3A+ fragmentation could be seen. Similarly, with method 2 no fragments 
from the C-glu were observed, whereas the O-glu showed fragments of the 
aglycone in both the MS2 and MS3 spectra. 
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Figure 13. Chromatographic profiles of transitions using 303 as precursor ion and 
117 (solid black line), 153 (grey line) and 229 (dashed black line) as product ions for 
the flavonoids delphinidin, hesperetin and quercetin. The most intense signal comes 
from the same transition for hesperetin and quercetin, but the second most intense 
signal comes from different transitions. 

In Paper I these methods were able to detect 45, 66 and 99 flavonoids in 
red onion, strawberry and sour cherry respectively. Among these the agly-
cone identity was determined for 29 (red onion), 33 (strawberry) and 56 
(sour cherry) of these flavonoids. This number would likely be higher with 
the inclusion of more unique aglycones (regardless substituents, or lack 
thereof); some of the detected peaks matched standards without isobaric 
aglycones meaning no distinction between flavonoid subgroups could be 
done. The flavonoids detected are however in agreement with recent find-
ings; such as different forms of que and cyanidin being the main flavonoids 
in red onion77 and anthocyanins being the main flavonoids in strawberries78 
and cherries.79 

Utilising direct infusion of standards and ramping the collision energy, 
the substituent of que-3-O-glu was more readily lost than that of que-4’-O-
glu. This would indicate that the signal corresponding to the loss of one glu-
coside from que-3,4’-di-O-glu would be from the loss of the substituent at 
the 3 position. Furthermore, the results showed that it likely would be possi-
ble to differentiate between the 3-O-glu and 3-O-galactoside of cyanidin by 
using a lower collision energy; the neutral loss of 32 u (corresponding to 
methanol) was more pronounced for the galactoside at collision energies up 
to 25 eV, see Figure 14a). 
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Figure 14. a) Ratio of the loss of methanol (32 Da) over the intact flavonoid for the 
3-O-glucoside (black) and 3-O-galactoside (grey) of cyanidin obtained by a 3200 Q 
Trap instrument. The lines are the average of triplicate measurements and the error 
bars indicate ±1 standard deviation. b) Fragmentation spectrum of cyanidin-3-O-
galactoside, obtained by a Fourier transform ICR instrument, with the m/z range 
400-430 amplified 100 times. c) Fragmentation spectrum of cyanidin-3-O-glucoside, 
obtained by the same ICR instrument, with the m/z range 400-430 amplified 10000 
times. 

In Paper III, both positive and negative mode were utilised in scan mode 
along with fragmentation of the two most intense signals. While not as many 
isobaric compounds were investigated, a difference between kaempferol and 
luteolin could be seen in both modes. A comparison between the fragmenta-
tion patterns obtained from quercetin using the methods developed in Pa-
pers I, III and IV can be seen in Figure 15. Most major fragments are from 
neutral losses, but signals corresponding to two ring cleavages can be seen; 
1,3A giving the fragment m/z 151/153 (both negative and positive mode) and 
0,2A giving the fragment 165 (positive mode only). m/z 137 (positive mode 
only) could be from the 0,2B+ fragment or from the loss of CO from 0,2A+, the 
origin was not determined. 
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Figure 15. Spectra from the fragmentation of the aglycone of quercetin-3-O-
glucoside using a) method 1 from Paper I, b) method 2 from Paper I, c) negative 
mode from Paper III, d) positive mode from Paper III, e) collision induced disso-
ciation fragmentation from Paper IV and f) higher energy collisional dissociation 
fragmentation from Paper IV. 

Considering the results obtained in Paper I, some of the flavonoids were 
further investigated using high resolution instrumentation in Paper IV. As in 
Paper I, the O-glu of luteolin readily lost the substituent, whereas losses of 
parts of it were the main fragments observed for the C-glu. Furthermore, at 
normalised collision energy (NCE) of 10 the loss thought to be methanol 
was observed only for the galactoside of cyanidin (see Figure 14b), this 
fragment was not observed for the glu at all (see Figure 14c). The major 
difference was with the monoglucosides of que; the 4’-O-glu was more 
prone to lose the glu than the 3-O-glu. A difference was also observed be-
tween the different ways of performing fragmentation; for example the 0,2A+ 
fragment was seen only when collision induced dissociation was used to 
fragment the free aglycone of que-3-O-glu, whereas the 1,3A+ fragment was 
observed only when higher energy collisional dissociation was utilised (in 
both cases, collision induced dissociation with NCE 40 was used for frag-
mentation of the glucosylated flavonoid). Considering these results, it should 
be possible to develop methods capable of differentiating these types of iso-
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bars while also being compatible with chromatographic separation. As men-
tioned above, spectral trees were constructed for cyanidin, kaempferol and 
luteolin. Some fragments and pathways for neutral losses were observed for 
each flavonoid. For example, cyanidin was unique in that two pathways re-
sulting in the same total loss, H2O and 2 CO, were observed. 

Tentative identification of major components in birch 
bark and lovage extracts 
From their MS2 spectra and previous reports,31, 80 several minor components 
in the various birch bark extracts analysed in Paper II were tentatively as-
signed as triterpenes similar to betulin and betulinic acid. Among the com-
pounds were substituted forms of betulin and betulinic acid and lupeol or β-
amyrin. The amounts of betulin extracted would correspond to a content of 
up to 10% in the bark, as compared to up to 30% as mentioned above. It 
should be noted that the whole bark (not just the outer bark) was used in 
Paper II. 

In the PLE extract analysed in Paper III, one of the major peaks detected 
by HPLC-MS was assigned as piperine (confirmed by comparison with 
standard). In the spectra obtained, some neutral losses were observed along 
with the loss of the nitrogen containing cyclic group, shown in Figure 16. 
Another major peak was tentatively identified as a non-flavonoid compound; 
apterin, previously reported as a possible minor component of lovage.81 Sig-
nals corresponding to the loss of glu were observed in both positive and neg-
ative mode, and in positive mode also a signal at m/z 191. This signal was 
assigned to the cleavage of two bonds of the five membered ring, see Figure 
17. 

Even though the same extract was examined by GC-MS and SFC-MS in 
Paper III, the instrumentations are suited for different kinds of analytes. 
Some components in the extract for GC and SFC analysis should be detecta-
ble by both systems though. With the aid of the databases included in the 
software and previous reports of components in lovage, the major and some 
minor components detected by GC-MS were identified. The largest peaks 
were assigned to camphene, Z-ligustilide and E-ligustilide. 
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Figure 16. The structure of piperine, one of the major non-flavonoid compounds 
found in the PLE extract of lovage. The bond cleavage resulting in the m/z 201 sig-
nal is indicated by the grey line. 

 

Figure 17. The structure of apterin, with the grey line indicating what bonds of the 
five-membered ring are cleaved to produce the m/z 191 fragment. 

Some components previously reported in lovage, such as sitosterol and 
stigmasterol,82, 83 are typically derivatised prior to analysis by GC84, 85 and 
would thus not be detected by GC-MS without derivatisation. With the SFC 
system it should be possible to detect these sterols, and indeed two of the 
major compounds detected were tentatively assigned as sterols. Database 
comparison86 yielded several matches to various sterols, among them stig-
masterol and β-sitosterol. Lacking the appropriate standards, a definite iden-
tification could not be done. Performing some sort of derivatisation followed 
by analysis by GC-MS should allow for a more certain determination wheth-
er these components really are these sterols or not. The other major compo-
nents were assigned as ligustilides. Upon fragmentation of m/z 191, which 
was the only major signal in scan mode, each compound suspected to be 
ligustilide showed a pattern somewhat similar to those observed by GC-MS, 
see Figure 18. A third peak with the major signal 191 in scan mode also 
showed a major signal at 371. This peak could be a substituted form of 
ligustilide, or a dimer as was reported by Zschocke et al.87 

Data collection artefacts can sometimes become a pitfall when com-
pounds are to be identified. Such artefacts could be due to for example space 
charge. When piperine first was analysed in Paper III (both the standard and 
in the extract) the base peak was located at m/z 287, although the molecular 
weight is 285 (meaning the protonated species should be at m/z 286). The 



 33

high abundance of ions resulted in overfilling of the linear ion trap, which 
caused a shift in the apparent m/z.88, 89 Upon dilution of the sample (and 
standard), and with a shorter fill time, the base peak was correctly located at 
m/z 286. 

 

Figure 18. Spectra of a) a compound identified as ligustilide by GC-MS and data-
base comparison and b) a compound thought to be some form of ligustilide obtained 
by SFC-ESI-MS. 

Quantification of flavonoids 
As mentioned in the introduction, the number of different flavonoids is vast. 
Therefore reference compounds are not always available, and thus quantifi-
cation cannot be done with standards of the same compound. One way to 
overcome this is to express the concentration of one flavonoid as equivalents 
of the free aglycone or of another flavonoid with the same aglycone, but 
with different substituent(s).90, 91 An alternative would be to hydrolyse the 
sample, to transform all flavonoids into the free aglycone. This will result in 
the loss of information about the substitution patterns, unless a separate 
analysis for identification is performed. Another possibility is to quantify all 
flavonoids (regardless of the aglycone) in a sample as equivalents of the 
same reference compound.92 This is more common when stating the total 
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flavonoid content of a sample,93-95 where the anthocyanidin content some-
times is determined separately from the other flavonoids.96, 97 

Quantifying a flavonoid as equivalents of another is not without compli-
cations; the aglycone and substitution pattern can greatly affect the response. 
The molar absorptivities (ε) of pelargonidin with different substituents were 
reported to vary from 15600 to 39590 dm2/mol.98 Similarly, for quercetin ε 
of ca 560 (log ε 2.75) has been reported for the dihydrate of the free agly-
cone, and around 25000 (log ε 4.38 and 4.41) for the 3-O-glu and 7-O-glu 
and around 20000 (log ε 4.30 ,4.31 and 4.32) for the 3-O-rhamnoside, galac-
toside and arabinoside.99, 100 

In mass spectrometry, SIM or MRM is typically employed for quantifica-
tion to improve the sensitivity. The optimal m/z or transition for a compound 
will depend on the experimental parameters, or vice versa. The responses of 
que, que-3-O-glu, que-4’-O-glu and que-3,4’-di-O-glu were monitored using 
the transitions que-digluque-glu, que-digluque and que-gluque along 
with transitions where the same m/z was selected as both precursor and 
product ion. Low collision energy was used, so as expected que showed the 
highest response factor (slope of calibration curve) for the transition using 
the free aglycone as precursor and product ion and the di-O-glu the lowest. 
The results obtained by direct infusion in Paper I was confirmed as the 3-O-
glu more readily lost the substituent than the 4’-O-glu in positive mode, a 
behaviour also observed in negative mode (in both modes the ratio of the 
transition corresponding to the loss of the substituent over the transition 
monitoring the glucosylated flavonoid in both quadrupoles was higher for 
que-3-O-glu). 

As mentioned above, the flavonoids detected in lovage; que, que-3-O-
rutinoside and kaempferol-3-O-rutinoside, were quantified and determined 
to be in in the range mg flavonoid/g lovage (dry weight). This is in agree-
ment with previously reported results.101-103 

Matrix effects 
In the case of coeluting compounds, which can be hard to avoid for complex 
samples, the analyte response in MS will sometimes decrease. Buhrman et 
al.104 introduced the term ion suppression to describe this. The presence of 
mobile phase buffers or ion pairing agents, multiple analytes, low amounts 
of analyte(s), short (non-resolving) chromatographic runs and minimal sam-
ple clean-up prior to separation are situations when the risk of ion suppres-
sion is high.105, 106 While a decrease in ionisation efficiency is more common, 
the analyte response can instead be increased. This is called ion enhance-
ment and could be a problem for quantification; the amount of analyte in the 
sample(s) would be overestimated compared to the standards. Both ion sup-
pression and enhancement can be called matrix effects. 

One or more of the points mentioned above could be addressed to re-
move, or at least minimise, the problem with matrix effects. Dilution of the 
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sample could greatly reduce the suppression but for trace analysis dilution is 
not an option. With a more selective extraction the number of impurities can 
be decreased. Changing the separation conditions would be another way to 
avoid matrix effects. While not actually removing the matrix effects, making 
standards in blank sample matrix (if such is available) or using standard ad-
dition or internal standards will at least compensate for the change in ionisa-
tion efficiency. If the analyte allows, the ionisation could be changed as the 
matrix effect can vary between sources and modes.105, 106 

Purity 
For an analyte that would see further use, the purity must be stated. A certif-
icate of analysis typically is available for standard compounds, stating the 
purity and how it was determined along with the required purity. Depending 
on the intended use, stating the identities, amounts and allowed amounts of 
impurities could be required. 

Determining the response (peak area) of the analyte and relating to the to-
tal integrated area is one way to state the purity. The drawback with UV/vis 
is that compounds lacking chromophores for the selected wavelength(s) will 
not be included in the total area. Furthermore, impurities with different ε 
compared to the analyte could lead to an erroneous estimation of purity. The 
same problem could arise when the CAD is used, the content of compounds 
with too high volatility (compared to the mobile phase) will be underesti-
mated. The TIC obtained in mass spectrometry can be quite noisy, resulting 
in signals going undetected. SIM or MRM might not be suitable alternatives, 
as this would limit what compounds are detected. As mentioned above, MS 
is instead typically used together with other detectors to confirm the analyte 
identity and characterise impurities while the other detectors are used for 
quantification. 

Gravimetric determination of purity of an analyte does not require the de-
tection of impurities. Instead the amount (mass) in the analysed sample is 
related to the total amount of product. Used alone, no information of the 
impurities is revealed by the determination of gravimetric purity, but it could 
give additional information when combined with results obtained by chro-
matographic separation followed by detection. A lower gravimetric purity 
than chromatographic purity could indicate two things; undetected impurities 
or a higher response factor for the analyte than (some of) the impurities. 

Increasing purity 
As mentioned above, additional steps before or after the extraction can be 
performed to increase the purity of the final product. Both purification steps 
in Paper II resulted in an increase in the purity of the final product. The 
precipitation step performed after the extraction did result in a greater in-
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crease in purity than the pre-boiling step, see Figure 19. It should be noted 
that these experiments were only performed in triplicate, so the results 
should be seen only as an indication rather than as basis for a quantitative 
comparison. 

 

Figure 19. Chromatograms of birch bark extracts; no purification (black), pre-
boiling (dark grey) and precipitation (light grey). 
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Conclusions and future aspects 

To fully utilise industry by-products as sources for high value species, meth-
ods for characterisation of these species are required. The composition of the 
by-products can be quite complex, resulting in the need of selective methods 
for extraction and robust methods for analysis. Chromatographic separation 
coupled to MS (and possibly also other detectors) is a powerful tool in the 
development of the methods for analysis. 

In Paper I, the aim was the differentiation of isobaric flavonoids, which 
was achieved concerning the aglycones. However, some forms of isobaric 
substituents could not be differentiated, indicating a need for improvement. 
Using different instruments could be one way to improve the differentiation 
of substituents, as was done in Paper IV. Under certain experimental condi-
tions, isobaric substituents which showed no unique characteristics (frag-
ments or relative intensity of fragments) in Paper I showed, at least minor, 
unique fragments. Developing methods compatible with chromatographic 
separation and investigating different plant extracts would thus be a logical 
continuation of Paper IV. 

The results from the modelling in Paper II suggest that modifying the 
solvent composition for the extraction methods could lead to a more energy 
efficient process, The effect of this change regarding extraction efficiency 
and purity should be investigated, preferably with more replicates to ensure 
better statistical certainty of the results. Furthermore, the purification meth-
ods could be performed on all extracts to investigate if higher purity can be 
obtained. From an analytical point of view, ascertaining the identity of the 
other tentatively identified triterpenes would be of value. As they showed 
similar spectra as betulin and betulinic acid, it is reasonable to hypothesise 
that they have similar structures and thus possibly could have similar uses. 

Quantification of the major components in the ultrasonic extract obtained 
in Paper III would be of use to determine if lovage could be a good source 
for high value species other than flavonoids. As no previous reports of piper-
ine in lovage were found, investigating lovage harvested at other locations 
would be of interest to augment this finding. 
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Svensk sammanfattning 

Med ett växande intresse för hållbar utveckling följer en önskan om att ut-
nyttja resurser så effektivt som möjligt. Ett sätt att göra det är att minimera 
mängden biprodukter i en process och tillvarata de som eventuellt bildas. 
Biprodukterna kan innehålla ämnen som kan användas bättre än till förbrän-
ning, vilket är ett vanligt sätt att utnyttja dem idag. 

Ett exempel på sådana ämnen är flavonoider (se Figure 1), ett slags poly-
fenoler som är rikligt förekommande i naturen. Flavonoider förekommer 
vanligast med en eller flera substituenter, såsom olika socker, och till följd 
av det stora antalet möjliga kombinationer har tusentals unika flavonoider 
rapporterats. Anledningen till det stora intresset för flavonoider är deras 
många hälsofrämjande egenskaper. Ett annat användningsområde är som 
ursprungsmarkörer för livsmedel. I Artikel I, utvecklades metoder för att 
kunna särskilja flavonoider med samma förhållande mellan massa och ladd-
ning (m/z), sk isobariska föreningar. Metoderna användes sedan för att un-
dersöka olika växtextrakt. Fastän ett stort antal isobariska flavonoider kunde 
särskiljas fanns det ett antal begränsningar med metoderna, och i Artikel IV 
användes en annan instrumentering med avsikten att åtgärda dessa. I Artikel 
III analyserades extrakt från libbsticka med avsikten att haltbestämma de 
flavonoider som observerades samt att identifiera övriga huvudkomponenter. 
För att få en så fullständig bild av växtens innehåll som möjligt användes 
olika extraktionsmetoder, trycksatt vätskeextraktion (PLE) och ult-
raljudsextraktion, och separationsmetoder. 

Björkbark, en biprodukt från skogsindustrin, innehåller höga halter betul-
in och även lägre halter betulinsyra, två ämnen som skulle kunna vara värde-
fulla att utvinna innan barken förbränns. Betulin, betulinsyra och olika vari-
anter av dessa har visat sig ha viss effekt mot bland annat olika tumörer och 
HIV och skulle därför kunna användas inom läkemedelsindustrin. I Artikel 
II utvärderades olika sätt att utvinna betulin från björkbark med avseende på 
mängd och renhet hos produkten. 

För att resultatet av en analys ska vara tillförlitligt måste alla steg i pro-
cessen, från planering till datautvärdering, utföras ordentligt. Till att börja 
med måste man veta vad man vill ha för information, då detta kan avgöra 
vilka tekniker som är mest lämpliga. Något annat som måste beaktas är vil-
ken utrustning som är tillgänglig. Vanligtvis måste man begränsa sitt prov 
till en liten del av det man vill undersöka, med korrekt provtagning kommer 
provet (eller proven) att vara representativa för helheten. Innan man kan 
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mäta föreningen som man är intresserad av, dvs analyten, måste man ofta 
frigöra den från matrisen, extraktion med olika lösningsmedel är ett vanligt 
tillvägagångssätt. Tekniker som PLE och superkritisk vätskeextraktion krä-
ver speciell utrustning, men de kan vanligtvis ge en mer fullständig extrakt-
ion samtidigt som man kan undvika miljöfarliga lösningsmedel. Oftast måste 
man genomföra någon form av separation, eftersom mer än analyten frigörs 
under extraktionen. Beroende på analytens egenskaper kan olika typer av 
kromatografi vara lämpligt; vätskekromatografi och gaskromatografi är två 
vanliga tekniker för att separera analyten från andra extraherade ämnen. För 
att få information om analyten måste man ha någon form av detektion, och 
eftersom olika detektorer ger olika information kan man använda en kombi-
nation av flera detektorer för att få mer information om analyten (och andra 
ämnen). De flesta detektorer ger olika respons för olika ämnen, vilket kräver 
tillgång till de ämnen man vill mäta, eller liknande ämnen, för haltbestäm-
ning. Det finns dock vissa detektorer som har samma (eller åtminstone lik-
nande) respons, oavsett ett ämnes egenskaper. Masspektrometrisk detektion 
(MS) är vanligt förekommande på grund av möjligheten att använda den 
tillsammans med kromatografisk separation och den information man kan 
erhålla. Beroende på typen av MS kan olika information, såsom ett ämnes 
molekylmassa och till viss del dess struktur, erhållas. Till exempel gör möj-
ligheten att mäta enskilda m/z att ämnen som inte har separerats kan särskil-
jas. För att mätningarna man genomfört ska bli meningsfulla krävs någon 
form av databehandling. Ibland är haltbestämning av ett ämne tillräckligt, 
men vid andra tillfällen vill man kanske även veta dess renhet. För att identi-
fiera ett okänt ämne kan man jämföra sina resultat med olika databaser; även 
om det inte är tillräckligt för att säkerställa identiteten kan det förhoppnings-
vis begränsa antalet möjliga identiteter. 

I Artikel I användes två metoder som båda använde en typ av MS expe-
riment som utnyttjar möjligheten att observera olika m/z i olika steg (MRM). 
I den första metoden avlägsnades substituenterna från flavonoiden innan 
MRM och fragmenteringar av fria aglykoner, dvs flavonoider utan substitu-
enter, observerades. I den andra metoden användes m/z för flavonoider med 
vanligt förekommande substituenter i det första steget och m/z för fria agly-
koner i det andra steget. Dessa metoder användes för att identifiera flavonoi-
der i tre olika växtextrakt; från rödlök, jordgubbe och körsbär. 

Eftersom syftet med Artikel III var att även identifiera andra ämnen än 
flavonoider kunde inte samma metoder användas, utan en mer allmän metod 
skapades där ett spann av m/z undersöktes. Extraktet erhållet med PLE sepa-
rerades med vätskekromatografi, och förutom tre flavonoider (som även 
haltbestämdes) identifierades ytterligare två huvudkomponenter; piperin, 
vars identitet säkerställdes genom jämförelse med standard, och apterin. 
Ultraljudsextraktet separerades med gaskromatografi och huvudkomponen-
terna kunde identifieras som bland annat ligustilid och kamfen genom jämfö-
relse med databaser. Vissa av de ämnen som rapporterats tidigare i libb-
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sticka, såsom steroler, är svårflyktiga och kan därför inte mätas med 
gaskromatografi utan att först modifieras. Ytterligare en metod för separat-
ion av ultraljudsextraktet användes; superkritisk vätskekromatografi. Utöver 
ligustilid hittades ämnen som skulle kunna vara steroler, dock är den databa-
sjämförelse som gjordes inte lika säker som den tidigare nämnda. Modifie-
ring av dessa ämnen följt av separation med gaskromatografi, MS detektion 
och databasjämförelse skulle vara ett sätt att säkerställa deras identitet. 

Huvudsyftet med Artikel IV var att överbrygga de brister som fanns i 
metoderna i Artikel I. Ett av problemen med metoderna i Artikel I var att 
vissa isobariska flavonoider inte kunde särskiljas. I Artikel IV kunde två 
isobariska substituenter, glukosid (glu) och galaktosid, särskiljas då galakto-
sid uppvisade förluster av delar av substituenten, medan sådana förluster inte 
kunde observeras för glu. Även flavonoider med glu på olika positioner 
kunde särskiljas då glu bundet till B-ringen förlorades lättare än om det var 
bundet till C-ringen. Med de instrument som användes i Artikel IV kunde 
även sk nedbrytningsträd skapas genom upprepad analys och fragmentering 
av joner. Tre isobariska aglykoner undersöktes och unika fragmenteringsvä-
gar observerades. 

I Artikel II bestämdes mängden och renheten betulin hos extrakt erhållna 
med olika extraktionsmetoder. Utöver kromatografisk renhet bestämt med 
tre olika detektorer bestämdes även gravimetrisk renhet genom att beräkna 
den mängd (massa) betulin som erhållits och sedan jämföra det med hela 
extraktets massa. En av metoderna utvärderades ytterligare för att bedöma 
om det skulle finnas någon vinst i att utvinna betulinet innan förbränning, 
och några punkter som skulle göra processen mer ekonomiskt gångbar iden-
tifierades. 
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